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* ye initially, after vowels, and after t; _e elsewhere, 
wïïen written as ë in Russian, transliterate as yë or ë. 
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This book, which is a training aid for students 
of aviation higher educational institutions and 
departments, presents the technological processes 
of manufacture of the critical components and 
assemblies of aircraft engines. It considers 
their design features, technical specifications 
for manufacture and materials, construction of 
technological processes, methods of executing 
basic operations, and checking methods. 

The book, will also be useful to engineers and 
technicians of the aviation industry. 

Critics: the "Aircraft Engine Production" 
chair of the Kuibyshev Aviation Institute and 
Docent G. P. Zhadin. 

Editor: Engineer M. A. Kolosov 
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PREFACE 

The training course "Technology of Aircraft Engine Construction" 

consists of five sections: 

1. Design fundamentals of technological processes of machining. 

2. Design fundamentals of accessories. 

3. Methods of treating surfaces, 

4. Manufacture of components and assemblies of aircraft engines. 

5. Assembly of aircraft engines. 

The first three sections, which constitute the stablest part of 

the.course and are common for various specialties, are presented in 

the textbook of V. P. Pirago.* 

This book is a training aid for the fourth section of the course 

and it includes questions of the technology of manufacture of basic 

components and assemblies of the engines of contemporary flight 

vehicles. 

The fifth section is presented in the training aid by V. N. 

Belikov and A. N. NiUitin.»* 

*V, P. Firago. Design Fundamentals of Technological Processes 
and Accessories, Methods of Treating Surfaces, Cboronglz, 1^63. 

••V. N. Belikov and A; N. Nikitin. Assembly of Aircraft Engines, 
"Machine Building," 1964. 
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All the material of this book is divided into 13 chapters; m 

each of them, groups together the components and assemblies wh- \ 

are similar with regard to technological criteria. 

The authors have used the experience of Soviet plants, material, 

of scientific research institutes, reference sources, and also their 

own pedagogic and industrial practice. 

In every chapter of the book the following order of presentation 

of the material has been adopted: 

1. Construction of components or assemblies and the technical 

specifications for their manufacture and materials. 

2. General considerations on the construction of the technolog¬ 

ical process. 

3. Execution of basic operations. 

4. Checking the basic elements of components or assemblies. 

The authors have attempted to expound the material in concise 

f- rm by omitting .luestions that are already known to students i rom 

•ourses taken or adjacent disciplines and by concentrating attention 

,n questions of the manufacture of components and assemblies of objects 

>f new aviation materiel. 

As compared to the aid which was published in 1957, this book 

introduces considerable changes with respect to the contemporary 

state of the technology of aircraft engine construction. In particu¬ 

lar, the subject of piston motors is left out and sections referring 

to the production of jet engines are considerably expanded. 

The chapters of the book are not idéntica: in volume. Thus, foi- 

instance, the production of olades, gears, components, and assemblies 

from sheet material is allotted the most attention and the corres¬ 

ponding chapters have a larger volume than the chapters that refer 

to other components. This is explained both by the variety of shapes 
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and forms of the indicated components and assemblies, so also by the 

complexity of the technology of their manufacture, including the 

most various methods of treatment. 

Chapters I, VI, and VII were written by Prof. A. V. Podzey, 

Chapters VIII, X, and XI by Docent M. I. Yevstigneyev, Chapters IX 

and XIII by Docent I. A. Morozov, Chapter III by Docent A. M. Sulima, 

Chapters II, IV, and V by Docent I. S. Tsukanov, and Chapter XII was 

written jointly by Docents M. I. Yevstigneyev and I. S. Tsukanov. 

In the review and examination of the manuscript, valuable remarks 

//ere made by Docents 0. P. Zhadin, A. S. Shevelev, I. A. Ivanshchenko, 

V. M. Shmanev, V. P. Aleksandrov, V. T. Dundikov, and Yu. V. Yanitsk;y. 

The authors express their sincere gratitude to all these persons. 

The authors would gladly welcome all remarks and wishes both on 

the substance of the expounded questions, and also of a methodological 

nature, and ask that they be sent to the "Machine Building" publishing 

house at Moscow, 1-51# Petrovka, 24. 
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INTRODUCTION 

Improvement of the basic parameters of an aircraft engine, i.e., 

increase of power (thrust) and service life, lowering of specific 

fuel consumption, mass, and overall dimensions, is closely connected 

with raising the quality of its component and assemblies. High 

accuracy in the thinness of walls (delicacy) of components, the 

exclusively high requirements for their surface quality and the 

obysico-mechanical state of the material, the wide use of heat- 

resistant and light alloys, and the application of the latest methods 

of production of blanks and componem-s are the characteristic features 

of contemporary aircraft engine construction. 

Even on comparatively small scales of production for obtaining 

tlviks, such forms of hot working as drop forging, pressure molding, 

drawing, coining, and so forth, capable of ensuring specified location 

f i'ibers In the blank and given degree of deformation, are applied. 

Smith forging in aircraft engine construction Is applied quite 

rarely. Many components are made by different methods of precision 

casting. The high requirements for the quality of the material 

force the application of special forms of checking which are founded 

on the use of Isotopes and ultrasonics. 
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Almost all basic components of engines are subjected to thermal 

or thermochemical treatment, whose place in the technological process 

usually is determined oy a large number of considerations (require¬ 

ments for quality of the component, the possibility of carrying out 

machining, and others). 

For guarantee of the required accuracy of machining during the 

design of technological processes, special attention should be given 

to the selection of bases, and also to the methods of installation of 

components. For the same purpose, the surface of components is 

frequently processed several times. In selecting methods of treatment, 

especially in finish machining, it is necessary to consider the pos¬ 

sibility of the appearance of work hardening and residual stresses 

which can noticeably affect the performance of components and service 

life of an engine. 

The components of aircraft engines require thorough treatment 

even of unmated surfaces. This is caused by the tendency to increase 

the fatigue strength of components and their corrosion resistance. 

For-the same purpose, different methods of hardening technology and 

also coating and chemical treatment are being used more frequently. 

The production of aircraft engines is connected with large 

difficulties due to the application of difficult-to-process heât- 

resistant alloys in them. Components made from these alloys are 

processed at lowered cutting rates, but the stability of the tool 

still remains very low. This makes tool economy difficult, especially 

if the necessity of application of a shaping tool is considered. 

Many components and assemblies of contemporary aircraft engines 

are made from sheet material. They are presented with very high 

requirements with respect to quality of material, airtightness, and 
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strength of seams; the surfaces of these components and assemblies 

cannot have any defects in the form of flaws, cracks, and so forth. 

The high requirements force the continuous improvement of processes 

of cold pressing and drawing, and the application of new methods of 

hot working, welding, and soldering. 

The production of aircraft engines differs also by special 

thorough checking. All critical components and assemblies, as a 

ru]e, are subjected to a hundred-percent overall check. The quality 

of the material, correctness of form, dimensions, mutual location of 

surfaces, quality of surfaces, weight balance, and also the quality 

of connections, especially permanent ones, are checked. 

While allotting considerable attention to tne quality of com¬ 

ponents and assemblies, at the same time it is necessary to consider 

the economics of production, seeking high performance and low cost 

of engines. This problem is solved by means of Improvement of 

technological processes and utilization of the most rational forms 

of organization of production. Thus, for instance, treatment of 

blades, which each engine uses a great deal of, even on small scales 

of engine turnout, it is profitable to organize according to the 

principle of mass production. 
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CHAPTER I 

MACHINING OF SHAFTS 

§ 1. CONSTRUCTION, TECHNICAL SPECIFICATIONS, AND MATERIALS 

Critical shafts of aircraft engines work with large loads and 

at high speeds. The necessity of decreasing mass leads to complica¬ 

tion of the form of shafts and forces them to be made hollow and 

thin-walled. 

a) b) c) 

Fig. 1.1. Shafts of aircraft engines, a) tur¬ 
bine shaft; b) reduction gear shaft; c) turbo¬ 
pump assembly shaft. 

The most complicated shafts to manufacture are those of turbines, 

compressors, reduction gears, and turbopump assemblies (Fig. 1.1). 

The external surfaces of these shafts constitute different combina¬ 

tions of smooth journals, splines, threads, gears, flanges, and so 

forth. Flanges of certain shafts (for instance, turbine and reduc¬ 

tion gear shafts) frequently have internal or face splines of differ 

ent form, and furthermore, holes under the fastening bolts. 
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The form of axial holes is stipulated basically by the conditions 

of uniform strength of the component. Therefore, they are straight, 

stepped, spherical, and other forms. Most shafts, besides axial 

ones, still have radial holes for feeding oil from the internal 

cavity to the external contact surfaces. 

The difficult conditions of worh of shafts determine the high 

requirements for accuracy of their machiningj namely: 

1. Working Journals must be processed through the 1st to the 

2nd class of accuracy. 

2. Deviation of form of workering Journals is allowed within 

the limits of 0.005-0.02 mm. 

?. Accuracy of nonworking Journals — 3-4th class. 

4. Accuracy of axial holes — 3-^th class. 

5. Accuracy of matched holes - t-2nd class. 

6. Accuracy of thread — l-2nd class (for threads). 

7. Accuracy of splines — 2nd class. 

8. Run-out of working Journals relative to one another is 

allowed within the limits of 0.01-0.04 mir.. 

9. Mutual run-out of working and nonworking Journals is allowed 

within the limits of 0.05-0.2 mm. 

10. Purity of treatment of working surfaces - 7-10th class. 

11. Purity of treatment of nonworking surfaces — 5-7th class. 

Certain shafts must be statically and dynamically balanced with 

high accuracy. 

The working surfaces of shafts frequently carburized to a dept . 

from 0.7 to 1.2 mm. Hardness of carburized surfaces - HRC a 58. In 

certain cases the working surfaces of shafts are nitrated. The depth 

of the nitrated layer varies from 0.6 to 0.9 mm, and the hardness is 



HRC » 65. Thermally Improved shafts (subjected to hardening and 

tempering) must have a hardness of up to HRC42. 

Defects of the surface layer (cracks, nadirs, scratches, and 

burns) on critical shafts are not allowed. However, sometimes it is 

difficult to be free of small hairline cracks of metallurgical origin. 

The limits of permissibility of such a defect usually are indicated 

in the technical specifications. 

The materia^ used for shafts of aircraft engines is high-quality 

steel. Most frequently applied are chrome-nickel steels l3KhNVA, 

12KhNZA, and 40KhNMA which, after hardening and tempering, obtain 

the following mechanical qualities: 0 = 100-115 kg/mmc (*100*107-115 x 

X 107 newton/m2), 6 - 11-12#, HB390 (dl0/2000 * 3.I iron). 

Shafts of single-action engines use a less expensive steel, for 

instance, jSKhA and steel 45. 

§ 2. CONSTRUCTION OF TECHNOLOGICAL PROCESS 

General Positions 

• Blanks of shafts (Fig. 1.2), as a rule, are obtained by stamping, 

transverse rolling, and on large scales of production, by rotary 

pressing. Blanks are stamped under 

a hammer, on presses, or on forging 

machines. Disassembly of stamps, 

depending upon the form of blank, 

can be along or across the axis of 

the shaft. Transverse disassembly 

is possible usually in those cases 

i 
1 e ~l L J“"“ ♦ 

a ) 
■41 

{—I-Í- -- 
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b) c) 
Fig. 1.2. Shaft blanks, a) 
turbine shaft: b) reduction 
gear shaft; c) turbopump assem¬ 
bly shaft. when the shaft has a flange on its 

end, and the rest of it is smooth or stepped with a gradual (from 

the flange) decrease of diameters of steps. With transverse 
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disassembly, a hole can be obtained on the large end (at the disas¬ 

sembly), especially if the blank is forged on a forging machine. 

However, this is done when the diameter of the hole is sufficiently 

great. 

Drafts for holes ar? taken within the limits of 10-15°, and 

for external surfaces, 3-7°. All transitions oJ the blank must be 

smooth and the direction of the fibers should correspond to the con¬ 

figuration of the shaft. Blanks of very critical engine shafts are 

selected according to the first check group.* In these cases, from 

every blank an end 70-75 mm long Is cut off for manufacture of 

samples for mechanical teats, and th^ blank Is correspondingly made 

longer. Allowances for machining, depending upon the form and dimen¬ 

sions of the shaft, vary from 6 to 12 mm on the diameter; they are 

determined by means of calculation, using corresponding norms. 

31anks of shafts which are obtained by rotary pressing are the 

most similar in configuration and dimensions to the finished component. 

This method consists in periodic pressing and extruding in steps cut 

from the rod of a cylindrical blank in special dies. The large number 

of pressings following one after the other (approximately in 0.01 sec) 

plastically deform the blank, decreasing its cross section and forcing 

the metal to flow in an axial direction. 

The blanks enter the machine shop in normalized state with a 

hardness of HB190-270, cinder should be removed from them (by etching 

or other methods), and external defects should be removed if the 

depth of cheir bedding does not exceed lialf the allowance on a side. 

Machining of shafts is usually divided into three stages: 

roughing, finishing, and final treatment. 

♦Individual acceptance with respect to mechanical qualities is 
provided for. 

: . 10 
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Roughing resulte in equal distribution of allowances for subse¬ 

quent treatment and it removes surface del ?ets. It is conducted 

under stress conditions which are limited by the allowed shaft defor¬ 

mations under the action of forces of cutting and fastening. On 

considerable scales of production, heavy-duty high-power and rigid 

machines are more frequently used here. 

During finishing, significantly smaller allowances are removed 

than during roughing. The conditions here are designated and less 

stressed to avoid deformations of both the entire shaft, and also 

its surface layers. In serial production on this stage, heavy-duty 

multiblade machines and lathes are used, frequently equipped with 

copying device. The basic purpose of this stage is to obtain a shaft 

with small allowances for final treatment. In addition, the errors 

must be corrected here after the first stage of machining and warping 

after heat treatment. 

During final treatment it is required to obtain the assigned 

precision and surface purity; therefore, the conditions in which 

there can appear considerable errors due to deformations are imper¬ 

missible he^e. The biggest specific weight on this stage is the 

processing on grinding machines; furti < more, different methods of 

finishing are applied (honing, superfin!shing, and polishing). On 

the same stage, as a rule, threads, small splines, and other fjurfaces 

are processed, which could be damaged if they were processed earlier. 

In the construction of a process for machining a shaft, such a 

sequence is usually maintained so that on the last stages the Internal 

surfaces would be processed earlier than external ones. This la 

stipulated by the fact that concentricity of the external and intern' 

surfaces is simpler to ensure if in the beginning the Internal 
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surfaces were processed, using them then as adjusting oases for 

processing the external surfaces. 

Tnere are, however, cases when it is necessary to reject th’s 

rule and finally process holes at the end of the technological 

process. This in particular in the case if the shaft has inserts 

made from a soft metal (for instance, from plumbous bronze); thi use 

of the finally processed holes of the inserts as an adjusting base 

could lead to nadirs during installation on a mandrel. 

Considerable attention during the leslgning of a technological 

process is given to che selection of the site of heat treatment. 

Thermally improved shafts, for ins*anee, may be subjected to hardening 

and tempering both before machining, and also after its first stage. 

In the first case, obviously, it is not necessary to transport the 

shafts from the machine shop to the heating shop and back; the dura¬ 

tion of the processing cycle is thereby reduced. However, this is 

not always possible; in the presence of large allowances for pro¬ 

cessing, there arises the danger of nontempering of shafts. Such 

shafts are first roughed, and then subjected to heat treatment. 

For shafts that have separate carburized sections, the site of 

heat treatment in the technological process depends basically on the 

metv.d of protecting the uncarburized surfaces. 

Aircraft engine construction employs the following methods of 

protection: 

1. Copper plating of uncarburized surfaces before carburization 

(thickness of copper layer from 0.02 to 0.04 mm). 

2. Increase of allowance on uncarburized surfaces, which is 

removed after carburization, but before hardening. 

3. Combination of the first and second method, which Includes 

copper plating of surfaces with increased allowance that is removed 

12 
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after hardening of the component (double protection). 

The last method permits the complete avoidance of carburization 

of surfaces, an Increase of whose hardness is absolutely impermissible. 

In the application of the first and the last method of protection, 

copper plating, carburization, hardening, and tempering is conducted 

usually before finishing, but after the carburized surfaces are 

prepared for final treatment. 

In the second method, the external surfaces of the shaft are 

carburized around after the carburized surfaces are prepared for 

final treatment, while the uncarburized ones are treated with increased 

allowances. Hardening and tempering art carried out after removal 

of these allowances before the finish eg stage of treatment. Obviously, 

with the second method the cycle of treatment is longer than with 

the first, since the componen mus' bo sent from the machine shop to 

the heating shop twice. Then f re, .- ;ch >• meth d Is not applied if 

possible. 

In the solution of the questl n't - - to eMon of a meth i 

of protection from carburization, w- -it- ’ c l by ‘ ue following 

considerations. 

If a local increase of hardies: ' a wed on carburized sur¬ 

faces, then the first method is apr led. If the component has a 

surface, an increase of whose hardness is absolutely impermissible 

(threads, small splines, spots where small holes must be drilled 

after tempering, and so forth), then the third method is applied. 

Finally, if during machining (finishing or final) of uncarburized 

surfaces by a metal cutting tool it is necessary to pass sections of 

carburized surfaces, then the second method is applied. 
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1. 
2. 

Heat treatment (normal 1 :rat 1 n ). 
Pacing and centering. 
Turning of outer •urfaee» it ln cupi • >i ' (H » l <s ehnft ! r 

Roughing »tage: 
a 

c 

drilling ol exla 
boring cf hole, turn! 
cutting of »ample for 

»I 
I .g t.i * 
t»#t 

.'♦ nt •>r fa' e» i 
ng (for iiiifi# f I i a ' 'On ‘V 

iiroup; 

5. 
6. 

surfaces 

9. 

10. 

d) machining of external n a 
Heat treatment (her lentng a - *n * 
Restoration of cen' r hat . «*. 
Grinding of JourimU unir* hi i ♦ 1 , ). 
Finishing stage: 
a) boring of hole; 
b j machining of t xt *rna .- , i ' , t n 
c) milling of groove», it«, -I ' i enter» < 

d) drilling of radial holer. 
Final stage: 

polishing of hole ; 
boring or grinding of hoi* m’- 't lon* 
grinding of external sun' ne; 
cutting of splines; 
threading; 
polishing of external surfaces; 
finishing of working surfaces. 

Final check. 

w l th Mgh a cur« y ; 

Hardening and tempering cf shafts having diameter less than 
') mm <ir.d with sîtaII allowances on all steps Is produced before the 

first >iage. If shaft,s have small length, for Instance up to 500 mm, 
V en 1ney are n: . centered, and the rough stage starts from hole 
processing. 

Carburized shaft s 

1. Heat, treatment (normalization). 
Facing and centering. 

2. Machining of external surfaces under support (if shaft is 
i >ng ). 

4. Rougning stage: 
a) drilling of axial hole; 
fcj boring of hole, turning of center faces; 
c) cutting of sample for testing (for shafts of the first 

check group); 
d) machining of external surfaces; 
ej grinding of carburized hole sections; 
fj grinding of external carburized surfaces. 

. Copper plating of uncarburlzed surfaces. 
6. Carburization, hardening, and tempering. 
7. Dressing and stripping of hole base faces. 
5. Grinding of Journal under support (if shaft is long). 
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Model Processing Plans (C.ni'r. i) 

9. Finishing stage: 
a) boring of hole; 
b) machining of uncarburized external surfaces; 
cj cutting of splineb, milling of fillets, and so forth; 
d) drilling of radial holes. 

10. Final stage of treatment: 
a) polishing of hole; 
b) grinding of carburized hole sections, restoration of base 

surfaces; 
c 
d 
e 
f 

ß) 

grinding of external necks; 
grinding of splines; 
threading; 
pollening of external surfaces; 
finish trimming of external working surfaces 

11. Final check. 

Sometimes shafts are copper-plated around, and from carburized 
surfaces copper is removed by grinding, i.e., copper plating is 
produced before operation V' and "g" of the roughing stage. 

§ 5. EXECUTION OF BASIC OPERATIONS FOR MACHINING OF SHAFTS 

Facing and centering. Facing, depending upon the dimensions 

of the shaft and the production scales, is done on lathes or 

horizontal milling machines. During facing on lathes the blank is 

placed in a chuck, while on milling machines, it is placed in a 

device with adjusting clamp prisms. After facing, centering is car¬ 

ried out. The blank can be centered on general-purpose machines 

(turning lathes, drills, turret lathes) and on centering machines of 

type 283 from the Kirov plant or type FTs-1 and FTs-2. 

Large blanks are usually centered manually on mark or on a 

conductor with the help of an electric drill or on radial drilling 

machines. 

In small batch and piece production, centering with the help of 

a spiral drill and countersink is employed. However, for small and 

medium shafts, in serial production it is better to employ combined 

center drills. Such drills permit the obtainment of center holes 

In one pass. 
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In multiple production, for centering of small shafts they 

usually employ milling-centering machines (Fig. 1.3) tfhich permit 

facing and centering from one place. In all methods of executing the 

operation the center holes should ensure equal allowance distribution 

and at the same time serve as a re Lable support during installation 

of the shaft. 

T r 
Fig. 1.3. Working zone of milling-centering 
machine. 

Hole processing in solid material. Holes of short shafts are 

processed most frequently on turret lathes. On these lathes it is 

possible, besides a hole, to further process the external surfaces 

of the free end. The correct position of a short shaft can be 

easily attained by installation of it In a chuck without supports. 

Figure 1.4 shows the set-up of a turret lathe for processing a 

short shaft. The sequence of processing is designated by numbers. 

Shafts with a large ratio of length to hole diameter are 

especially difficult to machine. The holes of such shafts are 



processed both from one side (through), and also from two sides by 

two simultaneously operating cutting tools. The second method is 

more productive, but with it there is the possible formation of a 

transition step in the middle of the shaft. 

,, >.- r' 

Fig. 1.4. Set-up of turret lathe for processing 
holes and external surfaces of a shaft. 

For processing holes of long shafts they use drills for deep 

drilling or boring heads. Working with drills for deep drilling, 

and also with flat drills is produced on horizontal drilling machines, 

for Instance, type 2955, from "Krasnyy proletariy” ["Red Proletarian"] 

plant. 

Before treatment with long drills, for decreasing their with¬ 

drawal the front part of the hole is bored for guiding the drill. 

After drilling, an allowance of about 1 mm is left on the side for 

counterboring and reaming. During deen drilling, a liquid coolant 

and lubricant (sulfurized oil) is fed under high pressure (50-40 

atm(tech) » 30*105-40-10^ newton/m2), which facilitates shaving 

removal from the hole cavity. However, when carrying out the opera 

tion, the drill must always be removed from the hole a few times and 
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it should be cleaned from shavings, which lowers the i roductivity 

of the machining. Drilling is done with small feeds (O.O3-O.O6 mm/rev) 

at a cutting speed up to 50 m/min. Recently, a mere productive 

method of making deep holes with hollow boring heads has been 

employed. The diagram t'01 procescing with such heads is shown in 

Fig. 1.5. 

Fig. 1.5. Diagram for making a hole with bor¬ 
ing heads. 

Shaft 1 is placed on one side in chuck 2, and the other side, 

the face, rests in cone recess J> of the revolving part of the device. 

During the operation, the shaft revolves, and the boring head with 

cutiere 6 moves in an axial direction (axial feed). The liquid 

coolant and lubricant is fed under large pressure through nozzle 4 

into the cavity between the hole of the shaft and the external sur¬ 

face of the boring bar. Cooling the cutting edges of the tool, the 

liquid emerges with shavings through the hole of the head and the 

boring bar as shown by the arrows. Leaks are avoided by the employ¬ 

ment of seal 5 in the device. 

Boring heads are single-, double-, and multi-cutter, depending 

upon hole diameter. Figure 1.6 shows a single-cutter head for pro¬ 

cessing shafts with holes from l8 to 50 mm. The head Is equipped 

with guide slots. 

18 



Fig. 1.6. Single-cutter boring head. 

Boring of hples. Rough boring of stepped holes of long shaf‘s 

is produced most frequently on turret lathes. For finish boring of 

holes which have a complex form, copying machines or machines inith 

programmed control are employed. The application of such machines 

permits an increase in the accuracy and productivity of machining. 

After finish boring, separate sections of holes which have an 

accuracy above the third class are processed on lathe or internal 

grinders. An example of shaft installation is shown in Fig. 1.7. 

Fig. 1.7. Diagram of shaft installation for 
making a precision hole. 

Turning of external surfaces. Rough turning of external surfaces 

of shafts is most frequently produced on semiautomatic multi-cutter 

lathes (for instance, on type 1730 lathes of the "Krasnyy proletariy" 

Plant, type 116 of the Orzhonikidze Plant, and others). 

The shaft is placed on centers and secured in a center chuck. 

Heavy shafts (shafts of turbines, reduction gears, and others) 

are secured in a three-Jawed chuck around an external surface (for 

instance, abound a flange). Sometimes, for reliability of fastening 
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on the surface of the flange, the flats (to the depth of 0.5-0.7 of 

the allowance) under the chuck Jaws are removed. If the flange has 

holes, then they are used for connecting the shaft with the chuck dog. 

Finish turning of external surfaces for long shafts is produced 

on multi-cutters or lathes with the application of supports for 

decreasing the camber of the part. During turning on lathes, just 

as during boring, a wider application has been obtained copying 

devices with servo-systems. As already mentioned, the application 

of such devices permits a considerable reduction in the time and 

labor of the set-up and an increase in the accuracy and conditions 

of machining. 

In the diagram of the hydraulic device (Fig. 1.8) the body of 

copying fixture 4 is made in the form of a cross slide to which 

cutter 5 is attached. The slide 

moves about fixed piston 3. On the 

axis of bracket 2 lever 6 turns with 

the copying pin. A spring, acting 

upon valve 7» ensures contact between 

the pin and master form 1. Oil is 

injected by pump 10. Adjusting 

shifts are made by rotation of shaft 

9 which acts upon lever 8. The des- 

Flg. 1.8. Hydraulic copying 
device attached to lathe. 

cribed fixture can be placed on the machine at an angle of 45°. It 

is then possible to bore flat faces perpendicular to the axis of 

the shaft. 

Devices with pneumatic control and with electric control are 

also employed. Figure 1.9 shows the diagram of a device that is 

included in the lathe diagram. From electric motor 8 rotation is 



imparted to electromagnetic clutches 6 and 7. One clutch controls 

the motion of the cutter in a longitudinal direction, while the 

other controls its motion in transverse direction. If the contacts 

of copying instrument 1 are closed, then current goes through the 

circuit: from generator J across coils 4 and 5 and contacts 1 to 

ground 2, i.e., motion is connected, "to the left," for instance. 

When the copying pin rests in the copying recess or in the longitud¬ 

inal limiter, contacts 1 are disconnected and the current is inter¬ 

rupted. The action of the spring of the slide contact closes the 

circuit of the magnetic clutch of transverse movement, "reverse" 

for example, and the cutter will leave the part or cut the face. If 

the pin does not come in contact with the limiter, then the spring 

will lock contacts 1 and longitudinal motion will start again. On 

tne bed behind the machine there is a bar on which the limiters are 

placed. When the copying pin rests in the limiters the contacts are 

opened, longitudinal feed is turned off, and transverse feed is 

turned on. With the use of the considered copying devices it is 

possible to attain a second class machining precision. 
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The described set-ups are applicable also for machining shaped 

surfaces (both external and internal). 

Automation of operations with the help of copying devices permit* 

multiple-machine service. 

The range of application of copying devices is quite wide, since 

during readjustments for ce her operations it is frequently necesrary 

to replace only the master form. 

Sometimes, especially on transfer machines, finí.hi turning of 

shaft journals is replaced by rough gr^nuing on a centerless grinding 

machine. Instead of two ..ulti-cutter lathes, 

which are intended for finish turning, sometimes 

according to the diagram shown in Fig. 1.10 is 

Fig. 1.10. Diagram set up. 
of rough grinding 
of shafts. Grinding o journals. In the process of 

machining shafts, for the obtainment of the specified accuracies of 

form and dimensions, journals are sometimes ground a few times. The 

required location of external journals relative to the internal sur¬ 

face can be attained only when the fit of the shaft on the mandrel 

is made with minimum clearance. For this purpose, tapered and 

expanding mandrels are employed. The most convenient in practice 

turned out to be expanding mandrels with a layer of water (Fig. 1.11) 

which ensures fast and accurate installation. Expansion of the thin- 

walled part of the mandrel is carried out by means of pressure on 

the plastic of rod 1 while driving home screw 2. 

Shafts are sometimes placed on center plugs which are pressed 

.into holes around their ends. 

Shafts with holes of small diameter, as a rule, are placed with 

their faces on tne centers. For exact mutual location of journals 
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with reppect to hole«, the faces should be strictly concentric with 

the holes, which is attained by their Joint machining. 

Pig. 1.11. Mandrel for shaft installation for 
machining the top. 

Journals are usually ground from one set-up, which ensures their 

coaxiality. Grinding of journals is divided into preliminary and 

final. Short journals are usually ground by the transverse feed of 

a wheel whose width is no less than the length of the Journal. With 

such a feed, the wheel is guided not only around the cylindrical 

part, but also around the end. For obtaining smooth transitions, 

the edge of the wheel is further guided around the radius. The most 

frequently used wheels are those with ceramic bonds. 

The dimensions of ground Journals are sometimes checked with 

the help of devices which measure the play. The most progressive is 

the active method of checking in which the size of processed Journals 

is checked by devices which automatically control the work of the 

machine. Application of this method increases the quality of 

machining, decreases rejects, and raises the productivity of grinding 

operations. 

From the large variety of arrangements of devices for active 

checking, the most frequently applied are those which are founded on 

the principle of component measurement (there are arrangements which 

work on the indirect method principle; their action is based on 

control of the tool). 
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Figure 1.12 gives devices which work on the principle of "skip¬ 

ping" and "with falling contact." In both set-ups a lever system is 

used. The operations ter¬ 

minate with the closing of 

the contccts which are elec¬ 

trically connected with the 

mechanisms for turning off 

the feed and stopping the 

machine. This occurs at the 

moment when the processed 

necks attain their specified 

dimensions. The advantages 

Fig. 1.12. Diagrams of devices for 
controlling the dimensions of Journals 
in the process of machining, a) device 
that works on the "skipping" principle; 
bj device "with falling contact." 
1) article; 2) feeler; 3) spring; 4) 
contacts; 5) indicator. 

of the described arrangements consist in the simplicity of the 

mechanism. However, these arrangements have the deficiency that 

they noticeably react to deformation of the machine and the component. 

The accuracy of machining with their use is 10-15 M-. 

The most perfect devices are those which have inductance pickups. 

Such an arrangement Is shown in Fig. 1.13. The device consists of 

inductance head 1, measuring spindle 

Fig. 1.13. Checking equipment 
with inductance head. 

6, and support bracket 4, all mounted 

in body 5 which is connected to the 

machine with the help of hinge 

system 3. When changing a dimension, 

the action of the measuring spindle 

moves armature 2. Inductance is 

then changed, and consequently the 

amount of current In coil 9 also 

changes. The electrical device has 

amplifier 8 and an intermediate 
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relay, with whose help the mechanism for turning off the machine Is 

set into motion. Observation of the change in size of a component 

is done on the scale of galvanometer 7 with a scale value of 2 4. 

The accuracy of machining with the use of this device is 5-7 n. The 

latest designs of devices with inductance pickups are universal and 

permit the measurement of necks of different diameters. 

At present, devices have been developed for cylindrical grinders 

which reduce losses of additional time during the machining of stepped 

shafts. These devices facilitate delivery to the specified size, 

owing to which an inadequately qualified worker can execute operations 

of high-precision grinding. By the force applied to the handle the 

grinder can judge the yield of metal and thereby attain maximum 

productivity. When the handle reaches the rest, this means that the 

specified diameter has been attained and machining should terminate. 

This automatic device is combined with the dressing mechanism 

that is located behind the grinding wheel, which permits the grinder 

to establish the amount of diamond feed before each pass. Change in 

the diameter of the grinding wheel is noted on a special board from 

which the appropriate command is given for correcting the position 

of the wheel. 

Machining of splines. Straight-sided and involute splines are 

usually milled on horizontal spline milling machines of the 

"Komsomolets" type, model 5U3^j with a hob by the generating method. 

Splines of critical shafts are ground after milling (in the finish 

stage) taking an allowance of O.3-O.5 mm on the width of the spline. 

Grinding of straight-sided and involute splines is produced on type 

352 spline grinders. This is most frequently a shaping operation 

(around the cavity between splines). The abrasive wheel is guided 

around the form with the help of counterrecoil rollers with slow 
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rotation of the wheel or with diamonds by means of straightening 

fxtures, i.e., pantographs, at working speeds. 

Both in milling, and also in the grinding of splines, the shaft 

ir placed with its hole on a center mandrel or directly on center 

■ i.mfors. In order to avoid rotation of the shaft in the process of 

grinding or during division, clamps are employed which connect the 

shaft (mandrel) with the spindle of tie machine. Insi.'illation of the 

snaft frequently is difficult to carry out on a surface, relative to 

which the exact location of splines is specified; therefore, the 

)peration of grinding of intermediate bases is presented with higher 

rt piirements, considering the possible error due i mismatch oi bases. 

End splines are usually cut on milling machines or special 

spline planers which are equipped With precision dividers. 

Internal involute splines (for Instance, on the flange of a 

turbine shaft) are cut on gear shapers by the generating method, 

s hallar to how it is done for internal gears (see Chapter V). 

ih <•'al-purpose machines with horizontal spindles which have recesses 

f oration of the shaft are suitable for this. 

iF'-itm-nt of spherical surfaces. Spherical surfaces of small 

or ar ■ turned by form tools, and spheres of large diameter, by 

,\i '« ary .utters with the help of rotary fixtures. The rotary fixture 

( t--0.1 on the lathe carriage In such a manner that the axis of 

o • • h,n f the cutter holder passes through the center of the 

processed sphere. 

Grinding, of spherical surfaces is carried out on circular grinding 

i;,--, .pines. The abrasive wheel is guided around the radius of the 

sphere. Sometimes, the sphere is ground with a cup wheel that is 

secured to the spindle of the head that is attached to the circulât 

grinding machine. The diagram of grinding with a cup wheel is shown 
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in Fig. 1.14. There are also 

other diagrams for the treatment 

of spherical surfaces by turning 

and grinding. 

Threading. Threading is 

accomplished at the end of the 

last stage. Fine threads are 

ground directly on a smooth surface 

by multiple-thread or single-thread 

(precision thread) wheels, while 

coarse threads are milled at first 

and then ground by single-thread 

or multiple-thread wheels. 

Finishing of smooth shaft .journals. In the operations cf journal 

finishing a high degree of surface purity is attained. Before 

finishing, the journals must be treated with precision, since the 

finishing methods do not correct the errors of shape and dimensions 

to a sufficient extent. Finishing is produced by grinding with 

abrasive belts, lapping, and also by superfinishing. The latter 

method is the most perfected. Figure 1.15 gives the design of an 

insert attached to a head, with whose help superfinishing is accom¬ 

plished. Fine-grained abrasive bricks, together with the body of 

the head, accomplish from 200 to 1000 axial oscillatory motions per 

minute with an amplitude of 2-4 mm. The pressure of the abrasive 

bricks on the processed surface does not exceed 2 kg/cm (^2^10 

newton/m2). The speed of rotation of the component is about 40 rry/min. 

Surface purity after finishing corresponds to the 10th class. 

Fig. 1.14. Grinding of a sphere 
with a cup wheel. 
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Fig. I.15. Head foi superfinishing of 
shaft journals. 

Surface hardening of journals. For increasing their fatigue 

strength, the journals of shafts are sometimes roller burnished. 

Special attention is given here to the condition Df hollows. The 

regimes for such treatment are usually selected txperimentally. 

Finishing of holes. Most frequently for clean finishing of 

holes internal grinding and also honing is employed. For Instance, 

we know of the use of honing for finishing a shaft hole with a diameter 

of about 100 mm and a length of more than 8 m with an allowance of 

0.6 mm; the process of finishing is about 1 hour long. Long abrasive 

bricks, evenly pressed to the surface of the hole, accomplish rotary 

and reciprocating motions. Owing to this, the abrasive grains of 

the bricks are subjected to the action of forces that are directed to 

different sides, as a result of which they are heated, and there 

then occurs self-sharpening of the tool. 

Sometimes nonporous bricks with a strong bond aie employed, and 

also cast-iron bricks with crushed diamond. Owing to their high 

strength and ability to hold the abrasive grains for a comparatively 

long time, a higher processed surface can be obtained. In certain 

cases, for finishing of holes it is possible to employ lapping with 

cast-iron laps. 
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§ 4. AUTOMATION OF PROCESSES FOR THE MANUFACTURE OF SHAFTS 

Recently, on large scales of production, automation has been 

attempted for certain technological processes. In this respect the 

operations are set up better in electrical machine construction and 

motor and tractor construction for the manufacture of stepped shafts 

of small and medium dimensions, similar to the shafts of turbopump 

assembliec. 

During the machining of these shafts, the transfer machines 

have provisions for single adjusting bases. These bases are the 

face surfaces and center holes; therefore, processing on these 

machines usually begins with facing and centering. For combined 

treatment of these surfaces milling-centering machines of type MR-77 

and MR-78, and others are employed. The last machine has two tool 

heads, each of which contains a drill and a hard-alloy facing tool. 

The heads can contain turning tools, chamfering tools, and others. 

Thus, on these machines, simultaneously with facing and centering, 

end journals can be processed. Blanks for this process are placed 

in prisms that are based around the external surfaces. 

Lathe treatment on the line is performed on multi-tool lathes 

or copy lathes from the "Krasnyy Proletariy" Ordzhonikidze Plant, 

the Vitebsk Plant, and others. Selection of a machine for the line 

is of great importance. It is known that during the treatment of a 

shaft the biggest load is carried by the longitudinal turning tools. 

Usually, if the shaft is insufficiently rigid, single-tool copy 

lathes (copying devices) are used. In another case it is possible 

to use multitool lathes. Besides these considerations, the simplicity 

of the layout is also considered. In connection with this, there has 

been a recent tendency to use copying machines for finish turning 
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which have high speeds, with the provision to employ a highly pro¬ 

ductive cutting tool. Multi-tool lathes have been used for rough 

finishing, when the main part of the total allowance is removed and 

high accuracy is not required. 

For the purpose of further increasing the productivity of lathe 

treatment of shafts the Latest copy lathes equipped with several 

carriages are also used. 

For loading of copy lathes there have been developed normalizing 

devices and conveyer. Most frequently these devices nave two mechan¬ 

ical arms apiece, one of which is used for loading and the other for 

unloading. 

t J j J « 

Fig. 1.16. Layouts of copy lathes 
in the automatic section. 1) copy 
lathe; 2) standard loader-unloader; 
3) conveyer; 4) bin; 5) work site. 

Copy lathes can be leaded also through the spindle. Layouts 

of lathes on a transfer machine are indicated in Fig. 1.16. 
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Lathe treatment of stepped shafts is also performed on automatic 

single-spindle vertical machines with programmed control. 

Grinding of shafts on the line is produced on circular grinders 

or centerless grinders (see Fig. 1.10). The circular grinder model 

3V153, has two grinding stocks and can process Journals up to SO mm 

wide and up to 140 mm in diameter by in-feed grinding. The model 

3Shl53 is intended for treatment of wicer Journals, i.e., up to 

150 mm. In-feed grinding reduces the time of treatment by approxi¬ 

mately 1.5 times as compared to longitudinal grinding. The conveyers 

on the grinding section and several other machines are similar to 

those shown in Fig. 1.17. 

Fig. I.I7. Conveyance of shafts 
from section to section. 

Holes in shafts are processed usually on unit drilling machines 

built into the line. 

Splines on shafts can be processed not only by milling, as 

shown earlier, but also by planing, broaching, and cold rolling. 

Figure 1.18 shows the diagram for broaching, and Fig. 1.19 represents 

the diagram for rolling splines. 

Broaching is produced with two block broaches with subsequent 

rotation (division) of the blank. This method is employed to process 

both open, and also blind splines with a tool outlet. In the last 

case a copy straight-edge is used, which controls the radial position 

* 31 



of the broaching tools. Recently, processes of obtaining splines by 

plastic deformation without the removal 

-£J - 

*r*. 

Pig. I.l8. Broach¬ 
ing of straight- 
block splines with 
two block broaches. 

of shavings have become wide-spread. 

Fig. 1.19. Diagram for 
rolling involute splines, 
a) circular roller:; b) rods. 

Cold rolling is produced by rollers, rods, and shaper heads. Shafts 

with rolled splines are more durable than those with cut ones, by 

approximately 25-40$. 

During rolling, axial movement of the blank is forced; the 

ro lers have a partition. The distance between rollers is established 

beforehand and is not changed during the entire process. Shafts 

v;i\h a hardness not over HB220 are subjected to cold rolling. 

The method of rod rolling requires relatively simple equipment, 

but. the manufacture of rods presents definite difficulties. The 

accuracy of treatment with rods is 

approximately the same as in the treat¬ 

ment with rollers. Bor cold rolling of 

involute splines by rods or rollers there 

are definite limitations (Fig. 1.20). 

After rolling, the external diameter 

of splines is somewhat increased, which 

as a rule is considered by the size being 

5; w 

to 
I 
0 « 
s * 0 u 

“T~ t __ 

1_ 
«3 4* {0 ti ITS IjP US 

MoJulua in aa 

Fig. 1.20. Recommended 
minimuir values of contact 
angle for cold rolling of 
involute splines. 
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rolled. In some cases the external diameter of splines is ground. 

Grinding of spline shapes is a very time-consuming operation; there¬ 

fore, for increasing productivity it is expedient to simultaneously 

grind several cavities. 

Threads on the transfer machine, just as in the usual case, are 

processed on thread-millers, rollers, or thread-grinders. Loading 

and unloading of components at separate work sites is carried out 

with the help of feeders of the type shown in Fig. 1.21. Transporta¬ 

tion of components is produced usually on the level of centers of 

machines from the front side of the line. The conveyer consists of 

a round rod with a ratchet device. The rod picks up reciprocating 

movement from an hydraulic mechanism. Opposite every position there 

are feeders which load and unload the components. 

Fig. 1.21. Feeder with loading and unload 
ing arm. 

§ 5. CHECKING OF SHAFTS 

Diameters of shaft Journals are checked by calipers and microm¬ 

eters; diameters of holes are checked by feelers and indicators for 

internal measurement; the male threads are checked by calipers, rings, 



pr
and micrometeroj the female threads are checked by thread feelers.

iMm ..-=

Fig. 1.22. Check of run-out of external journals.

Figure 1.22 gives the diagram for checking the run-out of the 

external Journals of a turbine shaft.



CHAPTER II 

PRODUCTION OF WHEEL 

§ 1. CONSTRUCTION, SPECIFICATIONS AND MATERIALS 

Disks of turbine and axial-flow compressors of gas-turbine engines 

and of turbopump units of liquid-fuel rocket engines are basic com¬ 

ponents of jet engines. 

Wheels of gas turbines (Fig. 2.1a and b) work under the most 

2 5 
severe regimes; stresses in them reach 5000 kg/cm ("»5000 . lO-' new- 

p 
ton/m ); therefore, they most frequently do not have any hole and are 

made in a block. Turbine wheels are made from high-alloy sceels 

EI415, 31481, EI595, heat-resisting alloys El437b, El6l7, etc. Sur¬ 

faces of wheels are carefully processed; they should not have surface 

scratches and sharp transitions, in order to avoid concentration of 

stresses. Around circumference of wheels there are located straight 

or canted grooves for attaching blades with a fixing or normal fir- 

tree type. Centering of wheels with shafts or with respect to one 

another (in turbines of two or more cascades) is produced by precise 

cylindrical shoulders — outboard 0 and inboard I. They are connected 

by bolts or cylindrical pine through holes A. For transmission of 

torque there are also used toothed blade rims C. 

Holes for pins A get final processing in the unit. 
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Fig. 2.1. Wheels, a and b) of turbine; c and 
d) of axial-flow compressors. 



Wheels of axial-flow compressors (Fig. 2.1c, d) depending upon 

method of connection in rotor can have dovetail splines C (Fig. 2.1c), 

holes with pins A (see Fig. 2.Id) or be bolted. Grooves for fixing 

blades in disks of aluminum alloys have dovetail shape (Fig. 2.2a), 

and in steel ones, there are of fir-tree type (Fig. 2.2b). With re¬ 

spect to the axis of the wheel grooves are usually canted. 

Compressor wheels are made f ^m aluminum alloys AK4-1 and AK6-1 

and from steels iSKhNVA, OKhNJM, ¿OKhGSA, EI96I, and others. 

Wheels of turbopump units are centered with shafts by precise 

cylindrical holes (or shoulders) B (Fig. 2.3a), by shaped or splined 

holes. Splines are made both in body of the wheel itself and also in 

holes of steel sleeves (Fig. 2.3b). 

Fig. 2.2. Shape of grooves 
in compressor wheels, a) 
"Dovetail," b) fir-tree. 

a) b) 
Fig. 2.3. Wheels of turbo¬ 
pump unit turbine, a) 
flanged; b) splined. 

Wheels are fastened to shafts by bolts, threaded pins screwed into 

flanges, a central nut on threaded end of shaft, and also by welding. 
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Welding can be seam (Fig. 2.4a), flash butt (Fig. 2.4b) or friction 

(Fig. 2.4c). 

Fig. 2.4. Welding of turbine wheels of turbopump units to 
shafts, a) seam; b) flash butt; c) friction. 

Connection of wheel of turbopump unit to blades is either detach¬ 

able or permanent. In detachable connection the fixing for blades can 

be, for instance, annular grooves of T-shape (see Fig. 2.3), rectangular 

shape with <h on lateral faces or fir-tree grooves similar to how 

this Is don for turbine wheels of gas-turbine engines. 

Permanent connection of wheel with blades is carried out by 

welding or soldering. In case of welded Joint on outer circumference 

of wheel in construction there is provided annular flange, on both 

sides of which there are drilled deep welding faces. In certain cases 

small turbine wheels for turbopump units are constructed in a single 

whole with blades and annular shrouds on the periphery. 

Depending upon operating temperature and stresses wheels of 

turbopump units are made from aluminum alloys AK4, AK6-1, steel Zh-1, 

JOKhGSA and from heat-resisting alloys of type VLR-2Û, ZhS3. Small 
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wheels are cast in one piece with blades. End surfaces of all wheels 

are profiled. 

Accuracy of processing of wheels is characterized by following 

specificiations: 

Accuracy of working of surfaces 

1. Seating shoulders.2nd, 3rd class 
2. External diameters.3rd, 4th class 
3. Rectangular splines 

4. Diameters of labyrinth shoulders..-.2nd, 3rd class 
5. Tolerance for width of groove of 

dovetail type in average section 
(within one wheel). .+0.02-0.03 mm 

6. Tolerance for width of fir-tree 
groove (on rollers).....+0.05-0.02 mm 

7. Tolerance for width of T-shape groove.0.03 mm 
8. Tolerance for spacing between 

teeth in fir-tree fixing...0.02 mm 

Accuracy of mutual location of surfaces 

1. Permissible run-out of outer surfaces 
relative to fitting places.....0.05-0.1 mm 

2. Permissible displacement of axes of 
holes for pins relative to their 
nominal positions.0.2-0.4 mm 

3. Permissible difference of circumferential 
spacing between blades grooves.0.2-0.3 mm 

4. Misalignment of axis of groove per 100 mm .to 0.2 mm 
5. Difference of spaces between end splines.to 0.02 mm 
6. Run-out of end splines...to 0.05 mm 
7. Run-out of faces of wheel relative to 

fitting places.to 0.05 mm 

Cleanness of processing 

1. Fitting places and grooves.7th, 8th class 
2. Non-working surfaces...6th, 7th class 

Static balancing of wheels is done with precision of 5g on a 100 

mm arm. Dynamic balancing is usually done after assembly of rotor.* 

*V. N. Belikov and A. N. Nikitin, "Assembly of aircraft engines," 

"Machine building," 1964. 
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Wheels are subject to heat treatment by gardening and tempering 

(aging). Material of wheels is usually taken from II check group. 

Surfaces of compressor wheels are oxidized, anodized, and surface 

of wheels of turbopump units, furthermore, are further passivated in 

bath with potassium bichromate to increase anticorrosive properties, 

§ 2. CONSTRUCTION OF INDUSTRIAL PROCESS 

General Premises 

Wheel blanks (Fig. 2.5) are stamped in closed dies with heavy 

hammers. The large diameters of wheels when there is a relatively 

thin crosspiece between the 

rim and nave do not permit 

one to obtain a blank with 

small margins. In certain 

places the margin for 

treatment attains 10-12 mm. 

Blanks are delivered 

in annealed or normalized 

state. Hardness of turbine 

wheel blanks, for instance, 

made of steel EI415, is 

HB27O-180. At supplier- 

factory one of blanks from 

every melt is cut into samples for mechanical tests. After quenching 

of samples in oil at a temperature of 1030-1060°C and tempering at a 

temperature of 650-680°C with cooling in air, mechanical properties 

should be as follows* 

a ) b ) c ) 

Fig. 2.5. Wheel blanks, a) for tur¬ 
bine; b) for compressor; c) for tur¬ 
bine of turbopump unit. 
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ultimate strength.above 90 kg/mm2 (*90»10^ newton/m2) 

yield point.above 75 kg/mm2 (*75«10^ newton/m2) 
elongation.12¾ 
hardne ss.HB. 540-28 5 

Stress-rupture strength at a temperature of 500°C and with con- 

stantly applied load of 35 kg/mm («*35»10' newton/m ) should be at 

least 100 hours. 

Macrostructure of blanks, revealed in fractures and pickled 

templets, should not have to have flakes, shrinkage pores, bubbles, 

stratifications, cracks, nonmetallic inclusions, visible to the naked 

eye. There also are not allowed silvery spots of slate-type and 

intergranular fractures. On surfaces of blanks there should not be 

seams, overlaps, cracks, foreign inclusions, and other defects connected 

with disturbance of continuity of material. As for wheel blanks of 

turbopump single-action engines, requirements are less rigid. 

Blanks of turbine wheels of turbopump units, made in one piece 

with blades from steels or heat-resisting alloys (for instance, ZhS3, 

and others), are cast in wax patterns in a vacuum chamber. Blade wheels 

from aluminum alloys can be cast with required accuracy in investment 

molds by centrifugal method with vacuum compaction of metal.* 

To check continuity of material of turbine and compressors wheels 

ultrasonic flaw detection is widely used. 

As it is known, ultrasonic oscillations (with frequency above 20 

kilocycles) are distributed according to laws of geometric optics. 

Thanks to high directivity of ultrasonic waves they are frequently 

called beams. When these beams strike the interface of two media on 

the perpendicular there occurs partial reflection of the oscillations. 

♦Method of casting parts by wax patterns Is given in Chapter III. 
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Th'ï portion of energy reflected is greater than the acoustic resistance 

of these media. Acoustic resistance of air is slight (41 g/cm sec 

« 41*10^ newton/mf'• sec ), thereforet to transmit ultrasound in for any 

considerable distance is impossible. Acoustic resistance of metals is 

great (i.(3»lo0 to 5.0*10^ g/cm? sec or to 5*10^ newton/m' •cecjj 

• a ref rej absorption oí ultransonlcs ;n tnem is comparatively 

Thus, if beams of ultrasound are dire ted into the metal, in the 

absence of stratifications in their path they will be reflected iron: 

the bottom and will go in the opposite direction. In the presence in 

the path of beams of stratifications, for instance, air bubbles, beams 

will be reflected earlier than from the bottom, and will give additional 

(besides bottom) splash on screen of oscillograph. For catching of 

splashes there has been built ultrasonic flaw detection and corre- 

cor ding equipment, 

In Fig. 2.6 is given block diagram of pulse flaw detector 86IM-2. 

Tv. seeker heeds with quartz plates touch surfaces of part, on which 

there was preliminarily placed a film 

of oil with acoustic resistance* i?5»000 

^/cnr sec (^125^105 newton/m sec). 

Ultrasonic oscillations are sent by one 

head into depth of metal in the form 

of a slightly divergent beam. Reaching 

a stratification or the opposite wall 

(bottom), pulses are reflected. Part 

of reflected energy reaches receiving 

head, the quartz plate of which will 

convert reflected elastic oscillations 

into electrical one. In receiving 

charm-•. these oscillations are amplified and further pass to screen of 
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oscillograph in the form of scanning. Since starting of scanning Is 

produced at the time of supply of pluse by exciter of quartz, by 

position of bottom signal and signal from defect relative to beginning 

of scanning it is possible to judge depth at which defect la 1 cited. 

There also exist pulse flaw detectors with one seeker heat, but 

range of measurement of defects in depth is limited. During use of 

one-head flaw detectors it Is difficult to reveal defect lying at a 

depth of 10 mm. 

Ultrasonic check is usually produced after roughing, when 

cleanness of surface corresponds to approximately fourth class, ñ *g?. 

around wheels, passed by ultrasonic . heck, are then subject« i t h at 

treatment. Wheels from alloy AK6-1, for instance, harden at a 

ture of 530 ± f/°C in water, heated to 70-90°C. Time of expoauiv i 

wheels during heating is about 5 hours. Aging occurs at a tempera 

of 19Ü ± 10°C for 15 hours with air cooling. 

Wheels of steel ¿OKhGSA are hardened at 8S0 i 10°C in il. T! 

of exposure in furnace is about an hour. Tempering la at 58 ♦ ' 

for 2 hours with cooling in water. 

Wheels of steel ¿1481 are hardened in electric furnaces, whe*> 

they are first heated for 3 hours to 850°C, kept at this tempera! .r 

for some 2 hours; then temperature in furnace la raised to 1000° and, 

keeping wheels about an hour at this temperature, they heat them farther 

to 1140 t io°c. Exposure at 1140UC is about 1.5 hours. Wheels are 

cooled In running water. Aging of disks of steel EI481 la for y -35 

hours (at a temperature of 660°C - 16 hours; at 8öO°C - l6-?0 hour*!). 

Wheels are cooled In air. 

After heat treatment wheels may have warping, am*limes attaining 

1 mm on the face; therefore, allowance for machining after r ugftlng 

should not be leas than 2-3 mm to the aide. 
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Machining after heat treatment starts with preparation of fasten­

ing bases. The most convenient bases for treatment of wheel are flat 

butt surfaces and a central hole (wheels of gas-turbine engine and 

turbopump unit compressors) or seating shoulders (turbine wheels of 

gas-turbine engines).

Simuitaneously, with untorcutting of butx.s they usually turn to 

the middle, the rim along the outboard diameter. Big wheels are turned 

>n vertical lathes or facing lathes. Holes In bosses are drilled on 

radial-drilling on a Jig.

End shaped surfaces of wheel are >;sually w irKed fiom each side 

separately on lathes with hydraulic duplicating lathes. More productive 

and e.-.act workirig is simultaneous S'l.si.irt^iig of two faces on special 

bllaterni hydraulic dupllcatoro with a central drive.

Faces of wheels of large diameters are worked several times In 

different operations, in order to avoid considerable deformations. 

Sometimes before final working of faces wheels from aluminum alloys 

•ire cvibjected to stabilizing tt-mpering, which promotes decrease of 

wo^ri’ilng of wi>eels after final woiking of faces. Fastening bases before 

flncx woi'king of faces have to be restored.

W-irklng of grooves, holes and splines is usually done after final 

workliig of faces, using their flat part as a support. The sequence of 

working such surfaces is not of great importance.

Annular blades grooves in wheels of turbopump units are machined 

by f :rrn tools on lathes. Axial or slanted grooves in wheels of gas- 

turbine engines, as a rule, are broached. In small scale production 

such groov^^s are permitted.

Anodizing or oxidizing of wheels is done both at the end of the 

inaustrial process and also after final working of laces. The last 

variant is sometimes applied in manufacture of compressor wheels from



aluminum alloys. 

Holes A for pins (see Fig. 2.1) are finally drilled during 

assembly. 

Sample Working Plans 

Wheels for gas-turbine engines 

1. First roughing of faces, 

2. Ultrasonic check (turbines wheels). 
3. Rough working. There are working external surface and faces, 

notches or central hole is reamed depending upon construction of wheel. 

4. Heat treatment. 
5. Treatment of base surfaces: faces, fitting shoulders, top, 

central hole or holes in bosses. 
6. Treatment of end fittings. 
7. Milling of fillets or grooves. 
Ô. Restoration of bases. 
9. Final treatment of faces, top and precise fitting surfaces. 

10. Polishing of non-working surfaces. 
11. Machining of grooves. 
12. Drilling of holes. 
15. Cutting of splines. 
14. Benchwork. 
15. Static balancing. 
16. Final check. . 
17. Anticorrosive treatment (anodizing or oxidizing). 

WheeIs for liquid-fuel rocket engines with 
flange or with 'splines?^ 

1. Rough treatment of top, hole and faces. 
2. Heat treatment* — hardening and tempering. 
5. Treatment of base surfaces, faces of fitting shoulders and 

central hole (all surfaces besides profiled faces). 
4. Machining of shaped surfaces on faces from a copy. 
5. Pressing of bushings into central hole and fixing of them in 

wheel. 
6. Grinding or sharpening of base surfaces - shoulder hole, 

faces, flange, sleeve and rim. 
7. Preliminary machining of top of wheel and machining of 

annular groove for fixings. 
8. Preliminary and final milling of insert grooves. 
9. Trimming and setting of insert and driving of pin. 

10. Broaching of spline hole in sleeve or in the wheel itself. 
11. Final machining of top and cutting of annular grooves for 

fixings. _ ., 
12. Drilling and countersinking of holes in flange, in hub and 

cutting of threading. 

♦Wheels of AK4 and AK6 are hardened before roughing. 
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13. Stripping and removal of Insert. 
14. Polishing of holes in hub. 
15. Static balancing. 
16. Final check. 
17• Oxidizing or anodizing. 

§ 3. FULFILLMENT OF BASIC OPERATION OF MArTINING OF WHEELS 

Lathe working. Lathe working occupies a considerable place of 

total labor-consumption of wheex manufacture. The most realistic 

means of Increasing productivity and accuracy of lathe working is 

concentration of operations and application of high speed attachments, 

ensuring rigid positioning of the piece. Concentration of operations, 

as it is known, decreases number of installations and during treatment 

ui such heavy parts as wheels of turbines and compressors of contempo¬ 

rary gas-turbine engines, eases labor of workers. 

Luring roughing of big and heavy wheels of turbines and compressors 

on vertical-lathes or facing lathes they position piece by external 

diameter or by protruding (convenient for positioning and fastening) 

shoulaers. In Fig. 2.7 is shown positioning in holder for treatment 

of several surfaces on one side of 

a wheel on a vertical-lathe. On 

edges of turret head are placed 

cutters, equipped with a hard alloy. 

Simultaneously with working of ex¬ 

ternal diameter by cutter, fastened 

in cross support, they machine 

fittings of end from a duplicate, 

fixed on the motionless part of the 

machine. First the wheel is machined 

on one side, and then after turning 

— on the other. Treatment on a 

turret lathe does not permit obtaining of assigned accuracyj therefore 
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finishing of surfaces is usually done separately on a facing lathe or 

on large lathes. Profiled face surfaces of wheel are usually machined 

on each side separately on lathes with a dydroduplicator.* More pro­

ductive and exact is simultaneous machining of two faces on two-way 

hydroduplicators with central drive and with fastening of worked disk 

by its rim (Fig. 2.3). A special device on machine permits one to 

position wheel blank so that allowance from both sides will be identi­

cal.

Lo vJ7 ^ ' <1- ^
£*_ _ _ ^. . . . . . . . . '

Fig. 2.8. Simultaneous machining of two 
faces of wheel on hyciraulic copying lathe.

During clean machining of wheels on lathes the part is often 

positioned with truing of worked side by indicator to run-out of 

0.02-0.05 mm. This is done also for purpose of completely equal dis­

tribution of allowance. Furthermore, accurate adjustment ensures more 

equal distribution of mass of wheel and subsequently permits reducing 

balancing time.

Small turbine wheels, and in particular wheels of turbopump units.

•Diagrams of hydraulic copying lathes are considered in Chapter I,
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ar worked on lathes and turret lathes, forking of shaped faces is 

produced in separate operations using the same copying lathes as during 

working oí' large wheels. 

wheels with hole in center are best positioned in attachments with 

a hy in layer (Fig. 2-.9). The part is centered by thin-walled sleeve 

3, and clamped by nut 2. Pressure on plastic 

during turn of screw 1 is limited by screw 

stop 5. Rim of wheel rests on several added 

supports 4, stopped by a plunger under pressure 

of plastic during screwing in of the same 

screw 1. Such positioning is especially con¬ 

venient if faces of rim and of hub of wheel 

are not located in the same plane. 

Annular grooves (Fig. 2.10) are machined 

by set of special cutters on preci Ion lathes. 

During clean machining they use measuring 

squaring tools and in first passages cut both 

grooves simultaneously. They calibrate grooves 

by identical form tools in order: first left, 

then right. With well set-up production 

lateral face of T-shaped grooves can oe worked 

simultaneously by two left, and then two right 

tools. 

Rough cutting of grooves is usually done 

in a separate operation. 

Lathe working of compressor wheel, done in a single piece with 

blades, c nsists of two stages. In first stage they work body of the 

wb el Itself, and in the following stage they werk the convex and con¬ 

cur Lices of blades. Butt and cylindrical inboard and outboard 

fastening of 
wht-e j of t ¡rbine of 
v.;rt 'pump unit in 
lath attachment 
w:th hydroiayer, 
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surfaces are machined just as on wheels without blades. The most 

labor-consuming operations are 

machining of convex surface and 

boring of concave surface of 

blades. If back and bucket are 

formed by cone surfaces, then 

they are worked just as blade of 

unshrouded impeller (Chapter IV). 

Noncircular surfaces of blades 

with twisted profiles are worked 

on lathes with help of three- 

dimensional master form. Working 

of blades from form is complicated 

by the fact that during machining 
Fig. 2.10. Machining of T-shaped 
annular grooves in wheels of tur- °r back or boring of bucket it 
bopump units. 

is necessary to revolve the 

wheel together with dividing attachment about the axis of the machine. 

Backs and buckets of such blades are worked in separate operations. 

Working of Blades. Blades made in one piece with wheel from 

difficult-to-machine metal can be worked by electromachining and 

electrochemical methods. Recently these methods have been used in 

such cases with increasing frequency. With their help it is possible 

to work blades in a solid olank and, all the more so, in a blank with 

intervals between blades. In a solid wheel they first take out in¬ 

tervals by electromachining (Fig. 2.11), then back and bucket of blades 

are worked electrochemically using electrodes of corresponding shape.’ 

If blank is obtained by casting and has intervals between blades. 

♦Application of electroerosional and electrochemical methods of 
working blades is presented in detail in Chapter III. 
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Fig. 2.11. Working wheel blades by electro- 
erosional method. 1) electrode-tool; 2) tur¬ 
bine wheel; 3) kerosene; 4) capacitors; 5) 
rectifier. 

manufacture is sim¬ 

plified; m this case 

it is not always 

necessary to pretreat 

blade by electro¬ 

machining. 

Working of 

Grooves. Grooves for 

attaching blades in 

wheels of compressors 

and turbines, de¬ 

pending upon scale of production, are worked in two or one operations. 

For small scales of 

production they apply 

the first variant: 

grooves are first 

milled, and then 

broached. First 

operation is performed 

on horizontal milling 

or gear milling ma¬ 

chines by method of 

division without 

peening. Selection of these machines is determined by the fact that 

big wheels are more easily positioned on them. Fir-tree grooves in 

turbine wheels are premilled on trapezoidal form by one milling cutter 

nr by a set of two or three milling cutters (Fig. 2.12). In case of a 

set of two or three milling cutters allowance by depth is evenly 

distributed among them. 

Fig. 2.12. Milling of grooves by a set of 
milling cutters. 
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Trapezoidal grooves on contour can be worked on gear milling 

machines by hobbing cutters by rolling method. Lateral form of tooth 

of milling cutter in this case will be a complex curve, which is 

determined by calculation or graph.*

Broaching of fir-tree grooves after milling is produced by several 

broaching by diagram shown in Fig. 2.15. After grooves are chamfered 

by milling 1, there is produced first broaching with removal of allow­

ance 2, then by two broaching they machine fir-tree teeth by form 5 

and 4. Last broaching removes upper face.

Fig. 2.15. Working grooves on horizontal 
broaching machine and diagram of broaching. 
1) allowance, taken by milling; 2-4) allow­

ance, taken by consecutive broachings.

•For detail see I. A. Frayfel'd, Tools working by rolling method, 
Mashgiz, 1948.
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In large lot production fir-tree grooves in wheels are completely 

machined by broachings without preliminary milling. Working is con¬ 

ducted on horizontal or on vertical broaching machines (Fig. 2.14). 

Automatic departure of table after every atroke of'* 
broaches and turn through two teeth on the third 

Fig. 2.14. Broaching of wheel grooves on 
vertical broaching machine MP-I5. 

Special attention is drawn to working of "fir tree" teeth, which 

are first broached in step form, but then (next broach) are calibrated 

in contour. 

For broaching part is positioned in special dividing attachment 

(Fig. 2.15) having in horizontal broaching machines, besides centering 

and clomp members for wheel, also guide member for broaching, which 

is sometimes called an adapter. Productivity of operation of broaching 

grooves can be considerably increased, if simultaneously in one stroke 

of slider we work several broaches. Such a scheme is applied usually 

only on vertical broaching machines, which moreover occupy smaller 
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area as compared to horizontal broaching machines. Difficulties with 

Fig. 2.15. Attachment for horizon¬ 
tal broaching machine for broaching 
disk grooves. 

fastened to slider of machine. 

use of such machines are con¬ 

nected usually with cleaning 

broaches of shavings. 

In spite of shown defi¬ 

ciencies, vertical broaching 

machine in operation is very 

convenient because motion of 

slider downwards (working 

stroke) and upwards (idling) 

are automatic. Also there can 

be automated (usually manual) 

division of wheel to following 

position at the end of idle 

motion of slide:.'. 

Broaches for vertical 

broaching machine are made up 

of separate short sections, 

assembled in a body, which is 

In compressor wheels grooves are usually made tapered. During 

broaching of such grooves they use dividing attachments, adjusting mem¬ 

bers of which are correspondingly inclined to plane of table of machine. 

Broaching of tapered groove in form of 

a dovetail is produced in one pass by set of 

separate broaches (sections). Diagram of 

broaching of such a groove is shown in Fig. 

Fig. 2.16. Diagram of Numbers 1, 2, 3 and 4 designate 
broaching of a groove 
of dovetail form. allowance consecutively taken by set of 



broaches . 

Positioning bases during broaching are usually outer or inner 

shoulders, serving as centering bases during assembly of wheels with 

shafts or other wheels. In wheels of compressors, centered In assembly 

by butt splines, for adjusting base we take the holes. 

Fastening of disks in attachments is produced by screw clamps 

through holes, located in center or on hub. If there are no holes, 

the wheels are fastened by hooks to inboard side of flange. In the 

absence in wheels of holes and flanges the wheels are fastened by 

several (4-5) U-type screw clamps (see Fig. 2.14), in turn changing 

position along rim during their approach in process of division, up 

to broach. 

Grooves in wheels made from difficult-to-work metals can be 

obtained electrochemically (Fig. 2.17). The tool here is a hollow 

electrode, having shape of profile of groove to be 

worked. Electrode can be made from brass or other 

conducting material not subject to corrosion in 

solution of table salt (steel lKhl8NQT, etc). 

electro¬ 
chemical 
method. 

worked by 

form of 
groove. 

Fig. 2.17. 
Shaped elec¬ 
trode and 

For rough working of groove electrode is made of 

brass plate. During finishing of profile of groove 

plate is made of small thickness and is fastened to 

a profile rod made of a dielectric. Cutting of 

groove is carried out by feeding electrode in direction 

of groove axis. Minute particles of metal taken from 

wheel are washed away by stream of electrolyte, pass¬ 

ing under pressure through holes of electrodes. Aft-r 

passage through clean electrode there is attained 

groove precision by width of up to 0.05 nnn. 

Final calibration of grooves and skinning of 
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surface layer, formed as a result of electrochemical treatment in salt 

electrolyte, is produced by brief piercing on low-power horizontal 

hydraulic press. 

Such profile piercing has five-six teeth with coated (electro- 

erosionally) hard alloy. 

During electrochemical working of grooves metallic parts of 

dividing attachments must be protected from corrosion by salt solution 

of electrolyte.* 

Involute splines are cut on gear-slotting machines of large 

dimensions with positioning of part on special attachment (Fig. 2.1 

If wheel does not have hole in center it is necessary to use as 

adjusting bases its outer surface and face on the side, opposite the 

flange. Necessary concentricity of shoulder A and dividing circum- 
o 

ference of splines during basing of disk by external diameter, carried 

out with precision of 3rd class, is attained by alignment of wheel by 

indicator previously ground shoulder A. 

Fig. 2.18. Slotting of flange splines on gear slot¬ 
ting machine. 

Cutting of end splines. End splines on drums of compressor 

wheels are cut by milling, round broaching and planing. 

♦Features of electrochemical working are presented in Chapter III. 



They mill splines on horizontal milling machines by iisk milling

cutters; h’-re there are used dividing attachments with high precision
«

of division by step (up to 0.015-0.02 mm).

Broaching of end splines is performed by round broaches on semi- 

aut iraatic spline broaching machine PShN (P'ig. 2.19). On horizontal

spindle of machine there

¥
i

S . -

m
FI,;. 2.19. Broaching of end splines on 
r und broaching machine.

is fixed round broach, and 

on the dividing table of 

machine is the part being 

worked.

Precise positioning 

of wheel with respect to 

center on attachment is 

ensured by unclasping rod 

with hydrolayer.

Semiautomatic work of

machine is composed of following motions: broach continuously spins

ab >ut its axis and during set-up of machine can shift vertically; 

round table of machine accomplishes reciprocating motions in direction 

of axis of wtrked groove. Turn of table to following division is 

carried out at the time, when free interval on broach drawing occupies 

position above processed part.

Broach has 15 cutting and 2 calibrating sectors of 11 teeth each. 

Drop between teeth (rise) varies from 0.05 mm at the beginning to 0.025 

mm In the last cutting teeth.

Planing of end splines is possible with one tool on a cross-planer 

in ilvlding attachment, but productivity with such method will be low. 

Best results can be achieved during planing on semiautomatic multiblade 

gear-shajier PShKh-1. On this ma.bine planing is carried out by twelve



consecutively fixed cutters without return strokes. On section of 

passage of each tool through cavity a special device, a Nichomedes 

conchoid, on machine transforms rotary motion of cutter into recti¬ 

linear. 

Drilling of Holes. In view of cumbersomeness and heaviness of 

wheels holes In them are drilled, as a rule. In positioners, secured 

to table of machine. 

Fig. 2.20. Positioners for drilling holes in 
wheels. 

Holes, located 

on the same circum¬ 

ference, are drilled 

on ordinary single- 

mandrel vertical 

boring machines in 

positioners with 

turning or dividing 

devices. Holes, 

located on different 

circumferences, are 

drilled in positioners 

on radial-drilling 

machines or on verti¬ 

cal machines, but 

with the help of a 

multi-mandrel head. 

Constructions 

of positioners for 

drilling of holes in 

wheels are shown in 

Fig. 2.20. 



Jrindling of fitting shoulders. In Fig. 2.21 there are given 

examples of positioning of wheels for grindling of precision fitting 

shoulders. In ordor to 

obtain required precision 

of location of processed 

shoulders with respect to 

other surfaces, the latter 

are used as positioning 

base. During grinding 

at first they grind that 

shoulder, which is the 

most convenient for 

positioning. Frequently 

the shoulder is ground 

after installation of 

wheel with alignment of it with respect to surface, relatively to which 

location of shoulder is assigned. 

Operations of coatings. Most wheels of turbines, compressors and 

turbopump units are oxidized or anodized. Steel wheels are oxidized 

chemically or electrolytically. 

During chemical alkaline oxidizing in water solutions (bluing) 

part is dipped in concentrated noiling solution of caustic soda and 

mineral oxidizers in the form of chile saltpeter or sodium nitrate.* 

After exposure for 20-40 minutes there forms a thin oxide film 

of black color. 

Electrolytic oxidizing is carried out by means of anodizing in 

*Ya. V. Vayner and M. A. Dasoyan. Technology of electrochemical 
coatings, Mashgiz, I962. 

Fig. 2.21. Grindling of precise fitting 
shoulders. 
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alkali solutions for 5-8 minutes at solution temperature of about 50°C. 

Cathode material is lead. 

Anodizing is what we call electrolytic process of oxidizing of 

aluminum and its alloys. They anodize in chromic, sulfuric, and 

oxalic acid electrolytes. As a result of anodizing on surface of 

part there will form a durable, porous (porosity up to 20$) oxide 

film with unlimited growth in thickness. On boundary between porous 

film and metal there will form solid very fine glass-like film of 

great hardness. 

Strength of bonding of oxide film is very high. To separate film 

from metal mechanically is impossible. Heat resistance of oxide film 

reaches 1500°C. 

§ 4. CHECKING WHEELS 

Checking of wheels is simply checking dimensions, form and quality 

of basic surfaces and their mutual location. Methods of checking 

surffecea of simple form do not differ at all from methods of checking 

other parts. Here they apply various gauges, patterns and other 

normal tools. The most complex and labor-consuming operations in 

checking wheels are operations checking the grooves. 

Fir-tree grooves are checked on a projector and on a microscope 

by indicator instruments, rollers gauges and on pneumatic instruments 

(Solex). 

On projector with magnification 1 x 50 there is checked radial 

displacement of one side of groove relative to other and smoothness of 

radius linkages. This check is conducted in two grooves, broached in 

samples by one set of broaches. One groove is broached before beginning 

of broaching of grooves in turbine wheel, and second is broached after 

termination of broaching of all grooves in the lot of wheels. 
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Fig. 2.22. Diagrpjn of checking of fir-tree 
groove, a) width of groove by rollers; b) 
thickness of shelf; c) spacing between teeth; 
d) depth to Dase of groove; e) spacing on 
pneumatic meter. 

b) V .V 

Fig. 2.23. Check of spacing between grooves, a) 
Rectilinear ones; b) Fir-tree. 

On microscope they check angles of profiles and spacing between 

teeth. With help of instruments or check attachments (Figs. 2.22, 

2.23) they check: thichness of first tooth or dimension to shelf. 
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spacing between teeth, depth to base of groove, spacing between grooves 

on circumference, location of groove with resnect to axis of wheel 

and with respect to radius. They also check misalignments of groove 

by four indicators with their legs resting in gauge tightly inserted 

in groove. Furthermore, indicator instruments check spacing on cir¬ 

cumference between trapezoidal grooves before broaching the fir tree. 

All indicator Instruments are tuned by standards. 

Grooves of dovetail type are checked for width, parallelism of 

sides at given height h, for spacing between grooves, location of 

grooves with respect to axis and radius of wheel and for angle of 

inclination. 

Width and nonparallelism of groove sides at height h is checked 

by flat two-rollers gauges (Fig. 2.24) at two extreme points of groove 

(at ends). Gauges are made in a set with 

difference in thickness of 0.01 mm. Deviation 

of grooves in circumferential spacing is 

checked by pedometers of type shown in Fig. 

Fig. 2.24. Check of 2.23. 
width of grooves of 
dovetail type. Conicity of base of groove and its radial 

location with respect to axis of wheel are checked on complex checking 

attachment. Besides this, in practice there are used indicator' 

checking Instruments by which they simultaneously check width of 

groove at height h ari its angle of inclination (Fig. 2.25). Indicator, 

connected with lever of right roller, shows deviation of width of 

groove from proper value. Misalignment of groove is shown by the 

other indicator, touching face of wheel a certain distance from a 

support, also pressed to the face of the wheel. In production practice 

angle of inclination of groove is usually checked occasionally In 

central measuring laboratory, and there Is ensured by positioning of 
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attachment on broaching machine. They also check run-cut of evolvent 

splines relative to centering shoulder of turbine wheel. 

Fig. 2.25. Instrument for checking 
width of groove and direction of it 
witn respect to face of wheel. 
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CHAPTER III 

WORKING OF BLADES 

§ 1. DESIGN, SPECIFICATIONS AND MATERIALS 

Blade of jet engines are divided into rotor (rotating) and guide 

stator and nozzle (motionless). They are solid, with channels for 

cooling, and hollow. By method of manufacture blades are divided 

into formed (forged, pressed and stamped), c^st and welded or 

soldered. 

Basic structural members of a blade are the tip and the root 

section — root. 

Blade tip has a complex three-dimensional shape with constant 

or variable cross sections profiles along its length. Sections may 

be turned relative to one another, forming twist of tip. Convex 

side of tip is generally called the back, and the concave side is 

called the bucket. Edge of tip toward entrance of gas we call inlet 

(nose), and the opposite edge, outlet (trailing). 

Tip of rotor blades of gas-turbine engines (Fig. 3.1) has 

variable section and twist, reaching 60°. 

Back and bucket of tip in section are usually outlined by a 

curved of variable radius. Such profile of the blade tip is given 

by coordinates of separate points. Sometimes surface of bucket has 

cylindrical or conical form with smooth transition in plane. 

63 



h "ki * 
a» 

II 
II 

i 1 
I 

! 

nn 

I p «- L<o 

Í 
h * 

H 
ss ï: > 

r~-r-- 

0© 

(U 
c 

•H 
bD 
C 
0> 

(U 

Xi 
U 
d 

■p 

» 

64 



Tip of turbine nozzle blades has sections, constant or variable 

along the blade, with angle of twist of up to 10°. Such blades are 

made without a fixing or with two fixings (Fig. 5.2). 

Fig. 5.2. Blade of turbine stator of gas- 
turbine engine. [k= bucket; h= [?]; 
C = back; x = root.] 

For turbopump units of liquid-fuel rocket engines the tip of the 

rotor and nozzle blades is of complex profile, analogous to blades of 

turbines of gas-turbine engines, or has constant shape of sections 

its whole length and no twist (Fig. 5.5). 
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Fig. Rotor blade of turbine 
of turbopump unit. 

Tip of rotor (Fig. 3.4), stator and guide (Fig. 3.5) blades of 

compressor is of more complex shape than for turbine bladesj sections 

and radii of curvature the length of the blade vary, and angle of 

twist reaches 60°. 

Removable connections are executed with the help of roots of 

different design. Basic shapes of roots are the following: fir-tree, 

dovetail, T-shape, bulb, forked, mushroom-shaped, and others. 

Fir-tree root is most frequently met in turbine rotor blades; 

and dovetail type is met in rotor blades of axial-flow compressors. 
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Roots of T-shaped, forked and bulb type most frequently occur 

for blades of turbopump units. 

Blades, combinable with bodies by means of welding, soldering 

and sockets, do not have roots (rootless). 

Accuracy of Working 

Accuracy of working of basic surfaces of blades of turbines and 

compressors is characterized by following data: 

Blade Fins. 

1. Deviations of form of contours of bucket and back of tip 

in design sections from assigned allowable is from 0.1 to 0.3 mm. 

2. Deviations of maximum thickness of profile of tip from 

nominal value — not more than 0.2 mm. 

Tolerance for thickness of outlet edge - 0.1-0.4 mm. 

3. Tolerance for angle of twist of tip in cross sections - ±15». 

4. Displacement of contours of bucket and back from nominal 

position in direction, perpendicular to plane of symmetry of root: 

for rotor blades of turbines of GTE - 0.2-0.6 mm; for blades of 

compressors - 0.1-0.4 mm. 

Tolerance for thickness of wall of tip of cast hollow blades — 

±0." mm. 

6. Cleanness of working of blade tip - 8-10th class. 

Surface of tip of blades made from aluminum alloys is subjected 

f ( hr '»mate of anodization, and. those made of steel often get chrome- 

or nickel-plating. 

To increase heat resistance nozzle and rotor blades of a turbine 

are coated with heat-resistant enamels, and sometimes are subjected 

to calorlzing or chrome-calorizing. 
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Blade Roots . 

Fir-Tree (see Fig. 3.1): 

1. Spacing of teeth execute with tolerance 0.C1-0.02 mm. 

2. Tolerance for thickness of root on center line of teeth 

(fitting dimension) - 0.02-0.06 nun. 

3. Tolerance for radius of linkage between adjacent teeth - 

0.05-0.1 mm. 

4. Angle between working (support) surface of tooth and 

plane of wedge composes 90-104° with tolerance of 10-30». 

5. Angle between teeth (420-55°) is maintained with accuracy 

of ±10» to ±40». 

6. Cleanness of working surfaces of root — 7th class. 

Dovetail (trapezoidal. Fig. 3.4): 

1. Dimensions of fitting surfaces — 2nd accuracy class. 

2. Tolerance for angle of fitting surfaces — 4-8'. 

3. Accuracy of location of root with respect to profile 

of tip — ±0.2 mm. 

4. Displacement of base of root relative to outlet edge 

is allowed within limits ±0.1 mm. 

5. Cleanness of working of surfaces: root - 7th class, 

others — 6th or 5th class. 

Shelved with journals (see Fig. 3.5): 

1. Dimensions of shelves - with accuracy of 2nd or 3rd 

class, less frequently of 4th accuracy class. 

2. Diameter of journals usually of 2nd or 3rd accuracy 

class. 

3. Thread of journals and holes — 2nd class. 

Nonparallelism and nonperpendicularity of surfaces 

of shelves and journals allowed is not more than 0.05-0.1 mm. 
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i). Cleanness of worked surfaces —7th or 6th class. 

Prismatic : 

1. Tolerance for thickness of root (fitting dimension) — 

3rd accuracy class. 

2. Displacement of profiles of tip and upper root (small 

root) relative to lower root allowed is not more than 0.15 nim. 

3. Cleanness of working of these surfaces — 6th or 7th 

class . 

Additional specifications. 

Tolerance for mass of each rotor blade of GTE turbine is set up 

to 5# of its nominal mass. 

For rotor blades of GTE turbine they also set lower permissible 

limit of frequencies of 1st bent form. Thus, for turbine rotor 

blades of one small-lot-produced motor frequency of natural oscilla¬ 

tions of 1st tone should be: I6OO-1950 cps (Stage I), 1020-1200 cps 

(Stage II), 63O-7OO cps, (Stage III), ^35-476 cps (Stage IV), 

23O-27O cps (Stage V). 

Blade Materials 

Exploitational conditions of work of blades present to materials 

from which they are prepared very high requirements. 

Material of blades should possess sufficient strength, plasticity, 

creep resistance, fatigue limit, corroslonal stability, erosion 

resistance and as small a sensitivity to notches as possible. Besides, 

material should be easily worked by cutting and pressure. Alloys of 

cast blades should possess high casting qualities, and of welded 

blades, good weldability. 

For rotor blades of GTE turbines there are basically applied 

heat-resisting alloys, containing nickel, chromium, tungsten. 
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molybdenum, titanium and tantalum. Most widely applied is nickel- 

chromium-titanium wrought alloys EI427B, EI6I7, and others. 

At present in connection with increasing temperatures before a 

turbine for rotor blades they are applying more heat-resisting wrought 

and cast alloys. 

Quality of alloy is improved, if it is produced in a vacuum. 

Fusion in a vacuum ensures more thorough control of alloy composition, 

frees it from harmful impurities and improves characteristics at 

high temperatures. 

Casting alloys are more heat-resistant than forging ones, since 

at very high temperatures structure of cast alloys oetter sustains 

load than homogenized ones, obtained from hot working. For this 

reason both here and abroad there are constant attempts to use 

casting alloys for rotor blades of turbines. 

Of great interest are metals, having a higher melting point, of 

which the most promising are chromium, molybdenum, niobium and tungsten. 

For nozzle blades of GTE turbines we basically apply casting 

alloys on a nickel base: ZhS^* and others. 

They are trying to use for turbine blades ceramic materials on 

an aluminum oxide base with different metal oxides or their carbides. 

These materials are outstanding in high heat resistance, almost 

constants mechanical properties up to temperature of 1000°C and low 

specific weight. 

However, certain unsatisfactory characteristics of them (for 

instance, low thermal strength, brittleness), and also technological 

difficulties of manufacturing parts from these materials with high 

precision hamper their application. 

For rotor and nozzle blades of turbopump units of liquid-fuel 
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rocket engines of single action they apply forging aluminum alloy 

AK4, structural and heat-resistant steels brands ¿OKhGSA, lKhl8N9T, 

EI69, and also heat-resisting alloys on a nickel base VL7-20. 

Blades of an axial-flow compressor work at comparatively low 

temperatures; therefore, material for them are aluminum alloys: 

AK4, ARÓ, VD-17 structural and heat-resistant steels: ^OKhGSA, 

iSKhNVA, Khl7N2, 30Kh2N28A, EI96l. 

They make blades of the supersonic and last stages of compressor 

from steel. 

For compressor blades they also find application of alloys of 

titanium - VT3-1, VT10. 

Th'-re are attempts to apply for comoressor blades glass-fiber 

reinforced plastic materials, possessing high strength for low 

weight, hxgh corrosion resistance and relative insensitivity to 

surface damage, and also possibility of complicated shaping. 

Mechanical strength of plastic reaches 63 kg/mm2 (*63‘lCr newton/m2); 

maximum operating temperature is still limited to 250-300öC. 

§ 2. CONSTRUCTION OF MANUFACTURING PROCESS 

Rotor Blades of GTE Turbine 

General Positions 

Blanks. Blanks for blades from forging alloys are obtained by 

drop forging, pressing (pressing), rolling and milling, seeking 

longitudinal location of fibers of material. The most usual method 

is forging cf blanks (Fig. 3.6), which is usually performed on 

forging presses with force of 1500-4000 T (-»15-40 Meganewtons) in 

open or closed dies. 
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For more or less considerable scales of production they try 

to obtain forged blanks with small allowances for working. Applying 

so-called "flashless die" forging. 

allowed displacement of dies 
along axis xx of not more than 
0.5 mm and longitudinal 
displacement up to 0.8 mm. 
3. Nonplanarity of surfaces 
A and B, not more than 0.5 
mm. 4. A, B, C, D and E - 
base surfaces for machining. 

it is possible to decrease allowance 

for working to 1.0-1.5 mm and 

considerably reduce total labor- 

consumption in manufacture of blades. 

Dis-cinction of method of "flashless 

die" forging from usual methods is 

more rigid apportioning of metal 

of initial blank. 

In selection of allowance for 

machining of rotor blades it is 

possible to be guided by the given 

data from NIAT [Scientific Research 

Institute of Technology and Organi¬ 

zation of Production of the State 

Committee of the Council of Ministers 

Length of blade 
tip, mm 

Allowance on «ide, mm 

tip root 

Below 50 
From 50 to 100 
From 100 to 200 

o.a-i,o 
1.0-1,5 
1.5-2,0 

1.5 
1.5 
2.0 

USSR for Aviation Material], 

Blanks of turbine blades with 

constant profile the length of the 

tip can be obtained by extrusion. 

Such a method ensures obtaining of 

blade blanks with minimum allowances 

and longitudinal direction of fibers. Extrusion of blanks can be 

produced on standard forging and extruding equipment: hydraulic, 

mechanical or frictional presses, on horizontal-forging machines, 

and others. Extruded material is heated to temperature, close to 
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upper limit oí forging range. It is recommended to apply induction 

heating. To avoid breaks of metal at thin edges in connection with 

their : aster cooling in construction of die there are "pockets," 

ensuring certain thickening of edges. Unnecessary metal, filling 

pockets, is removed by machining. 
* 

To produce a blade with variable profile the extruded blank is 

subjected to cold rolling. Between operations of rolling of blank 

it is necessary to anneal in order to remove of internal stresses. 

Blade blanks from casting alloys are obtained by casting from 

wax patterns. Castings have allowance for tip of O.3-O.6 mm on 

the side of grinding and polishing and for root, 0.8-1.2 mm on a 

side. At very tip of blade is a boss, utilized as positioning 

base during working checking of blade. 

Small lot manufacture of turbine blades from castings is more * 

economical, than from forged blanks. During vacuum melting and 

casting of blanks the secondary metal does not oxidize, and this 

peimi^s us t use taps (ilow gates, vents, etc.) and, thereby, to lower 

consumption of metal. Prime cost of manufacture of blades is 

lowered here by up to 60#. 

heces. Complex shape and insufficient rigidity of the part 

hamper reliable fastening of blade and stability of positioning. 

Working of tip and root of blades more frequently is carried 

out with part positioned on flat bases (Fig. 3.7) located on root in 

direction of back and bucket and on industrial boss. For fixing 

there are used holes in boss and the face of the root toward outlet 

edge. 
m 

Such bases are more convenient, ensure reliable fastening and 

stability of positioning. 
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* 

blade. 

formed by surfaces of two 

with tangent planes, etc.. 

Cleanness of surfaces 

Back of blade usually is worked 

on duplicating machines (lathe, milling, 

grinding). 

Bucket of fin is reamed, milled, 

ground. When sections of bucket are 

formed by circular arcs, working is 

simplified and necessity for copying 

machines disappears. Working of bucket 

of more complex profile, for instance, 

cones, of variable radii in combination 

we produce on duplication machines. 

, assigned by specifications for profile 

of root, is attained by milling, broaching or grinding; and for 

tip, b;y polishing. 

Labyrinth grooves on ends of blade roots are finally worked 

after installation of blade on wheel, i.e., assembled. This the 

most simple method of guaranteeing high accuracy of mutual location 

of surfaces, belonging the two joined parts. 

In order that blackness does not remain during working of blade 

fin from blanks with small allowances (for grinding), adjusting base 

should ensure exact and definite position of the part. Several variants 

of solution of this problem are known. In foreign practice, for 

instance, they use as positioning base three center holes: one on 

end of blade tip and one each on flat lateral faces of root. 

Positioning base is used in all operations of machining and during 

checking of blade. During preparation of flat bases it is very 

important, that allowances for working of blade are distributed 

evenly. This is attained now by application of device of automatic 
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distribution of allowance (model ART-1).* 

Positioning of blade in space is carried out by method of 

automatic search in a selected number of degrees of freedom (up to 

six). As criterion of optimum location of blades in an ARP device 

there is selected maximum of the least deviations of dimension of 

part from dimension of the standard or blueprint. In device there 

is used electrical single-channel automatic optimizer, controlling 

shifts of blade. 

Device consists of two parts. First is located in cabinet and 

contains unit for forming of criterion, optimizer, switching unit 

and power unit. Second part consists of platforms for installation 

of blade with mechanisms for shifting it in the needed number of 

degrees of freedom and a clamp for installation of inductance pickups 

(miniature with large stroke of rod) on surface of blade tip. Before 

beginning of work they set up transducers (up to 28) on standard blade 

or calculation points of blueprint. Blade or its blank as a result 

of process of automatic searching is located equidistant to contour 

of standard blade with precision of 0.05 to 0.2 mm. Upon completion 

of searching there is automatic stop. 

Time of search for most advantageous position of blade in 

industrial conditions is on the average 12-30 seconds. 

If blade has impermissible deviations from form, the system 

automatically rejects it. 

The ARP unit can be either directly built into machine, or to 

work as self-contained unlm. 

♦Design was developed by D. T. Vasil«yev. Candidate of Tech. 
Sciences, jointly with colleagues of Institute of Automation and 
Telemechanics of Academy of Sciences of USSR. 
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Another problem, encountered during working of blades from 

blanks with small allowances, is to avoid warping of part after re¬ 

moval of even a comparatively thin layer metal. Warping occurs as 

a result of redistribution of residual stresses, appearing in the 

course of cutting. Practically this problem is solved by selection 

of corresponding conditions of working and application of jet 

cooling,* and in certain cases also by correction of supports of 

attachments, when for fastening of blade there is created certain 

stress, counteracting expected flexure after working. This last method 

sometimes finds application in attachments for machining the back. 

During development of industrial process of manufacture of 

turbine blades one should consider peculiarities of heat-resisting 

alloys. These alloys are very difficult to work by cutting, especially 

intermittent cutting. If workability of steel 45 by contemporary 

hard-alloy tools is taken as 100#, the relative workability of heat- 

resisting alloy EI437 In only 4# EI6I7 - 2#, ZhS6 - 1.4#. 

Heat-resisting alloys, possessing high strength in combination 

with great viscosity, are inclined to considerable hardening, and 

this leads to growth of cutting forces, heating of tool, and as a 

result — rapid wear of It. 

One of basic directions of improving conditions of cutting 

during working of heat-resisting alloys is improvement of materials 

of cutting tools. However, other measures are also necessary. 

Investigations and experiments of plants, for instance, established 

that prolonged stability of tools during intermittent cutting of 

♦Stream of liquid is fed from below into slot between piece and 
rear margin of tool under pressure of 10-20 atm(tech) («10*10^ to 

20*10^ newton/m2). Diameter of hole of injector is about 0.5 mm. 
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certain heat-resistant alloys on a nickel base can be obtained only 

with working by a tool of high-speed cutting steels Rl8, R9K5, RK10, 

R9F5, R18F2M, SK8. Here there are assumed very low speeds of cutting 

of the order of 3-6 m/min. As lubricant coolant best is a five 

percent emulsion (All-Union Government Standard 1975-53) pressure-fed. 

Working should be done only with a sharp tool (permitsible wear on 

rear edge for milling cutters (0.2-0.3 and for cutters 0.3-0.5 mm) 

Workability of heat-resisting alloys can also be noticeably 

improved by proper heat treatment. 

Considering that heat-resisting alloys can be worked only at 

relatively low speeds of cutting, it is expedient to expand applica¬ 

tion of processes of grinding, and also electrical methods. 

Turbine blades for the contemporary jet engine are one of the 

mass-produced parts; therefore, production of them is organized on 

continuous-flow principle with application of highly productive 

machines and highly effective methods of working. 

Sample Working Plan 

Forged blank. 
$ 

1. Cutting of burr. 
2. Working of base surfaces on industrial boss and of butt 

section (milling and grinding of plants, drilling and countersinking 
of hole in industrial boss). 

3. Rough working of tip and edges (milling of edges and bucket 
machining of back). 

4. Restoration of positioning bases (grinding of base planes of 
industrial boss and butt on side of back and bucket). 

5. Finishing (grinding) of bucket and back. 
6. Preliminary milling of wedge. 
7. Polishing of tip for etching. 
8. Etching and checking for external defects of material of 

blade (cracks, lumps pores, nonmetallic inclusions, hairline cracks, 
etc.). 

9. Milling of wedge and profile of root. 
10. Final grinding and polishing of tip. 
11. Grinding of faces and shelves of root on side of bucket and 

back. 
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Sample Working Plan (Continued) 

12. Cutting off of industrial boss. 
13. Final check. 
14. Grinding of blade face of set of blades (assembled). 
15. Check of frequency of fundamental tone of flexural oscilla¬ 

tions of blades. 

At present there have been developed model industrial processes 

0^ manufacture of blades. Their introduction with standardized 

equipment permits us to considerably reduce periods of preparation 

for production of new motors, cost of manufacture of industrial 

equipment and labor-consumption of production of blades, and also 

to increase quality and stability of their manufacture. 

Small-Size Blades 

Lengoh of tip of such blades is 30—80 mm, accuracy of manufacture 

of tip is within limits ±0.05 mm. Small-size blades usually have 

shrouding on tip. 

To ensure given accuracy of tip by present methods of machining 

is very difficult; it is usually achieved by manual trimming. For 

mechanization of working of the blade most promising are electrical 

methods of working: electroerosional (removal of basic allowance) 

with subsequent electro-hydro-polishing. 

Model industrial process of manufacture of small-size turbine 

blades with application of electrical methods of working: 

1. Exact forging of blank with allowance to the side of 
0.5-O.d mm. For tip and i.O mm for root. 

2. Milling of inlet and outlet edges. 
3. Equal distribution of allowance in tip with filling of 

blade by light alloy, in holder. 
4. Milling and grinding of base surfaces of root and upper shelf 

on side of bucket, back, inlet and outlet edges, faces of root end 
shelf. 

5. Milling of wedge and fir-tree profile of root. 
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6. 
arid inle 

7. 
8. 

machine. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 

Grinding of bevels of root and shelf on the side of outlet 
t edges. 

Smelting of alloy and removal of blade from holder. 
Electroerosional working of tip on multiposition semiautomatic 

Electro-hyrdo-pollshing of tip on multiposition installation. 
Grinding of inlet and outlet edges. 

Hydroabrasive polishing of tip before etching. 
Etching and check for defects of material. 
Ilydroabrasive polishing of tip. 
Polishing of inlet and outlet edges by abrasive tape. 
Grinding of labyrinth on upper shelf. 
Final check. 

Cast Blades 

Blanks of average-dimension cast (solid) turbine blades have 

ali wance on the side for tip 0.3-0.( ram and for root 0,8-1.2 mm. 

On castings at end of tip they provide boss, which is used as 

auxiliary base during working of tip. 

During manufacture of cast blades it is expediently first to 

imally work lock and boss on tip of blade, and then from root and 

v/ork the blade. Root and boss are worked in special attachment - 

:u r (^4r. 3.8). Blade in holder is positioned by extreme sections 

of bucket on profile position- 

Fig. 3.8. Holder for working root of 
cast turbine blades. 1) fixed base 
element; 2) blade; 3) clamp number. 

ing members (trenches), is 

secured from the back and 

filled with fusible wood alloy. 

With such positioning 

they work face, wedge and fir- 

tree profile of root, and also 

surface of boss on tip of 

blade. After working holders with blades are dipped in bath with 

hot water to extract alloy. 

After grinding and polishing of tip they cut off industrial 

doss, grind the face of blade in a false wheel, and polish the tip. 

* 
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Single-Channel Cooled Blades with Deflector 

flow chart of. manufacture of hollow single-channel cooled turbine 

blades from forging allo^ EIQ29 with deflector of alloy EI617 is shown 

in Fig. 3.9. 

d) 

f) g) 

Fig. 3.9. Diagram of manufacture of hollow single¬ 
channel cooled turbine blades, a) initial blank; 
b) heading and turning of rod; c) drop forging of 
intermediate blank; d) machining and assembly of 
blank with deilector and fillers; e) drop forging of 
blade; f) machining and etching out of filler; tn 
final machining. ' 

Dei lectors hollow thin-walled solids of revolution with exter¬ 

nal annular grooves (Fig. 3.10) - serve to guide and distribute air 

coolant, fed into cavity of blade. Metallic fillers are fastened in 

del lector by argon arc and electric-contact spot welding. 

Hollow intermediate blank of a blade, assembled with deflector 

and iliters, proceeds to hot stamping, during which there are created 

channels for passage of air coolant (Fig. 3.11). Then fillers are 

etched out. 
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Fig. 3.10. Deflector and fillers, a) de­

flector together with fillers; b) wire 
filler; c) washer filler; d) deflector; e) 
filler inserts; f) filler tube.

Fig. 3.11. Fully worked turbine blade 
with one-sided forged deflector.

Allowances for machining are: on profile of blade 0.8 mm to the 

side, on inlet and outlet edges 2 mm and for root, 3 nun to the side.

Industrial bases are subjected to machining (planes of shelves 

of root and boss on the side of back and bucket), root, tip, recesses 

on outlet edge. Then on outlet edge by electroerosion method there 

are processed slots (matching number of grooves) for exit from cavity 

cf blade, without affecting deflector.



Location of deflector in cavity of blade and marking of depth of 

electroerosional treatment of slots are checked on X-ray photographs 

of forged pieces. 

Multichannel (Honeycomb) Cooled Blades 

In blades of given construction cooling channels are located in 

the surface and at edges of tip; thickness of crosspieces between 

channels and thickness of walls is at least 1.0 mm. Blank for these 

blades is a flashless die forging with allowance for working of tip 

of 0.5 1 0.1 mm to the side and 1.5^0*! 111111 root. 

Presence of burr in blank greatly deforms channels located at blade 

edges. 

Flow chart of manufacture of multichannel cooled blades is shown 

in Fig. 5.12. 

Fig. 3.12. Flow chart of manufacture of a 
multichannel (honeycomb) cooled turbine blade, 
a) initial cylindrical blank; b) heading; c) 
working of holes and investing of them with 
filler; d) forging of mushroom-like blank into 
cylinder; e) segment of upper part; f) extrusion 
of cone blank; g) closed impression die forging 
for six transitions. 
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Filler is etched out from channels in alkaline bath (70$) NaOH 

and 30# saltpeter) at 500-550°C for 35-50 hours. Tip is polished and 

etched for detection of macrostructure at the end of manufacture. 

A !11ifatness and carrying capacity of channels of blade are checked 

by kerosene under pressure of 1.3 atm (^1.5.105 newton/m2). 

Blade.: of GTE Turbine Nozzles 

M et widespread are blanks of GTE nozzle blades, manufactured by 

; iecisiun casting in investment patterns. Such castings almost do not 

nc-d machining; utilization of material comprises about 90#, which has 

special significance for such expensive materials as alloys ZhS3, and 

others. 

: iocess of manufacture of cast nozzle blades consists of two 

basic stages: 

a) obtaining exact casting; 

b) machining. 

First stage is most labor-consuming and crucial. 

Casting of Blanks 

Casting by Investment patterns is one of the most highly effec- 

.. methods of production of complex machine oarts which require 

precision and cleanness of cast surface. 

Essence of process consists in the following: from fusible 

oiganic materials in a die-mold we obtain model and cover it with 

special silicate dressing, which upon drying will form a crust on the 

* ’n• 1-ien pattern is placed in a flask with molding sand and 

¡Is Is set in a furnace for smelting of model compound and heat 

treatment at high temperature in order to turn silicate covering into 

a durable ceramic shell. Place occupied earlier by model will form 

a cavity, in which they pour metal of the blank. 

84 



Cast blanks of blades are knocked from flasks, cleaned and after 

thorough check are subjected to heat treating. 

Technique of manufacture of castings of blades by Investment 

patterns has many variants both In fulfillment of basic operations, 

and also In composition of model and mold materials. 

Models of blades are molded In special built-up cast molds, 

usually steel. Dimensions of working part of cast molds should con¬ 

sider shrinkage of model composition and metal of casting during 

cooling. 

Cast molds are sometimes manufactured by electroplating, plating 

halves of specially prepared aluminum blade with layer of copper 0.8- 

1.3 mm thick on a nickel underlayer. Then copper-plated blade, after 

washing and drying, is plated with copper or steel to layer 2-2.5 mm 

thick. After etching out aluminum blade in boiling alkaline bath 

and removal by electrolytic means of layer of nickel the obtained 

crown is filled from non-working side with aluminum or zinc alloy in 

special metallic form, thus obtaining cast mold. 

Working cavity of cast molds is nickel plated, which increases 

its strength. 

Such method ensures obtaining of dimensions of cast forms of 2nd 

or 3rd accuracy class. 

Material for preparation of pattern masses are paraffin, stearin, 

robin, cerezlne, polystyrol, bee wax, plastic. 

Most frequently blade models are first coupled, and then already 

coupled models are assembled in block of four to six models with common 

flow gate. 

Process of manufacture of ceramic shell consists of coating 

models with ceramic dressing, sprinkling with sand, and drying first 

in air, and then in atmosphere of ammonia. 
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For preparation of ceramic dressing they apply Marshalite,* 

quart?, sand and ethylsilicate.** 

Ceramic shell is formed from five successively applied layers. 

For this blocks of models are dipped two or three times in bath 

of ceramic dressing. Then over them they sprinkle quartz sand for 

best bond between layers and prevention of cracking. Thickness of 

dressing is 1-1.5 nim. 

After natural drying of blocks In hood for 2 hours, there follows 

accelerated drying for 40-50 minutes in ammonia gas environment. 

Remaining layers are applied analogously. 

They check drying of each layer of dressing by submersion of test 

mode] in hydrolyzed ethylsilicate, after which dressing should not 

remain or be cracked. 

Model blocks are molded in rigid flask; filler is usually molding 

sand, consisting of aluminous cement, Marshalite and quartz sand. 

Alter drying of flask in air from form the pattern material is 

etched by heated air, vapor or in special thermoses. Sometimes 

etching of pattern material is combined with drying and even with 

calcination. In this case utlization of worked pattern material is 

completely eliminated, since the material burns in the furnace. 

After etching of pattern material forms are first dried, then 

calcinated in electric furnaces at a temperature of 300 - 900°C with 

slow, stepped increase of temperature for 13-16 hours. 

»Marshalite - ground quartz sand, sifted through sieve No. 270. 

»»Ethylsilicate - Si(C2H^0)^, ethyl ether solution of orthosilicic 

acid. 
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Metal for nozzle blades Is smelted in arc or induction high-fre¬ 

quency electric furnaces. Induction furnaces ensure minimum waste 

of elements, and consequently also large constancy of chemical com¬ 

position of alloy, best control of metallurgical process during 

smelting of alloy. 

Filling of molds with metal can be done by several methods: free 

filling, compressed air pressure, in vacuum, on centrifugal machine. 

Free filling of molds with metal is the most widespread in plant 

practice. Alloy, heated to temperature of overflow. Is poured into 

molds, which are preheated to 600 - 800°C. 

Fi-i-li-^ê of molds with metal under pressure of compressed air 

increases density of castings, improves filling of mold. 

Filling under vacuum (with rarefaction in mold of approximately 

100 mm or (^1^6•102 newton/m2) improves filling of mold with metal, 

since it permits removing from It of gases and air. 

Filling of molds on centrifugal machines ensures high degree of 

packing of metal in mold. 

Castings are subjected to heat treatment to eliminate residual 

stresses appearing during cooling of castings (from alloys LK4, VL7- 

an¿ also to produce mechanical properties, assigned by specifi¬ 

cations (alloy ZhS3, and others). 

After heat treatment castings pass to sand-blasting treatment and 

inspection. 

By investment patterns there may also be cast hollow, cooled 

blades (Fig. 3.13). Technology in this case is basically the same as 

during casting of monolithic blades. Distinction is only that during, 

manufacture of Investment pattern of hollow blade inside It Is neces¬ 

sary to place a ceramic rod. 
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Fig. 3.13. Sections of cast 
blank of hollow blade. 

water-soluble carbomlde (urea 

Rods are prepared from fire¬ 

proof material (silicon carbide with 

admixture of Marshalite) bonded by 

ethylsilicate. 

Forged rod after calcination is 

dipped in fixing agent (75% hydroly¬ 

sate and 25% ethyl cellulose). Then 

rod is checked by patterns in assigned 

sections. Deviations in profile 

should not exceed 0.15-0.2 mm to the 

side. For pattern material they use 

with boric acid or potassium nitrate 

(ML “3y. * a.tern material is removed from shell in running water 

at 50-60°C. 

In other respects process of manufacture of hollow casting differs 

e i rom technique of casting a solid blade (forging of model, 

0. /t ring by ceramic mass, etching out of pattern material, packing of 

me ds, heat treatment and filling). Ceramic rod from cavity of cast¬ 

ing is removed by pneumatichisel with subsequent leaching of ceramics 

i rom windows of blade by melted caustic and washing. 

Machining 

Machining of nozzle Made made of heat-resisting casting alloys 

includes grinding and polishing of tip and working of surfaces of 

lower and upper roots. 

Heat-resisting casting alloys from which nozzle blades are made 

Lav low workability with a metal tool, especially alloys of type 

ZhS;'; therefore, they are chiefly ground. Grinding is conducted by 

abrasive wheels EB-46-60, ST-ST3 with abundant cooling by soda water. 

88 



In contemporary industrial processes most operations in working 

blade tip are mechanized and are executed on copying-polishing 

machines. 

Industrial process of machining turbine nozzle blades (see Fig. 

■.2) is constructed in following sequence. Initially with respect 

to bucket and inlet edge they grind and rub side cavities of shelves 

< : upper and lower roots which are basic base planes for all subsequent 

working of blades. Then there follows working of remaining surfaces 

( ! rcot: grinding of heel, shoulders, drilling of holes, cutting of 

threading, boring of shank, and other surfaces. Then they grind back 

and bucket, and finally fit their profile and polish. 

Blades of Turbines of Turbopump Units (TPU) 

For high-temperature TPU turbines (working on basic components) 

rotor blades (see Fig. 3.3) are most frequently united with wheel by 

welding (electric arc, friction) or are cast in a single whole with 

the wheel. Blanks for welded blades are precision castings, obtained 

by casting in investment patterns. 

Only surfaces of shroud shelf and butt part are machined. 

Positioning base is surface of back, clamping is in bucket. Steam 

surfaces of blade after casting are not worked. 

Woiking of castings starts with milling of traces of flow gates 

and feeders on shround shelf and butt part. Blades are fixed in 

multipositon attachements. Then they grind four lateral planes of 

shroud shelf and butt of blade on side of back, bucket, inlet and 

outlet edges. After which set of blades is assembled on one wheel in 

special attachment, ensuring tight adjoining of one to another, and 

they drill butt part of blade for welding. 

For TPU blades, working with steam-gas, in case of considerable 

scales of production, blade blanks are obtained by rolling or 
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T rging - without allowance for tip working. Root of blade is pro¬ 

cessed on base of tip - by broaching. In conditions of small-lot 

production bars are the blanks. 

Blades of GTE Axial-Flow Compressors 

^iank. Blanks of rotor and stator blades of compressor are: 

■) bars, cut from strip of rectangular section, sometimes subjec- 

tsd to bendlng in stamp for formation of blade twist; 

‘ ) r0uoh forgins with allowance in tip of 2.0-3.5 mm; 

') iorging with small allowance in tip 0.3-0.5 mm; 

4) f,°rging wlth subsequent stamping without allowance for tip; 

, exact casting with allowance for tip of 0,2 mm. 

Blanks for blades in the form of bars and rough forgings are used 

in small scale production. 

-i.i machining of blades in this case of great importance are op- 

0rati“ns of billing of tip on duplicating milling machines. Laboi- 

nsumption in machining such blanks is very considerable. 

In i'urgtí scale production blades are manufactured from forgings 

witc small allowance for tip or from forgings with subsequent stamping. 

listinguished from rough forgings, blanks with small allowances 

r,i ; in two or three forges (depending upon dimensions) with 

drop hammers. Before stamping in initial blank they ram on root on 

horizontal-forging machine. Initial blank in the form of rod is 

rigidly inspected for mass, so that forging is obtained as far as 

p ssible without burr. Allowance toward tip of blade, where thickness 

d blade is too small, is sometimes increased to 0.6-0.8 mm in order 

to soften impact of stamps and to prevent their excessive wear, and 

also prevent formation of cracks in blade. By such a technique there 

can be obtained blanks for blades of steel, aluminum and titanium 
alloys . 
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Forging with subsequent calibration (stamping) is the best method 

of obtaining complex three-dimensional shape of blade tip. Such 

method of manufacture of precision blank solves basic problem of pro¬ 

duction of blades - obtaining of profile of tip with final dimensions, 

required shape and almost without further machining with the exception 

of rounding of edges and polishing of blade tip. 

Process of forging with subsequent calibration is the most per¬ 

fected for blades of aluminum alloys. Technological process of ob¬ 

taining blanks from alloy VDI7 is given in Table III.l. 

Tip is calibrated in two operations. Part proceeds to first 

calibration directly after second forging from the same heating, after 

which part proceeds to hardening. Second and final (cold) calibration 

is produced no later than 3-5 hours after hardening (before aging). 

In final calibration on tip they leave allowance (for filling of 

metal) of 0.1-0.3 mm depending upon dimensions of blade. 

Calibration ensures obtaining of blank with allowance for maximum 

thickness of tip within 0.2 mm. Allowance for root is: for base — up 

to 2.5 mm, for lateral surfaces - up to 1.5 mm. 

For steel blades process of obtaining blade blank by forging 

with subsequent calibration is like the considered one and consists 

of following stages; 

1) cutting of initial blank from rod; 

2) fullering on forging hammer; 

) forging — shaping of blank on forging hammer; 

4) exact forging of blank before calibration; 

j) calibration of blank with allowance for grinding. 

Basic difficulty in obtaining blanks by forging with subsequent 

calibration *-s Pr°viding production by stamps. Durability of stamping 

stamps is approximately the following: 

91 



for blades from aluminum alloys - up to 3,000 pieces, 

for steel blades - up to 2,500 pieces. 

Obviously, it is possible to solve question of what procurement 

to use - calibrated or forged (with allowance in first) - only after 

corresponding economic calculation, considering also local potentiali¬ 

ties. 

Table III.l 
No. of 
Optra* ion Nam* of operation Statoh of operation Pqul flBont 

1 Initial rod-Uank 
EEE1 O 

2 Fir at handing 
C.—[ j 

ftorltontal 
forging 
machine 

3 baoond haaling 

£—§ Horizontal 
forging 
machine 

4 Pirat forging in htatnd 
forg* up to t ■ 20C°C 

ï 

n s p e 

- 

-HBiRWer 

5 Saoond forging 

/ 1 
i j r P & 

1 ¿zl luroer 

6 Cutting off of burr Stamp 

7 Fir at ata* pi ng 

/ 

á 

i~ 
i- 

« 

i- 

1 

j± 

J 

iJamrar 

8 ¿fcrdanlng Furnas# 

9 Cold t’acping 

Ji 

• 

/ 

tl 
tttmmer 

10 Inapt it ion of blank 

Of considerable interest also is the method of producing blanks 

*’or compressor blades by hot extrusion with subsequent rolling. 
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developed by TsNIITMash [Centrai Scientific Research Institute of 

Technology and Machine Building], Essence of given process is that 

heated initial cylindrical blank is clinched and then is extruded 

with formation of root and tip of constant profile without twist. 

Alter second heating blank passes through rollers, which give 

tip required profile and twist with machining allowance of 0,3-0.5 mm 

to the side. Advantages of given method: complete automation, high 

productivity, equipment consuming, less power metal economy of metal 

for blade blanks. 

Castings of compressor stator blades are obtained by casting in 

investment patterns with tip allowance of 0.2 mm to the side. 

Process of maching of compressor blades is determined by type 

of blade and form of blank. 

Working of blades from forged blanks, having passed through 

calibration, is greatly simplified and leads basically to machining 

oi root surfaces, polishing tip and patching edges. The root is 

best worked by breaching. However, machining of root of rotor 

blades is hampered by the fact that tip of blade with complex three- 

dimensional shape possesses low strength. Difficulties arise in 

positioning the part in attachments, and also there is danger of 

deformation of tip in the course of working. In this case of 

decisive significance is selection of bases. 

Bases. As bases for working the root of rotor blades of a 

compressor there are (Fig. 3.14) surface of bucket A, nose at 

point B and upper plane of root in direction of inlet edge at point 

C. Fastening of blade is produced on back D. Support during broacn- 

ing is carried out in preliminarily milled face of root on side of 

outlet edge. 
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J'ig. Bases during
broaching of root.

Machining. Process of machining 

/ ^. / steel rotor blades from calibrated

/ stamping consists of following basic 

stages;

1. Heat treatment of blardc — 

hardening and tempering.

2. Working of primary base

surfaces: inlet and outlet edges, end

of root.

5. Working of root — broaching 

or milling.

4. Grinding of tip.

5. Cutting of industrial allowance.

6. Polishing of tip.

7. final check. Including magnetic.

8. Zinc-coating, nickel plating or chrome plating.

Polishing of tip — completing operation in manufacture of blade

in serial and mass production — is carried out by abrasive tapes 

on vibration polishing machines, and in small-lot and unit produc­

tion the tip is preliminarily polished with felt, and then felt 

wh-.els, covered with paste GOY.

For blades of aluminum alloys flow chart of machining remains 

the same, with the exception of operations of grinding the tip and 

cutting off the allowance.

present most plants manufacture compressor rotor blades 

from forgings with tip allowance of 1.5-2.0 mm.

Working by cutting of stainless steels in many respects is 

similar to working of heat-resisting steels and alloys. Predominant



operation during machining of compressor blades is milling. Regrind¬ 

ing of milling cutters made of high-speed curring steels (R18, R9K5) 

for working of blades of stainless steels is produced during blunting 

on trailing edge of 0.3-0.8 mm. 

Bases for working of blades from a bar (in small scale produc- 

tion, are holes and center indentations on faces of blank. Machining 

of surfaces of tip and root in this case consists of numerous and 

labor-consuming milling operations. 

The industrial process of working aluminum stator blades with 

journals from a forging consists of following basic operations: 

1. Blank — forging with tip allowance 15-2.0 mm a side. 
2. Heat treatment of blank — hardening and aging. 
3. Working positioning bases — undercutting faces and drilling 

center holes. 
4. Roughing of journals and shelf — machining of journals, 

undercutting of faces (milling of sides of shelf). 
5. Rough milling of tip. 
6. Restoration of positioning bases (centering of faces of 

journals ). 
7. Finishing of journals and undercutting of their faces. 
8. Clean milling or broaching of sides of shelf. 
9. Clean milling of tip. 

10. Thread rolling. 
11. Polishing of tip, shelf, journals. 
12. Final check. 
13. Anodization. 

If blank of such blade is a forging stamping with subseq lent 

calibration, the process of machining is simplified — tip of blade 

is only polished, and operation of tip milling drops. 

Peculiarities of Working Compressor Blades of 
rp^-t-anj_u^ Alloys 

Blanks of blades from titanium alloys are manufactured by forgin 

with subsequent correction in calibrating stamp. Tip allowance 

remains in range of 1-3 mm. Blanks are subject to heat treatment 
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and pickling,

Pase during machining of tip Is root and machining boss at 

tip of blade (auxiliary positioning base), located in plane of root.

Rout of dovetail type and boss are worked in special holders, 

allowing displacement and misalignment -.f blank of not more than 

0.05 mm. Root of blade is t roacbed. broaches are made I'rom 

hlgh-spred cutting steels Rid or R9F5.

Tip of blade is worked on duplicating milling machines by 

milling cutters, equipped with plates of hard alloy VK4 or VK8 with 

cooling by emulsion (All-Union Government Stnadard 1975-53) 

with speed of cutting 40 n^mln and of feed 100-200 m/min for one 

or two passages,

A^ter milling blade tip is polisheu on polishing mandrels by 

felt wheels, rolled by atrasive grains, thereby removing allowance 

to 0,1 ram. Preliminary polishing for trimming profile Is carried 

jut by grain KZ-46-60. before pickling tip is polished by grain 

KZ-100-220, ensuring cleanness of surface to 8th class.

Hard abrasive wheels art not applied for polishing, inasmuch as 

in this case in blaae tip there could appear residual tensile stresses 

arm :nic roc racks, sharply lowering limit of endurance of blades.

Pickling :f blade tips for inspection of magnitude of grain is 

pr'duced in bath with reagent R-77 for 10-20 sec with subsequent 

thorough neutralisation in soda water and washing in running water,

blad.- tip after polishing is strengthened by hydraulic shot- 

poening, which increases latigue strength.

Tip hardening is produced by cast-iron shot of diameter 0,5- 

O.b mm with emulsion of hydraulic shot-peener, whose principle of 

action is based on ejection, blades, fixed by roots in adapters.



accomplish rotary (-20 rpm) and reciprocating (20-50 mm/min) motion 

with respect to nozzles. Nozzle-ejectors are located on bottom of 

chamber a distance of 200-250 mm from axis of rotation of blades. 

Upon leeding air from network of pressure 1-1.2 atm(gage) (*l.lo5 

to 1.2.105 newton/m2) in ejector there Is created rarefaction and 

into it there are sucked shot and liquid, forming a powerful stream 

Of the shot, the air, and the liquid. 

Small-size blades are worked simultaneously 5 pieces at a time 

by three to six nozzles per blade for 15-35 min. Large dimension 

blades are work hardened one at a time by I5 nozzles lor 40-45 min. 

Conditions of hardening of blades of titanium alloys were 

determined experimentally during one-way blow-past of flat titanium 

plates. 

Cleanness of surface of blade tip before work hardening corres¬ 

ponds to 8th class; after blow-past of shot cleanness worsens to 6th 

class; therefore, tip is again polished by felt wheel with abrasive 

paste on it (grain 320) or abrasive paper KZ-80-j520 on vibrating 

rnishers ensuring required tip surface cleanness of 8th class. 

Most promising is grinding and polishing of blades of titanium 

alloys by water-resistant abrasive belts on abrasive belt grinders. 

Recently there has been conducted work in manufacture of hollow 

straightening blades from sheets of titanium alloys. 

Flow chart of manufacture of hollow footless stator straightening 

blade is shown in Fig. 3.15. Blade consists of two halves - back 

and bucket of blade - weeded at front and trailing edges. Blanks of 

back and bucket are cut from strip of alloy 0T4 I.5 mm thick, on 

guillotine shears; then they are molded on a hydraulic press, ensuring 

required orofile and twist of blade tip. Shape of blanks are thermally 



fixed for 50 min in neutral medium of argon at a temperature of 

t, >u -Y'J J C. After seam welding of edges there is applied repeated 

heating to eliminate stresses, caused by welding. Then edges are 

ground arid polished. 

Fig. 3.15. Flow chart of manufacture of hollow root¬ 
less stator blade of compressor from sheet of 0T4. a) 
initial blank; b) molding and thermal fixing; c) roll 
welding of edges; d) thermal fixing after welding; e) 
finishing of edges. 1) cover plate; 2) back of blade; 
3) bucket of blade; 4) base; 5) insert. 

§ 3. Increase of Operation Life and Relialility of flork of 
Blades by Industrial Methods — 

R tor blades of turbine work at high temperature in a subversive 

gaseous environment. In material of blades there appear high 

stresses of variable character. Besides tension from centrifugal 

forces, bending and torsion from gas flow, material of blades 

experiences secondary stresses from vibration loads, the amplitude 

and frequency of which changes in a wide range. 

Practice of operation of jet engines shows that operation life 

and reliability of blades of engines depend not only on material 

(chemical composition, structure, heat treatment), structural share 

ar.c dimensions oí part, but also to a very great degree on a series 

f technical (quality of surface) and operational factors. State 



oí surface layer of part, usually with traces of machining, damaged 

grains and other stresses concentrators, renders very great influence 

on stress-rupture and fatigue strength of a part. 

Not long ago efforts of technologists to increase fatigue and 

stress-rupture strength of surface layer were directed mainly at 

improving cleanness ol surface. At present it has been established 

that stress-rupture strength, the appearance and development' of 

*atiguc cracks is conditioned not only by microroughness of surface, 

but also the physico-mechanical state of the surface layer (its 

structure, residual stresses, etc.). 

In practice of aircraft engine construction there have found 

application technological methods of increasing heat resistance, 

stress-rupture and fatigue strength of blades, promoting increase 

of their operation life and of the operational reliability of the 

engine. 

Mechanization of operations of finishing is one important factor, 

affecting increase of operational reliability of blades. Mechani¬ 

zation of finishing operations promotes increase of quality of blades. 

To achieve higher accuracy and cleanness of working, for instance, 

in existing technological processes final working of back of blade 

is exectued in two operations: preliminary and final grinding on 

abrasive-belt grinders KhSh-186, and polishing — on vibration 

polishers of model VPL-4. 

Selection of methods and conditions of working of blades should 

be made from conditions of guaranteeing their maximum strength. 

Investigations established that work hardening and residual stress 

in surface layer depend on methods and conditions of machining. With 

increase of speed of cutting depth and degree of work hardening 
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decrease. With increase of feed and especially of blunting of 

cutting tool depth and degree of work, hardening increase. Residual 

stresses in existing methods of working by cutting (besides grinding 

and polishing by abrasive belts) are basically tensile; their magni¬ 

tude is greater, the higher temperature in the cutting zone. For 

instance, in surface layer of tip of turbine blades made from 

alloy ::1867 during grinding by ceramic wheels and polishing by 

flexible polishing wheels there appear residual tensile stresses of 

kf^/mm (**35*10^ to 70*10' newton, m4"). Grinding and polishing 

on rasive belt in the same blades creates in this layer compressive 

stresses of 80-40 Kg/nun (^80^10^ to 40*10' newton/m^). 

It is also known that work hardening and residual stresses render 

substantial influence on fatigue ana stress-rupture strength of blades. 

During work of blades in conditions of high temperature (7OO0 and 

n ve) and its prolonged influence work hardening and residual stresses 

1 -wer limit of endurance and stress-rupture strength. Compressive 

residual stresses at temperatures up to 600* -700JC promote increase 

of fatigue strength (compressor blade). 

Ihus, knowing character of dependences of strength characteris¬ 

tics of blade materials on quality of surface, it is possible in 

every concrete case to designate the optimum methods and regimes 

of working of blaaes for strength specifications.* 

During work of turbine blades in region of comparatively low 

temperatures, of the order of 600o-700°C, working hardening increases 

resistance of heat-resisting alloys to fatigue breakdown. With 

increase of temperature during operation and increase of duration 

*At present there exist recommendation on selection of methods 
and regimes of treatment of blade tips. 
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service life work hardening starts to lower limit of stress-rupture 

and fatigue strength, more strongly the higher the temperature and 

the greater the degree of work hardening. 

Influence of residual stresses on strength of blade depends on 

their sign. Tensile stresses in surface layer of blades are harmful, 

since, being added to operating stresses of the same sign, they 

increase total tension of blade. Compressive residual stresses may 

be useful, increasing fatigue limit. However, effectiveness of 

compressive residual stresses depends on temperature and time of 

its action during operation. At a temperature above 700o-800°C 

with passage of time there occurs relaxation of stresses, and there 

also may be redistribution of residual stresses with change of 

their sign on surface of blades. 

From this there also follows the expediency of wider application 

for turbine blades of electrical methods of working (electrohydro¬ 

polishing and electropolishing), in which in surface layer there 

are practically no work hardening and residual stresses. 

For compressor blades (especially from alloys of titanium), 

and also fir-tree roots of turbine blades, working at lower 

temperatures than blade tip, from considerations of strength one 

should apply strengthening working i^shot peening, hydraulic tumbling, 

hydroabrasive working, rolling by rollers or balls), creating in 

surface layer of blades compressive stressas, with condition of 

preservation of cleanness of surface not below 8th class. 

The English firm Bristol strengthens surface layer of tip of 

compressor blades in the following way. After machining blades are 

subjected to ordinary shot peening for removal of tensile and 

creation of compressive stresses in surface layer. Then tip of 
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blade is polished and work hardened by peenlng with glass balls, in 

order to remove tensile stresses appearing in process of polishing. 

For this they use glass balls with dimensions 0,01^-0.053 nun and 

.035-0,07 mm. Work hardening of blades is producen in chamber with 

help of pistol-type attachment into which there are fed compressed 

air and glass balls. 

After dry peening by glass balls depth of working hardening in 

.lade tip is 0.1-0.25 mm, cleanness of surface corresponds to 8th 

or 9th class. 

Additional tempering after polishing of tip of turbine blades 

is used to decrease residual stresses, appearing In blade in process 

>f its manufacture. Conditions of heat treatment are established 

for each alloy separately from conditions of obtaining favorable 

diagram of distribution of residual stresses and lowering of work 

hardening. Thus, for Instance, for alloy EI6Í7 we have heating in 

argon to temperature of 950° with exposure in furnace for 2 hours 

ana subsequent aging at a temperature of 800° for 8 hours. 

Heat-resistant protective coatings are used to protect surface 

layer of turbine blades from oxidation and depletion of alloying 

elements in conditions of prolonged operation. Magnitude of depletion 

layer of turbine blades from alloy EI437b after operating time 

of 600 hours is 3Qu. As a result of changes occurring in microstruc¬ 

ture of surface layers, stress-rupture and fatigue strength of blade 

is sharply lowered, inclination to crack-formation increases, 

erosional destruction is facilitated, etc. 

For protection of surface of blades they apply: 

f.) coating with enamel EZhlOOOj 

b) aiffusion protective coatings; 
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c) plasma metallizing. 

Heat-resistant enamel coating should have durable cohesion with 

metal, protect metal from corrosion and surface active materials, 
jt elastic and resistant to thi. ¿mal shocks, increase oxidation resis¬ 

tance and heat resistantness of blades. Thickness of coating - 

40-60 u. 

Charge for manufacture of enamel consists of sand, boric aci', 

earium carbonate, calcium carbonate, titanium dioxide and zinc 

oxide. Components are thoroughly mixed, melted, and from obtained 

mass they prepare granules (frit). Granulated mass with admixture 

ol -ireProoi clay is subjected to grinding in ball mill. Crushed 

mass with water (dross) is used for coating blades. 

lief ore coating surfaces are degreased by phosphoric acid and 

roasted at a temperature of 7000 for 3 min. Coating is applied by 

means oi submersion of blade in dross or spraying in an electrostatic 

*ielo. Alter application of dross blades are dried and roasted in 

a furnace at 1030u-1050° for 10-12 min or by currents of high 

frequency. 

Diliusion protective coating is one of the most promising methods, 

strength ol cohesion of diffusion coatings with basic metal as a 

result of penetration of applied substance in crystal lattice of 

protected material considerably exceeds cohesion of other forms of 

coatings, furthermore, gradual decrease in concentration of applied 

substance in depth of coating creates a less sharp change of properties 

during transition from coated metal to external surface of diffusi 1 

layer. For turbine blades of interest is diffusion calorizir , 

chrome plating, chromecalorizing, molybdenum plating and tungsten 

plating. 
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Diffusion calorizlng of surface of turbine blades made from 

nickel-chromium alloys has rather wide application in plant practice. 

Also used in practice is diffusion chrome plating.

Firm AVRO (United States) applies this method in manufacture of 

nozzle blades from cobalt-based alloy.

For diffusion chrome plating blades are dipped into retort, 

filled with mixture of chromium powder, catalyst and inert substance, 

which prevents sintering of metal, •.hcrely improving condition of 

circulation of gases in mass of mixture. Retort is heated in furnace 

and after completion of diffusion cycle it is cooled.

Coatings attain optimum properties with thickness of layer of 

0.05-0.08 mm.

To Increase wear-resistance of surfaces of blade roots they have 

recently begun to apply metal spraying by various metals. This is

done with help of plasma-arc 

torches, developing, as it 

is known, very high tempera­

ture, at which many metals 

are evaporated. American 

firm General Electric, for 

Instance, has constructed 

special installation for 

metallizing (Fig. 3.16), in 

which burners are located 

distance of 70-75 mm from 

blades. According to firm

optimum layer of coating 0.02-0.07 mm thick can be obtained in Just 

a few seconds, and life of blade with this layer is considerably 

increased.
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§ 4. EXECUTION OF BASIC OPERATIONS OF WORKING BLADES 

Working of Base and Root Surfaces 

Turbine Rotor Blades 

Base planes on setting boss and root part of blade (Fig. 3.10) 

are milled, broached and ground. Methods of working should ensure 

sufficient cleanness of working (6th or 7th class), accuracy of 

dimensions (3rd to 5th class) and mutual location of planes (parallel¬ 

ism and perpendicularity of planes). 

Milling witf subsequent grinding are considered basic methods of 

working setting bases of turbine rotor blades. 

During working they try to apply the most productive methods of 

milling, for instance, simultaneous milling of several parts by a set 

of milling cutters, continuous milling by face and end mill on vertical 

milling machine with round table or on machines of drum type. Simul¬ 

taneous working of lateral base sides of blades on duplex longitudin 1- 

milling machine is shown in Fig. 3.17. After milling flat sides are 

usually ground on vertical surface grinding machines, for instance 

model 3A-756. 

faces of rotor blades o» duplex 
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In model technological process there Is anticipated following 

order of working of base planes. After cutting burr they grind 

(preliminarily and finally) base planes on back side on root section 

and setting boss. Then, they simultaneously broach or grind (sepa¬ 

rately) base planes on bucket side. Then, on a positioner they drill 

and counterbore hole in setting boss (Fig. 3.18), grind lateral planes 

on side of inlet and outlet edges. Operations of grinding are 

executed on vertical surface grinding machines. 

Fig. 3.18. Positioner for drilling and reaming 
of base hole. 

After working of bases they mill inlet and outlet edges, chamfers 

of bucket and back at root and rough the blade tip. Completing rough¬ 

ing of tip, they again grind or broach base planes on the side of 

back and bucket in root part and setting boss (reduction of setting 

bases ). 

Fvjr working bases of blanks with small tip allowances at present 

they have created special milling-drilling semiautomatic machines with 

electronic device (ARP) for equal distribution of allowance. 

By working of roots it is necessary to give root section not c.*i.y 

required form, but also to ensure correct location of root with respect 

to tip. 

Fir-tree root is worked in two stages: first they mill or broach 
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wedge, arid then work root profile. 

Milling of root key is executed in two operations: preliminarily 

an! , nally. They position and fasten blade in attachment on flat 

bases (Fig. 5.19). 

Fig. 3.19. Milling of root key. 

During broaching both sides of key are processed simultaneously 

Final working of chamfers now is usually combined with working 

of root profile, but sometimes they are milled on horizontal-milling 

machine by combine . milling cutter (two special angular milling cut¬ 

ters ). 

Fir-tree profile of root is processed by milling, grinding, 

broaching, or a combination of these working methods, 

Minims As the simplest method of working fir-tree profile of 

root, not requiring special and complex equipment, which explains its 

wide application in factories. 

Working is conducted (Fig. 5.20) by forming cutter of closed 

profile by passing method on horizontal-milling machines of increased 

rigidity. Blades are positioned and fastened on flat bases in holders 

rig. 5.21). iioxder with : .a- 's fastened in attachment fixed on 
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K
table of machine. Operation Is executed in two transitions: first

they mill one side of root profile, then holder with worked part is 

turned around in attachment, and they work the other side. Fir-tree 

roots of blades of small and average dimensions are milled in one 

passage, large dimension blades are milled in two passages (pre­

liminary and final).

For blades from alloy of type EI-^57 in most plants there is 

applied cutting speed of 8-lG m/min, feed speed of 12-2i mm/min with 

cooling by 10 percent emulsion. Begrlnding of milling cutters is 

forced and is produced after working 6-8 blacer. Passage milling 

improves quality of worked surface cf teeth (it lowers roughness, 

work hardening and residual stresses) and increases life of milling 

cutters. Cleanness of working — 8th class.

High precision of relative location of both sides of root profile 

is best attained with simultaneous working cf botn sides of root on 

mills of type DF-592 (duplex), QF-0O9 and QF-645 (quarto).

Grinding of fir-tree roots is fairly widespread. This is caused 

by impelnnent of workability of blade materials, connected with in­

crease of their heat resistance.

They grind profile by single or multiple-thread profile wheel on 

general- purpose or specialized machines.

As abrasive there is applied artificial corundum of grain size 

60-100 with ceramic bond of hardness SM2 or SMI.

During grinding of blade root on usual surface grinder, cooling 

may be insufficient, and there may appear grinding cracks. In certain 

cases besides cooling, introduced by usual means, they fed supplem-- il 

liquid coolant to grinding wheel through annular groove in its fitting 

hole. Such cooling is the most effective. To avoid obstruction of 

pores of grinding wheel one should equip machine with additional filter,
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Semiautomatic grinder model MSh-122 is Intended for simultaneous 

grinding from two sides of the fir-tree profile of the root of large- 

dimension turbine blades (length up to 400 mm). Grinding of blade 

root can be produced on virgin material or after preliminary milling. 

Cooling is by sulfurized oil. 

Grinding of the fir-tree root of cast turbine blades usually 

Is produced in two transitions: preliminary grinding with removal of 

allowance 1-2 mm and final, with remuai of allowance to 0.7 mm. Roots 

:t blades from alloy type ZhS3 are ground by wheels EB60SM2K and 

EDóüSmlK, they are replaced after working 1-2 blades. Conditions of 

grinding: wneel speed 25-30 m/sec, longitudinal feed 15 m/min, 

transverse feed of wheel (on incision) during preliminary grinding 

C. o;.-0,03 mm/double stroke and during fiual grinding - 0.005-0.01 

mm/double stroke. 

av^*c cracks roots ot cast blaues are ground without cooling. 

In certain plants after grinding the bottom of first groove of 

fir-tree herringbone blade root la work hardened by roller. 

Broach|ng ::t fir-tree turbine blade roots Is done on vertical- 

drawing and horizontal-broaching machines. For this operation it is 

mor-“ expedient to use vertical—breaching machines with two sliders 

a.iu a mui.tipositlor table. In this case during working stroke of one 

Ei*dc there Is produced resetting of blade and preparation for working 

by second broach, lastened to second slider, which leads to consid¬ 

erable reduction of auxiliary time. 

By broaching they successively work wedge of root and fir-tree 

profile. Fir-tree profile of root is broached by different methods 

(Fig. 3.22). By generating plan (Fig. 3.22a) fir-tree profile is 

broached in one stroke of broach with minimum-possible rise on tooth 

of broach of 0.01-C.02 mm. To decrease influence of elastic 
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deíorniations of worked material on precision and cleanness of worked 

surfaces the root profile is 

broached by generating plan in 

two transitions: preliminary 

and final (Fig. 3.22b). Fir-tree 

root is broached also by profile 

plan of cutting, but most fre¬ 

quently, by a combined plan: 

preliminarily by generating plan, 

and finally by profile plan of 

cutting (Fig. 3.22c), which 

ensures higher precision of root. 

Accuracy of profile in this case 

is determined by calibrating 

teeth of broach. 

Blade is fastened by flat 

bases in attachment with high speed clamp, and root is broached 

simultaneously i rom two sides. Broach is composed (up to five sec¬ 

tions) of steel P18. Step of cutting teeth IO-I5 mm. Broaching is 

done at comparatively low speeds of cutting 0.5-2.0 m/min, rise per 

tooth O.OI-O.O3 mm. 

Average life of broach is not more than 2000-2500 blades till 

complete wearing out. Cleanness of treated surface is of 8th or 9th 

class. 

Broaching gives high productivity and precision. Decrease of 

heating of material during broaching as compared to milling and 

grinding promotes lowering of magnitude of residual tensile stresses 

in teeth of blade root. 

Contour of broach tooth 

Fig. 3.22. Plans for broaching 
fir-tree profile of turbine 
blade root, a) generating plan 
of cutting in one passage; b) 
generating plan of cutting (pre¬ 
liminary and final); c) gener¬ 
ating plan of cutting (pre¬ 
liminary) and profile (final); 
d) plan for broaching fir-tree 
root. 
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Blades of Nozzles 

Surfaces of shelves of upper and lower roots of cast nozzle 

blades are worked by grinding on general-purpose and special surface 

grinding machines. In first operations blades usually are positioned ' 

by surface: of bucket in attachment of holder type. 

Special surface grinding machines for working bases of nozzle 

blades, lor instance model BS-200, have- electronic device (ARP) for 

equal distribution of allowance between back and bucket. Presence 

oí ARP in machines gives possibility of applying blank with small tip 

allowances. 

Rotor Blades of Compressor 

a root of dovetail type. Working of blanks of rotor 

blades usually starts with working oi root. The most productive and 

economic method of working a root is broaching. By broaching they 

work all surfaces of root in one setting. Blade is set in holder on 

(sometimes on bucket) with support in inlet face of root, surface 

of boss and underside of root. They fasten b^ade on bucket side. 

During broaching of root there is adopted following cutting plan 

(Fi«‘ 5.23)î first they work face I, then bottom II and, finally, 

lateral surfaces III. Combined broach 

consists of five sections; position of 

each section can be regulated in the body. 

During broaching of roots of blades 

of steels and aluminum alloys they apply 

following regimes: speed of cutting 

2-5 m/min, rise per tooth 0.02-0.05 mm; 

as lubricant-coolant they apply for 

aluminum alloys kerosene with addition of 

Fig. 3.23. Plan for 
broaching root of dove¬ 
tail type. 
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5,¾ sulfurized oil or 2.5% oleic acid, and for steels — an emulsion. 

The clean shavings from broaches most frequently by a stream of 

lubricant-coolant during reverse stroke of broaches. 

Roots of compressor rotor blades are broached on horizontal 

(models 7510, 7520), vertical (model MP-23) and on specialized 

horizontal continuous action broaching machines (model MP-57) the 

S. M. Kirov plant in Minsk. 

Application of vertical-broaching machines ensures considerable 

economy of production space and ensures condition for process auto¬ 

mation of root broaching. 

Horizontal-broaching semi-automatic machine MP-57 has a turning 

table with two positions - working and loading - and a device ensuring 

continuous motion of carriages, on which blocks of broaches for work¬ 

ing of root, are fixed. 

Root of dovetail type is worked on this machine in two positions: 

first they broach profile of root (lateral surfaces, face and bottom), 

and then its ends (chamfers) and groove. 

During working of root in loading position of turning table they 

produce removal and Installation of parts. 

Cleaning shavings from broaches is by hydraulic Jet, consisting 

oi a tube, to lateral part of vhich there are screwed 15 caps with 

holes. 

Fir-tree roots of steel compressor blades are worked basically 

by broaching. 

Auxiliary setting base (boss on tip of blade) usually is worked 

in two operations: first they mill face of boss, and then drill 

center of it. 

Face of boss is milled on vertical or longitudinal duplex mill 

simultaneously for two blades. Blade is set in attachment by bucket 
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proiile on support points with bottom of root resting on adapter. 

Blade is fastened by profile of back. 

uenter drilling of boss is executed on vertical boring machine, 

i-a e is iastened in positioner by its root. It is most expedient 

to combine operations of milling tip and centering in one, executing 

it on semiautomatic milling-centering machine. 

In large-lot and mass production working of tools and setting bosL 

oí rotor blades is planned on transfer ¡machines, 

J- ter working root and setting bee!;, depending on design of 

blades, they execute such operations as milling of chamfers (faces) 

and grooves oí roots (set of milling cutters on horizontal mill), 

drilling of two holes in bottom of root, etc. 

Incet and outlet edges of blades of lengths up to JOG mm with 

angle ol twist to 50° are preliminarily juiied on semiautomatic 

copying machine, model FK-300. 

Preliminary milling of inlet and outlet edges normal to profile 

in sections of compressor rotor blades of lengths up to 600 mm with 

angle of twist to 6ü° is carried cut on semiautomatic copying machine, 

model KA-75. Machine is made on the basis of horizontal-mill, model 

oNd*. Working is produced by cylindrical milling cutters with screw 

teeth. 

Blade and copy are set in chucks of headstock and through center 

holes are supported by tail-spindles of tailstocks. 

Profile of -dge is reproduced by hydraulic servo system, con¬ 

trolling vertical shift of console with table. 

To obtain an edge, normal to profile in every section, blade 

automatically turns according to longitudinal feed of milling cutter. 
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Stator Blader of Compressor 

Foi ••ti- r blader, with Journals they first mill butts of Journal., 

ana then center them. Butts are milled by set of two milling cutters 

n horizontal-mill, and centers are bored on vertical boring mach ir. 

by positioner. 

Millin;', 01 butt" '+' ''turnáis and their centering is mere ex- 

peoiently pr cue d on milUng-, • r. ring commercial semiautomatic 

machines, ensuring equal distribu on of allowance between back and 

bucket. 

Journuis are turn u and groaría (for steel blades) relative to 

centering fact-s. 

Latera 1 surfaces of shelves a^e usually milled on horizontal- 

mills toy set of two Billing cotters. Blade is set In attaciuaent (Fig. 

Î. ') on plane of shelf, centered by surface of Journals and is 

’-lamped on centering iace or on surface of blade. 

Fig. 3.ú3i). Attachment for milling shelves of stator blades for 
sVln« strip; 3) worked blade; 4) plunger: 

jj Ljrelayer; 6) clamp; 7) plunger; 8) swing bolt. 

V\ 
1 
! ’ I ♦ 
iA 

Threading on ends of journals is rolled or milled on threub-mii: 

machines. 

Pieliminary milling of inlet and outlet edges for stator blades 
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of compressor is produced on semiautomatic copying machines FK-500 

and KA-75.

Preliminary rking of Tip

Turbine Rotor Blades

Surfaces of bucket and back are processed separately. Due to 

low rigidity of part these surfaces are usually worked in several 

operations.

Working of back. Back is usually turned on vertical duplex

semiautomatic copj'ng—lathes, models of MK-5^ and MK-56 of plant

"Red Proletarian"

- i
i'
'I-I Mi- r

»

J
Pig. i.25. Semlautrmeti. duplex copying 
lathe, model Mi'-o'-.
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(Fig. 5.25), having 

mechanical system 

of copying. Worked 

blades in by tv/os 

are se1; on mount i’.,, 

connected with 

spindle of machine. 

Each spindle hss 

its own support 

and works on a 

closed cycle, upon 

completion cf which 

it automatically 

stops. Feed cir­

cuit for each 

support is indepen­

dent . Support group 

concistr of



carriage, support and pumping tool clamp. 

Assigned profile of part will be formed as a result of turn of 

tool clamp from three-dimensional copies, secured on shafts of spindle 

group. 

Machines of MK-54 and MK-56 have found wide application for 

roughing and finishing of back, ensuring precision of profile to 

0.2-0.25 mm. These machines also permit working of chamfers in root 

of blade on the back side. Deficiency of machines of this plan 

during working of back is change of angular position of cutter relative 

to worked surface in wide range (i.e., angle of cutting), disturbing 

normal conditions of cutting. 7or this reason on machines MK-54 and 

MK-56 it is impossible to work tip of a blade with large angle of 

twist (more than 25°). 

Fig. 5.26. Plan of copier of machine MK-56. 

To keep angle of cutting constant in plan of copying lathe 

MK-255 there is an additional copy, controlling oscillation of cutter 

holders (Fig. 3.26). However, such a correcting device decreases 

rigidity of system, which leads to lowering of productivity and 
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accuracy or vforKing of contour of back, and worsening of cleanness 

)t surface. Tnerefore^ in those cases wnen profil • of tip of blades 

allows application of rigidly fixed tool, they prc-fci to work them 

on machines without correcting devices. 

During manufacture of blades fron .: yü with poor workability 

by blade too.: it is eon. .irre rei •! an turmng of back of 

binde:, on machines MK-n and MK-po bv inking on c opying-grinding 

macnines, of models KhSh-ó- and KhSi.-iif. 

Werk Ing of b uc ke t. Both roue. ' .: finishing of bucket is 

usually produced by miiUn with cylindrl-a: billing cutter on copyir .• 

mills _t type OF-31 and OF-3IM 
'Tool 

Ffe;:ci a .rir¡¿ ¿r 
Killing 

/ ■ . twvu im 

'vSISx oy\ V.o-'' »agnl:,u\ 
. ^ of Ur.» 

f'ni'd the 
ude 

. W* 
.lot lor. if 
copying ^ 

:-.“.in. plane f Bt«al 

Fir. ; . Plan for working back 
! blade m duplicating mill OF-31 
. { np ■ trans - transverse?] 

by met::r,d of wide transverse 

(Fig. 3.2' ). This method 

i- based on condition that 

curvature of any section of 

worked surface along axis of 

part is small, and longitudinal 

generatrices of profile in any 

selected magnitude of line are 

near to a str ¡.ignt line, forming 

with horizon angle (a,j a0; a,, 

etc.) of not more than 20°. The 

maximum total angle of inclina- 

'.0 -.: ¿dinal generatrixes to one another snould not exceed 40°. 

Machine of model OI-3IM has horizontal location of spindle. 

Basic _ ying motions of machine are: vertical shift of blank 

with respect to milling cutter, turn of blank around axis of cross¬ 

bar, ensuring engagement of worked section of profile of tip with 

cutting edge (generatrix) of milling cutter. This motion is caused 
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by the fact that longitudinal generatrixes of profile of tip may be 

inclined to horizon, and axis of milling cutter is always horizontal. 

Motion of copying of machine is carried out by table, which 

shifts in vertical guide together with cross-bar. Motion is imparted 

to table by rods of two hydraulic cylinders, controlled by copier, 

located on carriage. 

Copier consists of two servo systems. Tracking elements of both 

systems are two independent rollers, spaced a distance apart, corre¬ 

sponding to width of milling cutter, and they follow during working 

along boundary curves of worked section. 

Each roller gives command to corresponding cylinder of copying 

system. Here, identical shift of pistons of both cylinders corre¬ 

sponds to vertical forward motion of table. Larger shift of one of 

rods during simultaneous work of two cylinders corresponds to rise 

of table and simultaneous turn of it about axis of cross-bar. 

After rollers of copier pass along whole profile of worked line, 

there occurs shift of carriage the magnitude of a line and then 

working of the following, second line. 

Control of carriage motion by magnitude of line is carried out 

by servo device "line." 

On machine three cycles of automatic work are possible: 

1) two-way cycle - milling of blank is carried out with movement 

of table to the left and to the right; 

2) cycle oi passage milling -- cutting is carried out during 

movement of table to the right; during movement of table to the left 

motion is accelerated; 

2) cycle of encounter milling — cutting is carried out during 

movement o: table to the left; during movement of table to the rignt 

motion is accelerated. 
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Bucket is rallied on machines 0F-?1M by Unes from 10 to 40 ram 

depending upon angle of twist of tip. Magnitude? cf pitch on tip, 

appearing during working by lines, d pends on correctness of selection 

! width of milling cutter and accuracy of operation of copy valves. 

Pitch usually should not exceed 0.05-' ..1 mm. 

Machine ensures pres'; ' r Ip vr rking of up to 0.15 nan and 

roughness of surface within 5tn • : ,, 

Blaces of M ocles 

Preliminary working .f tip of re.:.:: Mad-o i:: basically carried 
a s / 

out by the same methods and on the sar..- equipr. * 'Turbine rotor blades. 

r* Lt' blades oí 4 rred alle > ' •' 57 A, and others) back and 

bucket are worked separately. Bucket r-r u* 'k re usually milled by 

cylindrical mix ling cutter by method <' transverse line on duplicating 

mills of type CF-?1M an3 FT-250, II prefile of bucket is formed 

by rectilinear generatrices, the: work it by cylindrical milling 

cutter by transv rae line the lengtn of tip of blade (width of milling 

c.f r is up to 200 ram) without rocking on semiautomatic copying 

duplex mili. ..1 type r ’I -0:5^, Back of tip is sometimes? worked on copy¬ 

ing lathes MK-56. 

. nox¿i.e bloj'.s ir^m casting alloys, as a rul-e, is ground 

by abras ve wheel or abrasive belt, 

I r rootless nozzle blades, having constant profile the length 

ol blade, back and bucket are ground separately on surface grinding 

machines witn copier of type MSh-01 and MSh-82. Tip is ground along 

blade by profile wheel of width 125 mm, which is guided by special 

profile cutter. 

Tip of two-root nozzle blades is preliminarily ground either by 

abrasive wheel on copying-grinding machines KhSh-117 and KhSh-123 

(only back is worked) or abrasive belt on copying-grinding machines 
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KhSh-l85M (for bucket), KhSh-l86 and MV885IA (for back). 

Rotor and Stator Blades of Compressor 

Milling. Preliminary working of tip of rotor and stator blades 

of compressor is execute in most cases by milling. Basic methods 

of milling of compressor blade tips are the following. 

Circular milling of a blade tip by narrow transverse lines (width 

of line up to 15 mm) is produced on specialized or turret lathes 

(Fig. 3.28). 

alloys are the following: cutting 

Worked blade 1 and copy 2, 

located on the same axis or 

parallel, rotate with identical 

speed. On transverse carriage 

3 of longitudinal support there 

are fixed milling head with 

three-sided milling disk 4 and 

stanchion with.roller 5, 

accomplishing reciprocating 

motions in transverse direction 

during continuous longitudinal 

movement of support. 

Conditions of milling of 

tip of blades from aluminum 

speed 200-250 m/min; feed O.05 mn/ 

tooth; for steel blades conditions, accordingly, are 20-30 m/min and 

O.05-O.2 mn/tooth. 

Method of circular milling by narrow helical transverse lines 

is widely applied in factories. Its basic merit is the simplicity 

of the copier. During circular milling warping of tip considerably 

decreases, since tip is worked from one installation and allowance is 
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taken from both sides of tip simultaneously and more or less uniformly. 

By given method it is possible to work blade with great twist. 

However method of circular milling also has essential deficien¬ 

cies : 

1) it requires gap-free engagement of gearsj appearance of gap 

sharply lowers precision of profiling; 

2) twisting of tip of blade Tr. ::. f orce of cutting affects 

precision of working. 

To decrease influence of twisting working of long tip of blade 

should be conducted simultaneously from two silesj 

3) low productivity; 

4) for one turn of blade speed of tracking and magnitude of feed 

per tooth very in considerable range, i:. reby worsening quality of 

surface layer and roughness of worked surface. 

Separate milling of bucket and back of tip of blade by wide 

im nsverse linos on copying milling machines of type 0F-31M. Width 

ai line, determining number of passages, and consequently also pro¬ 

ductivity oi work of machine, depends on shape of blade. The greater 

the twist of the tip, the narrower the line. Surface of back or 

bucket are most frequently milled in several transverse lines. 

Separate milling of bucket and back of fin of blade by narrow 

transverse lines. This method of copying is used as the basis for 

eight-and four-spindle duplicating milling machines of type 8KFL and 

4FKL and practically does not differ at all from separate milling 

by wide lines. 

Separate milling of bucket and back of tip of blade by longitu 

dmai lines is done on four-spindle semiautomatic copying machine 

of type 4FPL-M by milling disk, located at an angle of 45° to worked 

surface. 



In machine 4FPL-M there is applied hydraulic system of copying. 

Copying motion is vertical shift of table relative to cutting tool. 

Advance during milling is carried out by transverse motion of 

block with milling heads along its guides. Advance on line occurs 

automatically by longitudinal shift of table and is ensured by 

mechan!cm of line advance. 

Width of longitudinal line is determined by profile of tip of 

blade and has different values in various sections of tip depending 

upon its curvature. 

Circular milling of blade tips by longitudinal linea is executed 

on machines of firm Excello and similar ones. Milling disk, located 

at an angle of 45°, moves along axis of blade tip. After every line 

mechanism of machine turns blade for milling of following line until 

full turn of blade is completed. Milling continues during forward 

and reverse motion of carriage of machine with blade. 

Separate milling of back and bucket of blade gives possibility 

of introducing additional supports under the side of tip not being 

machined, thereby increasing its rigidity. 

Deficiencies of methods of separate milling are warping of blade 

tip, which appears during one-sided alternating removal of allowance 

from blank, and also additional error of working, connected with re¬ 

setting of blade from one setting base to another. 

Semiautomatic copying-mills of models FSL-1 and KA-65 are more 

productive and free from above deficiencies for simultaneous working 

of bucket and back, including slanting sections for root of roter 

and stator blades of compressor. 

FSL-1 — eight-spindle mill; back and bucket are milled by 

longitudinal lines simultaneously for 4 blades of lengths up to 300 

mm with angle of twist up to 30°. 
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four-spindle machine is intended for simultaneous working 

oí back and bucket of two large blades, of lengths up to 600 mm with 

angle of twist up to 60°. 

Finishing of the Tip of Turbine 
and Compressor telades'"' 

Grinding of Tip 

In the typical existing technological process after roughing of 

tip they anticipate grinding in two operations - preliminary and 

final. Then profile of tip at root is finished (menially) on 

polishing mandrels and finally the grind back and bucket by abrasive 

belt. Surface of back and tucket fer burtine rotor blades are ground 

separately. 

Grinding of back of tip of blade by abrasive wheel. Non-ruled 

suri ace of back of blade tip is worked by a wide profiling disk on 

copying-grinders of type KhSh-65, Kú¿h-117 and Kh5h-123 of Kharkov 

Machine-tool Plan*. 

These machines werk by method of rolling: assigned form of 

surface will be formée as the envelope of the series of consecutive 

positions of profile of tool. Profiles of tool and worked part here 

are interlinked. 

Profile of back of tip is ground by incision of wide abrasive 

wheel (Fig. 3.29)* kinematic connected worked piece by gear ratio 

of 2:1 or 4:1. Every section of surface of back is worked by a 

corresponding section of the wheel. On machine it is possible to 

simultaneously work two (gear ratio 1:2) cr four (gear ratio 1:4) 

blades, depending upon their fonn. Worked blades are fastened on 

mounting, which is set in centers of machine. Machine has longitu¬ 

dinal feed, and a special mechanism serves for profiling cf wheel. 
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Fig. 3.29. Diagram of conjugate 
grinding of back of blade tip on ma¬ 
chines of type KhSh. 1) three- 
dimensional grinding abrasive; 2) 
mounting; 3) blades; 4) spindle of 
headstock; 5) three-dimensional 
master form. 

Three-dimensional master 

form, designed only for pro¬ 

filing of wheel, is ground 

by method of reverse copying 

from standard blade, fixed 

on the mounting (Fig. 3.30). 

For this on mounting 3 they 

set standard blades 2, press 

to them thrust blade 4 of 

arc-shaped profile, corre¬ 

sponding to average radius 

of abrasive wheel 8 of the 

head, which produces master 

form 1. 

During rotation of mounting and longitudinal shift of table 

thrust blade 4 obtains necessary motions, which through lever 5, 

shaft 6, lever 7 are transmitted to 

abrasive wheel 8. In process of grind¬ 

ing master fora mounting 3 should 

rotate about form with gear ratio 1:2 

or 1:4. 

After termination of working of 

master form abrasive wheel of head is 

replaced by tracking roller, diameter 

and radius of curvature of which are 

equal to diameter and radius of curvature 

of abrasive wheel of head. In place of 

thrust blade 4 they set hard-alloy roller or diamond for profiling 

the wheel (Fig. 3.31). 

Fig. 3.30. Profiling 
master form of machine 
of type KhSh. 1) master 
fora; 2) standard blade; 
3) mounting; 4) thrust 
blade; 5) lever; 6) 
shaft; 7) lever; 8) 
abrasive wheel for 
grinding master form. 
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During rotation of 

master fonn and longitu¬ 

dinal shift of table with 

profiling mechanism roller 

4, resting on form 3, trans 

mits to governing tool 5 

motions, necessary for pro¬ 

filing of abrasive wheel 6. 

Profile of form, just 

as of abrasive wheel, corre 

eponds to only one blade. 

Machines KhSh-ll? and KhSh-123 ensure high productivity, clean¬ 

ness of worked surface of 6th class and precision of profile of back 

0.2-0.3 mm. 

Fig. 3.31. Profiling of abrasive 
wheel, i) blade; 2) mounting; 3) mas¬ 
ter ionn; 4) roller; 5) hard-alloy 
roller or diamond; 6) abrasive wheel. 

Deficiencies of these machines are the following: 

1; curing grinding by wide wheel there appears large centrifugal 

ijrce, which lowers accuracy of working of tip of blade; 

2) complexity of finishing of master form during setting up of 

machine; 

on sections of blade tip, where curvature of profile of back 

is small and is almost a straight line (at trailing edge), abrasive 

wneel crumbles more rapidly than on curved sections. This is ex¬ 

plained by the fact that rectilinear section of blade tip corresponds 

t0 saaller length of arc on grinding wheel than curved section. 

Irregularity oí wear of abrasive wheel causes its frequent truing. 

Por grinding by wide abrasive wheel of back of rotor and state- 

blades of compressor the Kharkov Machine-tool Plant created semi¬ 

automatic grinding copier, model KhSh-116. Diagram and principle of 

its work are analogous to machines KhSh-117 and KhSh-123. 
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Grinding of tip by abrasive belt. Final grinding of tip of 

turbine rotor blades is produced by abrasive belt on copying belt 

grinders. 

Grinding by abrasive belt has a series of advantages as compared 

to grinding by abrasive wheel: 

1) elastic abrasive belt ensures uniform removal of allowance 

over all the ground shaped surface of part; 

2) speed of belt does not depend on wear, whereas during wear 

of abrasive wheel its diameter decreases, which affects precision 

and effectiveness of working; 

3) working surface of belt can be several larger than working 

surface of wheel, which gives possibility of increased productivity 

and improved cooling conditions; 

4) grinding by abrasive belts with cooling by mineral oil and 

emulsion in most cases is accompanied by appearance in surface layer 

of part of compressive residual stresses, whereas during grinding 

by wheels there chiefly appear tensile residual stresses; 

5) replacement of belts is easier and simpler than replacement 

of wheel; belts are safe to use. 

Fig. 3.32. Diagram of grinding 
of blade tip by abrasive belt, 
a) working of back; b) working of 
bucket; 1) cam; 2) abrasive belt; 
3) blade. 

Surfaces of tip are ground 

by belt by method of rolling 

with help of copying cams (Fig. 

3.32). Rolling of tip of blade 

by cam is produced either by 

oscillation of part and cam about 

fixed axis, or as a result of 

planetary motion (oscillation) 

of part about fixed cam. 
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Abrasive belt (Fig. 3.33) consists 

of a fabric (serge, diagonal [?], coarse 

calico) base, to one side of which is 

glued abrasive, and other is impregnated 

with dressing. Material of abrasive 

grains is artificial corundum (white — 

EB or normal - E). 

During manufacture of water-resistaiit 

tapes they apply for bond synthetic resins on a phenol base, various 

varnishes (YaK-i, nitroglyptal No. 754, and others), liquid glass. 

Most widely used in blades are close-grained belts, for which 

thickness of layer is 1.5-2 times diameter of grain. 

Granularity of abrasives is selected according to allowance and 

required cleanness of working. Thus, for clean grinding they apply 

belts with granularity 14-120 (most frequently with granularity 

‘-0O). For final grinding and polishing they use a belt of granu¬ 

larity 120-320. During working by belts there is attained cleanness 

of 7th or 3th class. 

During grinding of alloyed and heat-resisting steels optimum 

speed of belt is 25 m/sec, specific pressure 2.5-3.0 kg/mm2 (*2.5»10^ 

to 3*10^ newton/m2). 

Liie of abrasive belt, depending upon adopted conditions and 

conditions of working, is 2-3 hours. The most intense removal of 

metal is observed, moreover, in first 30 minutes of use of belt. 

Grinding of blade tips by abrasive belts is done by two methods: 

a) separate grinding of surfaces of back and bucket by wide 

abrasive belt; 

b) simultaneous two-side grinding of surfaces of blade tip by 

narrow abrasive belt. 

Fig. 3.53. Diagram of 
structure of abrasive 
belt with electrostatic 
application of grains 
(per K. S. Mitrevich). 
1) base; 2) weft; 3) 
glue bonding; 4) abra¬ 
sive grains; 5) dress¬ 
ing. 
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Separate grinding by wide abrasive belt of surfaces of back 

and bucket is the more productive method. However, in connection 

with large liberation of heat during grinding by wide belt and 

deformations of blades during separate treatment of surfaces of tip, 

this method is inferior in accuracy to working by method of grinding 

of blade tip by narrow abrasive belt. 

Wide abrasive belt is most frequently used to grind back of blades 

on machines of type KhSh-185, the bucket on machines of type KhSh-l86 

of Kharkov Machine-tool Plant, and also on machines of Moscow Plant 

of Jig Boring Machines of type MV-8850 for bucket and MV-885IA for 

back. Diagram of machine KhSh-l85M is shown in Fig. 3.34. Holder 

with blade is fastened to Table 3, fixed on carriage 2. Carriage 

accomplishes rectilinear reciprocal motion, imparted by eccentric 

mechanism 1 of worm gear through pull roi and levers. On rear end 

of table is fixed gear quadrant, engaged with rack, mounted on 

comer iron. Abrasive belt 4 envelopes fixed master form 5, having 

mirror image of form of bucket of blade. When worked blade is 

brought toward fixed cam belt will cut into part and starts process 

of working the bucket, in the course of which to blade there is im¬ 

parted complex motion, consisting of reciprocating motion of carriage 

2 and motion of rolling on initial circumference of gear quadrant, 

imparted to Table 3. 

Endless abrasive belt is set in motion by drive pulley 6, 

which is rotated by electric motor. Position of guide pulleys 7 and 

8 is adjusted in such a way as tc remove possibility of abrasive belt 

running off cam luring grinding. 
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Advance of master form on worked blade can be manual or automa¬ 

tic. Fast advance and removal of cam is produced by pneumatic 

cylinder 9, with hydraulic damper to guarantee smoothness of motion 

of fast advance and removal of the fom. Control of fast advance 

of master form is carried out by two-way stop-cock. 

In machine there is provided supply of liquid coolant between 

blade and belt, and also feed of air under pressure to reverse side 

of belt through ducts in the master fom for improvement of conditions 

of sliding of abrasive belt over surface of the form. 

Narrow belt grinding is by two methods — transverse or longitu- 

dinal lines. 

During grinding by transverse lines (circular grinding) blade 

rotates rapidly about its axis and slowly shifts in longitudinal 

direction. In second method blade rapidly shifts along axis with 

respect to belt and rotates slowly (feed) after passage of each 

line. Productivity of grinding by transverse lines is higher than 

by longitudinal ones, and more considerable than larger curvature 

and angle of twist of the tip profile. However, accuracy and clean¬ 

ness of worked surface here will be worse due to large forces of 

inertia of fast-rotating blade, leading to its deformation during 

working. 

Tip of blades are ground by narrow belt on transverse lines on 

belt copying machines of models KhSh-126; KhSh-126A, ShPL-300 and 

ShPL-bOO, and on longitudinal lines on machines LSh-1, LSh-la, .Sh-2. 

On machine LSh-1 (Fig. 3.35) they finally grind profile ,f tip 

of one- and two-root compressor and turbine blades with length of 

tip up to 200 nun and twist up to 30°. 

Worked blade is fastened by root in attachment, fixed on spindle 

of machine, second tip is supported by revolving center or clamp 
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counting of tailstook. 

ërlnding copying machine of model LSh-1 1) 

üf I1?6 feed ^ byPaSBi 2) line feed valve; V) 
Jy'inder for longitudinal shift of table; 4) reverse 

.,00, lor^lhcision; 6) master form of by- 

at ?’ Í QWhr»J ^clsi°n: i butt f0™ for working ohajnfer 
at root; 9) three-dimensional master form; 10) working roller- 
II) worked blade; 12) abrasive belt. ' working roller. 

Blade, on same axis with master form 9, accomplishes with it 

n :lprocatin6 rootions along axis, simultaneously shifting in direc¬ 

tion, perpendicular to axis. 

Mechanism of line advance 1 automatically ensures at the end 

oí every movement turn of blade (master form) one step (line). 

During work of machine form shifts relative to tracking roller 

ii , rigidly secured In feed mechanism 5, and forces copying mechanism 
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together with worked blade to accomplish oscillatory motions, thereby 

reproducing on blade tip assigned profile. 

Uniform rotation of spindle does not ensure constancy of magni¬ 

tude of feed during working of whole perimeter of contour of blade 

tip: on section of back and bucket of °eed is greater than during 

working of nose arid trailing edges. Irregularity of feeds leads to 

increased wear of abrasive belt on nose and trailing edge sections. 

For this reason edges are not worked on machines LSh-1: during 

passage of edges above belt blade and form are turned faster by 

special bypass mechanism. 

Allowance to the side during preliminary grinding by abrasive 

belt on machines LSh-1 is from 0,05 to 0.2 mm, and during final 

grinding to 0.04 mm. 

Recommended conditions of grinding for turbine rotor blades 

from alloys EI617, EI867 and EI929 by abrasive belts STEB46-60 or 

SUEB46-60 are the following: speed of belt - 25-50 m/sec; speed of 

piece — 10-14 m/mln; angular feed on line 5^^-54^, transverse feed — 

O.O7-O.12 mi/tum of blades. Tip is ground with abundant cooling 

by transformer oil with addition oleic acid. Accuracy of 

grinding profile of tip is up to 0,05 mm; cleanness of surface is 

7th class; deformations of blade tip are slight. 

Basic deficiency of machine LSh-1 is its low productivity. For 

instance, time of grinding a blade of steel EI96I with length of tip 

up to 100 mm and width 40 mm is about 15 minutes. 

Principle of work of machines LSh-la and LSh-2 is the same as 

machine LSh-1. They are intended for working profile of tip of 

rotor and stator blades of a compressor. On machine LSh-la the 

grind tip of blades up to 200 mm long with angle of twist up to 50°, 

and on machines LSh-2, of blades up to J>00 ram long with angle of 
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twist up to 50 . Width of abrasive belt on machines LSh-1, LSh-la 

is 15 mm, and on LSh-2, 25 mm. 

On machine KhSh-126 they grind profile of tip, including 

chamfered sections and edge of rotor and stator blades of a com¬ 

pressor of lengths up to 250 ram with angle of twist up to 50°. 

Abrasive belt 20-£0 mm wide is applied. 

Basic motions of machine are: 

1. Motion of abrasive belt from individual electri motor. 

?. Rotation of blade from hydraulic motor with variable angular 

speed within one turn of blade. 

?. Longitudinal shift of blades from hydraulic cylinder. 

4. Transverse feed (incision), carried out by turn of profiled 

c am. 

5. Turn of belt to profile of blade, carried out from master 

roller with help of hydraulic device. 

t. Removal of blade from belt after termination of cycle of work 

:f machine. 

Machine ensures accuracy of grinding of profile of tip of 

• mm and cleanness of surface of 7th class. 

Tape-grinding copying semiautomatic machine, model ShPL-300 

is intended for circular grinding of profile of tip, including cham¬ 

fered section and edges, of rotor and stator blades of compressor 

of lengths up to 300 mm with angle of twist up to 60°. 

/rinding is conducted by narrow abrasive belt during passage of 

worked contour around on a spiral. 

Basic motions are: reciprocating shift of table, rotation of 

piece and incision feed, carried out from hydraulic drive. 

In macnine there Is used mechanical system of copying (inter¬ 

connected master forms) by closed kinematic circuit, ensuring 
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simultaneous commands to profiling motion, so also to motion of turn 

of roller of abrasive belt (Fi*,. 3.56). 

On machine 1 in longitudinal guides there shifts table 2 with 

carriage 3. On carriage are fixed stanchion 4, in which there is 

mounted shaft 5, bearing master form 6. Shaft is rotated by hydrauli 

motor 7 through reductor 8 and transmits it to blade clamp mechanism 

9 through gears 10. Auxiliary form il, synchronously rotating with 

shaft 5, serves to provide variable angular speed of rotation of 

blade. Simultaneously cam 12 rotates, which during grinding presses 

chamfer of root by spring I3 to roller 14, rigidly Joined with bed, 

and imparts to carriage reciprocating motion toward the chamfer. 

Grinding head is carried out in the form of a frame. On its 

left side are mounted four rollers: drive 15, intermediate 16, 

tightening I7 and working 18. 

Abrasive belt is stretched by hydraulic cylinder 19. Feed for 

cutting is carried out automatically in each reverse of table. Feed 

mechanism is a profiled cam 20, to which there is pressed thrust 
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21, secured to lever 22, bearing working roller. The cam is turned 

by laovhet 2^ from servomotor 24, Manual feed can be carried out 

by turning of handle of crank united to servomotor. 

Machine is equipped with device for active control during 

grinding. Upon removal of all allowance electromechanical transducer 

sends command to stop machine. 

Grinding of profile of tip of bigger compressor blades (with 

length up to 600 mm) is anticipated on belt grinding semiautomatic 

copying machine, model ShPL-600. Tip is worked (like machine ShPL- 

,- '0) on transverse line by narrow abrasive belt, having lined contact 

with worked surface the width of belt (20-60 ram) with periodic turnin 

of brade. 

Polishing 

Tip of any blade after grinding is thoroughly polished to 

reduce assigned surface cleanness (8th to 11th class), minimum 

depth of work hardening and minimum residual stresses in surface 

layer, which promotes increase of useful life and reliability of work 

of blades in operating conditions. 

1 ^jinishing oí blade tips they apply the following icrms of 

I .lushing: mechanical, abrasive-liquid and electrolytic. 

Mechanical polishing. At present the most promising method 

of mechanical polishing is vibrating contact polishing by abrasive 

b-Lt f c mpressor blades on machines LVP-3, VPL-3c and VPL-4, and 

of turbine blades on machines LVP-4. 

Machine LVP-3 (Mg. 3.37) is intended for simultaneous polishing 

Oi back and bucket of rotor and stator blades of compressor, inclin¬ 

ing oblique chamfer at root of blades of length up to 200 mm with 

angle of twist up to 25°. Polishing is carried out by complex 

vibrating mtion of blades between two fixed abrasive belts, which 
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1

4ifrv=-
Fift. ?.^7. Stmiau'.omatir vibrat­

ing contact belt polisher LVP-i.

are pressed to tip by blocks, 

prepared from rubber of brand 

922 and Shore hardness 55-65.

Profile of blocks corre­

sponds to profile of back and 

bucket of blade.

Abrasive belts, reeled from 

bobbins, are dravm by special 

feed device. Belt feed devices 

are rotated by rack, moving under 

action of two hydraulic cylinders. 

Rollers can revolve only in one 

direction, from right to left.

Diagram of machine Is

shown In Fig. 3.38. Worked 

blade is flxec by root in spring sponges of adapter 9, which are 

unclasped by plunger 8 under action of oil, fed under high pressure 

from multiplier 7. Upon starting of machine, under action of a 

solenoid the pist n of four-way valve 12 moves downwards, pump 2 Is 

simultaneously turned on, feeding oil from tank 15 through filter 

3 and reduction valve 1 to the valve and further through throttle 14 

and valve I3 parrallel to It. From here part of oil proceeds through 

reduction valve 4 to cavities I and IV of cylinders of hydraulic 

vises 11, and also to upper cavity of multiplier 7. Under pressure 

of oil the vises, through rubber blocks 10, press abrasive belt to 

blade. At the same time piston of multiplier moves downwards, pres­

sure in hyir 'ilic cylinder 8 drops, and spring sponges of adapter by 

their own .ticity clamp blade roots. The other part of oil through 

valve 6 enrers 'avit^y • . . . t .Under of belt feed, accomplishing

137



idle motion of rack; roller of belt feed here does not rotate. 

Fig. 3.38. Diagram of machine LVP-3. 

Some 1-2 seconds after compression of vises timer switches on 

electric motors for drive of blade. After termination of polishing 

this relay de-energizes solenoid of valve 12, piston of valve shifts 

upwards. Here, oil enters cavities II and III of cylinder of 
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hydraulic vises, blocks move aside, liberating tip of blade. Simul¬ 

taneously oil is fed into lower cavity of multiplier 7, thanks to 

which plunger 8 unclamps sponge of adapter and liberates root of 

blade. 

The most effectively polishing of tip of steel compressor blades 

is in three transitions. In first transition they use abrasive belt 

E70, for second transition, belt EI50. Both belts are on paper basis 

(All-Union Government Standard 6456-62). Third transition is pro¬ 

duced by tape E22U on a fabric base (All-Union Government Standard 

5009-62) with paste of GOI. Total removal of metal from thickness 

of tip (in the three transitions) is 0.04-0.05 mm. 

Productivity of machine with three transitions is 15-20 blades 

per hour. 

Machines LVP-5 ensure uniform quality of finishing of blade 

tips, eliminate burns and distortion of tip profile, occurring during 

manual polishing. 

Principle of work of other polishing vibrating-contact machines 

is the same as for machine LVP-3. 

Abrasive-liquid polishing. Abrasive-liquid (hydroabrasive 

ur liquid) polishing is used mainly for polishing or "revivifying" 

blades (during preparation of surface of blades for pickling, before 

and after luminescent check, to remove scale, etc.). Application of 

hydroetrasive polishing permits mechanizing of process of 

finishing and improvement of condition of labor in these operations. 

Hydroabrasive polishing can be conducted in different ways. To 

worked surface under pressure of up to 6 atm(tech) (-6-105 newton/m2) 

they direct stream of liquid, consisting of mixture of oil or emulsion 

with abrasive powder - carborundum or artificial corundum. Abrasive 

liquid can also be fed on part through slits of rapidly revolving 
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>:ium (rotating meti.üd). It is possible also to polish, revolving 

processed part in the liquid with abrasive. 

Polishing is based on disintegration, filling and smoothing of 

ridges in processed surface under action of blows of particles of 

abrasive, having speed of 50 m/sec or greater. Presence of liquid 

promotes acceleration of process due to chemical-mechanical influence 

on processed surface. 

Polishing is done in chamDer of special installation reminding 

one of sand-blasting apparatus. Processed blade is fixed in special 

holder with rubber insert for protection from abrasive polishing. 

Inside the chamber the holder with blade is established between 

head- and tai]stocks. Spindle of headstock has drive from electric 

motor through reductor. Working fluid from tank by electric pump 

and ilexible hose is fed to injector, to which there also proceeds 

compressed air. 

I*or polishing the whole length of blade tip carriage with secured 

injector accomplishes reciprocating motions. Liquid with abrasive 

in tank is continuously mixed by mixer. 

Abrasive liquid is usually composed of 25-50 parts by weight of 

abrasive grain and 75-50 parts by weight of soda emulsion. 

Productivity of liquid polishing for a given metal depends on 

air Pressure and speed of stream, magnitude of grain and concentration 

01 ajrasive in liquid, angle and distance of nozzle from processed 

surface. With increase of magnitude of grain, air pressure and speed 

ol si earn productivity increases. Optimum air pressure, depending 

upon magnitude of grain, varies from 1 to 10 atm(tech) (-1.105 - 

1C-10 newton/m ); with granularity of abrasive M28-M20 air pressure 

is approximately 4 atm(tech) or *»4*10^ newton/ir.' ; with granularity 

100-120 - pressure Is H-3 atm (-5-105 to 8-105 o wton/m2). Angle of 
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direction of stream 15-45°; nozzle is located 50-100 mm from pro¬ 

cessed surface. 

Cleanness of surface treated by hydroabrasive method depends on 

cleanness of initial surface and granularity of abrasive and does not 

depend on time of polishing. Usually cleanness of surface after 

polishing is improved as compared to initial state by cne class. 

In surface layer of blade subjected to hydroabrasive polished, 

there appear residual stresses of compression.. 

During abrasive-liquid polishing of blades there are no micro- 

crack and burns of material, characteristic for mechanical polishing, 

since process of hydroabrasive polishing occurs in intensely cooled 

medium. The mat surface of parts, treated by hydroabrasive polishing, 

facilitates manifestation of different surface defects of material. 

Deficiency of liquid polir'.iing is irregularity of removal of 

metal, preventing wider use of this process. 

Working of Tip by Electrical Methods 

One promising direction in increasing productivity during manu¬ 

facture of blades is application of electrical methods of working: 

electroerosional roughing and electrochemical dimensional machining 

of blade tips. Effectiveness of application of electrical methods 

for working tips is caused by poor workability of heat-resisting 

steels and alloys by cutting. 

Electroerosional working. Process of electroerosional (electric 

pulse) working consists of consecutive excitation of electric dis¬ 

charges between surface of electrode-tool and worked part. Under 

influence of pulse electric discharges from worked surfaces part of 

the metal is removed. Workability of material here is determined by 

its thermal and physical properties and almost does not depend on 

structure at all. Metal removed from surface is determined by energy, 
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1. xberated in working zone. Rate of removal during working of heat- 

re bi sting alloys El4j57 and EI617, and also aluminum and its alloys 

is 30-50:¾ higher than for carbon steels. Specific rate of removal 

Ior hGat-resisting blade alloys per 1 cm2 worked surface composes 

yj-oO mm^/min, which permits us to obtain speed of working of olade 

by depth of 0,35-0.6 rrm/mi^. 

Electroerosional working of blade tips permits us simultaneously 

to work profile of bucket and back (Fig. 3.39). Initial bank is a 

forged blade with preliini- 
Worklng fued from 
maanlio spindle narily treated base surfaces, 

having allowance for electro- 

erosienal treatment by tip 

profile of 1.5-2.5 mm. WorK- 

ing of blades is carried out 

on specialized machines of 

type ME-8 and general-purpose 

copying-piercing machines of 

models 473, 4724 and others. 

Electrode-tool for working 

profile of tip is usually 

made from carbonic material 

SEO or coke-graphite composition ARV, having very low wear (0.2-1¾ 

or volume of metal, removed from worked part) and low manufacture cost. 

Working profile of electrode-tools Is equidistant curve to 

reverse Image, respectively, of back and bucket of blade, removed 

from them a magnitude, equal to sum of magnitudes of interelectrc-^ 

gap, maximum height of microscopic unevennesses and allowance for 

final working of blade tip. Magnitude of interelectrode gap, 

depending upon current. Is 0.1>0.l8 mm. Coke-graphite materials 
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are well worked by metal-cutting tool. In conditions of experimental 

plants shaped part of electrodes is prepared by bench work from 

patterns. In small lot production profiles of electrodes are pre¬ 

pared on copying machines. One electrode without additional correc¬ 

tion can work up to 25-30 blades. 

As working medium on machine ME-8 they apply transforner (All- 

Union Government Standard 982-56) or solar oil. During working there 

occurs contamination of oil by products of erosion and increase of 

its viscosity, lowering productivity and stability of process. State 

of working fluid is checked for its viscosity. Replacement of working 

fluid is made at viscosity above 1.8-2.0 centistokes (180-200 m2/sec) 

(t = 50°). Consumption of working fluid is on the average about 

0.6-0.85 litres per kilowatt hour (36OO kilojoule), of energy intro¬ 

duced to working zone. 

Electrical conditions of treatment are set by two parameters: 

average current and idling voltage of generator. Working of blade 

tips made from heat-resisting alloys usually is produced at idling 

voltage Uldle - 20-25 v (but not below 12 v, since here productivity 

and stability of process is sharply lowered) and average current 

intensity I&v = 3 to 150 amperes. 

Precision of working is determined basically by electroercsional 

wear of electrode-tool. 

Roughness of surface after electric pulse treatment sharply 

differs from surface, treated by cutting, and corresponds approximately 

to 1st to 3rd class. Unevennesses of surface have form of irregularly 

located holes, the quantity and dimensions of which depend on param¬ 

eters of electrical conditions. 

Surface iayer after electric pulse working is part of dissolved 

metal not removed from surface. It forms as a result of contact of 
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metal dissolved under action of electrical pulse with working fluid. 

Presence in heat-resisting alloys after electroerosional working 

of changed surface layer 0.15-0.3 mm thick with defects in lhe form 

oí microcracks and pores lowers their strength characteristics, 

especially fatigue strength. For this reason such a method of 

working can be applied niy as a preliminary one, with obligatory 

subsequent removal of changed surface layer. Allowance for sub¬ 

sequent working should be two-three times larger than magnitude of 

modified layer. 

With decrease of electrical conditions cleanness of surface is 

improved, and thickness of modified layer decreases. 

Residual stresses In surface layer Increase with Increase of 

depth of modified layer. 

After preliminary electric pulse working blades are ground and 

polished by abrasive belt. 

In a series of plants after electric pulse working they practice 

electrochemical working of tip of turbine rotor blade with subsequent 

V1 brat Ion polishing by abrasive belt. Electrochemical working per¬ 

mits complete removal of modified surface layer, formed after electric 

pul::., working In rough conditions. Allowance, left here for electro- 

chemical treatment, comprises 1.5-2.3 mm to a side. 

L'jg£,L3:?.chemical working. Process of electrochemical working, 

sornettes jailed electrohydro working, is based on use of 

phenomenon of dissolution of surface of anode in process of electrol¬ 

ysis. Essence of given method (Fig. 3.40) consists in a stream of 

electrolyte, flowing with great speed (27-45 a/sec) in gap between 

cathode (electrode-tool) and surface of anode (blade, during trans¬ 

mission of current of great density intensely dissolving metal from 

surface of anode (blade). 
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Fig. 3.4o. Diagram of installation for elec¬ 
trochemical working of blade tip (EGU). 1) 
worked blade; 2) working chamber; 3) electrode¬ 
tools; 4) centrifuge: 5) tank with electrolyte; 
6) heat exchanger; 7) pump; 8) rectifier. 

With small distances between electrodes and blade (0.1-0.08 mm) 

there occurs copying of profile of cathode on anode. The great den¬ 

sity of current, which can reach 70-100 amp/cm2 or more, promotes 

increased of intensity of removal of metal from anode (blade). 

Intense circulation of electrolyte between blade and cathode ensures 

removal of products of anode dissolution, cooling of electrodes and 

mixing of electrolyte. 

Electrochemical treatment of profile of tip of turbine rotor 

blades is produced on an electro- hydraulic installations (EGU). 

Initial blank in certain plants is forged blade with preliminarily 

worked inlet and outlet edges and base surfaces and allowance for 

tip profile of 1.5-2.5 mm a side. 

Electrodes are made from stainless steel !Khl8N9T or from brass 

of LS59 by method of reverse copying from a standard blade with 

application of reverse polarity on electro-hydraulic installation 

or by mechanical metal-working. Electrodes in process of work 

practically do not wear out. 

As electrolyte in electro-hydraulic installations they use IO-I5# 

water solutions of chlorine salts, most frequently table salt 
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(sodium chloride). 

Proiiie of tip of blades fror, heat-resisting alloys can be 

worked In conditions: current density 15 ajnp/cm' , voltage fed to 

worked blade 12 v; density of electrolyte 1.073 g/enr, pressure of 

electrolyte up to 10 k«/cm2 (=10-105 ncwtcn/m2), temperature of 

electrolyte 20-30°C. 

i^ate of removal of metal during electrochemical1 working cf heat 

resisting alloys is proportional to current densit;, . 

Accuracy of parts depends basically on uniformity of distributi 

n’ allowance on surface of worked blade, precision of manufacture 

of electrode-tool and uniformity of flux distribui on of electrolyte 

around worked surface. 3y this method it is possible to work blade 

with thickness of inlet and cutlet edges up to O.15 mm. Roughness 

• : eurtace of turbine blades, workel by electrochemical method, 

corresponds to 7th or 8th class. 

In many heat-resisting alloys (EI437B, EI617, and others) after 

-cetrochemical treatment there is observed corrosion in grain faces 

a depth of up t0 0•mm. Depth of corrosion in grain faces is 

inversely proportional to current density at the end of working. 

C urroston of layer is eliminated by subsequent treatment by 

vibration contact, electrolytic or hydroabrasive polishing. 

Mior hardness of surface layer in blades treated by electro¬ 

chemical method does not differ from hardness of initial metal. In 

«nace layer after electrochemical treatment there are axso absent 

residual stresses, since process of electrochemical treatment Is not 

accompanied by plastic deformations and liberation of heat. 

Working tip of tu’•bine rotor blade (length up t . 250 mm) with 

• ilowance up to 2-3 mm a side takes 12-17 minutes. puWer of in¬ 

stallation for working one blade is approximately 75-100 kilowatt. 
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During electrochemical working of blade tips there is no necessity 

for complicated copying metal-cutting machines, a cutting tool of 

high-quality high-speed cutting steels. Time of preparation of 

production during transition to manufacture of blades of other 

structural forms is sharply reduced. 

Electrolytic pollshlnr. Electrolytic polishing is one of the 

varieties of electrochemical treatment of metals, using dissolution 

of surface layers of anode in process of electrolysis. During 

anode dissolution of metal in corresponding electrolyte on surface 

of polished part there will be formed a viscous film of salts, 

protecting microcavity from action of current and not preventing 

dissolution of projections, as a result of which roughness of surface 

is smoothed (polished).* 

Microroughnesses of electropolished surface are in direct 

dependence on initial state of surface and quality of polished metal. 

The higher the initial cleanness of surface, the faster and better 

is the electropolishing. To obtain by electropolishing cleanness 

of surface of 10th or 11th class (All-Union Government Standard 

2789-59) requires preparation of initial surface by 7th or 8th class. 

Structural discontinuity or presence in metal of nonmetallic 

inclusions (slag, oxides, sulfides, breaks of structure) sharply show 

up during electropolishing. Polyphase alloys complex in structure, 

polish worse than pure, uniform, single-phase metals and alloys. 

Dissolving surface layers of riveted metal, smoothing roughness 

of surface, removing or redistributing residual stresses in surface 

layer caused by preceding working, electropolishing improves 

*L. Ya. Popilov. Electrical and ultrasonic working, Mashgiz, 
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operational properties of processed parts: corrosional stability 

1 Sur,aoe ls r»oticeably increased, stress-rupture fatigue strengths 

increase. However, here one should consider that eiectropolishing 

does not impart to metal additional strength, but only creates con¬ 

ditions allowing fuller realization of potential strength, determine 

by nature of metal. Cbsvrv i increase of strength is the result 

of improvement of microgeometry of surface due to .removal of plasti¬ 

cally aeiarmed surface layer and sections of concentration of stresses 

At the same time incorrect conditio-s of electropolishing can sharply 

lower strength due to corrosion of metal boundaries. 

Electropolishing Is used in series of domestic and foreign 

engine-building plants. For Instance, in factory of firm Rolls- 

Royce (England) completing operation of manufacture of turbine blades 

is electropolishing of the tip. 

Technological process of electropolishing of the tip of turbine 

■ iades is as follows. Blades to be polished are thoroughly degreased. 

Unpolished sections of blade are protected by layer of varnish. Then 

Uace is set in special attachments (suspension), which are suspended 

in electrolyte on cross beams which are the anodes. 

ng of blades from most nickel alloys Is usually produced 

in sulfur-phosphorous or sulfur-phosphorous-chromium electrolytes, 

consisting of a mixture of sulfuric and orthophosphoric acids and 

mixture oí crystalline chromium anhydride. 

Electrolyte is filled In bath of sheet lead or heat-resistant 

vinyl plastic. Bath Is equipped with preheating (vapor or electrical) 

and ventilation device. 

Electropolishing of blades is produced In conaitions: temperature 

of electrolyte 15-30°C, current density 40-80 amp/lnch2. Duration 

of treatment depends on magnitude of polishing allowance. During 
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electropolishing from worked surface there is removed layer of 

metal up to O.05 mm. 

As source of direct current for electropolishing they most often 

use standard low-voltage generators, produced for electroplating 

purposes, solid-state (selenium or copper-oxide) and mechanical 

rectifiers. 

During electropolishing of blades there is nonuniform removal 

of on separate surfaces of tip (on edges a greater removal 

than on middle of contour of tip) which to considerable measure 

limits its wide application in engine-building plants. 
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§ 5. AUTOMATION OF PRODUCTION OF BLADES 

Large production of blades combined with raised requirements on 

their quality causes necessity of wide application during manufactu^ 

of blades of special and specialized machines and automatic transfer 

machines. 

Complex mechanization and automation promotes increase oi labor 

productivity, radical improvement and easing of working conditions. 

Increase of quality, reliability and operation life of engines, elimi¬ 

nating the subjective factor during fulfillment of every operation 

■1 technological processes of manufacture cf blades. Below are 

descriptions of technological processes of manufacture of blades on 

automatic, which have been introduced into production. 

Automatic Transfer Machines for Producing 
Compressor Blâïïës a 

Automatic transfer machines for manufacture of compressor and 

turbine blades both operative, and newly created, due to complexity 

i lorn oí parts and required precision, are not constructed for 

whole complex of working - from blank to ready article. They are 

designed for separate working of roots and tip. The first automatic 

i.nos were created for working root surfaces of blades of compressor 

simpler than the herringbone root of rotor blades: roots of dovetail 

type for rotor blades (automatic transfer machine AL-1), prismatic 

roots (AL-3), shelves and journals (AL-2), for stator blades. 

Developing the technological process of working blades on a 

transfer machine, it is necessary to be guided by following basic 

propositions: 

1) all operations of the transfer machine should be identical in 

time of fulfillment. If operations are different in time, the rhythm 
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<Î * 'TK t the line in this case will correspond to the most prolonge 

operation. Efficiency of an automatic transfer machine here will 

decrease ; 

.) conditions of cutting for operations of an automatic transier 

machine are designated from the condition of obtaining life of 

cutting tool of not less than 7 hours, which ensures continuous w< * 

of Une during replacement. If tnis condition is impracticable, tr y 

apply a tool with life of not lets tnan 3.5 hours. For reduction of 

replacement time for blunted too' its correcting should be produced 

outside the line. 

Automatic transfer machine Ai,-1 (Fig. 3.41) multirange, rectili¬ 

near type, consists of nine positions for serial-parallel working of 

loot surfaces. Every position is equipped witn automatic heads with 

corresponding tool caps or machines built into the line. Line has a 

rod pulsating conveyor, transferring holder with worked blade from 

one position of treatment to the next. 

After fulfillment of all operations holder with worked blade 

proceeds to table, which lowers and transfers holder to return 

conveyor. Ey this conveyor blade holders pass to front table, 

lifting them to initial position. Blade Is clamped In holder and 

is freed after working automatically. On line in rotation are 

1Ü holders - 1£ on upper and 6 on lower conveyor. There is foreseer, 

checking enroute, excluding disturbance of switching sequence of 

separate mechanisms and preventing rejects. Signal equipment on main 

control panel gives possibility to rapidly detect place of damage, 

every position of machine is supplied by individual set-up eont 1 

panel. Upon necessity work of line can be stopped by pressing one 

of the emergency push buttons, located in several places of the line 
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i'y replacement of holders and, in separate positions, of the tool 

the line can be rapidly readjusted for working of roots of blades 

of dovetail type of other dimensions. This permits one to rationally 

1 >ad transfer machines even for relatively small program of engine 

production. 

Drives of conveyors, lifting tables, mechanism of clamping blades 

In holder, and also locking and clamp of holders in working positions 

are carried out by hydraulic mechanisms. 

On line there is foreseen cooling of tools. Shavings are removed 

ry rlow ci 11(îuid coolant under pressure. There is also foreseen 

checking of forced lubrication of guide beds, intermediate boxes, 

milling heads and redactors of power heads. 

The blank of a blade for working on the line is a precision 

forging, prepared by coining without tip allowance. Root part of 

Hade blank has allowance per side of up to 1.0 mm. 

Flow chart of working of blade root is shown in Fig. 3.42. 

Milling ol root faces (pos. 1). Both faces are worked simul¬ 

taneously. Heads for execution of given operation are placed on verti- 

Cal bracicets# Worlced faces are used as support during subsequent 

broaching and uniform incision of teeth of broaches in the blank. 

Milling oi root bottom (pos. 2) is by end milling cutter of 

s.eex R18. Head is established on horizontal guide. Allowance left 

for subsequent broaching of bottom is 0.15-0.20 mm. 

f.iHing f lateral faces of root (pos. 3) with allowance for 

aching 0.15-0.2 mm a side. Head has special cap for two disk 

milling cutters. 

Broaching of profile of root with removal of faces (pos. 4) is 

executed on built-in horizontal broaching machine by set of five 
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broaches, in one body. In the beginning ffirming broaches go into 

operation, then bottom and side. Wear of teeth of broach should not 

exceed 0.I5 mm. After boring broaches are finished by rubbing. 

Two flats on lateral faces of root (pos. 5) are milled by heau 

with special cap for two milling cutters of diameter 10 mm. Flat, 

serve for fastening blades in wheel. 

Pinal milling of facets of root at an angle of 300 (pos. 6) is 

produced analogously to milling cf laces at pos. j in accordance wit 

requirement of blueprint. 

Groove in root (pos. 7) is milled with vertical shift of powe 

head with disk milling cutter of steel R9K5 fixed in it. For great« r 

rigidity in work the milling cutter is secured on mounting between 

two disks. 

Two faces in cut of root (pos. 3) are milled by set of two disk 

milling cutters. Milling cutters are mounted on sleeve, thereby 

ensuring fast replacement and accuracy of their installation. 

radges in cut of root (pos. 9) are rounded by special head with 

two two"to°th milling cutters - counterbores - which accomplishing 

planetary motion. 

.uration of the most labor-consuming operation of working a blade 

r-oot on transfer machine AL-1 is 30 sec, and working cycle - 40 sec. 

Later there were created analogous transfer machines AL-6 and 

AL-1G lor working roots of compressor rotor blades. These lines. 

Just as AL-1, are of rectilinear type with position machines standing 

separately, connected by conveyor systems for feeding holders with 

worked blanks and return of them to loading position. Transport .bio” 

of holders is carried out in two planes. 

Transfer machine AL-2 (Fig. 3.^3) consists of nine machines and 
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is intended for worV.ing journals and shelf of stator blade of 

compressor.

J^'*'; 1 ^ A. ■: ■■ ^ j"

*■■■

MI 1
Fig. 3.^5. Transfer machine AL-2 for working journals 
and shelf of a o -mnressor stator blade.

Flanks are precision castings, obtained from investment patterns. 

At the beginning of t.’-.e line in Loading position, the blank is set in a 

holder, in which it is fixed by three points of the profile of the 

bank, two points of nose and one point of shelf of root. Blank is 

clamped in holder automatically by hydraulic wrench.

Technological process of working root surfaces of stator blades 

is shown in Fig. 5.44.

Both faces of Journals are finally worked by two disk milling 

cutters (p B. 1), then they preliminarily turn large and small Journals 

(pos. 2), ream b> shaped counternorf groove in bottom of lock of larger 

Journal with simnltan .nu;; fir ish*. u b aring f small .ijurnal (pos. 5).
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Fig. 3.44. Diagram of working of jour¬ 
neys and shelf of stator blade of 
compressor on transfer machine AL-2. 

Bottom of root is finally milled (pos 4) by power head, which, 

besides feeds in transverse and longitudinal directions, imparts to 

milling cutter circular planetary motion relative to axis of blade 

journal. During longitudinal motion of power head there occurs 

Incision of milling cutter; subsequent working of bottom of root is 

conducted during circular (planetary) motion of tool. 

finally, they turn journal in pos. 5. In this operation in large 

journal there also is removed approach chamfer for rolling of thread, 

face is centered for checking of coaxialness of Journals and position 

of root bottom after broaching, and on small journal there will be 

cut face and chamfer la removed. 
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Ihread In large journal iß rolled by thread-generating head with 

rollers (pos. 6). Counterrecoil tool is fed to part by threaded 

copy nut. Thread rollers are screwed in and out with identical speed. 

ohort shelves of root and chamfers on them are worked by broaching 

(pos. 7)i consisting of two sections, established in coinmon housing, " 

secured on slide of machine. 

m table oí machine is fixed additional hydraulic cylinder, which, 

when holders are clamped on table, advances support mounted in the 

holder. Support is clamped to vertical unworked shelf of blade root. 

In course of machining it receives force of broaching, thereby ensuring 

constancy of position of worked shelves. 

L.>ng shelves of root, and two wide chamfers are broached at pos. 8. 

The broach consists of two sections! f^ troacnir.ri of shelves and 

fjr broaching of wide chamfers. Set Ions of broaches are established 

in common body, secured on slide of machine. Broaching is conducted 

in vertical direction. 

Drilling oí hola in great Journal and milling of chamfers on end 

of t"0 milling cutters ie produced at pos. 9. After position 

machines there is fixed chamber for washing holders and a conveyor 

with table for lowering holder from plane of feed conveyor to plane 

. ! return conveyor. Rod of return conveyor moves holder with worked 

blades to lift table, which lifts them to loading position. 

rO'ds oí conveyor, tables for raising and lowering and clamp wrench 

work off of two hydraulic drives. 

At the end of transfer machina are fixed two pump stations, 

iceding emulsion for cooling cutting tool and to chamber for washing 

parts. Lubrication of all moving parts of mechanisms cf line is 

produced automatically. 
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Automatic transfer majr.lne ALZL-1. Prismatic roots of guide 

blades of compressor are w. rked machine ALZL-1 (Fig. 3.45). Machining 

of root is produced in six successive operations:

Ij milling of faces of blade;

2) milling of grooves in faces;

3) milling of wide planes of root;

4) milling of narrow planes of root;

5) calibration of roots In thickness by broaching;

6) washing of blade.

^ F3

Fig. 3.45. Automatic model read.lustable transfer 
machine ALZL-1 for complete working of surfaces 
of prismatic roots of compressor guide blades.

Productivity of line — 60 blades per hour.

Automation of production of turbine rotor blades is considerably 

complicated by high requirements for precision of roots of fir-tree 

profile and poor workability of heat-resisting blade alloys.

In spite cf there difficulties, at present there is being conducted
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intense work on creation of transfer machines for working turbine 

rotor blades. In creation of these lines they take for the basis 

model technological process of manufacture of turbine rotor blades. 

In model process root and tip of blade are processed from basic 

setting bases. Model technological process consists of four basic 

stages : 

1) machining of setting bases; 

2) preliminary working of tip (backet, back, e e-os, slanting 

sections, etc.); 

3) working of root; 

4) final finishing of tip. 

Automation of first and third stages now is already fully possible. 

It is considerably more complicated to automate working of the tip. 

v)rt promising effort in creation of transfer machines for 

preliminary and final working of tip profile is application in 

ehnological processes of these lines of electrical methods of treat- 

Worklng of Blade Tips on Machines with 
Programmed Control 

npp-.Lcation oi' machines with programmed control for working of 

biaaes permits as in short periods and without large expenditures to 

prepare a blade of any assigned profile. This is especially expedient 

in the creation and experimental finishing of engines. 

at present there already are a number of models of such machines, 

tí • -usiderable interest is semiautomatic four-spindle mill, model 

4FP^-Pr (big. 3.^6) with pulse system of programmed control (without 

feedback). Machine is intended for separate working of profile of 

back and bucket. Including oblique chamfer at the root, of compressor 
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rotor and stator blades of up to 200 mm in length with angle of twist 

up to 30°.

■ 'wm
nii'C-J

Fig. Ho. Four-spindle semiatuomatic mill with pulse 
system of programmed control, model 4FPL-Pr for separate 
working of the profile of back and bucket of compressor 
rotor and stator blades.

System of programmed control permits simultaneous shift in three 

coordinates, which gives possibility to carry out any technological 

variant of worku.ng. Machine is equipped with inductive system for 

fixing initial position in all three coordinates.

Programming of process of machlng by an electron computer is 

conducted in following sequence. On the basis of drawing of blade 

and technological chart there is composed program sheet, including 

all data necessary for working of blade. By a punch these data are 

coded in system of computer. After that, on a general-purpose digital 

computer there are executed Instruction, connected with determination
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ci paths of tool, and then on a specialized machine — an interpolator — 

on 1erromagnetic tape there are recorded all data necessary for 

control of the machine. The work program is reproduced on control 

panel of machine by a reading device and, with help of step-by-step 

motors, through boosters and ball screw gauges it is transmitted to 

delivery mechanisms, 

Ipon completion oí working magnetic tape automatically stops, 

and then is re-reeled to initial position. 

There has also been created duplex semiautomatic mill, model 

FP-300, with phase system of programmed control (with feedback) for 

separate working of profile of back and bucket of compressor rotor and 

stator blades of up to 300 mm In length with angle of twist up to 50°. 

Wonting oi back and bucket of blade is produced by disk milling 

cutter, on longitudinal lines. 

System of programmed control of machine anticipates work by 

program, recorded on ferromagnetic tape in the form of continuous 

phase-modulated signals. Motions of each of working organs are program 

.. cu on separate tracks. Calculation and recording of programs are 

produced both according to drawing on general-purpose digital computer 

I rai witn special interpolator, having output to magnetic tape, 

and also directly on machine by a standard with help of electrohydraulic 

servo system. 

§ 6. Checking Blades 

Blades are checked both in the course of machining, and also 

after Its termination. Checking of blades includes: 

1) detection of external and internal defects of material; 

2) check of cleanness of working in accordance with drafting 

requirements; 
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3) check of dimensions, shape of profiles of back and bucket, and 

also location of tip with respect to root; 

4) check of dimensions of lock; 

5) check of mass and frequency of natural oscillations of blades. 

Detection of defects of material. Inspection for external and 

internal defects of material permits us to detect cracks and hairlines 

on surface, cavities, porosity, stratifications, alien inclusions and 

floes in material. For this purpose we apply etching, magnetic and 

luminescent methods, color defectoscopy and ultrasonic method of 

inspection. 

Magnetic powder method is based on attraction of particles of 

iron powder (or its oxides) to magnetic poles, formed in a magnetized 

part in places of disturbance of continuity. Settled powder makes 

previously invisible defects of metal well visible to the naked eye. 

According to the character of settling of powder one can determine 

not only location of defects, but also their approximate dimensions. 

For realization of magnetic powder inspection we need special 

apparatuses (magnetic flaw detectors), in which set there are 

attachment for magnetization of checked blades (solenoid or electro¬ 

magnet); device for dusting with powder or glaze with liquid, in which 

there is iron powder in suspension, and also attachment for demageti- 

zation of blades after inspection. 

Relative simplicity and rather high reliability of this method 

contributed to its wide introduction. However, application of this 

method is possible only during inspection of parts, made from 

materials, possessing magnetic properties. 

Color and luminescent methods of inspection, being capillary 

methods, are used for detecting flaws, coming out of surface in parts 
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01 dlfferent materials and, especially those not possessing magnetic 

properties. 

Color method is based on use of properties of certain aniline dyes 

t : penetrate into surface cracks and pores and. to migrate from there 

on dried surface of the part. 

For this t0 degreased surface of checked blade there is applied 

paint "Sudan IV," dissolved in benaere with transformer oil. Pain: 

penetrates cracks and pores. Then surface of blaue, rom which (by 

rags, moistened in solvent), surplus of paint is removed, is covered 

by a film of white paint (sine oxide, thinned in mixture of collodion, 

benzene and acetone). White paint soaks up and ci.issoves paint 

"Sudan", extracting it from cavities of defects, as a result of which 

the latter ones distinctly loom in the form of thin red lines on the 

white background, repeating outline of the defect. Color method is 

simple in application and does not require special equipment, 

Liuninescfent method is more complicated and is more sensitive; it 

is based on ability of certain liquids to gleam upon irradiation 

by ultraviolet light. 

ihe inspected part after thorough cleaning and degreasing is 

dipped in liquid and kept in it 10-15 min. Here the liquid, as also 

in color method, moistens not only surface, but penetrates into cracks 

ana pores. Then they wash the part, removing liquid only from surface, 

while cavities of flaws remain filled. The part is dried, and its 

surface is "powdered" with a thinly dispersed "detecting" powder, 

possessing high absorptivity. Powder (magnesium oxide) extracts 

liquid i rom cavities of flaws to surface and moistened by it, adhere*- 

to ourlace. During subsequent blowing of part by air surplus of 

powder departs, and particles which adhere due to liquid outline 
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contours of flaws. 

Presence of defects is established by insepcting part in dark 

place with ultraviolet illumination. Cracks ana pores are revealed 

in the form of luminescent lines and spots. 

As working fluid there is applied a mixture of 16$ (by volume) 

aviation oil (All-Union Government Standard lOl'-Uç) an<j tract r 

kerosene (All-Union Government Standard 1842-52). This mixture giv 1 

a fairly bright bluish-white glow. 

Luminescent method reliably reveals cracks, pores, pocks, oxidize, 

scabs, impurities, etc., on the surface. 

Ultrasonic method of inspection using surface waves permits 

one to detect surface cracks and metallurgical defects of material. 

Given method is applied usually for detection of cracks on inlet and 

entrance edges, end less frequently for those on surface of back and 

bucket appearing during manufacture and operation of blade. 

This method is based on sounding the checked metal with brief 

pulses of ultrasonic oscillations, propagated on surface of blade, 

and catching of their reflections (echosignals) from flaws. 

Inspection of blade edges is produced in the following way. 

Contact surface of head, covered with film of oil, is applied to 

edge of tip at the blade root in such a manner that ultrasonic waves 

are directed towards opposite end of blade tip (Fig. 3.47). The 

presence of defect is Judged by the fora of the oscillogram. If, 

during inspection on screen of flaw detector between initial and end 

pulses there are no intermediate pulses, this confirms absence of 

cracks on the inspected blade edge. Appearance of intermediat'' ils 

on screen of flaw detector will indicate presence of obstacles, 

capable of reflecting ultrasonic waves during sounding of blades 
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nODIiSISlE along the edge {microcracking of

;a Bi

Fig. 3.47. Diagram sovmding 
ot' edge of blade. 1} blade; 2) 
crack; 3) beam of ultrasonic 
surface waves; 4) seeker head; 
5) emitter; a) Initial pulse;
b) end pulse; c) pulse from 
defect.

surface layer, deep scratches on the 

tip edge fin, internal defects of 

material, etc.).

Cleanness of worked surfaces 

is checked by external Inspection 

of blade by means of comparison 

with a standard.

Operations of inspection of 

:asic dimensions and shape of the 

tip, the root, and their mutual 

location are the most labor-consuming.

Schemes of instruments used 

in these operations can be divided 

into tw , basic groups: contactless — optical-projection; contact —

mechanical, optical-mechanical, electrical, pneumatic and pneumo- 

hydraullc.

Checking of blade tip. Cross sections of blade tip are checked 

by optical contactless method on projectors. Of considerable interest 

is the projector of the Swiss firm Sip [? SIP (Soclete Genevalse 

d’ Instruments de Physique)], working according to method of light 

section (Fig. 3.48). Method of light section gives possibility of 

obtairiing :n screen image >f profile of section of fin with magnifi­

cation of 2J or more. Blade is fastened by its root in ’’^ertical 

position, and its axis coincides with optical axis of Instrument. 

Surface of blade is illuminated by six lamps 1 through six lenses 2, 

Located around ^he section. For production of sharp Image of profile 

of tip in checked sectl t. filaments of lamps are at focus of condenser
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frig. 3.^8. Projector for 
checking blade tips. 

of system of lenses, as a result of 

which beams of light are parallel. 

Section is projected on a screen. 

The blade tip is coated with a layer 

of magnesium soot about 0.01 mm thick 

so that its surface refracts, and does 

no*- reflect the light beam. Two 

adjustable mirrors 3 serve to produce 

image of profile sections. Hollow 

(annular) lens permits one to check 

profile of croas section of blade tip 

ot considerable length. 

Optical method of light section is 

convenient for any blades in experimental 

production and in small lot plants. 

Basic deficiencies of projection 

method of checking the tip profile are: 

1) With increase of dimensions of blades and their image (to 

xlOO) size of screen sharply increases; 

2) necessity of applying film of soot on surface of tip; 

J) difficulty with fulfillment of exact drawing on colored glass 

with 30 and even 100 power magnification; 

'0 impossibility of use of these instruments directly at working 

stations in workshop. 

Most widely applied in production are instruments, working by 

-ontact method (at separate points) with different reading devices. 

Such instruments are applied for checking elements of the tip and root 

of blades. 
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Instruments with lndi~ators of dial-type are used for reading 

results of one or two simultaneously produced measurements, instru 

ment3 are Set UP fTOra standards. Designs of Instruments are not ' 

general-purpose and are Intended for checking some given blade. They 

are simple and convenient In operation, but not very productive. 

In small scale Production profile of blade tip is usually checke, 

by patterns. Deviations of profile of section of hack or bucket from 

pattern are determined visually, by clearance or by a prote. 

Check of tip by patterns Is insufficiently productive, insuffi¬ 

ciently objective (result of measurements depends on conditions of 

installation of patterns - misalignment of them, magnitude of force 

P f pattern to tip), requires bulky pattern measuring equipment. 

Large labor-consumption in checking mss parts Is caused by 

application of multi-dimensional and highly productive Instruments 

and measuring machines, in which all auxI-Mo™ +4 
wniLn a^j auxiliary motions are mechanized 

(c lamping and feed of measuring elements, etc.). 

Applied multi-dimensional Instruments of contact type are divided 

into optical-mechanical ana instruments with application of electrlc- 

C ntaCt' ir‘dUC'1Ve and Pneumatic-contact transducers. They tune 

such instruments by a standard blade. 

Multi-dimensional Instruments and measuring machines can be 

rapidly retuned for checking other blades. These Instruments are 

equipped with corresponding elements for tuning. Field of their 

application is intermediate and final inspection. Base for fastening 

blade is root or center depressions, two of which are on lateral 

surfaces of root and one at end of tip. Among such instruments ar» 

general-purpose multi-dlmentlonal. optical-mechanical Instruments POMKD 

for simultaneous checkin of tip profile, displacement of tip from 
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axis of roof, angle of twist and thickness of tip in cross sections 

of a compressor blade (Fig. 5.49). 

Pig. 3.^9. Diagram of optical-mechanical 
instrument POMKL-4 for checking profile 
of tip of compressor blades. 

Ci'eck of curved surface of section profile in instruments of type 

POMKL is carried out in the following way. On profile of checked 

section of blade tip there are established with defined spacing contact 
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rods. Free ends of rods by standard are brought to single plane of 

measurement. Deviations of tip profile from the assigned cause shift 

of contact rods, transmitted to measuring rods and then to levers 

with ratio 5:1. Ends of levers are projected on screen with magnlft- 

cation 10:1, thereby ensuring overall magnification of 50:1. 

On screen they establish boundaries of field of tolerance, by 

which one can determine suitability 5f a checked blade. 

Depending upon errors of profile in the checked section ends of 

levers on screen either deviate fror base lines (during local errors 

°f pr0flle>> are displaced parallel to base lines (upon displacement 

of whole section), or will be disposed on one straight line at an 

angle to the base line (in case of error In angle of twist). 

Checked blade is secured In Instrument by its root. Inspection 

is produced at points with spacing of 5 mm. Accuracy of measurement 

is 0.02 mm, productivity of inspection is up to 250 blades per hour. 

Advantages of the instrument: 

1) separation of error of the actual profile from displacement of 

whole section from axis of root and error of angle of twist; 

c) practical nonwearability of master form or standard blades, 

Strvlng only ior tuning or checking contact measuring units; 

3) absence of traces of meters on surface of blade. 

There exist multi-dlmenslonal measuring machines with electro¬ 

mechanical transducers. They measure simultaneously 28 points of blade 

for upper and lower limits of tolerance with help of signal lamp 

register. If blade is suitable In all parameters, then one lamp 

lights up ("suitable") in center of panel, and in case of defect 

there lights up yellow »V or red tube, corresponding to the given 

point. Measuring device is tuned to zero by two standard blades. 
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corresponding to upper and lower limits. Productivity of such 

machines is about 200 blades per hour. 

Checking by limits with signal lamp register during multi- 

dimensional measurements of blades does not have wide usage. Absence 

of scale, showing magnitude of deviations of dimensions, is inconvenient 

for production, since it does not permit checking on the stability 

of the manufacturing process. 

More convenient for production are multi-dimensional instruments 

with dial devices of pneumatic float type and pneumohydraulic micro¬ 

meters of panel type. Scales in 

such instruments are rectilinear, 

are located vertically, close to 

one another, and all checked 

tolerances can be reduced to one 

height of scale, limiting it f rom 

above and from below by two fat 

parallel lines. Emergence from 

tolerance limits can be easily 

noticed on any scale. As indicators 

for reading height of scales they 

aPPly either floats (pneumatic 

float meters), or colored liquid 

(pneumohydraulic meters). 

Diagram of pneumatic float 

micrometer of type PP0-9M, developed 

by NIAT is shown in Fig. 3.50. 

Work of this instrument consists of the following. Air from 

network, passing through settling tank and filter, enters pressure 

Flg. 3.50. Diagram of float- 
type pneumaticmicrometer 
PP0-9M. 1) filter] 2) setting 
tank; 3) closing valve; 4) 
variable-area nozzle; 5) 
check valve; 6) nozzle of escape 
to atmosphere; 7) scale; 8) 
float; 9) indicator tube; 
10) hose; 11) stabilizer; 12) 
measuring head; I3) part. 
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stabiliser, whence through variable-area nozzle it it> brought to 

indicator lube, measuring head (transducer) and through gap, formed 

between measuring nozzle and walls of part, it emerges into the 

atmosphere in the conical glas. Indicator tube there is a float, whose 

position depends on speed of air flow. 

In foreign practice widely applied are multi-dimensional pneumo- 

nydraulic instruments of the English firm Sigma for checking blade 

tips, providing for simultaneous checking control of several elements 

of the tip in at least three section.'-. 

—or fir-tree root. In fir-tree root they check.: thickness 

.1 root on center line of teeth, relative displacement of sides of 

profile, thickness of body of root in first and last grooves, height 

oí root from axis of roller of first tooth to bottom of lock, height 

of tooth from center line of root, epic log of root teeth. 

>*ltn small scales oí production thickness of root with respect to 

■ nter line ..1. teeth is cnecked by rollers, set in grooves of root, 

measuring by micrometer or indicator bracket, tuned by standard. 

'c .racy of measurement is 0.02 mm; productivity is about 700 blades 

per hour. 

More convenient in operation is indicator bracket, in which 

.i.' sur. ng ..ips are standard wires, fastened by springs. This ensures 

lice setting of wires in cavity of tooth and rapid replacement of them 

when worn. 

With sizeable scale of production there are applied multi¬ 

dimensional instruments with indicators of dial-type (Fig. 3.51). 

Checked blade 1 is inserted oy root in "pike mouth" guide, along 

which there are placed self-adjusting indicator brackets. Cradle 2 

is suspended above base 3 on two laminated springs 4, elasticity of 

4'*| 
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On crade 2 which forcea roller 5 to enter cavity of blade root, 

is fastened a pair of lamlnateu springs 6 of block 7, bearing roller 

8. Roller is united to block 7 by a hinge. Spring 6 seeks to push 

roller 8 into opposite cavity of blade root. Arresters 9 and 10 

separate blocks 11 and rollers 5 and 8, allowing the blade to freely 

stand on measuring positions. Along the instrument there are 

established as many brackets as cavities in the root profile. Thus, 

during inspection of the root the blade should be advanced from the 

first to the last bracket. 

Fig. 3.51. Multi-dimensional indicator 
instrument for checking thickness of root 
with respect to center line. 

Tuning of indicators on "zero" is produced by a standard. 

In multi-dimensional instruments for inspecting fir-tree roots 

as meters they also use pneumatic-contact and inductance pickups. 

Instruments for inspecting elements of a fir-tree root for the 

most part are pneumatic (UPYeZ-3 for checking misalignment of fir-tree 
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root, UTYeZ-3 for checking thickness of fir-tree root, ShYeZ for 

checking spacing of teeth, etc.). 

Instrument for checking misalignment of teeth of fir-tree root 

of turbine blades UPYeZ-3 (Fig. 3.52) consists of a plate, pneumatic 

float-type meter, holder and measuring unit. Mutual displacement and 

crossing of profiles are checked by tubes 1-6, Others six tubes 

serve for checking misalignment of t'edgc and root relative to setting 

bases, displacement of base hole at end of tip with respect to end 

of root. Capacity of instrument is up to 300 blades per hour. 

Fig. 3.52. Instrument UPYeZ-3 for checking 
misalignment of fir-tree root of turbine blade. 

The fir-tree root of turbine blade on multi-dimensional instru¬ 

ment Sigma is checked by inductance pickups and galvanometers. 

Tuning to zero is produced from standard blade. Simultaneously, there 

are measured I3 dimensions and displacement of root with respect 

to the axis. 
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Checked blade iß clamped by three centers in pneumatic holder. 

Forces of clamp in centers are calibrated. 

Plan of instrument has several groups of transducers, which 

touch corresponding elements of blade root. Position of probe of 

transducer is fixed by a corresponding galvanometer. 

Deficiencies of multi—dimensional instruments with inductance 

pickups are necessity to conduct observation of many galvanometer 

pointers simultaneously and the cumbersomeness of the panel. 

Checking a root of dovetail type. For roots of this type they 

check thickness and angle of root, using general-purpose measuring 

and indicator instruments. 

Instrument for checking thickness of root is shown in Fig. 3.55. 

Checked blade is placed on table 1 of instrument and moves 

between rollers 2 and spherical support of rod 3, Roller 2 is motion¬ 

less, and rod 3, shifting in sleeve, transmits change of dimension 

to measuring tip of indicator. 

Capacity of instrument is up to 

700 blades per hour. 

Angle of root is checked on 

instruments, in which as the meter 

they use inductance pickups or 

indicators of dial-type. 

For checking roots of compressor 

blades they also apply highly 

productive pneumatic and electric- 

contact instruments. 

Check of frequency of natural 

oscillations. Frequency of natural 

flexural oscillations of 1st tone of 

ITS 

Fig. 3.53. Instrument for 
measurement of thickness of 
root of dovetail type. 
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turbine rotor blades is checked after their final working (clipping 

oí end of tip und blades assembled and correcting of radii) on 

special vibration stands (Fig. 3.54). 

Sound vibrations of oscillator 3 through amplifier 4 are fed tr 

field coil 2 of electrodynaraic vibrator 1. OacillaLions of mobile 

coil of vibrator are transmitted to 

checked blade 3 through attachment 

in vnlch it is fastened. 

Upon coincidence of frequency 

of oscillation« of vibrator and 

natural frequency of checked blade 

there appear resonance oscillations 

3.54. Block diagram of 
installation for checking 
frequency of natural oscilla¬ 
tions of blades. 

01 greet amplitude, but of the same 

frequency. These oscillations are 

perceived by capacitor pickup 7 and 

are fed through amplifier 8 to oscillograph 6. Here, height of 

luminescent rectangle on screen of oscillograph will be at a maximum. 

Check of frequency of natural oscillations of high forms of 

blades Is produced just as check of frequency of 1st tone with this 

difference only, that after clamping the checked blade is lubricated 

by kerosene and has sand poured on it. Blade is tuned in resonànce 

to maximum concentration of sand in nodal lines. 

Mode of high-frequency forms of oscillations is put in specifi- 

atlon 8hoet* uPon deviation of obtained modes from fixed the blade 

is rejected. 
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CHAPTER IV 

PRODUCTION OF IMPET.T.FPg 

§ 1. CONSTRUCTION, TECHNICAL SPECIFICATIONS, AND MATERIALS 

Impellers of aircraft engines are divided with respect to form 

into three types: unshrouded, l.e 

Fig. 4.1. Impeller intake of 
compressor. 

., intakes, semishrouded, and 

shrouded, Semishrouded and 

shrouded impellers are one- and 

two-sided. 

Unshrouded impellers, i.e., 

intakes (Fig. 4.1) consist of a 

hub with vanes that are open on 

the lateral sides. The hub has 

a central fitting hole (cylindrical 

or conical), a row of holes under 

the fastening pins, and holes under 

weight-bolts for balancing. The 

vanes of unshrouded impellers 

have complicated form with variable 

cross sections. 

The convex part of the vane 

is called the back and the concave 

177 



part Is known as the bucket. The leading edges of the vanes are 

pointed and sharpened around the radius. The trailing edges or ends 

of the vanes, for tighter attachment to the impeller, are not rounded, 

but are tapered with an undercut. 

Fig. 4.2. Semishrouded impellers, a) one-sided; b) two-sided. 

■^js/^uded jmPR Hers (Fig. 4.2), besides the hub, also have 

a to which all vanes are attached by their trailing edges. Holes 

in tne hubs of large impellers are usually smooth and cylindrical, 

wh:.u the hubs of smaii one-sided impellers are also splined. In 

one-sided impellers, the vanes sometimes have their own intake portion 

at tne inlet. Vanes are straight and curvilinear. In certain designs 

j: large two-sided impellers, half of the vanes (every other one) do 

not reacn the hub. Vanes with a trapezoidal cross section have a 

straight slanted line of constant thicknesses. 

¿nroudfíd impallers can be one-sided integral units (Fig. 4.3a) 

and soldered (Fig. 4.3b), and also two-sided (Fig. 4.3c). All of 
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them have curvilinear channels 

with variable cross sections from 

center to periphery. Holes in the 

hubs for the most part are splined, 

and they sometimes have flats at 

an angle of 120° (triangular). In 

shrouded impellers of turbopump 

assemblies on the side of the ends 

at the entry there are exact 

annular bands for the labyrinth 

seal. 

The required accuracy of 

Fig. 4.3. Shrouded impellers, 
a) one-sided, one-piece; b) one 
sided, soldered; c) two-sided. 

impellers is characterized by the 

following data: 

Accuracy of Production. 

1. Centering bands or fitting holes of the hub A - 2nd class; 

sometimes — 1st class. 

2. External diameter B — 5th or 4th class. 

3. Allowance on width of impeller - 0.2-0.4 mm. 

4. Allowance on thickness of vanes — 0.2-0.3 nun. 

Accuracy of Mutual Location of Surfaces. 

1. Permissible run-out of external diameter B relative to fitting 

surfaces - 0.02-0.05 mm. 

2. Permissible run-out of ends C and D relative to fitting 

surfaces - 0.02-0.04 mm. 

3. Permissible unparallelism of ends (for two-sided impellers) - 

0,02-0.04 mm. 

4. Permissible run-out of disk end of one-side impellers - 

O.03-O.04 mm. 
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Permissible angular displacement of vanes around their 

circumference from their nominal position - up to 101 

6. Permissible run-out of "labyrinth" bands E relative to 

fitting points - 0.02-0.03 mm. 

Purity of Treatment. 

1. Vanes of unshrcuded and semishrouded impellers: 7th-9th 

class. 

0. Channels of shrouded impellers: 4th-oth c e.cs. 

3. Fitting surfaces and labyrinth bands: 7th-yth class. 

4. Nonworking surfaces: 5th-7th class. 

Impellers are balanced statically to the staue of neutral equi¬ 

librium. 

Dynamic balancing Is produced usually in unit with the shaft. 

The material for the majority of critical unshrouded and seml- 

s irouded impellers is aluminum alloy AK6-1 with additions of chromium 

ar 1 titanium. 

After heat treatment, i.e., quenching (heating to a temperature 

;i0 and cooling in water with a temperature of 20-40°) and aging 

(heating to a temperature of 155° with exposure of 10-15 hr and 

cooMng in air) this alloy obtains the following mechanical qualities: 

ultimate strength 36-38 kg/mm2 (-36-lO7-38-107 newton/m2), elongation 

l'r Un^4 length 5-10%, and hardness HB * IOO-IO5. 

During fatigue strength tests, samples with a load of 11 kg/mm2 

(^11«IQ7 newton/m2) should be exposed for 20 million cycles. 

Unshrouded one-piece impellers employ cast aluminum alloys AL, 

and sectional-soldered impellers use aluminum alloy AV, and also 

steel 30KhGSA, 35KhGSA, !Khl3N9T, and others. 
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§ 2. CONSTRUCTION OF TECHNOLOGICAL PROCESS 

General Positions 

Blanks of unshrouded and semishrouded impellers (Fig. 4.4) are 

usually pressure-molded or forged by a hammer in dies. Blanks should 

be given a shape that 

is similar to the shape 

of the component in 

order to obtain high 

quality of the material 

and decrease allowances 

In treatment. However, 

due to the complexity 

of form of components, 

small allowances can¬ 

not always be obtained, 

and in certain places 

(at the vane base) they 

reach IO-I5 mm. For 

components that have 

sufficiently large 

holes, the blanks are 

made with recesses. 

This Is done mainly for 

the purpose of packing 

the metal in the most stressed spot of the component. After quench!nr,, 

the blanks are put into the second control group, i.e., one component 

from the heat batch of one melt Is cut into samples for mechanical 

tests. The layout of samples is shown in Fig. 4.4. 

Fig. 4.4. Drop-forged impeller blanks, a) 
unshrouded; b) two-sided, semishrouded. 
Draft = 7°; displacement along the line of 
disassembly not more than 2.5 mm; irregu¬ 
larity of vane spacing around external 
diameter ±1 mm. 
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>lank^ of shrouded impellers made from aluminum alloys (Fig. 4.5) 

are loam-cast, chi.i 1-cast, or shell-(skin) cast with precision cores 

under channels. Blanks made of steel and heat-resistant alloys are 

cast in wax patterns. These methods obtain castings of the highest 

quality. 

Fig. 4.5. Casting c*’ shrouded 
one-sided impellef. 

f'hMl (skin) loam molds are mad-; in a precision metallic pattern 

visisting of two naives. Surfaces of the pattern are chrome-plated 

and polished. Each half is preheated to 200-250°C, then they are 

packed with finely-processed casting sand which is a mixture of quartz 

san., and powdered bakelite (6-8^). After exposure for 2 min, the 

halves are covered by a 10-12 mm thick skin of sand that has been 

sealed in melted oakelite. These skins, which are separated from 

the patterns, are dried in a furnace at 300°C and thus, hard and 

durable shells, are obtained from the two halves. Assembly of shells 

together, and also with the core and gating system, is produced with 

locator marks by means of gluing. 

Inasmuch as closed channels are not subjected to any treatment 

other than dressing, and sometimes polishing, the requirements for 

their accuracy and surface purity in the blank are higher as compared 
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to other cufacet,. Allowances for making holes, butts, and lateral 

surfaces should be sufficient so that It Is possible to correct 

errors in the location of channels relative to these surfaces and to 

remove the defective layer. On mechanically processed surfaces the 

allowances for loam casting reach 10 mm, and in chill molds and in 

shell molds, about 3 mm on a side. 

Machining of Impellers can be divided into two stages: rough 

and finish. In the rough stage a large part of the allowance is 

removed, and machining is conducted with rather considerable forces 

of cutting and fixing of the component. In the finish stage a smaller 

portion (up to 30%) of the allowance is removed, and the impeller is 

given its final form. At the end of the finish stage the vanes are 

polished. 

Selection of fixing bases for finish operations does not present 

any particular difficulties. The accuracy of location of all base 

surfaces of the component is usually specified with respect to the 

fitting surfaces. In most cases the fitting surfaces are sufficiently 

suitable to serve as fixing bases. If, however, the component’s 

fitting position has the form of short band A (see Fig. 4.2b), then 

during final treatment the component is placed on central counter¬ 

sinks. On these bases the face and cylindrical surfaces, including 

seating bosses, are machined due to which the accuracy of mutual 

location of surfaces will be sufficiently high. 

It is frequently difficult to select the primary fixing base. 

When making a central hole, the most reliable method would be fastening 

of the impeller blank around external surface B. However, the use 

of this surface as the primary base is possible only when the vanes 

or channels with respect to it are exactly located in the blank. 
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This is usually difficult to attain when obtr.ining a b^ank, and 

therefore, it is necessary to resort to the use of the lateral sur¬ 

faces of vanes or webs in closed channels as fixing bases in the first 

operations. On the base of these surfaces the ends, central hole, 

and sometimes, the external surfaces B or E are machined. Then 

further machining is pn ducei on the base of the machined surfaces. 

The time and et fort Involved in operations +,or producing vanes 

of unshrouded, semishrouded, and sectional shrouded impellers is 

quite considerable; therefore, during treatment they sometimes use 

multi-position fixtures and multi-spindle machines. Machining of 

cast shrouded impellers, in which the channels are only dressed, is 

less labor-consuming. 

Heat treatment of impellers made fr m aluminum alloys is usually 

produced before machining, with the exception of large, sectional- 

solaered impellers, and Impellers with bent vanes. Such impellers 

a 'e thermally treated after specified mechanical operations. For 

the purpose of direct heat treatment of material, large impellers 

are thermally processed after mechanical stripping operations, 

se’T.tonal-soldered impelle'are thermally processed after soldering, 

a.’ !mpellers with vanes are treated before bending the vanes. After 

quenching, all Impellers are subjected to aging (in a furnace). 

Impellers with bent vanes are aged after the vane-bending operation. 

The quality of the impeller material (presence of internal flaws) 

Is cnecked after quenching and after a number of rough machining 

operations by ultrasound.* 

•Explained in detail in Chapter II. 

1 
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Model Plans for Treatment of Impellers 

Open Intake Impellers (Fig. 4.1). 

1. Turning of external diameter B and facing (fixing base). 
2. ’ Broaching of other face and boring of hole. 
3. Drilling of holes under pins and reaming of two of 

them for fixation of angular position for subsequent installations. 
4. Cutting of cavities between vanes for two intakes (left 

and right) simultaneously. 
5. Restoration of bases (turning of faces, boring of 

central hole, and reaming of two holes under pins). 
6. Milling of vane back and bucket. 
7. Turning of top, facing, and boring of gooves on two 

sides. 
8. Turning of vane back and boring of vane bucket. 
9. Trimming and polishing of vane surfaces. 

10. Drilling and countersinking of holes in hub. 
11. Static balancing. 
12. Final check. 

After operations 6 and 10, operations processing the bottom of 
hub cavities are introduced. 

Semlshrouded Impellers (Fig. 4.2). Treatment of one- and two- 
sided semlshrouded impellers is similar to a certain extent. In the 
treatment of vanes of two-sided impellers it is necessary to execute 
all operations twice, i.e., for each side separately. The plan of 
operations should ensure that vanes from both sides are combined in 
circumference with the specified accuracy. The considerable weight 
of two-sided compressor impellers requires the construction of a 
technological process with the least amount of rearrangements. 

Two-sided Impellers. 

1. Treatment of fixing bases — beads, faces, holes, and 
end planes. 

2. Rough milling of vanes and webs between them. 
3. Restoration of fixing bases — dressing of center faces. 
4. Facing and beading. 
5. Finish milling of vanes and webs between them. 
6. Polishing of vanes and webs. 
7. Drilling and threading. 
o. Finishing of external surfaces. 
9. Milling of vane bevels. 

10. Final boring of central hole. 
11. Polishing of bevels and hole. 
12. Static balancing. 
13. Final check. 

Cast shrouded Impellers (see Fig. 4.3a) (one-sided and two-sided). 

1. Trimming of channels. 
2. Facing and boring of holes. 
3. Rough turning of external surface. 
4. Broaching of splines. 
5. Finish turning of external surface. 
6. Turning of labyrinth bands. 
7. Drilling of holes and threading in hub. 
o. Trimming of channels. 
9. Final check. 
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Soldered shrouded Impeliera (see Fig. 4.3b). 

1. Turning of end and external surfaces and holes. Fixing 
ends and holes for the following operations are turned from one 
installation. 

2. Rough milling of vanes and webs between them. 
3. Finish (not final) turning of holes, ends, and external 

surfaces. 

4. Finish milling of vanee and webs between them. 
5. Polishing of vanes and webs. 
6. Fina- facing of hut and vanes under soldering (on 

master form). v 

7. Check oí adhesion oí c /er (turned or. master form) to 
body oí impeller in soldering spots. When clearances are more than 
0.2 mm the cover must be fitted on to tody of the impeller. 

3. Laying and spot welding of solder lines to impeller 
and assembly with cover in fixture attachment (sometimes with a clamp 
at 4-6 points by electric welding). 

9. Soldering in an electric furnace. 
10. Mechanical and chemical cleaning of channels from excess 

solder and deposit. 
11. Heat treatment — hardening and aging. 
12. Trimming and prepolishing'of channels. 
13. Processing of hole and end or. one side, and then top 

and end on other side. 
14. Drilling, countersinking of noies, and threading. 
15. Finishing of round hole by press fitting of a splined 

buehing or broaching (shaped or splined) of hole in the impeller 
itself. 

16. Finishing of external iiameter of channels and labyrinth 
bands on spline base. 

17. Trimming of burrs, sharp edges, and washing. 
lo. Final check. 

§ 3. EXECUTION OF BASIC OPERATIONS FOR THE PRODUCTION 
OF IMPELLERS 

Treatment of base surfaces. Vanes or channels of impellers 

must be exactly located with respect to the design base surfaces, 

iherefore, during treatment of these surfaces the impellers are 

placed in the cavities between vanes or surfaces of channels (Figs. 

4.6, 4.8, 4.9, and 4.10). 

In unshrouded or one-sided semishrouded impellers, one of the 

ends and the external diameter are processed first. Then these 

surfaces serve as locating bases. Treatment is produced on lathes; 

the component is placed in the attachment (Fig. 4.6) on three or 

four rigid supports 1 which determine the position of the end. 
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and centered by spring locators 2 (floating bevels) placed between 

vanes. The component is pressed down to the rigid supports of the 

attachment by the center of the tailstock. 

Fig. 4.5. Turning of external 
surface of impeller with instal¬ 
lation of blank on floating 
bevels. 

Fitting bases — hole and face — are processes on turning lathes 

or revolving lathes. The component is secured in the Jaws of a 

self-centering chuck. 

In order to obtain a hole of the J-rd accuracy class, it is 

first drilled and then reamed. If an accuracy of the 2nd class is 

required, the small holes (to a diameter of »»JO mm) are reamed after 

boring, and the large holes are obtained by precision boring. In 

this operation the vane pattern is turned along its ends on vertical 

turret lathes. For this purpose the lathe is fitted with a copying 

attachment (Fig. 4.7) w'.tn a master form in the turret head. 
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Rough lathe creatment of ahrouded caat impeliera determines 

the accuracy of mutual location of the base surfa.:es of the component; 

therefore, the selection of fitting bases 

in the first two lathe operations has a 

large value. The fitting base in the first 

'.-'the operation is the outlet portion of 

the three channels, with which the component 

is placed on wedge-shaped jaws of a special 

chuck (Fig. 4.3). Such installation ensures 

the exact location of he processed surfaces 

with respect to the channels which remain 

mechanically untreated in the finished 

Fig. 4.7. Diagram of 
copy device for treat¬ 
ment of vane edges. 

impeller. In this operation the inlec lace and the ribbon are turned 

around the periphery, on which the component is placed in the second 

operation (Fig. 4.9). The attachment has three projections (fitting 

elements) and strips for attaching the component. 

Fig. 4.8. Facing of 
shrouded impeller with 
channel centering. 

Fig. 4.9. Turning 
of faces, and ex¬ 
ternal band, and 
boring of hole in 
shrouded impeller. 

Rough lathe treatment of large, two-sided, semishrouded impellers 

is produced on vertical lathes (Fig. 4.10). The component is placed 
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v/ith its vane ends on the annilar support of a erial attachment 

and centered with the lateral /ane surfaces on six spring supports 

witn spherical tips. When turning the external cylindrical surface, 

the component is bolted through the central hole. Then, before 

turning all other surfaces, the fastening is ctianged to three clams 

on the periphery t "v _ \ .aneó. 

The central hole is drilled before rough turning by a hollow 

countersink drill; control samples for mechanical tests are made 

from a cut rod. In the operation of finish turning, all faces, the 

base bead, and the vane contour are turned on one side. 

The vane contour is turned on the master form which Is secured 

on one of the faces of the turret head. The cutter for turning the 

contour is secured in a spring holder that is fixed on the transvers* 

support of the machine. During treatment of the other side, t.. 

component is placed along the turned face and base band. 

Treatment of vanes. Treatment of vanes is divided into rough 

and finish, and is produced in several operations. 
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''H f? I IsS®".
Fig. 4.11. Rough grooving of cavities with hollow coun­

tersinks .

Fir. 4.12. '.roovlng of cavlMes with cone-type cutter.
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Rough grooving of vanes of unshrouded intake impellers is pro¬ 

duced in the beginning with hollow countersinks (Pig. 4.11) and then 

with cone-type shank cutters (Fig. 4.12). On the dividing attachment 

two components are secured simultaneously; they are fixed by their 

central hole with location through holes under pins which were pre¬ 

liminarily drilled and reamed. 

Figure 4.11 shows a duplex milling machine which works with two 

hollow countersinks.* One countersink treats the back of the vane, 

and the other, the bucket. Both counter¬ 

sinks move along the vane generatrix simul¬ 

taneously. For the purpose of decreasing 

the stresses that appear during treatment, 

and approximation of radii of vane curvature 

to those specified, grooving is divided into 

two operations. In the beginning a cavity 

is grooved between vanes to half of the 

depth, and then, with a countersink of 
Fig. 4.I3. Treatment 
of cavity base between large diameter, the remaining part of the 
vanes. 

cavity is grooved. Further, the cavity is 

grooved by a shank cutter (Fig. 4.12) to the entire depth. The sur¬ 

face at the vane base is processed by the same cone-type cutter in a 

separate operation (Fig. 4.13). 

During finishing, the back and bucket are preliminarily and 

finally turned on specialized machines. The cutter is placed on 

these machines in a holder with a rack. During rotation of the 

spindle and longitudinal movement of the holder, the cutter describes 

the trajectory of the surface of a cone, in conformity with the form 

•This tool is also called a cup cutter. 
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of the processed vanes. The rack of the holder Is In contact with 

spur gears. Movement of the holder along its pxî ; conforms to 

spindle rotation owing to the gears wl^eh constitute a kinematic cir¬ 

cuit together with the rack transmission. 

The intake is placed with its central hole on an hydraulic man¬ 

drel of the dividing t uchnent and “’ixed oy rods through holes under 

pins. The hydraulic mancrel ensu>t s hi-jh accuracy of installation 

of components. 

The leading edge of the intake v^nrs is smaller than the trailing 

ed?t; therefore, from the back of the vane it : necessory to remove 

a strip of complicated curvature. 

This strip is milled on a vertical 

mill'ng machine IFig. 4.14). The 

. wnponent is placed on the revolving 

attachment which is placed on the 

tabie of the machine and moves 

with it in longitudinal and trans¬ 

verse directions. 

Treatment of the complicated 

surface of the strip is ensured by 

three master forms and an end form 

cutter. Two master forms are 
Fig. 4,14. Milling of leading 
edge of intake vanes by means of fixed on one plane of the bed, and 
three master forms. 

the thi'd is placed on the machine 

table. One of the master forms, fixed on the bed, during longitudinal 

movement of the table. Inclines the table of the attachment together 

with the impeller around axis I-I. The second master form moves the 

machine table in a transverse direction, and the third master form 
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mo/es the head of the spindle with the cutter in r vertical direction. 

The totality of motions of the impeller and form cutter around the 

three master forms obtains a strip surface of the specified form. 

Var.es of one-sided semlshrouded impellers are milled. Rough 

milling is produced or. horizontal nil ling machines or on specialized 

milling machines o:' ;r. JvTil, GF11 o, and Gflló, and others. 

lt:t of Wo outtor« 

Fig. 4.15. Installation for milling vanes by two coupled cuttera 

The attacnment on which the component is placed with its hole or 

seating doss is inclined with respect to the machine table so that 

the web between vanes is parallel to the plane of the table. Rough 

and finish milling of straight vanes with parallel lateral planes is 

produced by two cutters simultaneously with the help of a dividing 

attachment (Fig. 4.15). The radius of the cutters is equal to the 

radius of the web at the hub. Vanes of variable thicloiess with 

trapezoidal cross section are finish-milled by one cutter alternately 

on each side. After milling of lateral vane faces by paired cutters 
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or one cutter, 

between vanes) 

tal millers or 

attachments, i. 

the remaining untreatea part of the web (bottom 

is milled in the following operation, also on horizon- 

specialized machines with the application of dividing 

e., chucks (Fig. 4.16). 

Fig. 4.1Ó. Milling of webs between vanes on a two- 
position rocker attachixont. 
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Rough milling of web is produced by one circular cutter which, 

moving through the base of the web to the center of the tilting 

impeller, makes a zigzag path between the vanes, as shown in Fig. 

4.l6b, On the lateral faces of the vanes, allowances for finish 

milling are left. The impeller is installed with its hole on pin 5, 

and is tilted around axis 4 to the magnitude of central angle a. 

Tilting occurs from disk 1, which revolves in one direction with 

pin 2 fixed on it eccentrically. Pin 2, moving through grooves 3, 

across lever 6 and transverse strip 7, simultaneously tilts both 

impellers at the indicated angle a. Longitudinal movement of the 

impeller on the cutters and their reverse movement is carried out by 

the mechanical motion of the mar-nine table. Turn of the impeller 

(division) to the following position is done manually with the help 

of a locator prism. During finish milling of the web, contact of 

vanes with the ends of the cutter is not allowed.

1L i i ^4
Fig. 4-17. Milling of impeller vanes on volume master form.

Impeller'; with sweptback vanes at the inlet are machined by the 

line method on copy miil'.-.g nni!;cr. with Horizontal or vertical
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location of spindles (Pif,. 4.17). The ‘ take portion can be formed 

by means of bending the vanes in stamps (Fig. 4.i ). This operation 

is pioduced no later tnan 2-3 hours after hardening before aging. 

vhe material still possesses good plastic properties. The die 

-f this stamp, In the form of one or a veral wedges, is placed betwee 

tne vanes and is sec,.-' ' :- s' n by a powerful clamp. The 

punch is secured on the upper mo: ' _• • rt of th*.: press. The form of 

the punch and die is fina : 1,/ colecte ; ixp rimentally, taking into 

account the elastic release of the va. - after bending. 

Fig. 4.10. Bending of vanes in stamp. 

Straignt vanes of two-sided Impellers are roughed and finished 

clso in different operations, on the same machines. Rough milling 

<1 vanes and toe webs between them is produced simultaneously, using 

a special attachment. 

^itiish milling of lateral vane faces is produced by one lutter 

alternately from each side, using dividing attachments. After 

finishing of vanes, the web is finish-milled. 
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Fig. 4.19. Milling of curved vanes on ver¬ 
tical hydraulic copy milling machine. 

Impellers with curvilinear vanes are machined in the same 

sequence as those with straight vanes. For facilitating rough milling 

of vanes in the beginning, if possible, straight narrow radial slots 

are made in the cavity between vanes on horizontal milling machines. 

Lateral faces of curvilinear vanes are rough- and finish-milled on 

copying machines with hydraulic servosystems and on machines with 

electronic control. Installation of the impeller and the diagram of 

treatment of vanes on the hydraulic copying machine is shown in 

Figs. 4.19 and 4.20. On this machine the lateral surfaces of curvi¬ 

linear vanes are milled by a face cone cutter. The head with the 

cutter has transverse and vertical motions which are controlled by 

two valves of the hydraulic copying mechanism. The roller tips of 

valves 1 and 2 maintain constant contact with the flat master forms 
* 

during longitudinal mechanical motion of the table together with the 

master forms and impeller. The vanes are alternately processed after 

every turn of the impeller in the dividing attachment. 
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The right and left lateral facer, of U > vanes are milled in 

different opera ions, first one 

Other. The remaining mtreated 

milled by an end cutter by the 

side of ..jo vane, and then the 

web Un Interval between vanes) 

line ..ethod on the same machines. 

is 

After treatment of the web by the line method, the surface is 

very rough. The productivity of this method is rather low. These 

'^cumatances must be considered in 4 he determination of the allow¬ 

ance for subsequent treatment and the required quantity of machines. 

TreavmerU ->f holes and threading. In the execution of these 

operations it s important to ensure the required location of the 

axes of exact holes with respect to the faces and axis of the compo¬ 

nent. Holes are drilled and countersunk on radial drilling machines 

W. u the help of plate Jigs. The Jig plate is placed on the face of 

trie impeller and centered on the exact cylindrical band of the 

component with angular fixation on one of the vanes with the help 

of a prism. 

The Jig bushings for tool direction are quick-change. The 

tnread is cut n the holes from the rame installation, whereupon the 
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jig bushings a^e removed. 

Assembly and soldering of shrouded impellers. Soldering of the 

cover to the body of the impeller is produced in electric furnaces 

by solder with an addition of flux. Before assembly for soldering, 

the clearance between the cover and the body of the impeller is 

checked,and then chemical purification (etching) and degreasing is 

produced. The clearance should be 0.1-0.2 mm for impellers having 

a diameter of 100-250 mm. If the actual clearance is larger than 

that shown, then the cover and the body are fitted in place. The 

mutually selected position of the cover and the body is fixed by 

marks. 

Before setting in furnace, the body of the impeller is assembled 

with the cover and secured in a special attachment made from heat- 

resistant metal. The cover is secured to the body of the impeller 

either mechanically or by a clamp in several spots by electric 

welding. 

The solder for aluminum impellers is Silumin or alloys on an 

aluminum base with the addition of copper and silicon. Selection 

of a hard solder for steel impellers depends on the material of the 

impeller and the specified seam strength.* Most frequently, solder 

Psr-25 is used, which contains 25# silver. Solder in the form of a 

narrow tape 0.1-0.2 mm thick is put between the surfaces to be 

soldered and fastened to the cover mechanically or by spot welding. 

Solder is also applied in the form of wire that is packed along the 

seam. A flux in the fcrm of fine powder or paste is put on the 

heated Impeller near the seam. 

♦More specific details of soldering may be seen in Chapter VII. 
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After soldering, the impeller is chemically and mechanically 

cleaned and thoroughly washed. 

Final treatment of external surfaces. This operation is one of 

the critical ones in the technological process; upon its completion 

the basic requirements set up by the technical specifications must 

be satisfied. Final treatment is produced on turning lathes or 

turret lathes. The component is piar id with its hole on a precision 

mandrel (hydraulic would be better). Surfaces that are stipulated 

by specifications of exact mutual location are processed on one 

Installation (Fig. 4.21). 

Large, two-sided compressor Impellers are placed on a mandrel by 

tneir center faces. Seating bosses and face planes are processed on 

two sides with one installation of the component, which gives the 

highest accuracy with respect to concentricity and interpemendicu- 

larity of impeller surfaces. Before machining the vane contour, in 

order to avoid rejects, the component is aligned on centering bands 
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with the help of an indicator. The vane contour is turned on the 

master form simultaneously on two sides 

(Fig. 4.22). During machining of the exter¬ 

nal surfaces of the intake impellers there 

can appear strong vibration of vanes, in 

consequence of which the ‘surface of treatment 

is rough. In order to avoid this, on part 

of the support end of the attachment there 

is placed a rubber ring into which the ends (edges) of the vanes are 

pressed during fastening of the component. 

Finishing of vanes and channels. Trimming and polishing of 

impellers are very labor-consuming and critical operations which 

affect the quality of work of vaned machines. Questions of mechani¬ 

zation of these operations, especially polishing, constantly attract 

the attention of technologists. Transitions on vanes and in ehanm s 

are trimmed by cutters with the help of drills. On small scales or 

production, vanes are polished by felt polishing wheels with glued 

abrasive grain 

Heavy components usually are suspended from a long rope, which 

facilitates their feed to the polishing wheel. The operation is 

divided into transitions of rough and finish polishing. In rough 

polishing, felt waeels with an abrasive of medium granularity are 

employed, and in finish polishing, coarse calico wheels with a finer 

grain are used. The polishing operations are presented with high 

requirements both with respect to surface purity, and also accuracy, 

and its fulfillment is assigned to a skilled worker. 

Work sites in the polishing section should be equipped with 

effective ventilation with suction directly at the place of t.reairi nl . 

Fig. 4.22. Turning of 
vane contour on two 
sides on master form. 
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Metallic and abrasive dust should not enter the respiratory organs 

'f the worker. 

U.23. Polishing of the back of an intake vane by 
means of an abrasive belt. 

in batch production the polishing process should be mechanized. 

Tneia xls4 ilfferent methods of mechanization, namely: vanes of 

take impellers are polished on special machines and 

•r ions; the back of the vane is polished by an endless abrasive 

. ‘a'., (Fig. 4.23); the bucket is polished on a mach’ne whose spindle 

's < ;u?pped with a circulai cone polishing wheel. 

Vanes of semishrouded impellers are polished in several opera- 

•In c. The polishing setup is similar to that of finish milling: 

•:w ateral faces of the vanes are polished first, and then the web 

5s pi'shed on rockers (Fig. 4.24). Rough polishing is produced by 

FIAT-10 elastic polishing wheels whose base is a thin steel disk 
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covered by a vulcanite bond with abrasive grains. To avoid pile-up 

of the web edge during polishing, a steel track is set before it 

at the inlet of the polishing wheel.

Fig. 4.2i|. Mechanical polishing of vanes and 
webs of semishrouded impeller.

Finish polishing is produced by the same arrangement, but by a 

felt polishing wheel with glued abrasive. In rough polishing with 

NIAT-10 polishing wheels, an abrasive with granularity of 5>0-40 is 

used; in finish polishing, a granularity of 12-10, whereby a purity 

of the 3th-9th class is attained.

Channels of shrouded impellers are trimmed by straight-sided

milling cutters. There are no effective methods for polishing
%

channels at this time. One of the high-priority problems of decreesIr 

the volume of '^rimming operations is the obtainment of a casting witn 

high surface purity of chani^els.
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.Balancing of Impellers. Static balancing of impellers is 

produced on blades to the state of neutral equilibrium. Dynamic 

balancing is produced in the rotor unit. Best results from the point 

of view of decreasing motor vibration is given by two-stage balancing: 

first separate, i.e., for each component in the rotor unit, and then 

the entiie rotor. Durirr 1 ïian'’. : ■ ‘he metal is usually removed 

from the webs between vanes, and for intakes, it is removed from the 

surface of the bad around the exit rnal diameter.* Before balancing, 

-il uKe vanes are accelerated at the specified frequency oí’ natural, 

oscillations by means of removal of a thin layer of metal from the 

backs. 

§ 4. CHECKING uF IKTF'XERS 

Fre inency of natural pi clllafione of Intake vanes is checked on 

a special vibration stand (Fig. 4.25). 

Fig. -.25. Arrangement for checking the 
frequency of natural oscillations of 
intake vanes. 1) audio-frequency gener¬ 
ator from 1500 to 2000 cps and vibrator; 
2) low-frequency amplifier; 5) amplifier 
with rectifier for transducer; 4) cathode 
oscilloscope: 5) device for fastening 
component; 6) electrode capacitor trans¬ 
ducer. 

Audio-frequency from the generator is sent to the input of the 

amplifier, to whose output the field coll of the vibrator is connected. 

Oscillations of the vibrator are transmitted to a device with the 

component secured to it. Oscillations of the component are perceived 

by the electronic capacitor transducer which is connected to the 

♦For details concerning balancing, see the training aid by 
V. N. Blikov and A. N. Nikitin, Assembly of Aircraft Engines, Y,Machine 
building," 1964. 
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the back of the vane with a clearance of 0.5 to 1 min. Oscillations 

are converted into voltage which, after amplification, is sent to 

the vertical plates of the oscilloscope. On the screen of the 

oscilloscope there then appears an image in the form of a rectangle. 

Upon coincidence of the frequency of oscillations of the gener¬ 

ator (by means of turning the 'Yequemy dial) and the natural fre¬ 

quency ot oscillations of vanes (resonance), the rectangle will have 

maximum height. Frequency oi resonance oscillations is determined 

by the reading of the dial. 

The frequency of oscillations is usually checked for all intake 

vanes, but for acceleration of the check a transducer is connected 

only to one vane. After reaching the resonance state of one vane, 

all remaining vanes are alternately resounded with help of a ball 

5-C m In diameter. Upon contact of the ball (soldered on wire) 

alernately with all vanes, the tone of sound should be identical 

rich the tone of the vane In which the transducer is located. 

Check of run-out of exact surfaces, in accordance with the 

to : leal specifications, is one of the most critical operations. For 

this purpose, the impeller 

Is placed on a center mandrel, 

and the magnitude of run-out 1 

determined by the indicator 

(Fig. 4.26). 

Angular location of vanes 

is checked with the help of 

templates and indicator Instru¬ 

ments. The template is fastened 

to the impeller after cne of 

the vanes is exactly combined 
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with its spokes. Further, by transferring the instniment, the dis­

placement of the remaining vanes with respect to the template's 

spokes is checked. The template is placed through the hole or band 

of the impeller.

Fig. 4.27. Check of vane thicknecs along line of 
constant thickness.

Thickness of vanes is checked along the line of constant thick­

ness (Fig. 4.27). The checking device with adjusting element (mandrel 

or ring) under the fitting of the Impeller has guides for setting 

ari moving the indicator device. The guides are inclined at an angle 

ir the direction of the line of constant thickness. During the check 

fr^r thickness, the instrument moves along the guide, the fixed needle 

instrument should be pressed to one ride of the vane, and the needle
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of the indicator lever slides along the line of the other side. The 

Instrument is preliminarily tuned on a measuring plate. 

Profile of vanes of unshrouded impellers (intakes) are checked 

by templates in three sections at different radii. 

* 
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CHAPTER V 

PRODUCTION OF GEARS 

§ 1. DESIGN, TECHNICAL SPECIFICATIONS, 4ND MATERIALS 

Critical gears of aircraft engines work witn large leads at high 

speeds. This especially pertains to reduction gears of turboprop 

engines, where the loads reach 

a) 
— 1,1 - 

--'-i 

—A 

Fig. 5.1. Form of gears, a) 
crown without hub; b) crown with 
hub; c) bevel with shaft; d) 
bell; e) bevel block. 

70O-8OO kg (*»7000-8000 newton) per 

one centimeter of tooth length, and 

speeds from 70 to 80 m/sec. They 

must be light and reliable in op¬ 

eration. The necessity of de¬ 

creasing mass leads to complication 

of the form of gears, and forces 

them to be made thin-walled and 

delicate. The form of certain 

gears in shown in Fig. 5.1. 

More often than others we en¬ 

counter straight external spur and 

bevel gears. The locating (da .) 

surfaces of these gears are clear¬ 

ance or splined holes, and also 

the journals on hubs and shafts. usually made according to the 2nd 
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accuracy clase. Internal crown-spur gears are sometimes equipped 

with external Involute splines (Pig. 5.1a). 

The required quality of gears, which determines their, operational 

reliability, is ensured by the thoroughness of finishing, the appli¬ 

cation of alloyed steel, the appropriate heat treatment, and in 

certain cases, the improvement of the standard tooth profile (Fig. 

5.2). Accuracy of manufacture is one of the decisive factors and is 

regulated by tolerances according to the following standards: 

GOST 1643-56 for spur gears with moduli from 1 to 50 mm and pitch 

circle diameters up to 5000 ram; 

GOST 1750-56 for bevel grars with moduli from 1 to 30 mm and 

pitch circle diameters up to 2000 mm; 

GOST 3675-56 for worm gears with axial moduli (for unregulated 

location of gear and worm) from 1 to 30 mm and gear diameters up to 

2000 mm, worms up to 400 ram, with moduli (for adjustable location of 

gear and worm) from 1 to 16 mm, and gear diameters up to 5000 mm. 

Fig. 5.2. Form of improved teeth, a) corrected 
tooth profile with positive shift; b) flanked 
tooth profile; c) elliptoid tooth; d) long- 
addendum tooth. 

Besides those indicated, there is GOST 9178-59 for small-moduluf 

spur gears with moduli to 1 mm and gear diameters to 500 mm. 
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In each of these GOST’s 12° of accuracy are established, but 

allowances are not worked out for all degrees. Norms are established 

for every degree of accuracyï 1) kinematic accuracy; 2) smoothness of 

work of gear: 3) contact of teeth. Besides this, independently of 

the degree of accuracy, side play norms are established for different 

forms of couplings. 

The accuracy of manufacture of spur gears is set by the degree 

of accuracy and the form of coupling with respect to side play and it 

is conditionally designated in the following way: St 7-Kh GOST 1645-50, 

which signifies: a gear of the 7th degree of accuracy with side play 

in the coupling Kh and according to GOST 1643-56. 

If necessary, the accuracy of one gear can be specified by 

different degrees of accuracy! thus, for example, St 6-7~7-Sh GOST 

1643-56, which signifies a gear of the 8th degree of kinematic accu¬ 

racy, 7th degree with regard to smoothness of work, 7th degree with 

respect to contact of teeth, and with side play of coupling "Sh., " 

Parameters of kinematic accuracy: 

kinematic error — 

accumulated error of circular pitch - At^i 

run-out of profiles — s^j 

oscillation of length of total normal - AQL; 

oscillation of centw-to-center distance per gear revolu¬ 

tion - A0a; 

generation error — 

Norms of smoothness of gear operation determine the magnitude 

of the components of total error of angle of gear rotation repeat 

in a full revolution. These norma contain the following errors: 

profile — Af; 

base pitch — At0i 
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Table V. I 

Brand of 
steel 

State of Finished Ccaponent 

Type of 
heat 
treatment 

Tempera¬ 
ture of 
heating 
°C 

Cool¬ 
ing 
med¬ 
ium 

51 

Kg/an2 

5 

% 

-Hardnj 

core 

HB 

surface 

HRC 

1. Hardened steel 

37KhNZA2 Hardening 
Tempering 

820 
525-575 

Oil 
Air 

115 10 352-415 — 

40KhNMA2 Hardening 
Tempering 

85O 
58O-62O 

Oil 
Water 

110 12 293-375 — 

iSKhNVA2 Hardenlng 
Tempering 

86O-87O 
I5O-I7O 

Air 
Air 

120-115 10-1.2 321-388 — 

38KhA Hardening 
Tempering 

86O 
510-540 

Oil 
Water 

95 9 363-302 — 

2. Case-hardened 

38KhMYuA 

38KhMYuA 

3. Nitrated steel 

Hardening 
Tempering 

Hardening 
Tempering 

930-950 
610-650 

930-950 
590-670 

Oil 
Water 

Oil 
Water 

100; 

100 

9 

9 

1 Kg/mm 107 newton/m2 

302-340 

302-340 

12KhNZA Hardening 
Tempering 

780-800 
150-170 

Oil 
Air 

90 12 262-363 

ISKhNVA Hardening 
Tempering 

840-850 
150-170 

Air 
Air 

120-115 LO-12 321-388 

ISKhNVA 

Austem¬ 
pering 

Tempering 
Sub-zero 
treatment 

Tempering 

840-860 

540-560 
-60 to 
-70 

150-170 

Salt¬ 
peter 
220 ± 
± 20° 

Air 
Air 

N 

► 115 10 321-363 

4 

After 
carburî- 
zin, and 
harden- 
ing 
56-62 

After 
nitra¬ 
tion 
>70 

2Steels 37KhNZA, 40KhNMA, and löKhNVA undergo high-temperaoure 
tempering after normlaization at 650-670°C. 

Components made of steel 38KhMYuA with a cross-section more than 
2G mm are quenched in water. 
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oscillation of center-to-center distance on one tooth - A a; 
7 

circular pitch — At, and others. 

Norms of contact of teeth determine the accuracy of fulfillment 

of relative dimensions of the contact spot in the teeth of matched 

gears. These norms contain the following parameters: dimension of 

surface of gear-contact pattern. -H'tlignment of nonparallelism 

misalignment of axes, and others. 

Approximately the same norms of accuracy and • Me plays in teeth 

are introduced in the GOST»s for bevel gears and worm gears. 

On the basis of the indicated standards, Ir the aviation Industry 

branch normal 341AT has been developed (In exchange for 1Q7MT) for 

spur and bevel gears. According to this normal, accuracies St 5-1-4- 

-Kh. St 6-5-5-Kh, St 7-6-6-Kh, and St 8-7-7-Kh are recommended r 

spur gears. For bevel gears, St 6-Kh, St 7-Kh, and St 8-Kn, with 

tooth surface purity for spur gears from the 10th to the 6th class 

and for bevel gears the 7th and the 6th class. 
are/ 

Gears of aircraft engines in most cases/ carburized or nitrated. 

Depth of the carburization layer Is usually maintained at 0.7 to 1.2 

mm, and the nitration layer from 0.3 to 0.6 mm. 

The material for the gears is high-quality steel. The brands 

of steel, their mechanical qualities, and heat treatment data are 

given in Tabic V.l. 

§ 2. CONSTRUCTION OF THE TECHNOLOGICAL PROCESS 

General Position 

Blanks of gears (Fig. 5.3)# as a rule, are drop-forged in dies 

on horizontal forging machines, or on presses. The stock, material 

is basic for all blanks. Die forging ensures direction of fibers in 

conformity wit the form of the component. The position of the parting 
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line of the dies is determined by the form and dimensions of compo¬ 

nents. Blanks of crown and bell gears are drop-forged on the face, 

and the blanks of pulley blocks and certain gears with long shafts 

are die-forged, placing the parting line along the axis of the compo¬ 

nent. 

Partin« lina 

a) 

Partin« Una 

Fig. 5.3. Gear blanks, a, d, e) drop-forged 
in closed dies; b) forged on horizontal forging 
machine; c) upset in an open die on a press. 

Blanks for large cronn gear can also be obtained by the rolling 

methodBlanks of gears with shafts (Fig. 5.3c) can be obtained by 

upsetting with electric heating. This method is sometimes called 

electro-upsetting. It has been used with success for the manufacture 

of blanks of various bolts, and also small blades (upsetting of locks), 

and other similar components. Electro-upsetting has been applied 

relatively recently, but, owing to its high productivity and opera¬ 

tional convenience, this method is spreading quickly in industry. 

For reducing machining and increasing the strength of gears, 

they have recently started making blanks with teeth. Such blanks 

♦Considered in detail in Chapter VI. 
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are made by centrifugal casting, drop die-forging, hot and cold 

rolling, and by pressure molding through toothed dies. 

Gear blanks enter the machine saops in annealed form or normal¬ 

ized with scale removed. In certain cases, instead of the usual 

annealing, blanks are subjected to isothermal annealing. In such 

annealing, the lot blan.: tanen from the die is exposed for a certain 

time at constant temperature In a seit bath. After Isothermal 

annealing, the blank has no scale. 

Allowances ior treatment (determined according to norms) ire 

usually within the limits of 4-6 mm at the diameter. For blanks made 

Lîom nitrated steel (36KiKYuA) the allowances are increased by 2-3 mm 

This is done to keep the alloyed elements from burning out during 

heating. 

Machining of gears can be divided ir.to three basic stages: 

r^ugh, finish, and trimming. 

--•e- rough stage consists of stripping operations in which up to 

-;of the entire allowance for treatment is removed. On this 

stage, equal distribution of allowances for further treatment is at¬ 

tained and surface defects of the blank are eliminated. 

.til-Ji‘1j finish stage, up to 30% of the allowance is removed and 

the component Is given Its final form. This stage is characterized 

by the use of high-precision machines. The gear-cutting operations 

are included in the finish stage. 

■iA(í trimming stage includes operations whose execution provides 

the specified accuracy and purity of working surfaces. 

The sequence of operations within each stage is determined 

mainly by the selection of the setting bases. Crown and bell gears, 

for instance, are treated in each stage from the face and hole, and 

then the top and teeth are treated on the base of these surfaces. 
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However, in tne last stage this rule is sometimes disregarded, and 

the holes are finally treated on the base of the working surfaces of 

^ teeth. This, for instance, is the sequence followed in the 

treatment of gears having bronze bushings. The sequence here is 

changed due to the danger of damage to the bushing hole, which ccult' 

occur during installation of tr. gear on a mandrel. 

The same sequence is followed (hole is pr cessed on tooth bas 

also after heat treatment, if the teeth are subsequently not procos: 

! . or instance, in many bevel g^ars), or if during subsequent trea'mfn' 

a small allowance is removed (usually in nitrated gears) 

The use of teeth as a setting base for machining of a hole in 

these cases is stipulated by the necessity of correcting the errors 

in mutual vocation of teeth and locating surfaces which appear during 

heat treatment. 

Installation of gears by tneir teeth is produced on rollers, 

balls, or toothed sectors in special chucks (Fig. 5.4). Installation 

of bevel gears with a large angle of Initial taper is not always 

stable; therefore. In such gears, after heat treatment, they sometimes 

scrape the laces of the center holes with check of run-out along the 

tooth cavities. The corrected faces serve as the setting base for 

all subsequent operations. 

Holes in disks, flats, and various extractions for lightening 

are processed usually in the second stage, i.e., before heat treatment. 

Splines, threads, and key grooves, to avoid damage, are processed 

after heat treatment. Metal-coating and oxidizing is produced after 

final check of components. 

The place of heat treatment is determined by its form, and also 

the shape and dimensions of the gears. Large components, which are 

subjected to heat treatment, are hardened usually after roughing. 
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Fig. 5.4. Chucks for in­

stallation of gears on 
cavities between teeth, 
a^ roller for spur gears; 
bj sector for spur wheels; 
c) ball for bevel gears.

L

Before roughing, only gears of small dimensions with small allowar.o<^s 

for treatment are hardened. In this case there is no danger that the 

component will not obtain complete heat treatment.

Very frequently, carburization and hardening of gearr is produced 

after the second stage of treatment, whereupon certain surfaces can 

have an increased allowance for subsequent treatment. For instance, 

if the component has a surface with threads or small splines, ■'■hen 

before carburization, besides copper plating, on these surfaces an 

Increases allowance is left, which is removed after carburization, 

thus forming a surface on which it is possible to cut fine threads or 

splines without the risk of their breaking-off.

For decrease of warping, hardening of disks and other nonrlgld
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gears, and especially carburized ones, is produced in dies on a press 

(Fig. 5.5). The die, together with the pressed conponent, is lowered 

into the cool.ing medium, i.e.# oil, during movement of the press. 

Fig. 5.5. Die for hardening of spu1" 
gears. 

Large nitrated gears, in addition to the usual hardening and 

tampering in the blank or after the rough stage, are further subjected 

to stabilizing tempering after the finish stage. In this tempering 

the internal stresses which have formed during cutting in the opera¬ 

tions of the finish stage are removed. Nitriding is usually done 

between preliminary and final grinding (or lapping) of teeth and in 

certain cases (when teeth cannot be ground), after shaving. 

Grinding of teeth before nitration reduces the allowance for 

iinishing operations and thus preserves high surface hardness. So 

that warping is minimum, it is recommended to employ the isothermal 

process of nitration at 520-5^0°C. In this process the surface 

quality of the components is usually higher than in the stepped pro¬ 

cess, although the furnace efficiency is lowered in this instance. 

Model Plans for the Production of Gears 

Carburized gears. 

1. Heat treatment - normalization. 
2. Rough stage of treatment: 

a) roughing of end and hole; 
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hJ roughing of other end; 
c) roughing of top. 

3. Finish stage of treatment: 
turning of end and boring of hole; 

b) exact boring or grinding of hole; 
grinding of other end; 

d| machining of top, hub, and disk; 
e| treatment of holes and reliefs in disk; 
fj cutting of teeth. 

4. Copper plating of surfaces not subjected to carburlza* 
tlon. 

5. Carburization and hardening. 
6. Stage of final treatment: 

a) grinding ot hole (oí external surface of shaft); 
b) turning under splines and threads; 
cj cutting of splines: 
dj threading; 
e| finishing of teeth; 
f) me cal-working. 

7. Final check. 

Sometimes the gear is copper plated before cutting the teeth. 
However, this leads to lengthening of the cycle of treatment due to 
the additional transporting of componentr from shop to shop. 

Nitrated gears. 

1. Heat treatment — normal]ration. 
2. Rough stage: 

a) roughing of end and hule; 
b) roughing of other end; 
c) roughing of top. 

3. Heat treatment — hardening and tempering.* 
4. Finish stage of treatment: 

a) turning of end and boring of hole; 
b ) exact boring or grinding of hole; 
cj grinding of other end; 
dj treatment of top, hub, disk; 
ej treatment of holes and reliefs in disk; 
fj cutting of teeth. 

5. Stabilizing tempering.** 
6. Treatment before nitration: 

a) grinding of ends and holes; 
b) grinding of gear teeth with allowance of 0.04-0.06 mm 

on a side,*** 
7. Tinning of surfaces not subjected to nitration, and 

parkerizing of open (untinned) surfaces. 
Ö. Nitration. 
9. Stage of final treatment: 

a) grinding of hole (or external surface of shaft); 
bj turning under splines and threads; 
c) cutting of splines; 

*For small gears it is produced before the rough stage. 

**For small gears it is not produced. 

**»Sometimes it is replaced by shaving. 
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d) threading; 
e) finiehing of teeth; 
f) metal-working. 

10. Final check. 
The quality of treatment of gears depends not only on the plan 

and methods of treatment of separate surfaces, but also on the correct 
assignment of the magnitude of tolerance for treatment of teeth. 
Table V.2 gives the tolerances adopted in aircraft engine construction 
practice. 

Table V.2. Tolerance for Teeth Thickness and Accuracy of Treatment 
of Gears with Modulus from 2 to 8 mm __ 

Operation Processed gears 

Tolerance for 
tooth thickness, 
taken in the 
given operation, 
mm 

Accuracy of 
treatment 

Preliminary 
cutting of 
teeth (for 
gears with 
modulus more 
than 2.5 nim) 

1. Spur 
2. Bevel 

7-8th degree 

Final cutting 
of teeth 

1. Spur 
2. Straight-bevel 

0.5-1.0 6th degree 

Shaving of 
teeth 

Spur with ex¬ 
ternal and in¬ 
ternal teeth 

0.05-0.2 Increased by 
one degree 

Preliminary 
grinding of 
teeth 

Spur with ex¬ 
ternal and in¬ 
ternal teeth 

0.2-0.3 No lower than 
the 6th degree 

Final grind¬ 
ing of teeth 
after carburi¬ 
zation and 
hardening 

1. External spur 
2. Internal spur 

3. Straight-bevel 

0.25-0.4 5th degree 
No lower than 
the 6th degree 
The same 

Final grind¬ 
ing after ni¬ 
tration 

1. External spur 
2. Internal spur 

3. Straight-bevel 

0.08-0.12 5th degree 
No lower than 
the 6th degree 
The same 

Lapping of 
teeth after 
carburization 
or nitration 

1. Spur 

2. Straight-bevel 

0.02-0.04 No lower than 
the 6th degree 
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§ 3. EXECUTION OF BASIC OPERATIONS 
FOR THE PRODUCTION OF GEARS 

Treatment Before Cutting of Teeth 

Treatment before cutting of tee'.h basically gives the gears the 

form specified by the drawing. Special attention is given to ih^ 

accuracy of surfaces whi .-h will serve subsequently as the setting 

bases. Sometimes with increased accuracy th“ surface of the external 

diameter of the crown is treated, although it also does not render 

an influence on the quality of coupling. Increased accuracy Is 

necessary when this surface serves as the base during measurement of 

teeth, when it serves as the intermediate setting base for grinding 

of holes, or when in the installation of gears on gear-cutting 

machines it is necessary to resort to alignment along the external 

surface. 

The basic operations preceding cutting of teeth are executed on 

turning latres, multi-tool lathes, turret lathes, and surface grinders. 

Turning latnes are used for the execution of operations, which 

consist of a small number of transitions: facing, boring of holes, 

machining of top, and so forth. Installation of the component, de¬ 

pending upon its form, can be carried out with the help of three-jawed 

self-centering chucks, in a chuck with tightened tail center, or on 

an alignment bar. Similar methods of installation are also employed 

in grinding operations. 

On turret lathes they usually machine a large quantity of surfaces 

(Fig. 5.6) (figures indicate the sequence of transitions). The com¬ 

ponent, if it does not have considerable slopes, is set and secur , 

for instance, in a chuck along Its hub. The hole is drilled first, 

then broached, and reamed twice. Thus, it is possible to make a very 

exact (up to the 2nd class) setting base with minimum withdrawal of 
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hole axis for subsequent opera¬ 

tions. However, reaming of a 

hole in hard metals by reamers 

made from high-speed cutting 

steels and in holes with a 

diameter of more than 30 mm is 

impractical. In these cases 

they resort to exact boring or 

grinding. On turret lathes they 

produce both rough, and also 

Fig. 5.6. Arrangement of tur¬ 
ret lathe for machining a gear 
blank. 

finish machining, maintaining an 

accuracy of the 4th class. 

Treatment of external surfaces and faces on large scales of pro- 

duction is executed on semiautomatic multi-tool lathes (models 1730 and 

1721), copy machines 1722, semiautoma¬ 

tic multi-spindle model 1282, and on 

other similar machines. 

Examples of treatment of external 

surfaces on semiautomatic multi-tool 

lathes are shown in Fig. 5.7. 

In the arrangement of multi-tool 

lathes for machining of bevel gears 

special attention is given to the 

accuracy of treatment of the front and 

Fig. 5.7. Arrangement of 
semiautomatic multi-tool 
lathe for rough machining 
of blank. 

rear bevels which will serve as the base for tooth measurement and 

adjustment of the gear-cutting machine. The accuracy of these surface 

is controlled by patterns. 



On the same scales of production, for treatment of gears we 

frequently find the use of semiautomatic multi-spindle machines, type 

1283, from the "Krasnyy proletariy" ("Red Proletarian") plant. On 

these machines it is possible to process gears with diameters up tc 

3OO mm. Examples of arrangement are shown in Fig. 5.8. 

Irt position 2nd position 
Innallatlor. and 
raanv&l of component 

Fig. 5.8. Arrangement of semiautomatic 
six-opindle machine for machining of bevel 
gears. 

For achievement of accurate installation of large and medium 

gears on gear-cutting machines, their holes or external Journals must 

be ground together with the end in one operation. The gear is placed 

in a self-centering device on the external surface with support on 

the end. For accurate installation, as the support one should takr 

the ena which was turned in the preliminary operation after one in¬ 

stallation with machining of the external surface. The second end is 

most frequently ground on surface grinding machines with installation 



on the plane of the magnetic plate. 

The external surface is ground on cylindrical grinders ty placing 

the gear with its hole on a mandrel or on centers. A more exact 

fitting is attained by close installation on a cone or expanding 

mandrel, for instance, a hydraulic mandrel. 

As a rule, gears are checked before cutting of teeth. Special 

attention is allotted here to the accuracy of location of the setting 

bases with respect to the external (or internal for internal gears) 

surfaces and support ends, which should be from 0.01 to 0.03 mm. 

Cutting the Teeth of Spur Gears 

In aircraft engine construction, the teeth of spur gears are cut 

according to the rolling method. Depending upon the form and dimen¬ 

sions of the gear, gear planers, gear millers, and gear shapers are 

employed for this purpose. 

Gear Planning 

Gear planing is a low-efficiency method of machining. In the 

cutting of gears by gear planing much time is expended for reconnec¬ 

tion of the cutting tool (rack) in the process of rolling. Therefore, 

for spur gears with straight and slanted teeth, this methc is 

rarely employed. It is usually applied for cutting double-helical 

gears with herringbone teeth. Cutting of double-helical gears on 

515 "Komsomolets" machines or Parkinson machines (Fig. 5.9) is pro¬ 

duced by two gear-shaper racks having 6-8 teeth with rectilinear pro- 

. file. In the process of teeth cutting the double-helical gear re¬ 

volves in one direction cyclically (with stops), and the two racks, 

accomplishing fast reciprocating motions along the cavities of the 

slanted teeth, move on a tangent to the initial circumference, thus 

producing rolling. The front planes of racks A-A always remain 
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i I iik!^ 0^ i 'ifl

Fig. 5.9. Machine for herringbone tooth 
planing and diagram of motions of cutting 
rack.8 In one cycle.
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parallel to the end of the gear. Reconnection occurs after the rack 

teeth, reaching the lower point, coaplete the cutting of one, two, or 

three teeth. The processed gear then stops, and the racks return to 

the Initial upper position; the rolling cycle is then repeated. The 

component is placed on the mandrel through the hole with support on 

the working end. Inasmuch as herringbone teeth cannot be ground, and 

the only method of finishing them after heat treatment (carburization 

with hardening or nitration) is lapping, cutting should be carried 

out with high accuracy (6th degree). This is ensured by exact fitting 

of the gear on the mandrel, using a set of several mandrels with 

different setting diameters or hydraulic mandrels which allow the 

fitting to be made without a clearance. 

For increasing the accuracy of treatment of teeth, cutting is 

produced in several passes. For instance, a gear with modulus 6 mm 

is cut in three passes. In conditions of batch production the last 

pas? is usually divided into a separate operation and it is executed 

on a higher-precision machine. The machining tolerance is this case 

should not exceed 0.8-1 mm on the thickness of a tooth. Purity of 

machining is of the 5th-6th class. 

Gear Milling 

External straight, and also slanted gear teeth are milled on 

"Komsomolets" gear-milling machines, machines of the Kolomensk Plant, 

Pfauter, Reinecker, Gould-Eberhardt, and others. The cutting tools 

are single-setting hobs, GOST 9324-60, multi-setting, and special 

hobs. On the various "Komsomolets" machines it is possible to cut 

straight spur gears with modulus up to 15 mm and external diameter up 

to 1500 mm. Larger gears with modulus up to 30 mm and diameter up to 

5000 mm are cut on machines of the Kolomensk Plant. Helical gears 

are cut by the same hobs with the help of a differential device that 



creates additonal gear rotation on the machine for the formation of 

a slanted tooth. These machines cut the teeth of standard and hypoid 

worm gears. Gear milling can be carried out only when there Is the 

possibility of Inlet and outlet of the milling cutter without any 

interference that may be encountered during motion i’ the milling 

cutter in the direction of the feed in the form of projections or a 

row positioned flanges and crowns. Therefore, block gears with 

closely located crowns cannot be cut by this method. In spite of the 

fact that the teeth of spur gear of aircraft engines are usually 

ground, milling of them by grinding must be executed with a precision 

of the 7th degree (GOST 1643-56), ensuring a uniform grinding toler¬ 

ance. 

In the cutting of teeth the components is placed on a hole with 

a clearance of not more than 0.0? to 0.03 mm. The mandrel is preli¬ 

minarily (during setup of the operation) aligned on the machine by 

an indicator with a precision of 0.01 to 0.015 mm. 

A-A 

roller 

Fig. 5.10. Installation of gear with in¬ 
ternal teeth on hydraulic mandrel along 
rollers. 

For increasing the accuracy of installation (without a clearance) 

hydraulic mandrels are employed. An example of the application of a 

hydraulic mandrel is shown in Fig. 5.10, where the external teeth are 

cut in a gear that has internal teeth. In order to attain the exact 
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location of the external teeth with respect to the internal, instal¬ 

lation is recommended along the lateral faces of the internal teeth 

on rollers. Before the gear is secured by disk 5 with the help of 

nut 3 (through split washer 4), by screwing in screw 1 a small 

pressure is created on hydraulic layer 7 which, being incompressible, 

increases the diameter of a thin bushing 6 and presses the rollers 

to the lateral sides of the internal gear teeth. The amount of 

pressure of rod 1 on hydraulic layer 5 is limited by calibrated washer 

2 which does not permit large pressures and excessive deformation of 

the thin-walled bushing. Such mandrels are especially convenient and 

are reliable for the installation of gears along smooth cylindrical 

internal and external surfaces. 

Flat gears (without projecting hubs) are best placed on the 

mandrel in several pieces (a stack); this increases the efficiency of 

gear cutting. 

The number of passes in gear milling varies depending upon tooth 

modulus. Thus, gears with modulus up to 2.5 mm are cut in one pass, 

those with modulus up to 6 mm in two passes, and gears with modulus 

from 6 to 10 mm are cut in three passes. 

In the practice of milling spur gears we find the use of one and 

two-setting hobs. The application of two-setting hobs increases the 

peripheral velocity of the gear and, thereby, increases cutting effi¬ 

ciency. 

However, in cutting with a two-setting hob, due to the decrease 

in the number of cuts made on one tooth, the accuracy and purity of 

machining is lowered. Therefore, these hobs are employed for rough 

cutting. 

The number of cuts (faces), which form the lateral tooth profile. 



are determined in gear milling by the formula 

where e is the engagement factor of rack with processed gear; 

Zq is the number of teeth of the milling cutter (6-12) on a 

i is the number of settings of the hob. 

The magnitude of the engagement factor e depends on the addendum 

of the rack or gear f». For the rack, when f = 1.25 - e = 1.23Ö 
H 

fi 3 1 - e = 0.991, iind r = 0.8 - e = 0.7925. Factors e for spur gears 

are determined by the formula e = k*zK> and coefficient k, when z = 

=14-80 teeth, is found from the graph of Fig. 5.11. ^ 

o 

Fig. 5.11. Graph for determining 
the value of k. 

The lateral surface of the 

tooth profile, which is cut by a 

hob on a gear-milling machine, is 

obtained with a face formed with 

15-18 cuts, not depending on the 

magnitude of modulus. Thus, for 

instance, for milling a standard 

gear with zK = 30, f¿ ■ 1, and 

a = 20° with a hob with z^ = 9, 
Ä*K $ 

addendum factor f = 1.25, and num¬ 

ber of settings i * 1, the number of cuts is 

For increasing the surface purity of teeth of spur and worm gears 

cut by hobs, and especially by the multi-setting type, it is recom¬ 

mended to introduce additional profiling with worm shavers without 

spiral grooves and with a large number of small teeth (Fig. 5.12), 

When making the shaving tolerance with these shavers, as shown in 

Table V.2, a surface purity of the 8th-9th class is attained. 

Application of worm shavers is not required if the teeth of the worm 



Fig. 5.12. Worm shaver for treat¬ 
ment of spur gear teeth. 

gear have been milled by a single¬ 

setting or multi-setting milling 

cutter with axial feed. 

In the cutting of gears with 

a small number of teeth by a tool 

of the rack type the tooth root is 

undercut. In a combination of 

certain conditions, gears with a 

large number of teeth can also be 

undercut. Teeth are particularly undercut when they are cut with 

modified racks having a profile angle less than 20°. Therefore, in 

the selection of the cutting tool it is very important to know the 

conditions in which the teeth roots will be undercut. 

For the solution*of this problem in general form, a formula is 

given which makes it possible to calculate the zmin of an external 

straight spur gear in which the tooth root will not be undercut: 

where is the gear dedendum factor; 

R1r is the gear dedendum; 

r«.K “a Rii, are the pitch and internal radii of the gear; 

fr * r^/m is the rounding-off factor of the tooth point of 
the cutting tool; 

r1 is the rounding-off radius of the tooth point of 
the rack tool; 

aR*K ls the Profile angle of the gear on the pitch 
circle; 

a is the profile angle of the tooth of a rack-type 
cutting tool. 

With this formula it is obtained that when « 150, * 0°, 



fK = 1,4i and i’r = 0, the root of even &n 02-tooth gear will be under¬ 

cut, and when a^K = 20° and = 1.25; %= 20° and fr = 0.3; zmin = 

= 18. 

zmin for helical sPur fiears is determined by this formula with 

the substitution in it of all parameters along the face section. 

In the cutting of slanted teeth the hob is placed in such a 

manner so that the direction of worm turns coincides with the direc¬ 

tion of the cavities between the teeth of the component. 

Cutting the teeth of worm gears has its own inherent peculiari¬ 

ties. 

The first peculiarity consists in that there is no longitudinal 

feed along the tooth axis and it is replaced by radial feed of the 

blank to the hob (Fig. 5.13a) or axial feed of the hob (see Fig. 5.13b). 

The other peculiarity consists in the selection of the hob. The form, 

dimensions, and number of settings of the hob should completely cor¬ 

respond to the working worm with which the worm gear is engaged, with 

the exception of the external diameter which should be larger than the 

diameter of the working worm by two radial clearances, i.e., by (0.4 to 

0.5) m. 

Final Initial 
position position 

Fig. 5.13. Cutting a worm gear, a) radial 
feed; b) axial feed. 

Spur gears can also be cut by a hob and on horizontal gear-milling 

machines, for instance model 534. These machines are resorted to for 

230 



the machining of teeth of components with long shanks. It is con¬ 

venient to process the external splines of shafts on them. 

On large scales of production we find the use of multi-spindle 

gear-milling machines with two, four, six, and more spindles. Each 

spindle of such a machine has its own drive. Multi-spindle machines 

are considerably more efficient than single-spindle machines and occupy 

a smaller area. 

Gear Shaping 

Gear shaping is produced on "Komsomolets" vertical gear shapers, 

models 512, 5A12, 5V12, 5M14, 516, Pellou, Lorenz, and others, and also 

on horizontal gear shapers of the "Farrel” firm. Machines of models 

512, 5A12, and 5V12 have sufficiently high speeds; they have four 

stages of double movements of the pinion-type cutter from 250 to 600 

per minute and are rather widely used in industry. However, for cut¬ 

ting teeth or splines with a pinion-type cutter on long shafts with 

flanges, when gear milling is impossible, horizontal machines of the 

Parrel-type are more convenient. 

Gear shaping cam be used to cut straight and slamtea +eeth of 

external and internal gears (Pig. 5.14). 

a) b) c) 

Fig. 5.14. Gear shaping on gear shapers, a-c) inter¬ 
nal teeth; b) compound; c) external helical. 

In the cutting of slanted teeth a spindle with a pinion-type 
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cutter attached to it accomplishes helical reversible motions in the 

direction of the tooth. For this purpose, the spindle head of the 

machine is fitted with a special master form with a helical groove. 

This groove, moving along a fixed block, controls the helical motion 

of the spindle with the pinion-type cutter. The cutter should also 

be slanted in this case. Simultaneously, the spindle obtains additional 

slow rotation at the rate of feed. 

For gear shaping we find the application of pinion-type cutters 

of different form and with various numbers of teeth, as provided for in 

GOST 9323-60, and also special cutters. However, it is necessary to 

know how to correctly select the cutter, so that the tooth roots are 

not undercut, nor are the face points cut off, especially when shaping 

internal spur gears. It is necessary to indicate that an undercut 

tooth root or a cut-off face cannot always be revealed in a check. 

In external spur gear snaping with pinion-type cutters with number 

of teeth z , there exists a minimum number of gear teeth z„ , , when 

the tooth root will not be undercut. There also exists a maximum num¬ 

ber of gear teeth zK max, when the tooth face will not be cut off. 

These limitations on zR mln and zH max are applied at determined 

g- ar .addendum factors f', dedendum factors f", and ram addendum factors 

f !.. It is considered here that all addenda and dedenda are computed 

from the pitch circle. 

Tiie numerical values of zK mln and zK max can be determined with 

the help of a generalized graph (Fig. 5.16) on the basis of specified 

z.j , f¿ and f" when f¿ + f= 2.25 and afl#K » at^ » 20°. 

From this graph it is clear that with the increase of z there is 
M 

an increase of zK min and z:< max. However, this growth is limited, 

and in real conditions of production the tooth root will be undercut 
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only when zK < 20 and the tooth point will be cutoff when Zjj > 20. 

If when cutting a gear with 

zk = 2°* and . 20° 

a pinion-type cutter is selectee, 

with Zjj = 30, fjj * 1.4, and aM = 

= 20°, then the point of inter¬ 

section of their coordinates B 

lies beyond the line of limita¬ 

tion and, therefore, the cutter 

will not undercut the root and 

cut off the face. 

An example of poor selection 

is a cutter with « 14, f^ = 1.2, and » 20° which, when f1^ « 1.25 

and \k = 20 ' w111 the tooth roots of all standard gears with 

zK < 16 and will cut off the tooth points with zR > 17. Thus, this 

cutter cannot be used for cutting without causing a defect to one 

standard gear. 

The minimum number of teeth zR mln of any internal gear, includ¬ 

ing a corrected one, with dedendum factors f^ and addendum factors 

f', cut by a pinion-typecutter with number of teeth z and addendum 

factor f' when a = a without cutting off the tooth point by the 
H M A.K 

tooth root of the cutter, is determined by the formula 

«fr«» -M«. ( ¿ +« ( ¿ - iy - *rl 

Here 

where R#jî and r^H are the radii of the addendum circle and pitch 
circle in the cutter; 
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ReK' rÄK- an^ are the radii of the addendum circle, pitch 
circle, and dedendom circle in the gear. 

Cutting off of the tooth points of an internal gear by the tooth 

face of a pinion-type cutter is extraordinarily difficult to determine 

theoretically. Therefore, until recently the cutter was selected by 

the trail-and-error method.* 

Teeth of gears of the 6th degree of accuracy with modulus from 2 

to 6 mm are cut in two passes, and those with larger moduli are cut in 

three passes. The last final pass is Itsîrably executed in a separate 

operation with a cutter of the corresponding accuracy. 

Gears of the 7th and 8th degrees of accuracy, up tc modulus 2.5 mm, 

are cut in one pass, and those with modulus hirner than 2.5 mm are cut 

in two passes. 

The number of double movements or cuts which form the lateral 

tooth profile of a gear K , characterizing the purity of this surface, 

is determined by the formula 

''there e is the engagement factor of the gear and cutter; 

t^ is the pitch on the pitch circle of the gear (t^ = mm); 

Sokc the circular through the pitch circle in 
^ one double movement of the cutter. 

The circular feed (S0Kp) is taken within the limits of 0.15 to 

0.3 mm in one double movement of the cutter. The purity of treatment 

in this instance will correspond to the 6th-7th class, if the number 

of double movements for enveloping one tooth with modulus m = 1 is 

more than 30. For teeth of other moduli increases or decreases in 

proportion to the modulus. 

*V. A. Gavrilenko. Involute spur gearing, Mashgiz, 1956, p. 192. 
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In particular, for shaping an external spur gear zK » 30, m » 3, 

= 1, and 20 with cutter = 23, 1.25, and a 
H 

20‘ 

with circular feed S * 0.25 mm double movement, number of cuts K * unp ß 

1 788*9 425 ^ 
= —1J-^ = 6.74. If a gear had modulus 1, then the number of cuts 

0.25 

would be = « 22; and zK min and zK mgx for external and inter¬ 

nal helical gears are determined by the same formulas with substitution 

of all parameters of the gear and cutter from the face section. 

Examples of the installation of gears on gear shapers are shown 

in Fig. 5.16. 

Fig. 5.16. Examples of installation 
of gears on gear shapers, a, b, c) on 
rigid cylindrical setting elements; d) 
in hydraulic bushing. 
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It is frequently possible to cut gear teeth both on gear-milling 

machines, and also on gear shapers. In these cases the most udvanta- 

Fig. 5.1?. Graph of compara¬ 
tive productivity in gear 
milling and gear shaping. 

- machine time for milling; 

— machine time for shaping. 

geous version is selected. 

Selection of a more productive 

method of gear cutting can be carried 

out with the help of a graph, e,g., 

Fig. 5.it» where along axis x the 

length of a tooth around the genera¬ 

trix is plotted, and along axis y 

the ratio T^/T is plotted. 

Curves are constructed for 

gears of different moduli. On this 

graph it is clear that teeth of small 

moduli are better shaped with a 

pinion-type cutter, since T./T > 1, $ a 
and teeth of large moduli with 

large length are milled better with 

a hob, since Tl/T 
7 Æ 

< 1. 

Cutting of Teeth on Machines of High Productivity 

At present there are gear shapers that work as pinion-type cutters 

notched teeth by the generating method and with multi-cutter heads that 

work according to the forming method. 

Pinion-type cutters with notched teeth can be used for cutting 

also on conventional machines, if the standard dimension of the cutter 

around its external diameter is maintained. On a cutter with one n' ‘jh, 

half of the teeth are for roughing, and half are for finishing. The 

notched part of the cutter permits removal of the treated gear and 

positioning of the blank without withdrawing the cutter from it. 
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The constant distance between centers of the cutter and blank, and 

the presence of roughing and finishing teeth on the cutter, ensures 

entry to a specified depth and complete treatment of a component in 

one revolution of the cutter. When there are two notches in the cutter 

and the roughing and finishing teeth are symmetrically located, the 

simultaneous treatment of two gears is ensured in half a revolution 

V///////Z 

Fig. 3.18. Cutting teeth with 
a multi-cutter head. 

of the cutter. 

Multi-cutter heads will cut 

straight teeth of spur gears on model 

5110 machines without generating 

(Fig. 5.I8). In the cutting process 

the head is motionless and the blank 

accomplishes reciprocating motions, 

passing inside the head with cutters. 

The cutters have a gear cavity pro¬ 

file. In one double vertical move¬ 

ment of the blank all cutters in the 

head automatically move in a radial 

direction depending on the amount of 

feed. With every reverse movement 

of the blank the cutters are removed, owing to which their flanks an. 

protected from abrasion. The process is distinguished by high pro¬ 

ductivity, but it has deficiencies which include the low accuracy of 

treatment of teeth (9th degree), the necessity of manufacture of a 

special head for every gear, and the complexity of sharpening the 

cutters. 

The prucess •: f gear sharpening, developed in I952 by VNII, is 

carried out on machines of the gear-milling type with higl speeds of 
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Fig. 5.19. Cutting teeth 
with a pinion-type cutter 
ly method of gear sharpen­

ing.

MjjjW M rotation of the milling cutter spindle

i and the processed component (Fig. 5.19).

V Instead of a hob, the spindle is fitted

I with a circular pinion-type gear cutter

that is in continuous engagement with 

* the processed gear. Straight and

helical spur gears with angle of in- 

clination of teeth less than 45° 

cutters, and

gears with angle of inclination up to 

are

The angles between the axes of the 

gear and cutter are selected in such 

a manner so that conditions for sliding 

the cutter blade along the tooth profile of the gear are created. This 

slipping and shifting of the cutter along the axis is somewhat like 

shaving. However, in this process the cutting of teeth occurs in one 

or several passes of the cutter along the gear axis in one direction.

The process of gear sharpening is more productive than gear mill­

ing with a single-setting milling cutter, but yields to it with respect 

to accuracy.

Cutting the Teeth of Bevel Gears

The teeth of bevel gears are cut on gear shapers and gear-milling 

machines. Straight-tooth bevel gears with moduli from 2 to 8 mm are 

cut usually in two operations. In the first (rough) operation, cavi­

ties are cut into the whole depth and an allowance is left for the 

second operation, i.e., 0.5-1.0 mm on the thickness of a tooth. In 

t'.e second operation ’he tooth profile is cut by the final generating
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method. For increasing the accuracy of teeth, bevel gears are genera¬ 

ted twice, leaving an allowance for the second generation from 0.4 to 

0.3 mm on the thickness of a tooth. 

On small scales of production, rough cutting of teeth is produced 

by gear cutters on horizontal milling machines with the help of uni¬ 

versal dividing heads on gear-shapers, but without generating. On 

large scales of production, rough cutting is produced simultaneously 

by several gear cutters on multi-position dividing heads. The YeZ-1 

"Komsomolets" and the automatic high-speed YeZ-11 machines operate 

on this method. 

Fig. 5.20. Rough cutting of cavities of 
bevel gears on a semiautomatic machine 
with a cutter head. 

For rough cutting we also find the use of semiautomatic Gleason 

machines with a large cutter head which simultaneously cuts three or 

four gears (Fig. 5.20). 

Finish cutting of straight teeth of bevel gears usually is pro¬ 

duced by the generating method on "Komsomolets" gear-shapers, model 

526, Gleason and Harbeck. 

Cutting of teeth on the 526, 5A26, and the Gleason is produced 

by two cutters that move back and forth along the teeth. Cutters are 
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selected according tc modulus of gear to be cut. Usually tney plane 

two sides of one tooth. Thickness of the cutter point snould be less 

than the width of the base of the cavity for a small modulus, A 

diagram of the formation of a tooth profile is shown in Fig. 5.21. 

Gutting edges of cutters are combined with two 

sides of the tooth profile of a imagninary flat 

gear 1 which is engaged with the component to be 

machined 2. Three positions of cutters with 

respect to gear tooth correspond to initial 

cutting moment, middle of cycle, and disengage¬ 

ment of cutters and tooth. In finish cutting, 

generating of every tooth is produced automati¬ 

cally twice: once with rotation of the cradle 

from top to bottom, and the second time with its 

rotation from bottom tc top. In the second 

generation an allowance is made on the tooth 

thickness of approximately 0.2 mm. The process 

of planning on these Machines is fully auto¬ 

mated, but it is intermittent with time losses 

for the reverse idle motions of cutters and for 

reconnection. This explains comparatively its low productivity. 

The components are placed on a cylindrical surface (shaft or hole) 

and on the base face. Examples of installation and fastening of com¬ 

ponents are shown in Fig. 5.22. Sometimes the component is secured 

with the help of an industrial thread (Fig. 5.22c) which is cut off 

or ground off at the end of the entire machining of the component. 

For increasing the productivity of cutting straight teeth of 

bevel gears the automobile industry is employing circular broaching. 

II 

Fig. 5.21. Dia¬ 
gram of motion of 
cutters and bevel 
gear during cut¬ 
ting of teeth 
with generation. 
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A diagram of broaching and the 

motion of the broach are shown In 

Pig. 5.23. Sections of the broach 

(usually 15-16 sections) are 

secured on a disk. As also in the 

conventional broach, the teeth 

are subsequently increased in 

this case around the radius. The 

teeth are backed off, which en¬ 

sures constancy of profile during 

their regrinding. The tooth pro¬ 

file is constructed according to 

circle curves which are very 

similar to involute curves. 

All teeth of the broach are 

divided into three groups: rough¬ 

ing, semifinishing and finishing. 

Roughing teeth cut a cavity almost 

to the whole depth; therefore, 

they should be larger than the 

others. Semifinishing teeth 

finish the coarse surface after 

roughing and prepare it for the 

finish operation. Finishing 

teeth remove a small allowance on the profile and finally calibrate it. 

The work cycle of the broach is the following. The processed 

gear is fixed during cavity cutting. A broach of large diameter (more 

than 500 mm) continuously revolves and slowly moves parallel to the 

base of the cavity from a small modulus to a larger one. During 
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Fig. 5.22. Examples of installa¬ 
tion of bevel gears for cutting 
of teeth, a) fastening in front 
by nut; b) fastening by bar 
(through spindle); c) fastening 
behind shank. 



incision of the first rough tooth 

in the gear boiy the center of the 

broach is at point A. From point 

A the center of the broach moves 

to point C and stops at point B; 

after this, it returns to the 

initial position. During the time 

of movement of the I roach from A 

to B, through the gear cavity there 

pass 3/5 of all the rough teeth. 

When the center stops at point B 

the other 2/5 of the rough teeth 

pass. Further, with accelerated 

movement of the broach from B to 

C there pass 6-8 semifinishing teetn. Then, when the first finishing 

tooth aPPr°aches the gear, the direction of the broach's motion changes 

and its center returns to point A. During that time interval the 

finishing teeth (=»20 of them) pass by, and in the space in the broach 

which is free from teeth there occurs division of the gear into the 

following cavity without its removal from the tool. 

ihe disadvantages of circular broaching of teeth include: 

! . the impossibility of engaging a gear that has been cut by 

. r ..a hing witn a gear that lias been cut by the generating method; 

^ * ''le n°e^ ¡ cr a special machine for sharpening broaches; 

3. lowered accuracy of broached teeth as opposed to those 

generated on a 526 machine. 

The advantages of the process are the following: 

1. high efficiency of machining; 

lar broach with respect to bevel 
gear a); and diagram of broach 
motion during treatment of one 
cavity b). 
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exe ution of roughing and finishing in one operation; 

3. long life or broach. 

.4j-n(arc) teeth on bevel gears are cut by various met: d 

The most wide-spread is the method of cutting with a circular cutter 

head (Mg. 5.24) on "Komsomoletsmachines, models 527 and 528, Glees.:; 

machines. 

Cutter heads are one-sided and 

4wc-sided. In one-sided heads the cut 

ting edge of the cutters is located on 

one siue, and in two-sided heads both 

sides of the cutters ar° cutting. 

Teeth are cut in two operations, i. ., 

rough and finish. Rough cutting is 

produced by two-sided cutter heads on 

which there are almost twice as many 

cutters than on the rough type. Finish 

cutting is produced by three methods: 

Mg. 5.24. Cutting of 
bevel gears with arc 
teeth. 

one-sided, simple two-sided, and double two-sided. 

In the one-sided method every side of a tooth is cut by its own 

h* ad in a separate operation. In the simple two-sided method the 

teeth oí a large gear, which have smaller curvature of profile in 

er\ss section, are cut by two-sided heads, while the teeth of a small 

gear, which have large curvature, are cut by two one-sided heads. In 

d.* double two-sided method the teeth of two mated components are cut 

by two-sided heads. 

The most exact mating of gears is obtained with the one-siuea 

method, but efficiency in this case is lower than with the other 

methods. There is less exact mating witn the third method, but then 
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its efficiency Is the highest. This method is practical when the two 

mated gears have an Identical or almost identical number of teeth.

In certain cases the teeth of mated gears are even polished.

Teeth-Flnishlng Operations

Depending on the shape and hardness of the gear teeth, shaving, 

grinding, or lapping is employed for their finishing.

Shaving

Shaving (Fig. 5.25) serves for finishing of straight and slanted 

teeth of external and internal spur gears whicn have hardness HRC < 38.

This method is being used with 

success for finishing of teeth that 

have no exit for the grinding wheel 

(compound gears). Efficiency wl\;h 

shaving, as compared to the other 

methods of finishing, is the highest.

Shaving of teeth is produced 

after they are cut. External teeth 

are shaved on 571?-type machines, 

and internal teeth are shaped on 5717-type machines. The tool used 

fur circular shaving is the disk shaver. Around the profile of the 

shaver's teeth there are small grooves 0.9 mm wide and 1 mm deep, 

whose external edges are cutting. The process of cutting begins when 

tne cutting edges of the shaver's teeth slide along the tooth surface 

the gear. Circular shavers are made of steel RI8 and are hardened 

t.. hardness HRC 62-65.

In the sh ng of straight-tooth and slanted-tooth gears the 

axis of the shaver is set at an angle of 5, 10, and 15^^ to the axis 

uf the prucessed component. Thus, for straight-tooth gears a shaver 

1. fmpluyed with angle of inclinati n of teeth 5, 10, and 15°. Gears
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with external teeth mobt frequently are set with their holes on a 

center mandrel with minimum clearance (O.OI-O.O15 mm). The mandrel 

together with the gear is placed in the centers on the machine table. 

Gears without holes are set on centers or on cylindrical surfaces 

that are connected with the processed teeth with the specified accu¬ 

racy. The shaver, which in tight engagement with the gear, rotates 

with a speed of 100 to 300 rpm. Rotation of the shaver and the gsar 

once each longitudinal movement of the table is reversed. The speed 

of longitudinal movement of the table on the average is 0.25 mm per 

revolution of the component. 

Incision of the shaver is carried out by radial feed at a magni¬ 

tude of 0.01-0.02 mm per revolution of the component. An allowance 

for shaving of 0.1-0.2 mm is taken in 10-12 working double movements 

of the table, then 4-8 more movements of the table are given without 

radial feed, mainly for increasing surface purity. The accuracy of 

shaving depends on the accuracy of the preliminarily cut teeth; 

shaving can increase the accuracy of the gear by approximately one 

degree. There are machines for shaving with a flat shaver that has 

the form of a rack. In an example with a flat shaver it is easier to 

comprehend the setup of the maching process, if we imagine that during 

longitudinal motion of the shaver the gear obtains only rotation and 

it will be motionless in axial direction. With such interaction of 

the tool and the component there will appear slipping along the 

lateral face of the tooth, at which the edges of the grooves render 

a scraping action. With shaving there can be obtained an elliptoid 

tooth shape. For this, the component is set into oscillatory motion 

with the help of a special attachment, due to which the shaver goes 

deeper into the tooth profile at the edges more than in the middle. 
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The magnitude of oscillation of tie shaver should ensure the obtain- 

rrent of a difference in thickness of 0.02-0.04 mm in the middle of 

the tooth and on its ends. 

Besides the described method, diagonal shaving by a circular 

shaver is employed. This method differs from the conventional method 

by the fact that the reciprocating motion of the gear is not directed 

along the axis, but at an angle which reaches up to 30-35°. With 

this method the load on the teedh is more uniformly distributed, the 

length of gear play decreases, and efficiency is raised by 40-50%. 

Grinding of Teeth 

Teeth are ground by two methods: profiling and generating. The 

proliling method is mainly used for grinding straight teeth of exter¬ 

nal and internal spur^gears. The most wide-spread machines, working 

according to the profiling method, are MSZ machines, models 586, 586O, 

and l;86l, Orcutt, and Gear-Grinding. In this method of grinding the 

proiile ol the grinding wheel completely corresponds to the profile 

ui the cavity of the processed gear. I-ressing of the abrasive wheel 

on two sides in an involute profile Is produced by two diamonds by 

means of master forms and a four-section mechanism, l.e., pantograph 

(fig. 5.26). The forming wheel is dressed by a third diamond moving 

along the contour with curvature equal to the curvature of the base 

of the gear cavity. 

Movement of tip 2 around master form 3 and oscillation of all 

sections of each pantograph around points c is produced with the 

help of the lever-spring mechanism for the hydraulic cyliner. Dimen¬ 

sions of the master forms increase usually In opposition to the di¬ 

mension of the processed tooth in by 6 times (sometimes by 3 times). 
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During grinding According to the proilling methodj the wheel re~ 

volves with a speed of 25 to 50 ir/sec and it has reciprocating motion 

along the cavity of the processed tooth. 

Furthermore, the wheel also has vertical 

movement for incision, which is produced 

after each passage of all teeth. For in¬ 

creasing the accuracy of treatment, the 

incision before the last passage is very 

small, up to 0.010 mm on the thickness of a 

tooth. Sometimes the last passage is con¬ 

ducted without an incision (tending). 

The grinding of internal teeth employs 

586V and 586OV machines, and others which have a cantilever yoke, on 

whose end the abrasive wheel is placed. The yoke, together with the 

wheel, should pass into the gear hole. It is practically possible to 

grind the teeth of gears which have an internal diameter not less 

Fig. 5.26. Grinding 
of teeth by a profile 
wheel and diagram of 
a mechanism for dress¬ 
ing it. 1) diamonds; 
2) cylindrical tips 
of gauges; 5) master 
forms. 

than 100 mm. 

The accuracy of grinding teeth by the profiling method depends on 

many factors and does not always fit into the 5th degree. In particu¬ 

lar , external spur gears with a large number of teeth and tooth length 

up to 30 mm can be ground with the 5th degree of accuracy, but With 

a small number of teeth this accuracy is difficult to obtain due to 

the large curvature of the profile. During grinding of internal 

teeth by a small wheel, on which the grain grade is especially notice¬ 

able, an accuracy higher than the 6th degree cannot be practically 

obtained. However, grinding by the profiling method, as compared to 

the generating method, is more productive. Surface purity during 

grinding is attained at the tooth root in the 9th class, and at the 

face, in the 7th-8th class. 
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¿he generating methou can employed to grind external and in¬ 

ternal spur gears with straight and helical teeth, and also straight 

and helical bevel gears. However, for the most part, only external 

spur gears are ground. Internal gears until recently were not ground 

by the generating method and only lately did the MAAG firm begin 

manufacturing machines for grinding of internal teeth by one dish 

wheel. 

There are quite a few different designs of gear grinders that 

wurk according to the generating method, but all of them _-an be divided 

into live groups that are distinguished from one another by their 

generating mechanisms (Fig. 5.27). 

c) 

5.i^7. Diagrams of gear grinding on machines working according 
to the generating method. 

ilrst group (Fig. 5»27a) includes machines with a worm-screw 

generating mechanism in which the worm pair serves for rotation of 
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the gear (reversible), and the screw pair is for transverse motion. 

In the second group of machines with a drum-band generating 

mechanism (Fig, 5»27t>)# rotation of the gear and its transverse motion 

are created with the help of steel tension bands 2 and genrerating 

drum (roller) 1. The bands shown in the figure of tape have one of 

their ends attached to the generating drum and other to the carriage. 

In the third group of machines with a gear-and-rack generating 

mechanism (Fig. 5.27c) rotation and transverse motions of the gear 

are created by the motion of exact gears and the rack engaged with 

it (without clearance). The processed gear and the gear of the 

generating mechanism are on one axis. 

The fourth group includes machines on which the machining is 

produced by an abrasive worm (Fig. 5.2?d). The generating mechanism 

of the machine includes a worm pair just as in gear-milling machines. 

Machines of the fifth group (Fig. 5.27e) have a worm-and-cam 

generating mechanism. The worm pair rotates the processed gear, 

and an involute cam creates its transverse motion. 

"MAAG" machines of the second group have a device that compen¬ 

sates the wear of wheels in the machining process. This device 

(compensator) ensures the constant position of the wheel's cutting 

edge by its automatic feeding during wear. 

The spindle angle of the grinding wheels on machines of older 

models is constant and equal to 15°. With external location of the 

cutting edges of wheels (see Fig. 5.27b), with certain limitationa 

on Zjj, it is possible to grind gears with any number of teeth and 

with profile angles more than 15°. 

In the new "MAAG" machines with spindle angles 0° and internal 

location of cutting edges (see Fig. 5.27f) it was possible to grind 

gears with a small number of teeth without undercutting the involute. 
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The accuracy oí treatment on "MAAG' machines is of the 5th degree 

or the 1-th class according to old aircraft standard 1U7MT. 

The high requirements with respect ot run-out of gear profiles 

vjmmand special attention in the selection of an attachment for their 

setting. None oí the clearance fits of the 2nd class ensures setting 

accuracy of gears on grinding machinec; therefore, the mandrels are 

selected in such a manner so that the fit is with minimum clearance. 

Most frequently gears are set without clearance on tapered (Fig. 

5.28a# b) or expanding hydraulic mandrels (Fig. 5.28c). 

I’ig. 5.28. Setting of gears on gear-grinding machine, a) directly 
on tapered mandrel; b) on tapered mandrel through bushing with clamp 
nut; c) on expanding hydraulic mandrel. y 

flanked teeth (Fig. 5.20b) have their profiles ground first, and 

then the flank is removed in another operation. After the appropriate 

diessing of the wheels the flank can be ground in one operation with 

the profile. 

The productivity of gear grinding of precision gears by the 

generating method is lower than gear grinding by the profiling metho'. 

Grinding straight bevel gears has not yet obtained wide distri¬ 

bution because of the absence of machines. Only recently did there 

appear ior this purpose the MAAG and Gleason machines. The universal 
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machines of the Reinecker firm, which are used in industry for planing 

and grinding of straight teeth by the generating method and made with 

rack segments, do not ensure accuracy, and therefore, they are not used 

in the aircraft Industry.

On "MAAG" machines, models KS-42 (Fig. 5.29), bevel teeth are 

ground by two dish wheels with undercut. The generating motion is

reproduced by the double motion of 

the processed gear, which is typical 

for all MAAG machines. However, 

generating is produced here around 

the peak of the pitch cone. The 

quality of these rachines and the 

accuracy of treatment on them in 

our industry still have not been 

verified.

Model 105 Gleason machines 

have appeared quite recently. Their 

kinematics are the same as and for 

the conventional gear planers of 

this firm, but, in exchange for 

planers, a grinding wheel with drive for its rotation is located on 

the slide rod.

If necessary, straight teeth of bevel gears can be ground on 526 

gear planers, Gleason machines, and others, with certain conversion. 

Conversion of gear planers into gear grinders reduces to the replace­

ment of cutters by a grinder.

For grinding of spiral teeth of bevel gears there are gear grin- 

;ers, 5870 and 5872, and also Gleason machines No. 15, 17, and 27. The

Fig. 5.29. MAAG gear-grinding 
machine for bevel gears.
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abrasive wheels of these machines have a cup shape with a rack working 

profile (Fig. ‘j.30) . The cup wheel, revolving with a speed of 2F-30 

m/sec, generates the working surface of 

the proiile of the processed tooth. The 

generating motion is formed by the slow 

reversxole rotation of the gear around 

its axis and the center of the grinding 

wheel around the same axis. 

In practice, the teeth of bevel 

geais in most cases are not ground, but 

are lapped with the help of abrasive 

paste. 

5.30. Grinding of 
curved bevel gears. 

In connection with the increase of loado on a tooth, there 

recently has been given much attention to the quality of the surface 

layer rnd to the residual stresses that appear after grinding, 

numerous investigations show that during grinding of the root fillet 

(bottom) - the most stressed place in the teeth - there appear con¬ 

siderable residual tensile stresses, and sometimes cracks. Due to 

this, the airplane Industry began to employ gears with ground profile 

and unground root fillet. 

Lapping of Teeth 

Tht faces of teeth with hardness HRC > 58 are lapped. Usually 

this operation Is conducted when It is required to Increase the 

accuracy of gear3j improve surface quality, and when it is impossible 

to apply gear grinding. It Is possible to lap spur and bevel gears 

with straight and helical teeth, and also worm gears with worms. 

The process of lapping Is (with the exception of worm lapping) a 

sufficiently productive method of final finishing of gears. Ucually 

spur gears of medium dimensions are lapped for 2-¾ minutes and attain 
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a profile purity of the 8th-9th class. 

The accuracy of treatment of teeth in the process of lapping is 

increased if the accuracy of the lapping tool is higher than the 

accuracy of the processed gear and the machining allowance is not more 

than 0.01-0.02 mm on a side. In the presence of errors in pitch 

and involute profile more than O.05 mm, lapping of precision gears is 

not effective, since an increase of the lapping allowance or lapping 

times leads to negative results. 

Lapping of teeth of spur gears is carried out by three methods. 

The first method consists in that the external and internal teeth are 

processed by lapping tools, which also goes for spur gears made from 

soft gray cast iorn. In the second method only gears with external 

teeth are lapped, and a cast-iron worm serves as the lapping tool. 

In the third method, components that are mated are lapped without an 

abrasive. This method is usually called running-in. 

The pastes utilized in lapping consist of abrasive powder and oil. 

tor example, mixtures of the following composition are employed: 

abrasive powder - 35% (grain size from 5 to 3), turbine oil - 50%, 

and grease — 15$. 

The first method of lapping has the widest distribution and is 

carried out in two setups. In the first setup the axes of the com¬ 

ponent and the lapping tool are parallel, and in the second, they 

intersect one another. In accordance with these setups there are 

gear lapping machines, models 5736 and 573. In machines that operate 

in the first setup (Fig. 5.31) the gear is lapped by one lapping 

tool. The processed gear 1 is rotated by an electric motor and 

drives -he lapping tool 2 behind it, which is braked by a mechanical 

or hydraulic arresting gear. 



For aligning the J.ayer of metal taken from the face of the teeth, 

and 101 Increasing the productivity of lapping, additional motions 

are provided. In particular, rotation 

of the gear and the lapping tool is re¬ 

versed and furthermore, the gear has axial 

motions, while the lapping tool has trans¬ 

verse or radial oscillatory motions. 

There also exist such machines where the 

lapping tool is the driver. 

On gear lapping machines tliat work according to the second setup 

(fig. 5..32), gears are lapped by three lapping tools. During lapping 

01 a gear wi'h straight teeth the lower lapping tools are made in 

helical form with tootl angle of 

teeth 5-ID ; in one lapping tool the 

spiral is right, and in the other 

it is left. For uniform lapping of 

two sides of a tooth, the rotation 

of the gear in a specified interval 

of time, equal to half of the entire 

time f lapping, is automatically 

reversed. For Increasing the lapping 

rilf i ,, the gear being lapped has oscillatory motions along its axis 

during rotation. 

crossing oi the axes of the two lower lapping tools with the 

axis ol the gear ensures relative slip of tooth profiles along their 

generatrices and uniform removal of metal. As a result of such slip, 

on the suri ace oí the tooth profile of the gear being lapped there 

remain curvilinear strokes that are characteristic for the given 

/m 
Fig. 5.32. Lapping of gear 
teeth by three lapping tools, 
1) lapping tools; 2) gear 
being lapped. 

Fig. 5.31. Lapping of 
teeth by one lapping tool. 



process which are shown on the right in Fig. 5.32. The life of one 

set of lapping tools under normal conditions is approximately 15 to 

17 work hours. The basic deficiency consists in the difficulty of 

manufacturing helical lapping tools higher than the fifth degree of 

accuracy. 

In the second method lapping is produced by a cast-iron worm 

lapping tool on "Komsomolets" gear-milling machines (Fig. 5.33). The 

speed of rotation of the lapping tool reaches 

up to 10-12 m/min (diameter of lapping tool 

from 300 to 400 mm). An abrasive mixture 

of the earlier-indicated composition is 

usually fed to the lapping tool manually. 

This method of lapping is applied mainly 

for Increasing the surface purity of grinding 

teeth of gears. The lapping of one gear 

z ■ 42 and m « 4 requires up to 40-50 min¬ 

utes. 

Bevel gears and worm pairs are lapped 

by lapping tools whose form and dimensions 

completely correspond to their paired gears 

or worms. Helical bevel gears and worm 

gears most frequently are lapped with the 

paired gears and worms which they will be combined with in the machine. 

Due to the absence of additional motions (besides rotation), 

lapping of bevel gears is accompanied by nonuniform wear. 

Polishing of Teeth 

For the purpose of increasing the strength of teeth of the gears 

of aircraft engines we sometimes find the employment of polishing of 
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Fig. 5.33. Lapping of 
teeth by a worm lapping 
tool. 



the tooth face and fillet In the root. Polish',,r ,.. 
to-Lisning it, pi-oduced manually 

by soft wheels with a thin abrasive paste with ,, , 
petóle. With special regularity 

the accuracy of the profile during polishing can be to preserved. 

recently there appeared the process of honing the teeth of spur 

«ears of high hardness (HRC ¿ 55). The essence of the process con¬ 

sists in generating the processed gear with a lapping wheel whose 

nelical teeth are covered by an abrasif + 
u.y an aoraslve. In anotner version the 

lapping wheel is made from plastic and thP ^ 
pxauLic and the teeth have a large quantity 

of abrasive grains. 

Honing is carried out by generating the lapping tool with peri¬ 

pheral velocity at approxircately 4 <Sec with reciprocating motion of 

the processed gear along its axis. A characteristic peculiarity or 

this process, which is HKe lapping, consists in that the lapping-hones 

nave a large tooth angle. During honing of a helical gear the angle 

between the axes of the nnn t , 
g- nd the lapping tool reaches up to 900. 

APOth Knurling and Pressing 

Recently there has been an intense development of processes for 

Knurling teeth on billets of spur and bevel gears, and also for press- 

ing spur gears of simple form. 

The essence of the process of Itnurllng consists in pressing the 

teeth on the billet of a gear with the help of a toothed Knurling 

tool during their Joint rotation. 

Knurling of teeth is carried out on a cold or hot billet. A more 

eX30t and Slmpler meth0d 13 COld (Fig. 5.34). small modulus 

teeth Of the 6th degree of accuracy can be obtained on aluminum, 
bronze, and brass billets. 

On soit steel billets, made of steel ^ 
, aut. ci oteel ¿OKhGSA for example, the 

accuracy of teeth is sharply lowered. 
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Hot Knurling is a very complicated process which allows us to 

obtain teeth of spur and bevel gears. Heating oí steel billets to the 

required temperature is produced by a 

high-frequency current with the help of 

generator with a power of M.00-120 Kilo¬ 

watts and by means of female inductors. 

The time of heating varies from 0.5 to 

1.5 minutes. 

The accuracy of Knurled teeth in 

most cases is low and on the level of 

rough gear cutting. However, in the 
Fig. 5.3^. Diagram of 
cold Knurling of teeth. Knurling of billets by precision toothed 
a) gear billets; b) man¬ 
drel; c) Knurling tools. Knurling tools with m •< 2 and their timely 

replacement when they are worn, the 

accuracy can be raised to the 8th degree. 

In hot Knurling, Just as in cold, rotation of the billet and the 

Knurling tools must be synchronized, which is attained either with 

the help of a profiling wheel fixed on one axis with the billet, or 

by means of a special mechanism. 

Hot Knurling is by the group and by the piece. In the group 

method the teeth of several billets fixed on one mandrel are Knurled 

or several uncut billets are Knurled directly on a rod. The last 

method sometimes is called the rod method. In the piece method the 

teeth are Knurled on one billet whose form and dimensions do not 

permit them to be placed on the machine in more than one piece. Group 

or rod Knurling of straight or helical spur gears is produced on a 

TsKBMM-22 Knurling machine. It is possible to Knurl gears with 

m £ 4 and external diameters up to 220 mm on this machine by the method 



oí longitudinal feed of the billet or transverse feed of the knurling 

tools. 

The productivity of knurling on this machine with longitudinal 

feed is high and depends on the magnitude of axial feed of the billet, 

which changes within the limits of S = 0,36-0.5 m/min in 30-45 rpms 

of the knurl. Knurling tools are usually made of steel 5KhNT with 

hardnes HRC 50-55. 

Piece knurling of spur gears is done on TsKBMM-13 and TsKBMM-58 

machines on which gears with m < 10 mm and external diameters up to 

600 mm are knurled. 

Bevel gears with straight and curved teeth are knurled in hot 

state on TsKBMM-42 and NIITAvtoprom machines. On the TsKBMM-22 machine 

the axes of the knurling tools and the billets are located in the 

horizontal plane. Rotation of the billets and the knurling tools is 

synchronized by a machine mechanism. On the ends of the knurling 

tools there are flanges on two sides whdch keep the metal from spread¬ 

ing along the tooth generatrices. For removal and installation of a 

new billet, the knurling tools are withdrawn from the billet, thus 

ensuring free access to the locator of the machine.* 

One of the essential deficiencies of the process of knurling the 

teeth of spur and bevel gears are the laps or shifts of the metal 

along the suri ace of a tooth. These laps appear on the rear side of 

■.he tooth in the course of rotation and they are arranged around the 

internal circumference. The dirt and scale which falls into the laps 

leads to the appearance of cracks with the use of knurled gears. 

♦For information concerning knurling, see: 

N. I. Volodin, Knurling of spur gears, TsINTIMASh, 1962. 

Progressive methods for the production of gear anu their techno¬ 
logical effectiveness, collection of articles, Mashgiz, 1962. 
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The pressing method is used to make spur gears of simple, disk, 

or red form on conventional presses which use appropriate dies for 

this purpose. 

-¡.reatment of Teeth with Novikov-Type Engagement 

External and internal spur gears with Novikov-type engagement 

can only have spiral teeth. These teeth, just as involute teeth, ar 

processed by the forming method and the 

generating method. The faces of teeth 

in ihe end section are outlined by a 

circuxai arc (Fig. 5.35) and can be 

machined by methods known in the gear¬ 

cutting Industry; namely; milling, gear¬ 

shaping, gear-grinding, gear-lapping, 

and broaching. 

The transverse profile of teeth 

(flanks or roots) of a cutting tool that 

works according to the forming method 

completely corresponds to the profile of 

Fig. 5.35. Profiles of 
convex and concave teeth 
with Novikov-type engage¬ 
ment. 

the processed gear in normal section. The profile of the tooth of a 

cutting tool that works according to the generating method is out¬ 

lined by a compound curve which is usually calculated analytically 

or constructed by graphic methods which are described in special 

literature.* 

Since the form and curvature of the profile of teeth of two en¬ 

gaged gears is different, i.e,, on ono gear it is concave with radius 

R2, and on the other it is convex with radius R1, then the cutting 

., , A. irayfel'd. Tools that work by the generating method, 
Mashgiz, 1948. ° 9 

Yu. V. Tsvis, Profiling a generating cutter, Mashgiz, 1961. 
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of these gears requires two paired cutting tools. These tools (milling 

cutters or pinion-type cutters), with certain errors that have no 

essential value, can be also used to cut gears with another (limited) 

number of teeth of identical modulus.

Cutting of external teeth according to the generating method is 

produced hobs on gear-milling machines and by helical pinion-type 

cutters on gear shapers. Internal teeth, accorulng to the generating 

method, are cut only by pinion-type cutters, and subsequently, with 

good utilization of engagement and on large scales of manufacture of 

components, broaches with helical teeth can be used.

Grinding of external and internal teeth, according to the forming 

method, is produced on machines 586, 586O, and 5861 with form-abrasive

wheels, and according to the genera­

ting method, on machines 5831 and 

584 (Fig. 5.36). Truing of grinding 

wheels on the indicated machines is 

produced by diamonds from two sides 

on a master form with the help of a 

pantograph. A third diamond trues 

the wheel around the generatrix.

The teeth of Novikov gears can 

be lapped with an abrasive paste 

by mesuis of a cast-iron lapping 

tool that completely corresponds to 

a paired gear. In spite of the fact 

that the Novikov engagement is a

r.. !nt engagement, practically in the process of rotation with braking, 

the gear and the lapping tool will be in contact at a point travelling

Mg. 5.36. Grinding teeth with 
:.'cvikov-type engagement by gen- 
• rating on a model 504 machine.
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around the profiles along the tooth. 

The most important and exact parameter in these gears is the 

tooth helix angle which, with wide gear rims, should be maintained 

with a precision of ±10-20". The accuracy of pitch and thickness of 

a tooth should be the same as for involute teeth. The smaller accu¬ 

racy, as compared to involute teeth, allows curvature of profile.* 

§ 4. CHECKING OF GEARS 

The most productive and sufficiently relalble checking method 

in batch and mass production is the combined two-profile check (Fig. 

5.37). These devices have two mandrels each, one of whicn is placed 

cn a mobile carriage, and the second on a stationary carriage. The 

gear to be checked placed on the mobile mandrel, and a standard gear 

is placed on the other, where by both gears are in close engagement. 

Errors of engagement during rotation of gears will cause a shift of 

the mobile carriage, which is measured usually with the help of in¬ 

dicators. The magnitude of the shift will be influenced by the errors 

o* profile, pitch, run-out through roots, deviation in thickness of 

teeth, and their misalignment; therefore, this method of checking is 

combinational. 

In addition to the combined check, separate engagement parameters 

are also checked: base pitch, profile, tooth thickness, run-out, and 

misalignment of teeth with respect to the axis of the component. 

Thickness of teeth is checked by a tooth tester, a limiting 

clamp, or a compound clamp (Fig. 5.38). The last method is employed 

for checking the thickness of teeth of external and internal spur 

gears. Measurement can be performed by vernier calipers, micrometer, 

* There is a detailed discussion of the Novikov engagement in the 
iollowing book: Investigation and mastery of gear transmissions with 
Novikov engagement. Publishing House of the Academy of Sciences USSR, 
I960. 
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k-

k Will
Fig. 5.37. J^mblned check of gears, a) ex­

ternal spur gears; b) Internal spur gears; 
c) bevel gears.

Fig. 5.3". 'l.eck of tooth thickness 
by a comp, uni clamp.
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end gage, and also by specially made limiting clamps or indicating 

instruments. 

The size of compound clamp L, with the specified tooth thickness 

on radius R^, in general is determined by the formula 

¿-<■-1)4+5,. 

If the drawing also specifies the displacement factor of the 

profile £, then 

t ^ M coi s«, I« (a — 0,5)-t-1 inv tg 

In the presented formulas: 

n is the number of teeth enclosed by the clamp; 

tQ is the base pitch (t0 » m ir cos a ); 
'J U 

Sq is the tooth thickness on the base circle 

z is the number of gear teeth; 

r0 is the radius of the base circle 

(r# - — coil.,); 

inv is the involute angle in radians 

a is the gear profile angle on the pitch circle. 

The number of teeth T) in general is determined by the formula 

■«PM*1 

"--ÖF+-0,5- + 0.5. 

Angle a is determined by the formula cos a « r-VR , where R is 
X X LK X X 

the radius on which there takes place contact of the compound clamp 

with the tooth profiles. It is recommended to take R » R - f'»m, 

where Rg is the external radius, and f» is the addendum factor from 
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the pitch circle. 

In a particular case, when 

•«-■«-JO* 
« -0,1 II*+ 0,5. 

The calculated value of n is rounded off to the nearest integer. 

Fig* 5.39. Check of tooth thickness of gears 
by the position of rollers or balls in roots. 

Tooth thj ckness can be measured (Fig. 5.39) indirectly by the 

distance between rollers placed in opposite roots of teeth. This 

distance will change depending upon thickness of teeth. 

The dimension between rollers is calculated by the following 

formulas : 

for spur gears with even number of external teeth 

the same for internal teeth 

Mm - 2(r, — ki). 

Correspondingly for odd numbers of teeth 

Mm - 2 cos + 

and 

Mm —.2|r,cos ~— «íj .• 
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The radius of the roller w for uncorrected gears Is taken as equal 

to (0.8-0.85) m. Under these conditions the roller will project 

around the top circle of external and internal gears. 

Radius r2 (to the center of the roller) is determined by the 

formula 

*1 - Vco*«,. 

Angle a2 in radians for external gears is determined by the 

formula 

•l - ~ + 1« - iBV #„ 

and for internal gears, 

Mr-f 
Angle ax is determined by cos ax . r0/Rx, where Rx is the 

selected radius of contact of roller with involute profile. 

S1 is the specified tooth thickness on specified radius R , and 
1' 

inv is the involute angle which is determined by cos « ro/^i 

with the help of a table of involutes. 

According to the found angles ou and a we determine the theoret- 

ical radius of the roller W » r0(tan a2 - tan ax), radius r2 and 

dimension M. 

If this dimension of the roller radius is rounded off or, in 

general, changed to the value of w, which is permissible, then the 

value of angle a.^ changes and it must be determined by Inv at . For 

external gears, 

Inv«, - + Inv«, + — —1 
■«i *1 t 

and for internal gears, 

• JK| 

Example : Determine dimension M on rollers for an external gear 

with parameters z = 40, m = 1, S1 = 1.5708, Rx = 20, . 20° 
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(Inv 20° =. 0.0149, cos 20° = 0.93969), r0 = 18.7938, and 2w 

First we determine 

lava« 
I, STM 

40 + 0,0149 + 
I 

11.7938 
3,1416 

40 
= 0,02861 

2. 

From the table of involutes, au = 24ü4l.Ö', cos = 0.908[,i, 

and 

Then M = 2 (20,686 +1)= 43.372. 

In order to consider the allowance for tooth thickness, it is 

nt jessary to calculate the value of M t’/ice, putting in formulas the 

values ol thickness with upper and lower deviations. 

Tooth thickness of a corrected (with respect to shift £) gear 

can be determined by the formula 

Si - ~p + fcnltf a* - m( 1,5708 + 0,7281). 

Deviation of base pitch of external teeth is check by pitch 

gages oí the Kalibr Plant, MAAG, and others (Fig. 5.40). A pitch 

gage with ball ends can measure base pitch in internal gears. In 

this instrument the diameter of the large ball or roller is determined 

by earlier given formulas. The diameter of the small ball is taken 

as equal to (0.2-0.3) m. 

Run-out along roots of straight spur gears are checked (Fig. 

>.4l) with the help of rollers, while spiral and bevel gears are 

checked with the help of balls. 

..he profile of external teeth of spur gears is checked on involute 

gages ol the MIZ Plant or MAAG type with replaceable disk A (Fig. 

5.42) ard on universal instruments with fixed disk or involute cam 

and lever mechanism. 
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Fig. Che.; ; -^oth pn *'! Le _n ar. l-.v.^luPe gage.

1^

The work, or Instruments is rased on the principle of in­

volute scanning. They nave a prcbe wni .'h is placed in contact with 

the tooth profile of the gear being oncokr-d. Through a system ol’ 

levers the probe is connected with a recorder or an indicator which 

records the deviation of the involute from the theoretical value.

The principle of action of the instrument with replaceable disk 

(Fig. 5.^2) reduces to the I'^^llowlng. kotatlv,n jf the screw (behind 

the flywheel) gives rectilinear movement to the carriage with the 

probe mechanism and straightedge B. The probe then comes into con­

tact with the tooth prolile on line I-I and the straightedge is in 

contact with disk A, whose diameter is equal to the diameter of the 

base circle of the gear. If the tooth profile is made exactly In­

volute, then, during longitudinal travel of the carriage and rotation 

of the gear, the lever of the prcbe will not deviate and the stylus 

of the recorder will trace stral-ht n the tape which Is parallel
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to the edge of the straightedge, If, however, there is distortion of 

profile, then the probe lever will deviate w.nd the stylus will trace 

a slanted and broken line. On the paper tape there is a grid which 

is drawn taking into account the scale of the instrument. 

The universal involute gage, with the help of fixed disk A and 

lever mechanism, can be tuned to different (in dimension) spur gears. 

This instiument also has an oscillating and moving probe, one end of 

which is in contact with a tooth of the gear being checked, and the 

second end is connected with a recorder that records the involute 

errors on tape. 

Fig. 5.^3. Diagram for checking the tooth 
profile of a bevel gear. 

The profile of a straight bevel gear can be checked with the 

help of an instrument whose diagram is shown in Fig. 5.43. On the 

shaft of the instrument there is placed a generating cone A and the 

component to be checked. The generating cone rolls without slipping 

along plane B with respect to its peak. The tooth profile of the 

gear during this time, which is rolling, is in contact with the flat 

end of lever C whose other end is connected with the recording 

mechanism. 
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Misalignments of teeth of external and internal spur gears are 

checked with the help of rods, as shown in iig. 5.44. The difference 

of readings of the indicator on the 

ends of the rod I-I indicates mis¬ 

alignment of teeth, while the 

difference of readings on the ends 

o^ the rod II-II indicate their 

Fig. 5.^4. Diagram for checking taper, 
the direction of teeth. 

Check of separate elements of 

teeth of bevel gears is connected with large difficulties and can 

not always be qualitative. Instead of cnecking the elements in 

iactories of batch production, a comparative checking method is used, 

i.e., the paint method. With this method a pair of gears is generated, 

one of which is standard, and the ether is the one to be checked. 

Paint is put on the standara and during generation it is impressed on 

the teeth of the gear being checked. The 

lorm and position of the paint impression on 

*he tooth is shown in :ig. 5.45. The dimen¬ 

sions ot the imprints are regulated by GOST 

1750-56; they depend on the accuracy of treat¬ 

ment of the gears and are given in percents 

of length B and height ha> For the 5th degree 

of accuracy for instance, h and a are equal 

to 75# of h and B; for the 7th degree, 60$, and for the 9th degree, 

40$. The same method (with paint) is sjmetimes employed to check th3 

correctness of engagement of spur gears and worm pairs in assembled 

reduction gears. 

i.he torn of location and the dimensions of paint imprints for 

Pig. 5.45. Location 
of paint spot on 
the tooth of a 
gear. 
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spur gears are established by 003T 1643-56, and for worm gears, by 

GOST 3675-56. 
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CHAPTER VI 

MANUFACTURE OF ANNULAR PARTS 

A considerable number of parts of Jet engines have the form of 

rings with different cross-section profiles (Fig. 6.1). Among such 

parts are: turbine housing, flanges 

of jet pipe, external casing of 

guide, flanges of combustion chamber, 

rings of labyrinth seals, various 

rings of chambers of rocket engines. 

Precision of annular parts 

differs, depending upon their func¬ 

tion: for certain parts the differ¬ 

ent working surfaces are prepared 

with precision of 2nd to 3rd class 

and cleanness up to 7th class. 

Such precision Is usually attained by machining. Non-working sur¬ 

faces are executed ly 5fh to yth accuracy class and can be obtained, 

when this Is allowed by construction, in process of manufacture of 

blank (without machining). 

Materials of annular parts are carbon steel 10 and 20, alloy 

steel EI69, 21-11-2.5 and lKhl8N9T, heat-resisting alloys, for In¬ 

stance EI435, and also aluminum alloys. 

Fig. 6.1. Profiles of cross 
sections of annular parts. 
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§ 1. OBTAINING BLANKS 

Obtaining blanks for annular parts is the basic stage of their 

manufacture. Blanks are obtained by casting, forging, rolling on 

machines, bending from profiled bars with subsequent welding of butt 

Joints. 

Casting of rings can be produced by two methods: casting in 

earthen forms and centrifugal casting in metal molds. By these 

methods there can be obtained a blank with a simple form of 
I 

section. 

In casting in sand there are obtained flows of metal in flow 

gates and air holes, which must be cut off before the blank proceeds 

to machining. The basic deficiency of blanks cast in sand is that 

they have insufficiently dense structure and, therefore, cannot be 

used for loaded rings. 

During casting of blanks by centrifugal method melted metal is 

poured into a rotating cylindrical steel chill mold, painted on in¬ 

side with heat-resisting paint. To eleminate sharp stresses at the 

time of filling, the chill mold is heated to 200-300°C. Poured 

liquid metal is subjected to action of centrifugal forces and, 

therefore, crystallization of poured blank is zonal. By centrifugal 

method blanks are cast in the form of a short pipe, which is then 

cut into separate rings. To cast blanks with a shaped profile in 

this way is inexpedient, since for this there will be required a split 

chill mold, dangerous for application in centrifugal casting. Sharp 

zonal distribution of crystallization in the blank and liquational 

porosity on internal contour of bl^nk are a deficiency, which pre¬ 

vents use of these blanks for manufacture of loaded parts. For such 

parts this method can serve for production of initial blank, for in¬ 

stance, for subsequent rolling. 
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Forging is the sole method of manufacture of ring blanks, when 

In factory there are no other attachments for these purposes. When 

In the factory they have machines for rolling, forging serves as a 

preliminary operation. The initial blank for forging of rings can 

be castings (medium- and low-carbon steels) and cut lengths (heat- 

resisting alloys .and high alloy steels), 

Heauing of cut blanks for forging is best dene in continuous flame 

furnaces with gradual increase of temperature the length of furnace 

up to forging (1100-1200°C). Blanks from low alloy steel can be rapidly 

heated to forging temperature (900-1000°C). Blanks for annular parts 

can be obtained by flet-die forging and die forging under a hammer or 

press. 

Attachment for rolling of rings by flat-die forging is shown in 

Fig. 6.2. It consists of a massive horn anvil, which Is set and 

fastened on anvil block of hammer. 

Initial blanks for rolling on 

attachment are obtained by flat- 

die with piercing of hole by an 

overhead die block. 

Manufacture of rings by flat- 

die forging is produced with multiple 

heatings; therefore, given method 

of production is insufficiently 

productive. 

Rings of small dimensions, 

according to experience of ball¬ 

bearings plants, are best forged 

on horizontal forges. 

Casting or forging does not 
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Fig. 6.2. Diagram of attach¬ 
ment for rolling rings by flat- 
die forging. 1) stirrup; 2) 
shift holders with various pro¬ 
file of section; 3) horn anvil; 
4) shift cantilever horn; 5) 
blank to be rolled 



permit obtaining of a blank with small allowances. Even with 

relatively simple form of section of rings, blanks forged under a 

power hammer or press are such that their weight is 4-5 times greater 

than weight of finished parts, and for rings with complex cross 

section form the ratio of weights of the blank and finished part is 

still greater. This means that the major part of the expensive 

metal is changed into shavings, and labor-consumption in machining 

is impermissibly great. 

Problems of obtaining blanks with minimum allowances for machin¬ 

ing have recently received considerable attention. There are already 

known achievements in this area. 

Thus, as a result of large Jo', s in factories of aircraft engine 

construction there have now been introduced such methods of obtaining 

annular blanks as the method of rolling and bending of rings from 

profiled bars with subsequent butt welding. 

Method of rolling first began to be used for manufacture of 

wheea. rims of railroad carsj then it was improved in the bearing 

industry, and recently it was introduced in factories of aircraft 

engine construction. 

Rclllng is produced on a special machine, whose plan is shown 

in Mg. 6.3. The Initial blank for rolling is a ring, which can be 

forged or cast centrifugally. Before rolling such a blank is usually 

roughed in order to remove the defective surface layer. Rolling is 

produced in hot state; the blank is heated to the forging temperature 

for the given material. 

The hot blank is set on a profiled central roller 1, and ir the 

process of rolling it is supported by lateral rollers 3. With 

increase of the dimension of the rolled blank lateral rollers released 

to the sides. Profiled stamping roller 2, revolving with a speed near 
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80 m/mln presses ::jwr. on blank with force of 12-15 T (•I2O-I50 kllo- 

newton). As soon as the blank obtains required dlJMnslona and touches 

external surface of roller 4, process of rolling automatically 

ceases. Roller 4 Is connected with stop mechanism, which Is turned on 

at the moment tdien roller, due to contact with blank, turns on Its 

axis. Simultaneous ,y with cessation of rolling rollers 2 and 5 move 

away from the bleuik, freeing It on the machine. Rolled blanks have 

small working allowamce (2-4 mm) and dense structure of metal with 

high mechanical qualities. Productivity of the described method Is 

higher than during forging In stamps, and at the same time costs In 

manufacturing forging equipment are small.

e m
Ir :^at1

ife:!:,.IBiliM
Fig. 6.3. Rolling of an annular blank.

. . J

But a still more promising method Is bending of annular blanks 

(parts) from profiled bands with subsequent welding of the butt 

Joints. The Initial blank for bending Is a profiled band, obtained 

by rolling or hot pressing.
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A diagram of pressing of profiled blanks is shown in Fig. 6.4. 

Pressing is produced on horizontal press with a force, e.g., of 

2,000 T(*»20 meganewtons). Material in the form of a cylindrical rod 

is packed in a container and is pressed through the hole of a die 

(drawing die). Rods can be cast (of steel 21-11-2.5) or forged 

(lKhl8N9T; steel 20j EI69¿ EI435). Diameter is selected so that degree 

of pressing is within limits of 14-40. Rods are packed in container 

freely with gap of 5-6 mm on a side. Before insertion rod is heated 

and then wrapped with glass fabric or coated with glass particles. 

Heating of rods, in order to avoid formation of cinder, is done in 

barium baths or in a medium of neutral gas. Time of heating is 

12-15 sec per millimeter cross section. 

Fig. 6.4. Diagram of pressing of a profiled 
band. 

Lubrication is of great importance for flow of procession of 

. pressing as do conditions of pressing and material of dies. Lubricant 

is glass, which during pressing is melted, forming a film between 

the material and walls of the container and the die. By experience 

there have been fixed the following optimum conditions for pressing 
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Steel; speed of pressing 45-60 m/min; pressure of press-plunger 

0,12-0,16 T/nun (^1200^10^ to 1600*10^ newton/.Ti“^ , Best material for 

dies Is still alloy ZhS6 with admixture of boron. Dies normally 

consist of two halves, which are cast and then ground. Inlet part 

of die is executed by a radius, thoroughly cleaned and polished. 

Output part has an incline. Dies may have cavity lor cooling by 

water, which increases their life. 

The pressed bar, emerging from die, enters receiver, made in 

the form of a pipe with a profiled hole. Transmission through the 

hole of receiver protects bar from twisting. However, the bar is 

nevertheless, somewhat warped; therefore, after pressing it is 

straightened on a drawing press. The obtained oars have fairly 

precise profile; deviation of its dimensions usually does not exceed 

d.,)2-0.04 mm. Material has dense, fine-grained structure and high 

mechanical qualities. Precision of profile can be still higher, 

it after hot pressing the bar is subjected to calibration by cold 

dragging. 

After cutting off its ends the bar is moved to operation of 

bending of annular blanks. 

Annular blanks can consist of two parts - semirings or to be 

closed with one break. 

bending of blank is produced on profile-bending machine, for 

instance model P04 (Fig. 6.5). Diagram of work of such machine is 

presented in Fig. 6.6. 

Machine is equipped with four rollers. Upper roller 1 is the 

feed roller, lower middle on 3 is support, and lower lateral roller- 

2 and 4 are bending rollers. Initially rollers are separated for 

installation between them of profiled bar. Then rollers come 
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together and press the bar (position A); then rotation of upper 

roller is switched on. In process of bending the bending roller, in 

the direction in which the bar shifts, should be lifted and moved 

close to axis o: middle roller a defined distance, at which ring 

will obtain assigned diameter (position B). 

Fig. 6.5. Bending of a profiled 
annular blank on machine PG-4. 

■ 

bbsM» 
Fig. 6,6. Diagram of bending of ring 
on shapt-bending machine. 
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If bending la produced with one direction of r tation of feed 

roller, the end of the bar remains unbent; therefore, at a defined 

moment direction of rotation of this roller changes (reverse) arid 

second bending roller 4 rises. During opposite direction of rotari n 

of feed roller bending o*' ring will be completed (position C). To 

release ring the rollers must again be parted (p sition D). 

Shifts of rollers are controllec by hydraulic ylinders. Speed 

of process of bending is selected according to section of ring and 

Its msvterial. 

Profile of rollers corresponds to profile of bar. Material f 

rollers is tool steel KhVG. Hardness of rollers is Rockwell, C 

scale 54-60, After bending butt joints ol ring are cleaned cy 

abrasive wheel; then they are degreaseo and the blank proceeds to 

welding. 

Welding may be manual, but more productive and more conducive 

to high quality of welded seam is flash welding on welding machines. 

The ring blank (or half) Is set on Its external surface near seam 

in precision contact blocks, made from copper alloy. Part Is 

clamped by overhead clamps on its face, and the gap is closed by rods 

of lateral power units. Installation on welding machine is shown 

in Fig. 6.7. 

In process of fusion there Is produced upset of butts up to 

8-12 mm a aide (depending upon area of cross section of ring); thus, 

blank should have such an allowance. Upset pressure and other 

parameters of butt welding are chosen depending upon material. In 

Table VI.I there are given conditions of welding,, which are taken 

from practice of aviation plants, works of NIAT and V1AM [All-Union 

Scientific Research Institute of Aviation Materials]. 
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Fig. 6.7. Installation of annular blank for welding on 
machine MOSA-300.

Table VI.1.

Mattrlal
UpMt Curr«rt spcolfio
pr«a«ir«9 dtnjlty. p>ow«r,
k«/W. utp/maii kr9i/aa^

C«rbor. 6-10 8-14 C.14-0.18
It.*!* 20-2i 6-12 0.8-0.12

alloyi 26-35 6-12 0.8-0.12

kk

*i k^mm w 10^ newton/m^.

Welding Is produced In Just a few seconds. Its quality Is 

^ery high.

In Table VI.2 are given data of strength of welded Joints, 

:arrled out by butt welding, taken from factory experience.

After welding the seam Is cleaned, and they visually check Its 

lualltyj then there follows operation of heat treatment, which Is
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conducted to remove internal stresses. During heat treatment the blank 

may be warpedj therefore, before machining of It, it rast be calibrated. 

Rings of great rigidity are sometimes calibrated ir hot state. To 

reduce the cycle of treatment it is possible to transmit them to this 

operation directly after heat treatment, before they cool. 

Table VI.2 

fettrUl 
7 *f Mate 
■atarMl, 

7 of valdt1 aaaa 

¡■at traataant ktW S Of 
Mala 
■at trial 

StMl 20 
£1413 
IlftU 
lOBiCSA 
llhltNS? 
«TOS 
22-1-2.5 

31 
129 
#0 

110 
33 
TI 

30.5 
120 
•9.5 

104 
34.5 
TC 

9« 
91 
99 
9« 
94 
94 
97 

naraartn* 900« 
rtarCtum 1050°, taaptrln* 6700 
/taraar.ing 860“, lamparín* 560° 
Harlanln* taaiparin* 5?C<> 
Hardantn* 1100“ 
Harttrln* 1030« 

Calibration is produced on hydraulic presses of force 300-500 r 

(*3,000-5,000 kilonewtons) in dies by drawing. In these stamps 

the blank is also corrected in plane of faces (is straightened). 

Drawing by dies is the simplest method of calibration. Construc¬ 

tion of dies such that when calibration of the blank of another part 

is necessary replacement of the whole die is not required. In this 

case it is possible to be limited only to replacement of certain 

parts, the shape and dimensions of which correspond to the other 

article. 

Blanks obtained bj bending from pressed profiled bars can have 

small allowance (0.5-1.5 mm) for machining, high mechanical qualities 

and sufficiently high precision, 0.3-0.4 mm in diameter. 

Experiments have shown that strength of welded seam should not 

be in doubt, and the part should be practically considered uniformly 
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strong. An idea of advantages of described 

method of obtaining blanks as compared to 

centrifugal casting of them is given by 

example in Fig. 6.8. 

§ 2. MACHINING 

Peculiarity of machining of annular 

parts is that their comparatively low 

rigidity determines conditions of sequence 

of working and methods of installation on 

machines. Shape of part makes for applica¬ 

tion basically of lathes, where parts of 

large diameters are best worked on vertical or facing lathes. 

As for the sequence of working, for such parta it has already 

become a rule to first work the hole and face, and then on base of 

these surfaces to work the top. If the part has small holes, grooves 

or Bjme deepening, the operations of working them are usually left to 

the last stage of machining. 

Luring boring of hole the blank is set in a chuck on external 

diameter resting on a face. In this operation, besides the hole, whey 

also work the exposed face. Working of these surfaces from one 

installation ensures their exact mutual location. By these surfaces 

the part is set during machining of tcp. 

* * ln*ernal diameter should te carried out with precision, it is 

reamed additionally after treatment of the top. To avoid deformations 

in positioning the part is fixed by recess of face plate and secure 

by cleats on its face. 

When checking dimensions it is necessary also to consider low 

Fig. 6.8. Blanks, a) 
cast centrlfugally; b) 
bent from profiled bar 
with butt welding. 
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rigid ty of rings And to use inspection means whose application 

excludes possibility of deformation of parts. These conditions are 

met by indicator instruments. 

ê 
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CHAPTER VII 

WORKING PARTS AND UNITS MADE FROM SHEET MATERIAL 

§ 1. DESIGN, SPECIFICATIONS AND MATERIAL 

In contemporary Jet engines many Important parts and units are 

made from sheet material. Among them are: combustion chamber, nozzle 

blades, chambers heads, various ducts, tanks, ejectors. Jet nozzles, 

and so forth (Fig. 7.1). 

Peculiarity of units In that they are nondetachable structures. 

Separate parts, obtained in most cases by stamping, are connected in 

units usually by means of welding (Fig. 7.1a and b) or soldering 

(Fig. 7,1c and d). 

Specifications for manufacture of units from sheet material 

include requirements with respect to precision of shape and dimen¬ 

sions, airtightness, quality of surface and coatings, and also quail y 

of seams. 

Requirements with respect to airtightness are presented only 

when units work in conditions of high pressures or serve for storing- 

of fluid. As a rule, such unit subject to hydraulic tests under 

pressure 50-100# higher than operating pressure. 

285 



F
l
a
m
e
 
t
u
b
e
 

*- 

t** 

u 

O' 

286 

1 



High requirements are presented to quality of surface, especially 

in units which form the blading of the engine. On surfaces of parts 

of blading there should not be creases, folds or cracks, and cleanness 

of them should correspond to cleanness of rolled material. In 

certain cases a higher degree of cleanness is assigned. Thus, for 

instance, for blades of inlet manifold there is assigned cleanness 

of surface corresponding to ßth-9th class, which is attained by 

polishing 

During selection of material they take into account temperature 

conditions in which the unit works, the function and period of service 

of the engine. 

For aircraft engines, designed for prolonged work, thermally- 

stressed parts and units (parts of flame tubes, the nozzle, etc.,) 

are prepared from heat-resisting alloys, most frequer.«ly EI435, 

EI602, EI-696, 260L, 08Khl3, 20Khj5, steel lKhl8N9T, and others. 

Parts of the same engines, working under conditions lower tempera¬ 

tures, are made from steels of brands 21-11-2.5, 08KP, 10SP (casing 

of combustion chamber of OTE), and others. They also apply aluminum 

and magnesium alloys, e.g., ADi, AD, AMts, AMgjJ, D16A-T, V95-T, 

AMgA-M (parts of intake manifolds), and others. For parts and units 

of engines of brief action, working in conditions of high temperatures, 

they use, e.g., steel !Khl8N9T and more frequently cheaper steel of 

brands KhN-25, 08KP, 25KhOFA, EI643, 1002A, 27KhOSNA, 23Kh2NVFA, and 

others. Tanks and bottles for fuel and oxidizers are usually mad3 

from steels 12G2A, 12KhMA, EI654, and from other soecial acid-resistant 

steels. Sometimes these parts are passivated. Recently, for manu¬ 

facture of parts and units they have begun to use titanium alloys: 

VT1, VT5, VT4, 0T4, and others. 
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To the producer plant sheet material proceeds with required 

thickness and dimensions In accordance with an All-Union Government 

Standard. 

By special order there may be delivered sheets with dimensions 

larger than foreseen by the All-Union Government Standard. Material 

Is supplied in annealed and mordanted state. 

Applied materials should have high plasticity, resistivity to 

corrosion and good weldability, and also oe easily worked on metal¬ 

cutting machines. 

§ 2. CONSTRUCTION OF TECHNOLOGICAL PROCESS 

Most complicated is the technological process of manufacturing 

units in the iorm of shells, among which are combustion chambers. 

Sample Working Plan 

1. Cutting of material. 
,, 2« Preparation of material for cutting or blanking flat blanks 
(lubrication of bars with oil). 

3. Cutting or blanking flat blanks. 
Preparation of flat blanks for drawing or bending, 

5. Operations of shaping (drawing or bending). 
6. Machining of parts before welding or soldering. 
7. Treatment of holes, notches, etc. 
8. Assembly of parts in units for welding and soldering. 
9. Welding or soldering of units. 

10. Treatment of units after welding or soldering. 
11. Coating or painting of surfaces. 
When there are special requirements in the technological process 

there can be introduced additional operations, for instance, beadine 
polishing, etc. 61 

Relationship of dimensions and shapes of parts comprising a 

unit does not always permit one to be limited to a single operation 

of drawing or bending. Most frequently it is necessary to conduct 

such operations several times, completing their shaping (calibration). 

But after drawing or bending, just as after welding, it is necessary 
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to produce heat treatment, in order to remove internal streepies, 

formed during the preceding operations. 

§ 3. EXECUTION OF BASIC OPERATIONS 

Blanking 

Laying out of sheets. Sheets of normal dimensions before cutting 

r blanking flat blanks are laid out and then cut into bars or squares. 

They are most frequently cut on guillotine shears, with sheet set 

on rests, adjusted in accordance with the required dimensions. 

Allowed deviations of bar width or of the side of the square (depending 

upon their dimensions ) is 0.5 to 2 mm. 

Sheets are sometimes laid out for several different parts of 

identical thickness. This permits us most profitably to use sheet 

area. 

For laying out sheet it is necessary to determine shape and 

dimensions of flat blanks of parts. This can be carried out by one 

of the following methods: 

1. Method of equality of areas. 

2. Calculation of lengths with respect to a center line. 

3» Method of equality of volumes or masses. 

4. Oraphoanalytical method. 

Question of selection of one or another method is determined 

by the shape of the part. For instance, for determination of the 

shape and dimensions of a flat blank of a part consisting of simple 

elements most convenient is the method of equality of areas. 

For detemination of dimensions of flat blank of a part produced 

by bending with slight drawing (Fig. 7.2), most convenient is the 

method of calculating lengths with respect to a center line. For 
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this they take sections in the transverse and loiritudinal direc¬ 

tions (aa, bb, cc, etc.; AA, BB, CC, etc.,) an calculate length 

with respect to the center lines, considering allowance for machining. 

Thus, we determine coordinates of points, lying on edges of flat 

blank. Final shape of flat blank is determined by tracxng, applying 

smooth linkages. 

abcdefgh a A 

Fig. 7.2. Example of 
to center lines. 

laying out with respect 

Method of equality of masses la convenient to apply when before 

composition of technology there was a part already manufactured. 

Flat blanks for parts of complex form usually are determined by 

method of equality of volumes or graphoanalytically. 

Fig. 7.3. Stamp for cutting flat blanks. 

290 



of fut bl&rüCB. Blanking of flat blanks is done by a 

stamp on an eccentric or crank press. In Fig. 7.3 i* given typical 

construction of blanking stamp with overhead location of die. 

Upon motion of upper part of stamp downwards die 1, pressing 

through material to stripper 3# lowers it, thanks to which punch 4 

is bared and cutting of blank is produced. With reverse movement 

tail r;maining on punch is removed from it by stripper 3, and cut 

blank is ejected from die by ejector 2, actuated by pusher 5. 

To ensure correct process of cutting between die and punch there 

is a gap, the magnitude of which depends on thickness and brand of 

material (Table Vll.i). 

Table VII.i. Bilateral Oaps Between Cutting Edges 
of Punches and Dies in mm 

Thleknata 
of atta- 
rlal, a 

StMl IStlimT, alloy KX417 Alloy AhM78T 

alnlaua optlaua alnlaua optlaua — rlaa 

M 
M 
1.0 

s!¡ » 

0.0(0 
0.010 
0.000 

l:Z 
0,1)0 
0,190 
0,180 
0.1» iii

iii
sii
 

lii
sii

isi
 

o
o
o
o
o
o
o
o
o

 

si
Si
il
SI
t 0.0» 

0.1« 
0,1« 
0.1« 
0,1« 
0.918 
0,930 
0.978 
0.3» 

0.1» 
o.m 
0.9» 
0.9» 
0,378 
0.4» 
0.800 
0.0» 
0.7» 

For selection of press we determine first of all necessary force 

of cutting, using formula 

P -tai, 

where P — force of cutting in kg; 

T - resistance to cutting in kg/mm2; 

u - perimeter of flat blank in mm; 

t — thickness of material in mm. 

For different materials depending upon ultimate strength õ and 

other factors t may be taken equal to: 
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for steel.... 

for aluminum, 

for duralumin 

ftjbtar Wwj* 
P«tt«rn 

Fig. 7.4. Stamp 
with rubber die for 
blanking flat blanks 

.(0.75-0.^0) Õ 

...(0.60-0.90) c 

.(0.60-0.90) Õ 

Upper limiting values pertain to materials of thickness fr m 

0.5 to 2 mm; lower, to materials 2 mm or thicker. 

Besides steel stamps, for blanking flat blanks they also use 

stampr with a rubber die (Fig. 7^). With the help of such stamps 

it is possible to blank flat blanks from alumi¬ 

num sheets of thickness up to 1. mm, duralumin 

up to 1.3 mm, of steel not more than 1.0 mm 

thick. 

Role of punch In such a stamp is carried 

out by a steel plate (pattern), and role of 

die is played by a ru> ’ er pta, having relative 

elongation of about 400¾ and compression under 

load of ICO k^/mnf (»lOO'lO" newton/m2) within 

range of 40-60*. Thickness of pattern is 6-12 mm; thickness of rubber 

is 30-60 mm. 

Stamps with rubber die are cheaper than steel ones. They are 

usually set in friction presses. 

flat blanks. From the point of view of economy 

stamps Justify themselves 4 1 considerable 

scales of production, whet initial expenditures 

can be compensated. Therefore, for small scale 

production flat blanks usually are not blanked, 

but are cut on roller shears (for thin round 

blanks) or by a gas cutter (for thick-walled 

blanks with complex shape of contour). 

Blanking of round blanks on roller shears 

is shown in Fig. 7.5. If in stamped part there 

292 

Fig. 7.5. Blanking 
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can be a hole, the sheet Is previously positioned by a bored hole 

(d » 10-12 mm) by a pin (see Fig. 7.5a). If however, hole in bottom 

cannot be made, the sheet is held by its center (see Fig. 7.5b). 

On shears it is possible aleo to cut flat blanks with contour 

of complex form; then, before cutting it is necessary to produce 

marking by a pattern. 

For blanks, cut on roller shears, edges are rather even; there- 

iore,allowance for machining in this case is taken the same as during 

blanking under a stamp. 

Oas cutting is produced by marking. Edges in this case are 

uneven, and therefore, allowance for subsequent machining is increased. 

For instance, for blanks of halves of the nozzle of the combustion 

chamber of a liquid-fuel rocket engine, obtained by gas cutting, they 

provide allowance for machining of 18-20 mm a side. 

Shaping Parts from Sheet Material 

Preparation of flat blanks in stamping-drawing. Process of 

stamping-drawing is accompanied by considerable friction of part 

on surface of clamp of die and punch of the stamp. Dry friction 

frequently leads to formation of low points and creases on part and 

rapid wear of stamp. To avoid this, flat blanks, before drawing, 

are lubricated with pure oil, oil with graphite, etc. However, best 

results are obtained by coating the blank with a film of polyvinyl 

chloride varnish with subsequent lubrication of coated surfaced 

with oil. Layer oi varnish is applied by sprayer and dried in a 

furnace or in the air. When the part is stamped in several operation?;, 

after each drawing they conduct heat treatment, in which laye** of 

varnish bums. Therefore, operation of preparation should be 

conducted before every operation of stamping. If, however, the part 



Is stamped In heated state, the need for such preparation disappears. 

Stamping of parts. Depending upon shape of part they apply 

processes of bending or drawing. Bending in dies Is used for part.; 

having simple form, e.g., half a nozzle. Bending is usually don* 

in one operation. For pvrts having a wall of thickness of 6 ran or 

more, the blank is preheated (for instance, for steel 2t>KhGFA, t 

108C°C). 

Parts having a shell shape are prepared by drawing. In working 

out the technological process it is sometimes necessary to determine 

the number of operations of drawing, ln auch cases they see to It 

that on every operation, stresses in the material do not exceed its 

ultimate strength while fully using its plastic properties. Usually, 

the number of operations and their sequence is determined on the 

basis of experimentally fixed coefficients of drawing, consisting 

of the ratio of subsequent (after operation) diameter to the 

preceding. Thus, for instance, for ^irst operation coefficient of 

drawing m^ - 

where d1 - diameter of part after first drawing; 

- diameter of flat blank. 

Per subsequent operations coefficients of drawing are ratios: 

•j ■■ «i m df' , , , am äjä^, 

where d.; d_; d,; d . — diameters of intermediate forms of procure- 
^ ments; 

dn - diameter of finished part. 

In Table VII.2 are given mean values of coefficients of 

drawing for steel, depending upon relative thickness of material. 

In factories they sometimes take higher coefficients m(, » 

• (0,6-0,7), in order to avoid formation of cracks due to nonuniform 

thickness of material. 
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Heat treatment. To remove internal stresses between operations 

of drawing parts are heated to defined temperature with subseauent 

cooling in air or with furnace. Heating is produced in electrical 

furnaces, since in flame furnace due to direct contact of part with 

fire there may occur burning through of the thin wall of the part. 

Temperature of heating differs fo^ ilfferent materials. Thus, 

for instance, sections of flame tube from alloy SIJ*35 are heated to 

IO5O0, Kept at this temperature 15-20 minuter and 'ooled in air. 

Sections of combustion chamber, prepared from steel lKhl8N9T, are 

heated to 1150°, kept for 15-20 minutes and also cooled in air. 

After heat treatment from surfaces of part it is necessary to 

remove cinder. This is attained by etching or sandblasting, before 

each subsequent operation of drawing it is necessary to again conduct 

preparation — coat the part with varnish and oil. 

Process of heat treatment is usually accompanied by warping of 

part; therefore, after last operation of drawing and heat treatment 

the parts must be formed (to calibrated), which is most frequently 

done in dies. 

Fig. 7.6. Operations 
of stamping Intake 
cone of flame tube of 
combustion chamber. 

Fig. 7.7. Oper- 
atlos of stamp¬ 
ing of casing of 
combustion cham¬ 
ber. I-V) draw¬ 
ing; VII) form¬ 
ing. 

I-V) drawing; VI) 
forming. 



mechanical or by compressed air. 

Such a stamp is shown in Fig. 

7.8. Air proceeds from plant 

line in hose through fitting 1 i 

into cavity between die 2 and 

_ punch 3. 
Fig. 7.8. Stamp with ejection 
of part by compressed air. Stamps, in which for ejec¬ 

tion of the part compressed air is applied, are more simple in con¬ 

struction, more convenient in operation, and permit one to use a 

press without pushers. 

Stamps for forming differ little in construction from drawing 

stamps. 

Worthy of attention is the method hydraulic forming of parts 

in a special stamp (Fig, 7.9). Stamp consists of two parts — upper 

and lower — connected with mobile and fixed parts, respectively, of 

hydraulic press. Before beginning of working movement, when upper 

part of stamp is lifted, punch-piston 2 under action of springs 3 is 

lifted to rest in plate 1. Cavity under punch-piston is filled with 

water, proceeding through 

check valve 4 from bath, 

formed by casing 5. During 

working movement of press 

formed part is first pressed 

(on lower part) between 

punch-piston and die 6, and 

then as upper part is 

lowered, and consequently 

also the punch, it is cali¬ 

brated by form of die under 

¡ir 
-- 

7.9. Stamp for hydraulic stamping 
of intake cone of combustion chamber. 
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As an example, In Figs. J.6 and 7.7 there are given diagrams for 

working the casing and Intake cone of the flame tube of the combustion 

chamber of a GTE. As can be seen from the diagrams, the intake cone, 

e.g.. Is produced in five operations of drawing and one of forming. 

For seamless casing,there will already be six drawings and one 

forming. 

During working movement of press, the blank is first pressed 

between upper and lower parts of die, and then during whole all work¬ 

ing movement of the press it is extruded. When designing the die or 

selecting of the press, special attention should be paid to guarantee¬ 

ing necessary clamping pressure of the flat blank. If pressure is 

insufficient, then during drawing, in the part there may form a break 

in the material. Both defects are incorrectible. Experience estab¬ 

lished that, for Instance, for drawing of steel part with thickness 

of wall 1.5-2 mm clamp pressure should be near 25 kg/cm^ (^25 x 
5 2 

x 10^ newtons/m ). 

It is also important to select correct gap between die and punch, 

for which probable burrs are least during stamping. Gap is estab¬ 

lished depending upon the material, the operation of drawing and Is 

selected within limits (l.l-1.5)t a side. Sometimes for initial 

operations of drawing,the gap is additionally Increased by 0.05-0.1 mm 

(considering that material may be of nonuniform thickness). 

Quality of drawing is influenced also by character of transition 

from the plane to the hole of the die. Usually this transition is 

made by radius, constituting 6-10 thickness of the stamped material. 

Transition should be smooth, for which it is polished. 

In construction of stamps, they anticipate a device for removing 

of stamped part from the punch,or ejection of it, from the die — 
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pressure of water. Water emerges from cavity under punch-piston 

through central and slanted holes in cavity between the part and 

punch. During reverse movement of press springs lift punch-piston 

to initial position, and water will flow back into the cavity under 

the punch. The part is ejected from die with the help of compressed 

air by stripper 7. 

Accuracy hydraulic forming is higher than forming in usual 

stamps, inasmuch as pressure on part is distributed evenly, forcing 

it to rest tightly against internal surface of die. During manufac¬ 

ture of such a stamp it is not necessary to force the form of the 

punch to match form of die, as this occurs during manufacture of 

stamps whose construction is similar to that shown in Fig. 7.8. 

Stamping by rubber or liquid die. Of great interest is the 

method of stamp-drawing by rubber or liquid die. 

For stamping-drawing by a rubber or liquid die it is possible 

to use both special units and also hydraulic presses. The plan of 

stamp is depicted in Fig. 7.10. Basic 

elements of the stamp are container 1 with 

rubber or liquid die 6 and punch 3. Hyraulic 

buffer 5 serves to support necessary pressure 

on the part of clamp 2. In process of 

stamping, pressures can be adjusted to 

required magnitude by valve 4. 

The only replaceable parts are annular 

clamp and punch. They are replaced depend- 

Fig. 7.10. Diagram 
of stamp for drawing 
a rubber or liquid 
die on hydraulic 
presses. 

ing upon shape of stamped part. All remaining parts of stamp are 

constant. 

Essence of process consists In pressing a billet located between 
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clamp and die, by a rigid punch, whose external contours correspond 

to internal contours of the stamped part. 

For stamping-drawing by shown method they apply a soft rubber 

of high elasticity (relative elongation cf at least 600-700$ with 

Shore hardness not more than 20-30). If as the die there is used a 

liquid, the latter consists of elastic rubber shell with thickness 

of walls from 3 to 5 mm. 

One of the advantages of the process is the obtaining of parts 

of high precision with walls of uniform thickness. 

Described method gives the possibility of most fully using the 

molding ability of sheet material. However, its application is still 

limited to parts, having small relative thickness of walls (for 

instance, for t/d below 1$). 

Rotary pressing.* By this method it is possible to prepare 

complex parts of cylindrical and conical form with rectilinear or 

curvilinear forming, having constant, variable or stepped cross sec¬ 

tion of walls. 

Diagram of method Is shown 

in Fig. 7.11. 

A part having the required 

form is produced by method of 

deformation by redistribution of 

metal. 

For manufacture of parts by 

this method there have been pro¬ 

duced special machines with one 

or two supports for rollers, 

Fig. 7.11. Diagram of rotary 
pressing. 

This method of forming is sometimes called drawing with ironing. 
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allowing one to obtain part with diameter and length up to 2 m. Press 

roller is established on support in roller holder. For manufacture 

of parts with a complex external curvilinear contour on carriage of 

machine there is established hydraulic servodevice. Mountings are 

usually prepared from tool steels; their surfaces are thoroughly 

polished, since the least roughness is completely reproduced on the 

part. Hardness of mountings are by Rockwell, C scale 56-6O. Press 

rollers have shape of a frustum of a cone with radii of curvature. 

Rollers are prepared from high-speed cutting tool steels and are 

hardened to hardness Rockwell, C scale 68-70. 

Manufacture of parts by method of rotary pressing is produced 

from flat blanks in the form of disk, cylindrical or conical vessels, 

obtained by preliminary drawing, ductile, or drop forging. As 

initial blanks it is possible to apply welded units and pipes. 

During rotary pressing diameter of blank d is selected equal to 

diameter of flange of finished part. Thickness of material of blank 

is determined by relationship 

fâ-ítdny, 

where a — internal angle of cont; 

t^ — thickness of wall of part; 

t8- thicknes. of blank-disk. 

In complicated cases thickness of blank is determined for 

eqaulity of volumes of metal of blank and part. 

By this method there can be worked both soft and highly durable 

metals. Most of them are processed at room temperature. However, 

this must not be for titanium and its alloys. Titanium, as it is 

known, has a hexagonal crystal lattice which hampers its working in 

a cold state. But with preheating to a temperature near 540°C it 



submits to pressing more easily than soft steel. 

Pressure on roller during pressing from 200 to ^00 kr/mm? 

(«200*107-300.107 newtons/i/). Most metals are worked at speed near 

300 m/min with feed of roller 0.2-0.6 mm/rev. In one transition it 

is possible to prepare part on the condition that thinning of material 

does not exceed 8)# for nonierrous metaU and 75¾ for steel. During 

manufacture in several transitions it is sometimes necessary to 

pertorm intermediate heat treatment. During, pressing heat is 

intensely liberated. For production of good quality parts and to 

avoid fast wear of rollers they apply liquid cooling (water emulsions), 

which is fed in the form of a stream under the roller. 

By extrusion with ironing it is possible to prepare parts with 

precision of ¿0.05 om. In a number of cases mechanical properties 

of metal after extrusion become higher than for metal in initial 

state. 

Explosive forming of parts. This method has recently been 

developing rather rapidly thanks to Its relative simplicity ana large 

:ossibilities, allowing one to obtain part of the type of bottoms 

with diameter 3-3.5 m without presses and other complicated equipment. 

By form of energy transmitter methods of explosive forming are 

divided Into: powder forming and forming by gas mixtures. 

By method of transmission of kinetic energy methods of forming 

are divided into methods in which gases, formed during combustion 

of explosives, act on blank directly; methods in which gases act 

through a piston. In Fig. 7.12 there are shown diagrams of methods, 

anticipating use of high explosives. The simplest of them are 

methods based on direct influence of gases on the blank and through 

a i air transmission medium. For forming by these methods it is 

necessary to have only a die and a charge. 
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Fig. 7.12. Diagrams of forming of carts using energy of an explosion, 
a) stamping by pressure of gases; 1) lift rod of crossarm: 2) ignition 
mechanism; 3) explosive die; 4) locking die: 5) billet: 6) female die; 
7) drain hole; b) stamping by blast wave; 1) charge; 2) reflector; 3) 
crossarm; 4) blank; 5) di»; 6) drain hole; c) stamping by explosion 
with pressure propagation through liquid; 1) plate, locking the 
cavity; ?.) charge; 3) ignition mechanism; 4) liquid; 5) rubber dia¬ 
phragm; 6) blank; 7) porous metal; 8) die; 9) vacuum tube; d) stamping 
by explosion with pressure propagation through rubber; 1) charge; 2) 
piston; 3) rubber pad; 4) blank; 5) die. 

However, of greatest interest are methods, anticipating use of a 

transmission medium. The explosion is produced in water or another 

medium a certain distance from the blank. The shock wave influences 

the blank through the medium. These methods ensure more equal distri¬ 

bution of pressure and to considerable degree decrease sound effect. 

Installations for explosive forming are located in open places 

of the enterprise, strictly observing all safety measures in case of 

an accident. Explosives and detonators are kept in special safes, 

having fireproof walls. 

Installation for forming are of basin and ground types. Reser¬ 

voir of ground type is assembled from sections. Its height is deter¬ 

mined by the height of water column necessary for stamping. 

Installations of ground type are best used for forming bottoms 

of small dimensions both in unit production, and also in deadline 

preparation of production. 

Installations of basin type are more versatile, although they 

are more complicated. Instead of creation of artificial basins it is 
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possible to use natural reservoirs. 

During explosive forming only dies are required, monlithic or in 

the î orm oí ring. In monolithic dies it is necessary to provide va 

system of holes for removal of air from working cavity. In small 

£''ale production dies can be prepare from wood and concrete with 

epoxy facing. Upper part of such dies should still be steel. 

For explosive forming there can be applied different disruptives, 

for instance, ammonite, trotyl, hexagene, and others. When selecting 

explosives one should consider their power and sensitivity to impact. 

Here, of course, there is not ignored their cost. 

:lectromagnetlc forming of parts. Essence of this method is that 

ho Initial metal blank, possessing proper electrical conductivity and 

placed in magnetic field, obtains assigned form under action of this 

field. Forming occurs due to pressures, attaining 3500 kg/cm' 

(«55ü0*105 newtons/m?) in the form of pulses lasting 10-20 usee. For 

electromagnetic forming there are being created at present special 

machines on which it is possible to prepare part of rather complex 

iorm. Examples of electromagnetic forming are shown in Fig. 7.13. 

’When it is necessary to form corrugation In pipe for fastening of it 

in another ^art (see Fig. 7.13a) electromagnetic coil 1 is placed 

Inside the pipe (blank) 2. After carrying out the operation the pipe 

obtains shape 3. If it is necessary to form a unit consisting of pipe 

3 with a rolled part (see Fig. 7.13b), magnetic coil 1 is placed on 

outer side of dies, encircling blank 2. During manufacture of corru¬ 

gate j ¡late 5 (see Fig, 7.13c) blank 2 is placed between coll 1 and 

a die. 

I arts formed in a magnetic field are not inferior in accuracy to 

parts obtained by forming in stamps with application of usual equipment 

for pressing. 
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Fig. 7.13. Electromagnetic forming, a and b) 
molded corrugations for pipes; c) forming of 
corrugated plate; d) corrugated ring; 1) 
formed part; 2) die. 

Forming on spinning lathes. This method has been known for a 

long time. Basic deficiency of it is the necessity of manufacturing, 

for each part, special arbors of corresponding shape. In complex 

cases arbors must be made demountable from a large number of parts 

taking into account possibility of removing from them formed parts. 

Working thus does not exclude obtaining parts with local thinning of 

walls. Recently, there have appeared machines with transcribers and 

programmed control for assigned shift of spinning roller. 

Complex form of part on such machines can be obtained in 2-3 

operations (Fig. 7.1^). In first operation, gradually, transition by 

transition (1, 2, 3, 4), they 

obtain a cylindrical form, and 

in the second they form the. 

connector and inside part there 

is fed compressed air. 

Such method of spinning 

ensures high accuracy, is very 

productive, and does not require 
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Fig. 7.14. Manufacture of chamber 
in two operations, a) spinning of 
cylinder; b) spinning of connector. 

manufacture of complicated equipment. 
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Stamping of corrugations. Corrugated parts are more frequently 

encountered In constructions of liquid-fuel rocket engines. They 

fulfill role of lining of shells or outer shells. Usually such parts 

are prepared from separate corrugated sections, the number of which 

depends on shape and dimensions. Sections are connected by welding. 

Technology of manufacture of corrugated parts can be presented 

in the following way. First there are cut flat blanks of sections in 

cutting dies under a press or layout on vibration shears, depending 

upon scale of production. On edges of blank there is left allowance 

for welding (flank edges) of ~1 mm and for clipping 10-20 mm. 

Then corrugations are stamped in a die, fixed on a hydraulic 

press, whose dies have 3-1* grooves in the form of corrugations. Shape 

of grooves varies; therefore, it is given in two sections. Accuracy 

of manuiacture can be judged by tolerance and data in a table. Form¬ 

ing of corrugations is produced so that after every working movement 

the part shifts one groove; otherwise, there may form fissures, folds, 

and crumplings. 

Formed sections are thoroughly cleaned on edges and then welded 

by argon arc welding with tungsten electrode without an addition. 

Welded sections are clamped near the seam to an attachment made from 

copper alloy for the best heat transformer. Sometimes in the attach¬ 

ment there are holts for supply with supplying from beneath seam 

argon to prevent oxidation. In spite of the fact that the seam is 

made overlapping, the sections do not have noticeable transitions 

(steps), in the seam there is obtained a small influx, which is usually 

cleaned by an abrasive wheel. Steps are not obtained due to clamping 

of the section in fixture by force, sufficient for formation of con¬ 

tact of article with positioning element in process of welding. After 
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Fig. 7.16. iarts, {.repared by method 
of bending with stretching.

Operation of bending with rotation of die block can be presented 

In the following way. Let us assume that, for Instance, It Is neces­

sary to prepare connecting ring of 

combustion chamber, shown In Fig. 7.17. 

For this purpose we preliminarily clamp 

rolled bar by one end on die block, and 

by other In a special high speed grip 

connected to rod of hydraulic cylinder. 

Then the bar Is stretched and In 

stretched state It Is screwed Into 

revolving die block (die). During 

whole process of bending force of exten­

sion Is kept constant. Sometimes the 

part Is pressed to revolving die block 

by a bronze shoe, secured to rod of 

lateral hydraulic cylinder. Lateral 

pressure ensures higher precision of part. To avoid depressions In 

part and die block the latter Is lubricated with grease before begin­

ning of bending. After bending the part. In the form of a ring, has 

one break, which In the following operation will be welded by butt 

welding.

In the same way they produce bending of parts of more complicated
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for rotary bending.



welding the corrugated part (unit) obtains a conical form. Final 

forming, for instance, for nozzle profile, is carried out in special 

die-fixture or in a die of more simple design, but with installation 

of it on a press, having sufficient movement of slide. Machining 

(clipping) is produced with installation of part in fixture. If 

necessary, here there can be performed flanging or other similar 

operations . 

Bending on machines. Frequently it is expedient to produce 

bending, not in press stamps, but on bending machines. Expenditures 

in these cases are incomparably lower. Bending of [arts having 

cylindrical, conical, and also bucket-shaded form, can be done, on 

general-purpose bending-rolling machines. 

Diagram of bending-rolling is shown 

In Fig. 7.15. A deficiency of this method 

Is the inevitability under-rolling of the 

edge and low precision. Usually after 

bending-rolling parts must be straightened, 

in which quite a lot of time is expended. 

During manufacture of parts of assem¬ 

blies of aircraft engines over more widely used Is method of bending 

with preliminary extension on special bending machines. This method 

permits obtaining of accuracy, corresponding approximately to 3rd 

class, and reduction of waste to a minimum. It is applicable for manu¬ 

facture of parts of both little and also great thicknes ' from different 

materials. Including heat-resisting. 

In Fig. 7.16 there are presented parts, which are prepared o,y 

bending with stretching. They distinguish two methods of bending 

with stretching: by means of rotation of die block (sometimes called 

rotary) and jacketing. 

Fig. 7.I5. Diagram of 
rolling on three-roller 
sheet-bender. 



Die block 

Fig, 7.18. Jacketing with preliminary 
stretching of flat blank, a) stretch¬ 
ing of blank; b) step of jacketing. 

Proceeding from this, we determine the 

form, e.g., parts of the 

nozzle, shells of chamber 

with diameter of more than 

two meters, etc. 

Diagram of bending by 

means of jacketing is shown 

in Fig. 7.I8. During bend¬ 

ing by both methods in mate 

rial there are created 

stresses, exceeding the 

yield point (but not 

exceeding tensile strength) 

force of extension 

where P - necessary force of extension; 

a0 2 ” yield point; 

F - area of cross section of blank. 

As a rule, before operation of bending with stretching parts do 

not have to have holes or notches. 

Machining After Forming 

After drawing or all the more so after bending on roller machines 

edges of parts are uneven; therefore, before welding edges must be 

machined. 

In certain cases parts hive variable thickness of wall, for 

instance, at intake of cone of flame tube. Variable thickness is 

also obtained by machining. 

Depending upon shape of part machining is conducted on a lathe, 
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a mill, or other machines. 

As setting bases during machining they take external or internal 

surfaces of part, obtained during stamping. 

For parts, welded end to end and having wall more than 3 mm thick, 

besides matchining of the end of edges, they also take chamfers for 

welding at an angle of 45°. For parts constituting solids of revolu¬ 

tion, this operation is done on lathes. For tarts of tyre of half a 

nozzle in small scale production they are chamfered by drill manually; 

for sizeable scales of production they are chamfered on milling 

machines by a master form. 

Machining of holes, recesses, flanges, flanging, and beading. 

In accordance with blueprint requirements it is often necessary to 

“tarry out a series of operations of machining holes, recesses or 

flanges, flanging, and beading. 

Holes in parts of sheet material are drilled or punched by stam;. 

During designing of operation it is lecessary to consider both profit¬ 

ableness of application of one or another method of machining for the 

given scales of production, and also requirements on quality of parts. 

If, for instance, holes are located on stressed section of the part, 

they are usually bored to avoid additional internal stresses, which 

can appear during punching by stamp. Internal stresses can lead to 

formation of cracks and destruction of the part during its work. Holes 

are also bored in those cases where they are located close to one 

another or when the ratio of their diameters to thickness of material 

does not exceed 1.0-1.3. When d0TA breaks of punches of stamp 

are possible. Operations of boring of holes in parts made from sheet 

material do not differ at all from boring of other parts. Depending 

upon the scale of production and the shape of the part holes are 
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bored by layout or with the help of Jigs. With a large number of 

holes, located close to one another, they often use Jigs with dividers 

or unit-head machine 

tools. 

Punching of holes 

by stamp is produced, as 

a rule, on eccentric or 

crank presses. 

In Fig. 7.19 are 

given typical construc¬ 

tions of stamps for punch¬ 

ing holes in parts of 

cylindrical or conical 

form (of such form are sections of the flame tube of a combustion 

chamber). Console stamp (Fig. 7.19a) has punch 1, die 4, and clamp 5, 

the shape of working surfaces of which corresponds to the part's shape. 

For production of required dimension from end to center of hole the 

part is set on rests 6 and 8, Angular spacing of holes is ensured by 

latching device, consisting of index pin 5 and index wheel, set before 

punching on the processed part. The part is pressed to the die (dur¬ 

ing the working stroke of the press) by elastic (rubber) buffer 2. 

For direction of punch with respect to die stamp there are heels 9, 

pressed in body 7. During movement of press heels slip in holes of 

cast-iron bushings 10, Such a stamp is designed to punch holes of 
• 

one bar. For puncture of holes of other bar it is necessary to have 

other stamps of the same design or one more complicated construction 

with longitudinal adjustable rest. 

If holes are closely spaced, they apply stamps with several 

punches (see Fig. 7.19b). 
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Recesses and flanges are usually obtained by stamping. However, 

this method is not always applicable. 

By experimental means it has been established that qualitative 

stamping of recesses or flanges can be obtained with relation 

h/d < 1.0 for steel parts and h/d <1.3 for parts of aluminum and 

other soft materials. Here h is iepth of recess; d is diameter of 

recess. 

Flanges or recesses can be stamped on eccentric, crank, and 

frictional presses (Fig. 7.20). Machining occurs as follows. Before 

the working movement of the press the machined 

part is set by rest on die 1: during working 

movement the part is first pressed to die by 

clamp 2 (under action of rubber buffer 3); +-hen 

there occurs extrusion of recess by punch 4. 

During extrusion of following recesses the part 

is fixed on lateral face of die (or on recess in 

die). If shape of part, power of press ana prop- 
Fig. 7.20. Stamp¬ 
ing of recesses. erty of material, permit, they apply stamps with 

several punches, thereby reducing labcr-consump4ion of machining, and 

dimensions between holes become more precise. 

Sometimes it is more convenient to stamp recesses or flanges 

in stamps with location of punches in horizontal plane. 

Flanging of small holes is produced in stamps, which in construc¬ 

tion are similar to the stamp in Fig. 7,20. 

Flanging of large holes is produced in stamps with replaceable 

punches counting on carrying out operation in several transitions. In 

Fig. 7.21 is given construction of stamp which can be used not only 

for cupping a part, but also for flanging of holes. Such a stamp can 
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Fig. 7.21. Flanging 
of holes . 

be used, for instance, for drawing and flanging 

holes for blocks of injectors at bottom of 

chamber head, shown in Fig. 7.1b. 

Beading is executed on a heeding machine, 

on whose spindles there are fixed and secured 

special rollers. Before positioning of work 

piece spindles are parted so that rollers do 

not prevent positioning. If it is necessary to 

make in a part a series of annular ridges with definite spacing between 

them, they apply step rests. 

Besides special machines for beading, they sometimes use lathes. 

In this case on spindle of machine they establish unclasping arbor 

with annular or (depending upon construction of part) spiral grooves. 

Ridges are pressed by a roller, freely resting on shaft of holder, 

secured in support of machine. To produce the constant force, with 

which the roller should be pressed to the part, screw of transverse 

shift of support is removed and upper part of support is loaded by a 

weight or spring.* 

On lathes it is also possible to produce flanging of edges of a 

part, rolling and other similar operations. 

Etching. During manufacture of parts and units from thick sheet 

materials it is sometimes required to obtain local flanges or cavities. 

Usually this is done by milling, where much time and money is spent on 

machining. Recently for this purpose they have begun to apply etch¬ 

ing** (Fig. 7.22). Essence of this method consists of the following. 

♦Such a scheme is used during working from a master form. 

•♦Etching is sometimes called chemical milling. 
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The part or unit is first degreased, the 

unworked surface is protected by chemically 

stable materials and then dipped in a bath with 

etching agent for the time necessary for etching 

to the assigned depth. Depending upon dimen¬ 

sions of baths they simulataneously load variou, 

numbers of parts; therefore, productivity of 

J tart, etching department can be very high. Protec- 
treated by etching. 

tive, chemically-stable materials (during local 

etching) arc usually applied to unworked surface by a pattern by means 

of s[raying. The thin film thus obtained can be left on part for pro¬ 

tection of it from corrosion during use. It is also possible to apply 

other methods of protection: gluing of stable strips, imposition of 

patterns, galvanic coating, and others. Different etching agents are 

applied depending upon material of part. Thus, for instance, for 

aluminum alloys they apply strong alkalis with special additions, 

ensuring obtaining of smoother surface. For soft and medium-carbon 

steels they apply an etching agent, consisting of chrome and sulfuric 

acid. For chrome steels, for instance, they apply an etching agent 

composed of one part (by volume) HC1 (20°) and one part HN0? (42°). 

After 10-15 minutes this etching agent removes a layer about 0.1 mm 

deep. 

reatment of etching has a number of advantages over machining. 

1. Etching is 1/4 to 1/5 as cheap as machining. 

?. Etching can be produced on two sides simultaneously. 

3, Process easily submits to adjustment. 

4. Physico-mechanical properties of etched material do not 

worsen. 
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5. Precision of treatment is approximately 0.05 mm. 

Application of etching is limited by depth of removed layer. 

Experience shows that during etching to a depth of more than 10-12 mm 

precision is lowered due to lateral etching of walls. * 

Joining Parts in Assemblies 

Parts of sheet materials are Joined in assemblies by welding or 

soldering and are assembled in special fixtures, ensuring required 

location of separate parts in the assembly. If, for carrying out of 

welding it is necessary to remove the assembly from the fixture, before 

doing this they connect parts among themselves by welded points (tack 

welds). Operations of assembly with the help of fixtures are usually 

conducted in the following order: first they set base part of assembly 

in such a way that it touches surface (setting bases) of corresponding 

parts of the fixture (setting elements) and occupies the prescribed 

position. In this position it is secured by a gripper. Then, relative 

t 
to the secured base part they position the remaining parts of the 

assembly, using here the corresponding locators and grippers of the 

fixture. 

After assembly, without removing unit from fixture, at separate 

points on the place of the future seam they produce tack welding by 

point, electric arc or gas welding. 

Welding of Assemblies 

In contemporary jet aircraft engine construction welding has 

found wide application in manufacture of the most important assemblies. 

There are applied various methods and means of welding.* 

*V. N. Belikov and A. N. Nikitin. Assembly of aircraft engines, 
‘'Machine building," 1964. 
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When selecting methods of welding one should take Into account 

the following consideration. 

Weldability of steels to a considerable degree is determined by 

their carbon content. The more carbon contained in steels, the worse 

their weldability. Steel, containing carbon up to 0.25$, weld well by 

all methods. Limited in application is only welding in stream of argon 

or helium, since due to low content in these steels of deoxidizing 

* agents with the shown methods of welding pores are obtained . To this 

class belong steels 08KF, 08SP, St 10, 15, 20, and others. 

During welding of medium-carbon steels, containing 0.25-0.45# 

carbon, there appear difficulties, connected with possibility of 

appearance of crystallization and tempering cracks. To surmount these 

difficulties in most cases it suffices to decrease carbon in addition 

metal by application of low-carbon wires of brands Sv-08 and Sc-08GA. 

For medium-carbon steels there can be applied all methods of fusion 

welding. Selection of one or another method depends on requirements, 

presented to the assembly. In this group are steels 25, 50, 55, 40, 

25G, 50G, 55G, and others. 

Low-alloy steels 12G2A, 15GS, 15KhMA weld the same as low-carbon 

steels. Medium-alloy steels 20KhGSA, 50KhG3A, 50KhGSNA, 50KhNMFA, 

12Kh5MA, VL1D, and others can be welded by manual welding by high- 

quality electrodes, automatic welding under a layer of flux, and also 

welding in a stream of protective gases. 

Steels of austenitic class of type !Khl8N9T weld well by all 

methods; however, during welding there may appear hot cracks. To 

avoid this one should limit content of sulfur in metal (below 0.02#), 

and apply wires ensuring in the fused metal a two-phase austenitic- 

ferrite structure. 
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During welding of steel EI595 it is recommended to apply wire 

Khl5N25M6. The steel can be welded in a stream of protective gases, 

under a flux (brand ANF6 and ANF5) and by electric-arc welding. For 

welding heat-resisting steels EI481 and EI835 there are recommended 

wires EP-88 and EI-395. Casting alloys VP7-20 and VL7-^5^ can be 

welded to steels EI395» EI461 and !Khl8N9T, applying wire EI395# 

EP-88 and VZh-98. 

Application of welding by electrode bundle in a vacuum consider¬ 

ably decreases inclination of heat-resisting steels to crystallization 

cracks. 

During welding of austenitic steels with low-carbon steels it 

is recommended to apply wire Kh25N12T or Kh25N12TYu; with medium-carbon 

steels Sv-08Kh20N10G6 or Sv-08Kh20N9G7T. 

During welding of refractory metals, such as molybdenum, niobium, 

zirconium, tantalum, tungsten, there is required good protection of 

the molten metal from influence of atmosphere, since they have large 

chemical activity with gases, especially to oxygen, as a result of 

which there is obtained strong embrittlement of the metal. Best 

results are obtained by welding these metals by an electron beam in 

a vacuum. 

Refractory metals allow rather wide combinations with welding. 

Thus, for instance, molybdenum can be welded with tungsten, niobium, 

titanium, tantalum, and stainless steel. Tungsten is well welded 

with titanium, niobium, nickel, tantalum, stainless steel. Titanium 

can be welded with zirconium. 

Welding of metals, not possessing mutual solubility in liquid 

state and forming fragile chemical compounds, can be carried out by 

application of intermediate inserts of other metals. Thus, for 
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instance, titanium can be joined to steel with the help of an insert 

of vanadium, a copper alloy with titanium, through tantalum. 

Quality of welding to a considerable measure is determined by 

operations of assembly of parts to be welded and perfection of 

assembly-welding fixtures. For point and seam welding of engine 

parts there are applied fixtures of the following basic forms : 

a) patterns for correct installation of welded parts; 

b) fixtures for fastening parts before welding; 

c) assembly jigs, serving for correct installation of parts and 

simultaneously holding them during welding; 

d) welding fixtures, serving for current feed and pressure 

propagation. 

Quantity, character, and complexity of applied fixtures depend 

on volume of production. In many cases simplicity of construction 

of welding attachment is attained by means of application of snaped 

electrodes of complex form and, conversely, more complex fixtures 

give the possibility to work with simple straight electrodes. 

During manufacture of welded assemblies they basically apply 

nonmagnetic alloys (!Khl8N9T, 21-11-2.5, EI435, EI602, etc.); there- 

iore, fixtures for assembly and tack welding are also prepared from 

nonmagnetic material - aluminum alloys or stainless steels - in order 

not to Increase inductive reactance of the secondary circuit of the 

welding machines. Before welding parts of assemblies are often 

assembled by special fixtures. 

In a number of cases for assembly and welding it is possible to 

use the same attachment, which permits reducing the time for carrying 

out the operation. 

Simple, and at the same time reliable in operation, are fixtures 
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for assembly and welding of assemblies of the flame tube of a combus¬ 

tion chamber, shown In Fig. 7.23. Fixtures are positioned on lower 

bracket of welding machines. 

Fig. 7.23. Fixtures for welding assemblies of a 
flame tube, a) on machine for spot welding; b) 
on machine for seam welding. 

For butt Joints they most frequently use such forms of welding: 

hand argon arc, automatic argon arc and automatic submerged arc weld¬ 

ing. Atomic-hydrogen welding finds comparatively small application 

due to certain inconveniences connected with necessity of manipulation 

of burner during welding, and in many cases has already been replaced 

by improved arc welding in a medium or argon or helium. Regarding 

gas welding, its share of jobs is comparatively small, and it is 

mainly used during welding of nonferrous and light metals or small 

parts of low-carbon steels. 

Application of fusion welding and its replacement by point and 

seam welding in many cases is explained by the fact that in butt 

Joints there are no places of concentration of stresses. As 

compared to lap Joints they possess increased vibration strength 
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(from 2 to 8 times), which is one of the decisive factors in 

manufacture of assemblies and parts which work, in specially rigid 

conditions — during alternating loads or at high temperature condi¬ 

tions. The good aerodynamic form of the butt joint, and also the 

absence of technological difficulties when checking the quality of 

welded seams also explains the rapid growth of introduction of these 

forms of welding in engine-building. 

In many plants widely developed is manual arc welding (in medium 

of argon or helium of purity up to 99.2$) of assemblies with short 

butt seams or seams of complex configuration. By this method they 

successfully weld steels lKhl8N9T, EI654, 21-..-2.5, and others. 

Steels or alloys with a large number of alloyed components, for in¬ 

stance, EI6I7, El602‘, EI435, EI437, are best welded by protecting the 

reverse side of the seam b} a stream of neutral gas or a flux of 

brand Zh-8.* 

During welding of thin-walled parts they sometimes apply heating. 

Thus, for instance, during welding of the header to the hollow blade 

of a nozzle they apply a heating current of high frequency. Induction 

heating of the blade edge to 800° in process of welding eliminates 

formation of cracks and zones of thermal influence. Time of preheat¬ 

ing is 25-30 sec. 

Manual welding of small assemblies is most frequently produced 

without fixtures. In the same cases, when it is necessary to weld 

large and heavy assemblies, they apply special fixtures, allowing one 

to give different positions to welded assembly for access to places 

of welding. 3uch fixtures, besides base and clamp elements, also 

♦Flux Zh-8 is composed of: porcelain, marble, titanium dioxide, 
ferrosilicon, ferromanganese, and ferrotitantium. 
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have devices for turning end slanting (manipulators). 

Assemblies with longitudinal and circular seams in more or less 

considerable scales of production are welded by automatic welding in 

a medium of protective gases or under a flux. 

Automatic welding in a medium of protective gases (argon, helium) 

occurs in two forms: consumable electrode and nonconsumable tungsten 

electrode without addition material. In first case it is more expedi¬ 

ent to weld steels of thickness of 2.0 mm or more, in second, steels 

from 0.5 to 2.0 mm. 

For the purpose of economy of argon and helium at present non- 

essential joints are also welded by arc welding by a consumable elec¬ 

trode in a medium of carbon dioxide. 

Automatic arc welding under a layer of flux, just as arc welding 

in a medium of protective gases, is a process which ensures high 

quality of welded joints: depth of penetration, homogeneity, and purity 

of metal of seam and even surface. Large density of welding current 

(4-5 times higher than in manual welding) ensures high productivity - 

up to 80 Tb/hT. 

For welding low-carbon and low-alloy steels, and also for steel 

EI654, there widely apply flux of brand of AN-348A, and for stainless 

steels (for instance, !Khl8N9T), flux FTsL-2. Composition of these 

fluxes (in ^) is given in Table VII.3. 

For automatic welding both in a medium of protective gases, so 

also under flux, they apply different automatic machines, automatic 

heads and stands. Most widely applied in the aviation industry are 

welding tractors of ADS-iOOO-2 and UT-I500, transferred from alternating 

to direct current, and also welding torches and automatic machines 

designed by NIAT. 
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Table V] [1.3. Chemical Composition of Fluxes 

fraai of 
flu 

Sip, CaO MnO M<0 car. 
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4t-q.s 
».s-«.» 

u M 

si.t-a.i 

•4,S—37,5 3.5- 7.5 

15.5- 15.6 
3.5- 4.3 

7.5- 1,5 

trmà «f 
flu* 

MA MA + PaA S P 

aM4«A 

mir2 

Q.i-a.3 * 4.3 
to 1.0 

to 0.15 

to 0.030 

to 0,13 

to 0,030 

In fig. 7.24 there is given a diagram of automatic welding unde 

flux of circular seams of combustion chambers from steel O0KP of 

thickness 3 mm. They weld chambers with a speed of 60 m/hr. 

Fig. 7.24. Diagram of automati«.' welding of 
circular seams. 1) welded assembly; 2) re¬ 
ducing gears; 3) flux hopper; 4) electrode 
wire holder; 5) feed rollers. 

In Fig. 7.25 there is shown a welding stand with tractor 

ADS-1000-2 and pneumatic clamp of edges. Stand is used for welding 

longitudinal seams of shells of vessels of a length up to 1.5 m and 

a wall thickness of 2.5 mm. 
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eft

Fig. 7.25. Welding- stand with tractor of ADS-1000-2.

In certain cases, for instance, for welding assemblies of cham­

bers of steel 25KhGSA and 25KhGFA with walls thickness up to 10 mm

it is advisable to apply manual 

arc welding by electrodes, coated 

with special alloying; slag- 

protective coating UONI-13 or 

VIAM-101, composed of: marble,

fluorspar, titanium dioxide, quartz, 

and different ferroalloys. Here 

they usually apply low-carbon wire 

of brand 08A or iSKhMA, seeking 

alloying of metal of seam by 

ferroalloys of the coating.

On Fig. 7.26 is given sequence 

of fulfillment of operation of

Fig. 7.26. Welding of middle 
ring with nozzle of combustion 
chamber.

manual arc welding of thick-walled chamber, ensuring minimum warping

323



of assembly, sufficient strength and good airtightness of seams. 

First, in separate sections the seam is welded from within in the 

order shown in Fig. 7.26a; then they weld in the same manner the seam 

from the outside (see Fig. 7.26b) and then on external seam they fuse 

a solid second layer (see Fig. 7.26c). 

Soldering Assemblies 

Soldering of metals,* just as welding, is widespread in machine 

building. By physical properties of applied solders soldering is 

divided into soft and hard. Soft soldering is conditionally such a 

process, in which the applied solder melts in the range 60-450°C. 

With a higher temperature of melting of solder (over 500°C) the pro¬ 

cess usually is called hard soldering. 

For Je* engine building of greatest technical and practical inter¬ 

est is hard soldering. If hard soldering is conducted properly, it 

gives good external form to the joint, permits preserving the exact 

form and dimensions of parts and in many cases can ensure strength of 

joints, equal or almost equal to strength of base metal, even at high 

temperatures. 

During hard soldering as solders there serve alloys of silver, 

copper, zinc, cadmium, nickel, chromium, manganese, and other metals. 

They are divided into four groups: silver, copper-zinc, copper- 

phosphorous and so-called high-temperature solders. 

During use of high-temperature soldering one should consider the 

following: 

1. Speed of heating in range of melting points of the solder 

should be maximum. 

•See footnote on p. 315. 
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2. Time during which part is sustained at the temperature should 

be minimum. 

Gap in seam and quantity of deposited solder should be 

minimum. 

So that process of soldering flows normally, surface of parts 

should be clean. In the presence on metal of foreign matters the 

solder does not moisten surface and soldering becomes impossible. 

Therefore, from surface of parts they remove dirt, grease, and scale 

by etching or by sandblast apparatus. However, thin film of oxides 

appears on surface of metal very rapidly; therefore, they remove it 

directly in process of soldering with the help of fluxes. 

The most commonly used fluxes are different mixtures of borax 

and boric acid . 

Machining Assemblies 

Welded seams of important assemblies of an engine are thoroughly 

cleaned, and sometimes even polished. These operations are usually 

performed by a portable drill. They clean with coarse-grained wheels 

and polish with felt wheels, on the periphery of which there are glued 

abrasive grains. 

After welding or soldering assemblies are sometimes machined: 

they cut face edges, bore holes, cut threading, etc. Welded or sol¬ 

dered assemblies can also be worked by etching. In principle, opera¬ 

tions of machining do not differ from those conducted before assembly 

of parts. 

Sometimes, in accordance with technical requirements, assemblies 

are coated with metal by galvanic means or means of metallizing. 

Before this it is necessary to conduct corresponding preparation of 

surfaces, namely: to clean burrs, rounds and any unevenness, and 
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also to degrease and wash. 

Surfaces are most frequently cleaned by drill. Degreasing in 

baths within solution of caustic, trisodium phosphate, and soluble 

glass at 85-95°C. Compositions of baths for ferrous and nonferrous 

metals differ. 

After welding and heat treatment assemblies are often considerably 

vrarped as a consequence of which there arises the necessity of their 

4-4 

Fig. 7.27. Die for calibration 
of nozzle after welding. 

lower part they set the nozzle. 

During working movement upper 

straightening. Straightening is 

done by different methods: assem¬ 

blies of simple form in small scale 

production are usually straightened 

manually on dummies; assemblies of 

complex form, especially with con¬ 

siderable scale of production, are 

calibrated in special dies or fix¬ 

tures on presses. Thus, for in¬ 

stance, the nozzle of the chamber 

of a liquid-fuel rocket engine is 

straightened in a forming die, the 

construction of which is shown in 

Fig. 7.27. Die consists of two 

main parts — lower 1, secured to 

table of hydraulic press, and 

upper 2, secured to its mobile 

part. Before working movement, 

when upper part is raised, on 

part, being lowered, presses on 
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ends of sectors of lower part. Being connected with a cone sectors 

start to part, thanks to which there occurs calibration of nozzle. 

Sometimes they apply special hydraulic fixtures for calibration. 

§ 4. INSPECTION OF PARTS AND ASSEMBLIES 
FROM SHEET MATERIAL 

Inspection of parts and assemblies from sheet material consists 

of external inspection, check of dimensions and shape of walls and of 

quality of seams. Methods of checking dimensions and shape are usual 

ones and almost do not differ from methods of checking machined parts. 

However, thickness of wall of parts, 

especially large ones, cannot be 

checked by usual mechanical gauge. 

Therefore, recently they have begun 

to apply instruments for ultrasonic 

checking. 

More convenient, however, are 

instruments for which instead of 

pointer-indicator instruments there 

are used cathode-ray tubes (Fig. 

7.27). 

Principle of work of such an instrument is the following. Oscil¬ 

lator sets in oscillating motion the quartz plate of probe, which 

radiates ultrasonic waves of various frequency (for instance, from 

500,000 to 1,500,000 oscillations per second). Change of frequency 

of oscillations occurs by sine-wave law thanks to rotation of rotor 

of capacitor C (from motor). At the time when frequency of oscilla¬ 

tions of plate (oscillator) and frequency of natural oscillations of 

wal3 of part coincide (resonance), on screen of oscillograph there 

Fig. 7.28. Checking thickness 
of wall by instrument with 
cathode-ray tube. 
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will appear a splash* Splash for definite division of horizontal scale 

shows real dimension of wall. Division value can be 0,01 nun. 

For connaction of quartz plate with wall of checked part the 

latter la preliminarily lubricated by a film of oil. 

During manufacture of welded or soldered assemblies from sheet 

material special attention is paid to checking of the quality of the 

seam.* 

Flaws of welding or soldering in articles are the consequence of 

incorrect conducting of the process, nonobservance of conditions fore¬ 

seen by corresponding instructions and technology, or unsatisfactory 

quality of base metal and other applied materials, tools, or equipment. 

♦See footnote on p. 515. 



CHAPTER VIII 

PRODUCTION OF HOUSING PARTS AND ASSEMBLIES 

§ 1. DESIGN, SPECIFICATIONS AND MATERIALS 

Housing parts of jet engines in design-specifications can be 

divided into the following groups: 

1. Large dimension hollow thin-walled housing parts of cylindri¬ 

cal form with flanges and reinforcing ribs: housings of axial-flow 

compressors and nozzles, inner and inner shell of combustion chambers, 

jet nozzles, mouthpieces, etc. 

2. Large dimension load-carrying parts of complex form: housing 

of supports. 

3. Housing parts with shaped surfaces of air (and liquid) ducts: 

blading section of front housing of compressor, diffusers, housings 

of turbopump units. 

4. Medium-dimension housing parts of box-like type: housings of 

reducing gear units and oil pumps, boxes of unit drives, covers, 

flanges, adapters, etc. 

5. Small housing parts of units of adjustment and control. 

Most thin-walled housing parts of Jet engines of the first group 

are complex assemblies of cylindrical form with considerable dimen¬ 

sions in diameter and length. In design they are whole and split. 
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welded, cast and combined. Moat frequently they consist of separate 

sections which are connected among themselves in split housings by 

bolts, and in nondetachable housings, by welding. Depending upon 

design features, applied material and form of blank, and also according 

to method and complexity of manufacture, it is possible to divide them 

into three basic subgroups (Fig. 8.1): 

1. Low-responsibility, unloaded shells (Fig. 8.1a), prepared 

from light-gage sheet (steel 20, O0KP, !Khl8N9T, etc.,) by drawing 

bending, pressing and welding. After stamping, bending and welding 

surfaces of linkage are usually machined. Manufacture of such 

parts is considered in Chapter VII, 

2. Thin-walled housing parts, castings from aluminum and 

magnesium alloys (AL4, AL5, MA5, ML5, and others) of annular type, 

one-piece (see Fig. 8.1b) or combined from two halves (housings of 

axial-flow compressors), outstanding in their rigid specification on 

manufacture and high precision of linked and base surfaces. Precision 

of working of basic cylindrical surfaces of parts of this type are 

within classes 1-2, Mutual play of precision surfaces is allowed 

within limits 0.03-0,05 mm; nonparallelness of faces is tolerated to 

0.03-0.08 mm, nonperpendicularity of faces to axiiv is tolerated to 

0.05 mm. Machining of these parts is distinct in complexity and 

labor-consumption. Characteristics operations of machining are lathe 

cutting, boring, drilling and, into a small degree, milling. 

3. Housing parts from stainless, creep-resistant and heat- 

resisting alloys (iKhl8N9T, 3DKhGSA, EI696, EI702, anc others), prepared 

from annular forgings or from sheet materials with welded machined 

flanges, shells, bosses, reinforcing ribs, etc* (see Fig. 8.1c). 
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c) 

i B 

Fig. 8.1. Large dimension housing parts, a) from sheet materials; 
b) from castings of magnesium and aluminum alloys; c) from forgings 
ana welded parts of rust-resistant, creep-resistant and heat-resisting 
alloys; d) from forgings and welded parts with reinforcements and 
ribs. 
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Welded housings from sheet materials In contemporary constructions 

of Jet engines compose an overwhelming majority. As compared to cast 

housings they, as a rule, are cheaper and lighter. Certain surfaces 

of parts, In an assembly, are worked preparatory to assembly and 

welding so that their finishing Is produced assembled. Such order 

of working permits obtaining high precision of dimensions of fitting 

shoulders and their mutual location. Accuracy of working of fitting 

shoulders is frequently set at 2nd class, and permissible play relative 

to one another and to the axis is O.O3-O.05 mm. Permissible ovalness 

of flanges in free state is not more than 1.5-2 mm. Tolerances on 

exact linear dimensions are set at 3rd class, less precise at 5th 

to 7th (All-Union Government Standard 2609-54). Displacement of 

fastening holes in flanges from nominal position is tolerated within 

0.1-0.2 mm; tolerances or distances between axes of holes varies 

from 0,02 to O.I5 mm. 

Housing parts cf the 

second group, housings of 

supports, in different engine 

designs are executed in the 

form of cast housings, machined 

from stamped blanks, or complex 

welded assemblies, where along 

with machined parts there are 

parts from sheet materials, 

combined by welding (Fig. 8.2). 

Precision of machining bearing 

holes 1 and 2 and fitting 

shoulders 3 is 1st or 2nd 

class; their relative play does not exceed O.05 mm. Clean boring of 
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holes for bearings In suporte In most cases Is done In assembled 

state. 

Housing parts of the third group are characterized by presence 

In them of shaped surfaces of aerodynamic profile (Fig. 8.3). Typical 

representatives of such parts are diffusers. In most engine designs 

they are carried out In the form of welded assemblies (see Fig, 8,3a). 

Accuracy of working of fitting shoulders Is 2nd class; tolerable 

rexatlve play of them Is 0,05 nun; play of faces of linked surfaces Is 

not more than 0.03 mm per 100 mm length. Tolerable errors of profiled 

part of diffuser do not exceed 1 mm. 

Fig. 8.3. Housing parts with shaped surfaces, 
a) welded diffuser; b) cast diffuser. 

More complicated In manufacture Is the construction of a vaned 

diiiuser (see Fig. 8.3b), constituting of an annular body with profiled 

grooves, located uniformly on one side of the end. Housings of a 

vaned diffuser are prepared usually from aluminum alloy AK4-1. There 

are allowed nonparallelness of face surfaces of not more 0.05 mm, warp¬ 

ing of no more than 0.3 mm, ovalness in free state on internal diameter 

of not more than 0.2 mm, play of external diameter relative to Internal 

0.1 mm, deviation of profile of channels from nominal pocition in any 

direction of not more than 0,2 mm. Cleanness of working of profiled 
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Channels (blading) la 7th of remaining surfaces, 5th class. 

Housings of turbopump units have channels of closed and half-open 

form. They are made detachable, cast and nondetachable — by welded 

construction. Detachable constructions usually consist of the housing 

of the turbine, housing of fuel supply pump (Fig. 8.4). In turn, 

each of these housings consists 

of two parts: the housing and 

a cover, áuch breakdown of the 

construction creates possibility 

of separate assembly and testing 

of each separate unit; however, 

here there is required increased 

precision of manufacture of the 

linked surfaces, high air¬ 

tightness of Joints, which 

complicates the technology of 

manufacture. 

In welded construction of 

turbopump units the housing is 

a complicated aasembly, consisting 

of separate parts, prepared 

from forgings and sheet material 

Fig, 8.4, Housings of turbopump 
units, a) housing pump; b) turbine 
housing. 

and combined by welding. Specifications for housing parts of turbo¬ 

pump units anticipate high accuracy of manufacture of linked surfaces 

(1st or 2nd class) and hydraulic testing for airtightness. Applied 

brands of material for manufacture of housings are determined by 

conditions of work of the turbopump unit (temperature, pressure, 

composition of working substance), and also technological properties 
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of the material (stampability, weldability, machinability). Housings 

of pumps are prepared mainly from aluminum alloys AL4. The housing of 

a turbine for low temperature of the working substance is prepared 

from alloy AL4; for raised temperatures they apply heat-resistant 

stainless steels (iKhl8N9T, and others). For manufacture of welded 

bodies they apply alloys EI-602; EI654, EI961; steel lKhl8N9T, and 

others. 

For manufacture of parts of pumps intended for pumping aggressive 

media, they have begun to widely apply titanium alloys, possessing 

high corrosion resistance. 

Housing parts of the fourth group are very different in structural 

shapes and dimensions. These include housings of pumps, oil pumps, 

box of drives and other housings of box-like form. Along with a series 

of precision holes (mounts of rotating parts), in housing there are a 

large number of channels and threaded fastening holes. Housings of 

box-like type most frequently are made detachable, consisting of a 

housing and a cover (Fig. 8.5). Most of them are cast from aluminum 

alloys AL4, AL5, AL9, AL19 and magnesium alloys MA5, AMg}, etc., and 

technical requirements on their manufacture are characterized by the 

following basic specifications; precision of fitting diameters of 

2nd class; cleanness of linked cylindrical surfaces and planes of 

7th class; permissible mutual play of basic cylindrical surfaces, 

not more than 0.02 mm; noncoaxialness of holes for shafts, gear stems, 

and so forth, within limits 0.01-0,02 mm; nonparallelness of face 

planes of not more than 0.05 mm; nonperpendicularity of faces with 

respect to holes of not more than 0.02 mm on an arm of 50 mm. Planes 

linked with covers are checked by die; required adjoining is at least 

80#. Nonperpendicularity of bottom faces of fastening holes to the 



!: 

axis of threading, not more than O.05 mm. Permissible deviations of 

free dimensions in casting is 5th to 7th classes as per AN1026, after 

machining 22AT-52. Parts of this group, working with internal pressure 

of liquid of gases, are subjected to hydraulic or pneumatic tests 

usually under a pressure of one and a half times the worKing pressure. 

Fig. 8.5. Housing of box-like form, a) housing of two- 
speed transmission; b) drive box; c) transmission housing. 

The fifth group includes small housing parts of different units 

of adjustment and control (valves for fuel flow control, pressure 

reducers, starting mechanisms, and others). Many surfaces of housing 

parts of this group are subjected to machining. Basic technical 

requirements are the following; play of working surfaces of holes, 

hollow chamfers and fitting faces (conical surfaces) relative to 

correspon ’ng fastening threading should be not more than 0.05 mm; 
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noncoaxialness of oppositely located holes and fastening threading 

should not exceed 0.03 mm; permissible nonperpendicularity of surfaces 

of intersecting holes is 0.1-0.2 mm; and permissible misalignment of 

axes of parallel holes is from 0.01 to 0.05 mm per 100 mm length. 

Required cleanness of working surfaces should correspond to 4th or 

5th class. Housing parts of this group are usually prepared from 

aluminum alloys AK4, AV, steels 45 and 20. 

§ 2. CONSTRUCTION OF TECHNOLOGICAL PROCESS 

General Principles 

At the basis of construction of a rational technological process 

of production of housing parts there should be assumed the idea of 

standardization, opening possibilities of mechanization and automation 

of production. 

Construction of the technological process of manufacture of housing 

parts is determined by the character of those operations which ensure 

specified accuracy and cleanness of treatment of the basic and the 

most important surfaces (fitting bosses, holes and planes, linked 

surfaces, working profiles). Selection of bases, methods of working, 

sequence of fulfillment of separate operations should be subordinated 

to solution of this main problem of the technological process. Simul¬ 

taneously, It is necessary to ensure high productivity and economy 

of working both in mass and small-lot production. During working 

of housing parts it is especially expedient to apply multiposition 

and multitool fixtures, multi-spindle drilling heads, assemblies and 

special machines. It is also expedient to use a group method of working. 

As a rule, when working housing parts it is necessary to deal not 

with one surface, but with a group of interconnected surfaces, where 
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required accuracy of mutual location of surfaces in a single gruup is 

considerably higher than required accuracy of mutual location of 

these groups. In connection with this it is necessary to seek such 

construction of the technological process in which the surfaces of 

each group would be worked in one stop of the part. If, however, 

surfaces cannot be worked at one position, then one should anticipate 

use of such bases, in which error connected with transposition would 

be the least. In connection with difficulties of obtaining exact 

geometric forms and dimensions during working of thin-walled housing 

parts, due to their deformation in the process of working, there 

should be foreseen special technological measures, ensuring necessary 

rigidity during working of them on machines. 

Very significant factors, determining the technological process 

of working housing parts, are dimensions and shape of the part, the 

form and material of the blank, the volume of production and the 

level of technical equipment of the enterprise with contemporary 

highly productive equipment. Dimensions and shape of a housing part 

determine selection of equipment for working the basic surfaces of the 

part. Thus, for instance, in big housings of box-like form (housing 

of reduction gear, box of transmissions drive) it is preferable to 

work basic holes and adjacent planes on a machines of bore type, 

where base surface will be the splitting plane; consequently, this 

plane should be treated before the other surfaces; this circumstance 

also conditions the basic line of construction of the technological 

process for working such a part. An absolutely different principle 

of construction of the technological process will exist in working of 

housings which are solids of revolution, for instance, housings of 

the compressor or nozzle. Here more advisable is working on machines 



of lathe type (centering, facing, turret). During working of parts 

of the first type the most reliable positioning base, worked first 

and most frequently used in subsequent operations, will be the flat 

surface, and during working of parts of the second type such a base 

will be a hole or external fitting shoulder. In the technological 

process for parts of the first type there will predominate milling 

and boring operations, whereas in the process of working parts of the 

second type, the main ones will be lathe operations. 

Working of small and medium-size housing parts in most cases is 

best conducted on lathes and turret lathes (working of planes and 

holes). Thanks to small dimensions and small mass of parts transposi¬ 

tion of them is usually not connected with great difficulties. During 

working of such housings It is easier to combine positioning and design¬ 

ing bases than during working of big parts. 

Rational construction of the technological process of working 

housing parts in many respect depends on correctness of selection of 

primary setting bases. The form of the initial blank and the method 

of obtaining it is of decisive importance here. As primary bases one 

should try to use surfaces which remain unworked in the finished 

part. In this case one can achieve more exact mutual location of 

worked and nonworked surfaces. In experimental and small-lot produc¬ 

tion housing parts are worked on general-purpose equipment; operations 

consist of a large number of transitions. In large-lot production 

they use special and specialized machines; with increase of volume of 

production their use increases. Considering the large labor-consumption 

of machining housing parts, with a large production program and 

stability of the object of production it is expedient to use transfer 

lines. In the aviation industry for working monotypic parts especially 



effective are multiple range readjuetable transfer machines, arranged 

on the base of standardized units. 

Plans of Working 

Cast housings 

As an example of construction of technological processes there 

can serve the manufacture of the middle housing of an axial-flow 

compressor, consisting of two sections with longitudiral split. 

A blank of semicylindrical form is a casting in sand from alloy AL? 

(Fig. 8.6). After cutting off risers and 

hydroabrasive cleaning, they pass casting 

through hardening at 400-420°C in a 

silo furnace for 8 hours. Primary 

base for working and layout are extreme 

bosses on pointing plane of the casting 

Tolerances on free dimensions oí casting 

are 7th class (AN1026). Allowance 

for machining is from 3 to 6 mm. Techno¬ 

logical process consists of three basic 

stages: working of separate sections, 

assembly of unit and treatment assembled. 

Sample Working Plans 

Front section. 

1. Milling of Jointing planes of both halves. 
2. Drilling of holes in Jointing planes. 
3. Milling of bosses. 
4. Clipping of faces from both sides. 
5. Assembly of two halves. 
6. Boring of internal recesses for blades. 
7. Drilling of holes in flange. 
8. Milling of grooves on rear flange. 
9. Milling of bosses on rear flange. 

Fig. 8.6. Casting of 
front section of middle 
compressor housing. 
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10. Milling of straight sections of external lateral surface. 
11. Milling of recesses between holes for blades. 
12. Milling of crown on flange. 
13. Drilling of holes for blades in 4 strips. 
14. Final boring of places for blades. 
15. Inspección. 
Plan for working rear section is analogous to front. 

Assembly of housing 

1. Assembly of front and rear sections. 
2. Working of fitting bosses and clipping of flanges. 
3. Boring of semirings (labyrinth). 
4. Drilling of holes in flange on side of rear housing. 
5. Milling of places for nuts in bosses. 
6. Drilling of places for cleats, 
7. Bench stripping of burrs and installing of cleats. 
8. Disassembling of housing into halves. 
9. Inspection. 

Housings from heat-resisting, creep-resistant and 
stainless alloys 

A representative of this type of part can be the housing of a 

GTE (gas-turbine engine) nozzle. In small-lot production annular 

blank of such a housing is obtained by method of rolling rings or 

bending profiled bands with subsequent butt welding.* Basic 

requirements for welded blank are the following: oval shape in range 

of tolerance on internal diameter, warping of faces is allowed up 

to 1 mm, welded seam should be cleaned flush with basic material, 

displacement in the Joint is allowed up to 1 mm, remaining requirements 

are by TU. Machining of housing is characterized by considerable 

labor-consumption in lathe and boring operations. 

For working of the hole the main base is the external shoulder 

and face of the flange. During working of external surface the 

housing is set on the worked hole. 

Sample Working Plan 

1. Preliminary boring of hole and groove on top on one side. 
2. Prelimirary boring of hole and groove on top on the other 

side. 
3. Final turning on top and clipping of flange on one side. 
4. Final boring of hole and clipping of flange on the other side. 

Presented in detail in Chapter VI. 
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5. Drilling and reaming of locating hole in the flange. 
6. Milling of crown. 
7. Bench stripping of burrs. 
8« Drilling of radial holes in . ) strips, reaming and counter 

boring of platforms sites. 
9. Bench cleaning, counterboring of faces and cutting of 

threading. 

10. Drilling of nine holes and cutting of threading on three 
platform sites. 

11. Inspection. 

Housing of welded construction 

Machining of such bodies is associated with a number of difficul¬ 

ties, caused by deformations of parts, which appear both before 

machining (during welding) and also in the actual process of machining. 

In spite of the variety of designs of welded bodies, the technological 

process of their manufacture is constructed basically on one principle. 

Examples of this can be technological processes of manufacture of the 

middle housing of a compressor (welded construction), the housing of a 

combustion chamber, nozzle, pipe, and others. The technology of 

working ncnnally only includes operations of assembly of parts and 

working of the housing assembled. As for parts in the assembly, in 

small-lot production they are manufactured by independent technological 

processes, worked out for each part separately. 

Sample Working Plan (housing of compressor, housing of combustion 
chamber) --“- 

1. Preconditioning of flanges and intermediate rings. 
2. Laying out sheet material, bending and welding of shells. 
3. Cutting of sheet into strips, profiling and bending of 

reinforcing rings. 
4. Assembly of parts in dock and tack welding. 
5. Welding of assembly, welding of bosses and lateral flanges. 
6. Heat treatment. 
7. Finishing of seating bosses and face surfaces of flanges. 
8. Drilling of holes and cutting of threading in bosses and 

flanges. 
9. Bench cleaning, straightening. 

10. Setting of pins, bushings, lock flaps and other fittings. 
11. Inspection. 
12. Anticorrosive and hea«-resistant coatings and paints. 
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Housings of pillow blocks 

The most Important operations of the technological process of 

manufacture of housings of blocks are boring of places for bearings, 

working of labyrinth seals (grooves) and drilling of deep slanting 

holes for cooling and lubrication of bearings. General construction 

of the technological process of production of blocks depends on 

peculiarities of construction. Blocks of welded construction pass 

through three production stages: manufacture of parts entering into 

the assembly, assembly and welding of the assembly. Final machining 

is done in the assembly. Cast constructions pass through two stages: 

preconditioning of parts and finishing of the most important surfaces 

in the assembled unit. Below there are given sample plans for working 

in assembled form the housing of the middle pillow block of a welded 

construction (see Fig. 8,£a) and the case front block of a demountable 

construction (see Fig, 8.2b). 

Sample Working Plans 

Welded housing 

1. Assembly of units (installation of labyrinth of pillow 
block). 

2. Tacking of labyrinth to internal ring. 
3. Welding. 
4. Final working in assembled form on the front flange. 
5. Final working, assembled, on the rear flange. 
6. Drilling of holes in front flange. 
7. Talcing of surfaces 1, 2 and 3. 
8. Boring of labyrinths in talc. 

Cast housing 

1. Setting of labyrinth and pressing of pillow block. 
2. Grinding of hole for bearing race. 
3. Finishing labyrinth grooves. 
4. Boring holes and cutting threads in plugs. 
5. Screwing in of three fittings and installation of setting 

plugs. 
6. Installing of bearing cap. 
7. Injection of annular duct (oil ducts) and check of air¬ 

tightness . 
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Housing parts with shaped surfaces for 
air (liquid) ducts 

Diffusers. Basic operations of the process of manufacture of a 

diffuser (see Fig. 8.>a) are similar to operations of working thin- 

walled housings of welded construction. A peculiarity of the technology 

of manufacture of a diffuser is working of the profiled surface when 

assembled. 

Housing of vaned diffuser (see Fig. 8.3b) is prepared from a 

stamping (alloy AK4-1). After heat treatment and aging, the stamping 

passes 100% ultrasonic inspection.* Allowance on machining is 4-6 mm 

a aide. Construction of technological process of wording the housing 

of a vaned diffuser in many respects is like the plan of working of 

semi-shrouded impellers.** Working of a diffuser is divided into 

two stages: preliminary milling of countour of blades and final 

milling of contour of blades, 12 hours after stabilization of part at 

180°C, and then polishing. 

Sample Plan for Working Housing 

1. Preconditioning of external, internal and face surfaces of 
part, 

2. Drilling of base hole. 
3. Preliminary milling of blades on a line and on contour of 

radius and R^. 

4. Stabilizing tempering. 
5. Working of base surfaces. 
6. Final milling of blades on a line and on contour of radii 

and R2. 

7. Drilling of holes and benchwcrk stripping. 
8. Polishing of profile of blades. 
9. Inspection. 

10. Anodization. 

Housings of turbopump units 

The housing of a pump and turbine of split construction in 

♦Presented in detail in Chapter II. 

**See Chapter IV. 
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small-lot production is made from castings, poured in shell forms or 

in a chill mold with sand rods. Material of castings is alloy AL4. 

Worked surfaces of housing are cast with allowance of >4 mm to a side; 

internal ducts are cast with final dimensions and only require stripping. 

Tolerances on free dimensions of casting are by AN1026. Primary base 

for layout and machining both of pump housing, and of turbine housing 

are bosses of the crosspiece. Technological process of manufacture 

of the pump housing is divided into two stages: preconditioning before 

hydraulic test and finishing of precise fitting surfaces after hydraulic 

testing, and is identical in principle to process of working of a 

turbine housing. During designing of technological process of 

manufacture of welded bodies of turbopump units, one should follow 

recommendations presented in Chapter VII. 

Sample Working Plan 

1. Milling of riserf and filing of bosses. 
2. Benchwork stripp ng of internal cavity. 
3. Hydroabrasive cleaning of castings. 
4. Layout. 
5. Boring of central hole and internal recess on one side. 
6. Chamfering of bosses of crosspiece and preliminary boring 

of holes and centering shoulders on the other side. 
7. Milling of groove in four bosses of crosspiece. 
Ö. Milling of facets of flanges (or the end of pipe at turbine 

housing). 
9. Boring of throat. 

10. Drilling and countersinking of holes in flanges. 
11. Cutting of threads in flanges, benchwork stripping and inser¬ 

tion of pins. 
12. Hydraulic and pneumatic testing. 
13. Finishing of fitting points on one side. 
14. Finishing of central hole and fitting bosses on the part of 

the crosspiece. 
15. Inspection. 
16. Andoization. 

Average-dimensional housings of 
0 box-liKê shepe 

Different construction of technological processes of manufacturing 

housing parts of this group is caused both by tht very variety of 
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structural forras and dimensions of housings, and also the necessity 

of applying different methods of working depending upon the volume 

and technical level of production. Here, of essential value for 

selection of bases and the sequence of operations is the number and 

accuracy of mutual location of cei.^ral holes in the housing. In 

practice we most frequently meet housings of box-like form with parallel 

and crossing axes of center holes. The principle of construction of 

a technological process for producing such housing will be sufficiently 

intelligible from consideration of the technology of manufacture of 

three basic types, shown in Fig. 8.5a, b and c. 

Their blanks are most frequently a chill casting from alloy ML5. 

The base for layout and working is the external nonworked and 

surface and the contour of bosses. 

Basic operations of manufacture of these housings include precision 

working of central holes, in accordance with specifications of their 

mutual location. In order to ensure airtightness of connections of 

housings with covers, coaxialness of holes in them and mutual perpen¬ 

dicularity of planes of faces and adjoining central holes, working of 

these surfaces is conducted with one setting on a lathe or boring 

machine. In separate cases, when Joint plane has significant dimensions 

and is eccentrically located relative to the central hole, it should 

be milled before working the hole. 

Sample Working Plan. 

1. Clipping of end and preliminary boring of hole on lathe. 
2. Clipping of second end and turning of the boss. 
5. Preliminary boring of hole. 
4. Drilling of holes in Joint plane. 
5. Milling of shelf (on lateral surface). 
6. Milling of bosses for nuts. 
7. Hydraulic testing. 
8. Drilling of ducts. 
9. Drilling, counterboring and reaming of hole in lateral boss. 
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10. Benchwork stripping, cutting of threading. 
11. Final turning of two holes simultane jus . 
12. Hydraulic testing. 
13. Inspection. 
14. Oxidizing. 

Small housings parts -f control and 
adjustment units 

Housing parts of this group usually are prepared from forgoings 

less often from rods and pipes. In small-lot production for manu¬ 

facture of small-size housings from nonferrous alloys, at present thert 

is widely applied pressure casting. Housing parts cast under pressur* 

do not require large expenditures on machining, have good mechanical 

properties, do not have porosity, cavities, and other internal flaws, 

peculiar to forgings and castings. Characteristic for the technologi¬ 

cal process of working of housing parts of this group are turret, 

drilling and thread-cutting operations. The primary base during 

working of cast and forged housings is the external cylindrical surface 

most convenient for fastening in self-centering grippers (tong, 

wedge-shaped, plunger, 2- and 3-jaw chucks, and others). 

§ 3. FULFILLMENT OF BASIC OPERATIONS FOR 
WORKING HOUSINGS 

Large-Dimension and Thin-Walled Housings 

Middle housing of axial-flow compressor 
(cast. Jointed) 

Joint Planes of both halves of the middle housing of a compressor 

are worked on a vertical mill in one passage by facing cutter by 

method of high-speed milling. The blank is positioned by bosses rn 

adjustable supports. 

This operation is executed also on horizontal mills. Both planes 

are milled simultaneously by two cylindrical milling cutters with 
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slanted teeth.

Holes, located in large quantity on different surfaces of the 

compressor housing, are drilled, counterbored, reamed and cut in case 

of a small volume of production on radial-drilling machines by a 

prsitloner. In small-lot production for working fastening holes there

are applied multi-spindle 

drilling heads with fold 

away plate Jigs and special 

multi-spindle machines (Fig. 

8.7). For working holes, 

located on circumference and 

on lateral flanges of the 

compressor housing, widely 

applied are unit-head machine 

tools, arranged from standard­

ized units. Thus, for 

instance, holes for blades 

in the middle housing are 

processed on a unit-head 

bore with a turning table, 

working on an automatic cycle, 

and simultaneous drilling.
Fig. 8.7. Drilling of holes on multi-
spindle drilling machines in front surfacing and cutting of
section of compressor housing, a) in
b jsses in J-^lnt plane; b) in flanges. threads in lateral flanges 

and bosses of housings is produced on unit-head drilling and milling 

machines (Fig. 8.8).

1I ‘ J
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Fig. 6.8. Drilling, surfacing and cutting of 
threads in lateral flanges and bosses of housing 
of a compressor on unit-head machine tool.

Internal surfaces, fitting bosses and flanges are processed in 

three stages;

joint roughing of both halves before assembly;

semifinished and finished boring of internal recesses for blades 

in sections of housing after assembly of both halves;

finished boring of fitting bosses, labyrinths and facets of 

flanges in assembly after final assembly of middle housing.

Roughing of end surfaces is executed on turret lathes, and halves 

of tb»= housing are fastened by tie bolts.

Boring of internal blades grooves is the most labor-consuming 

operation. Usually it is executed on lathes of increased rigidity 

with great height of centers. Recesses in front and rear sections are 

preconditioned before assembly of halves. Concentricity of recesses 

during working when assembled is attained by high accuracy of working 

of base surfaces and of installation of the part on a Jig of face plate 

type, with fitting in a precision shoulder (Fig. 8.9). Boring is 

conducted by a boring bar with boring cutters -rr plates. Massive
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boring bars prevent pressing cf tool from processed surface in course 

of working, and for quenching vibration on the part they place rings 

of soft rubber. Working of fitting bosses and boring of the labyrinth 

are the most important and complicated operations in connection with 

high requirements for accuracy (nonparallelness of end surfaces of 

opposite flanges of not more than 0.05 nim f°r diameter of 600 mm, 

mutual play of fitting bosses 0.05-0.05 mm, play of internal surfaces 

of semirings with respect to fitting bosses, not more than 0.05 mm). 

During working it is seen that a layer of talc on inner surface of 

semirings is at least 0.2 mm. Working of fitting shoulders with 

abutting face surfaces of flanges and boring of inner surfaces of 

semirings in the housing are done in two operations on high-precision 

lathes with a special jig. 

Fig. 8.9. Boring of internal blade grooves 
in housing of an axial-flow compressor. 

Requirement of high accuracy of dimensions of fitting surfaces 

of the middle housing when assembled and of their relative location 

makes necessary each time before beginning working of a lot of parts, 

thorough alignment of installation of jig on the machine and check 
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of dimensions of fitting collar. On collar there are located removable 

plates, which upon wear are replaced. 

End grooves in front section are milled on vertically-milling 

machine with ’ividing fixture. 

The part is set on a turning table, centered on internal fitting 

boss, and ir secured by hydraulic clamps. Drive of feed of milling 

head of machine is hydraulic, with automatic cycle of work, from 

electrical control rests. Turn of table is interlocked with mot!n 

of milling head and is carried out automatically after cutting by 

milling cutter of each groove. Accuracy of division of table is 

O.O3-O.O5 mm. High productivity of machine permits applying it under 

conditions of large-lot production. 

Nozzle housing (forging fr m stainless steel IKhlSNQT) 

Roughing of external surfaces and boring of the hole is produced 

on turret lathe in a three- or four-jaw chuck. 

Final boring of hole and machining on top is produced on powerful 

lathes of increased rigfdity in a fixture of face plate type with 

centering on external shoulder and clamping on the flange face. 

Radial holes for fastening blades are usually worked on a radial 

drill in a dividing jig with a fold-back positioner (Fig. 8.10) in 

ne installation. The base is the external fitting boss and face: 

the housing is fixed on dividing face plate by a positioning hole in 

the flange. More productive is working of holes and platforms on 

unit-head machine tool'} (Fig. 8.11). 

Shaped recesses in flanges of a compressor housing end of a ^ozzl 

housing (crown) do not require accuracy of execution. In small-lot 

production they usually are milled on vertical mills by end milling 

cutters of conesponding diameter by method of incision (to a rest) 
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on a dividing jig. It is more productive, however, to work the corona 

on a unit-head machine tool. 

Welded housings (compressor housing, combustion 
chamber housing, afterburner housing. 

~~and others) 

Flanges and spacers are basic elements, constituting the frame 

of a housing. They form surfaces for connection of parts from sheet 

materials and for attachment with other units. They are prepared 

chiefly from annular blanks, obtained by rolling of rings or bending 

of profiled bars with subsequent welding of joints. Rings are 

basically machined on lathes.* 
» 

Shells, cylindrical and conical, entering into assembly of a 

welded housing, are preapred from a sheet by bending with subsequent 

longitudinal welding of the seam. Bending is produced on three- 

roller machines, and preliminary bending of the side of the billet 

is done in a stamp. An improved method of manufacture of cylindrical 

and conical shells with a straight-line generatrix is carried out on 

special bending machine, model GLS-2K. On this machine forming of 

shells is produced by method of bending-rolling from precision 

development of the surface without preliminary bending of ends of the 

billet, which considerably reduces labor-consumption and increases 

quality of manufacture of shells. Process of bending a sheet on 

machine GLS-2K is carried out with help of four shafts — two driving 

ones in the vertical and two bending ones in the horizontal plane 

(Fig. 8.12). Whole process of forming of a shell of the machine is 

executed in two passages (one forward and the other reverse). 

♦Considered in detail in Chapter VI. 
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Fig. 8.12. Diagram of bending of shells 
on machine aLS-2K. 

After bending ana automatic welding of longitudinal seam there 

Is produced flanging, stripping of eages and other operations 

preparatory to assembly and welding of parts in a unit. 

Assembly and welding of the housing consists of a s< ries of 

operations of successive connection of separate sections, welding 

them and welding on of fittings. Sections are completed units, 

joined end to end. Assembly and tacking of comlined sections and 

parts is produced in a dock [?]. 

Surfaces of butt ends are thoroughly fitted and cleaned to 

metallic brightness. To guarantee correctness of assembly separate 

units are preliminarily fitted and on joined surfaces there are 

inflicted a marking line, by which there is determined mutual loca¬ 

tion of parts for final assembly. In Fig. 8.13 there is shown the 

diagram of annular Joint by overlapping. Figures dr ignate the order 

of point tack welding, in which it is possible to avoid large warping 

of parts of the unit. 

Fig. 8.13. Diagram of location of tacked seams 
during assembly of separate sections of a welded 
housing. 
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After assembly and tacking there Is produced seam welding of the 

unit on a welding machine of type MShPR-;00. Conditions of welding 

are selected depending upon brand and thickness of the material. 

With butt Joint of sections tack welding is produced by argon 

arc welding with a tungsten electrode of diameter 1.5-2 mm. First 

16 tacked points are located according to diagram of Fig. 8.13; 

the remaining ones are located evenly on circumference with spacing 

of 30-50 mm. 

Operation of welding annular Joints of separate housing sections 

(by fusion or resistance welding) is executed on a special stand. 

In process of welding the article revolves, and welding head remains 

motionless. Welding head is set on a cantilever, which shifts in 

a guide column from one welded Joint to the next. The cantilever 

together with head can also turn about the axis of the guide column, 

which permits one to establish it in the required position with 

respect to the surface of revolution of the welded article. 

For welding of fittings with annular seams there are applied 

welding installations, including: a) welding torch, revolving about 

axis of welded part; b) cantilever with column; c) manipulator or 

ether device, intended for setting welded article in required position. 

On this installation the article is motionless during, and welding 

torch revolves around axis of welded part. Welding of fittings with 

curvilinear seams in different planes in most cases is executed by 

semiautomatic or manual welding. 

Certain difficulty is presented by welding of fittings of the 

type of flanges of different configuration to thin-walled shells of 

the housing of a combustion chamber, afterburner, and other bodies 

of welded construction, prepared from stainless steels lKhl8N9T, 



£1^35, and others, due to hot cracks, cracks in Lhe Beam and in basic 

material of flanges in the zone of heating. Step-roller welding on 

welding machine of type MShP-150, 

equipped with special roller head 

of system "roller-roller" and 

mechanism of step feed of 

rollers during welding, permits 

one to eliminate possibility 

of appearance of cracks (8.1^). 

Machining of a welded 

housing after welding and heat 

treatment, conducted for the 

purpose of removal of residual 

stresses in the zone of welded seams, consists of operations of 

drilling of holes, thread cutting in bosses and lateral flanges, 

1 K-^-d-g centering shoulders in flanges, working of sleeves in 

bosses. 

lig. 8.14. Step-roller welding of 
fittings to shells. 

Working of centering shoulders and drilling holes in the housing 

of a welded construction hardly differs at all from fulfillment of 

i>L..ilai prrations in an assembled split body, the description of 

which was given above. 

Certain peculiarity is presented by working of radial holes in 

a compressor housing after setting of sleeves. To guarantee 

concentricity drilling and reaming of holes in housing is produced 

through a hole in the sleeve, which serves to guide tne tool. 

Talcing, application of aluminum-talc mixture on surface of 

labyrinth seal of the housing, is produced in the following way: on 

a thoroughly degreased surface by brush there is applied a uniform 
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film of enamel Al-701, consisting of varnish 701 (85#) and aluminum 

powder (15#), serving priming. After drying in air for one hour on 

primed surface by spatula there is applied a uniform layer of aluminum- 

talc mixture of thickness 0.5-0.6 mm. First the part is kept at room 

temperature 30 minutes and then is placed in a drying cabinet, in 

which the temperature is gradually increasec to 190-220°C, and ic 

is kept there 2-5 hours. After cooling the part in air the surface 

of the layer is cleaned by sandpaper, rubbed with a cloth moistened in 

alcohol, and then there are applied 5-7 more layers of the aluminum- 

talc mixture. 

The profiled surface of the diffuser of welded construction, 

presented on Fig. 8.5a is polished by felt, wheels on polishing 

mandrels. Operation of polishing does not require skill; in process 

of polishing exact dimensions not are maintained, and operation ends 

upon achievement on whole profiled surface of the diffuser the required 

finish. 

Polishing of the profiled surface of a vaned diffuser, presented 

in Fig. 8.5b, is a more complicated and labor-consuming operation, 

since in process of polishing geometric form of blades should be 

preserved. Polishing is produced manually by a polishing machine 

(drill) with coarse felt wheels and application of abrasive powder 

and paste of the following composition: 

corundum M28...60# 
paraffin with stearin.555g 
remainder.wax, olein acid and 

technical grease 

More productive is electric polishing with preheating of electrolyte to 

55-40°C. Anode current density is 15-30 amp/dt32[?]. Duration of 

working is 5-7 minutes. Preparation of part for electric polishing 



consists of thorough degreasing in vapors of trichlorethylene or in 

this solution: 

caustic soda.20 g/liter 
trisodium phosphate.50 g/liter 
liquid glass.30 g/liter 
temperature.jO-60°C 

Housings of the Pump and Turbine of Turbopump Units 

Stripping of internal surface of closed ducts of cast housings 

ol turbopump units is a very labor-consuming operation. After trimming 

and tilling of risers and ribs housings from aluminum and magnesium 

alloys are subjected to sand-blast finishing. Final stripping of 

channels from ribs and unevenness is produced by cutters with the help 

of drills. 

The center hole and fitting bosses in housings of turbopump units 

arc worked in two stages. During roughing there is removed the main 

part of the allowance; in the second stage there is attained high 

precision of lifting dimensions and required cleanness of working. 

Large dimension bodies of pumps and the turbine of a turbopump unit 

are worked on general-purpose single-column turret lathes (model 

15IO of the Sedin plant). 

Small-size housings are worked on turret lathes. Primary position¬ 

ing base of the pump and turbine housing of turbopump units, given in 

Pig. 9.4, is the surface of bosses of the crosspiece. The worked 

housing is set in special Jig with fixation on internal surface of 

crosspiece bosses resting on the face of these bosses. First they 

preliminarily tuin lifting bosses and cut le face of the pump housing 

on the side of the entrance channel of the collection chamber, but 

then holes and fitting bosses on the side of crosspiece tosses. 

Here, for the base there is taken the worked external shoulder and 

358 



face of the housing. The same sequence of operations is sustained 

during finishing. Boring of the hole and fitting bosses is produced 

on turret lathe, model I5IO by a set of cutters set up to dimension, 

located on turret head of vertical support with automatic turn of 

turret head. Face surface will be cut by a cutter from a horizontal 

(lateral) support. Operations of working the central hole and fitting 

bosses in housings of turbopump units consist of a large quantity of 

labor-consuming transitions, and require high skill. In large lot 

production fulfillment of these operations is best produced on an 

8-.oindle semiautomatic turret lathe of consecutive action of type 

1283c of "Red proletarian," plant. On this machine the part can be 

completely worked from two sides. Machine has 8 positions, one of 

which is loading. 

Finishing of the central hole and fitting bosses in the pump 

housing is produced after testing cavity of pump for airtightness. 

Sequence of operationw of working of holes and cutting threads 

in housings depends on character of holes and their location in the 

housing. Usually holes are drilled and counterbored on radial drilling 

machines through positioners. Cutting of threading is produced by 

machine taps on drilling machines with reversible movement or with 

application of special reversible chucks. 

Hydraulic and pneumatic testing of turbopump unit housings are 

produced on a special stand after preconditioning. To test airtightness 

the central hole is stopped, the housing is established in a special 

jig and is secured through a rubber washer. Through a hose from a 

pump the housing cavity is filled with water under pressure, exceeding 

working pressure by 1.5 to 2 times, and is kept there 5-7 minutes. 

In pneumatic testing the housing and jig is lowered into water bath; 
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5 ^ 5
to cavity there Is fed air at pressure 5-6 atm (“5-10 to 6*10 

newton/m^) and kept for 5 minutes (Fig. 8.15a and b).

2 3k 5

Medium-Dimension Housings of Box-Like Form 

Purpose of preliminary lathe working of housings with parallel 

and crossing axes of central holes (Fig. 8.5) In the first operations 

is creation of positioning base for finishing. Primary base for working 

of a housing (see Fig. 8.5a) is the external diameter of the boss 

and the unworked end of the housing. Clipping of end and preliminary 

working of a hole in diameter B in one Installation ensures play of 

not more than 0.02 mm. These surfaces subsequently serve as basic 

bases for drilling of ducts and fastening holes, and also for finishing 

central holes.

For working the housing (see Fig. 8.5b) the primary base is the 

external contour of the part. The housing is cleunped in a chuck 

with special Jaws. In first lathe operation the face of the large
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I'iange is cut, and the llttlng boss Is reamed. Then they bore holes 

in the large flange. One of these holes is for fixing during 

installation part for working of surfaces on small flange, locatea 

in another plane. This hole is counterbored and reamed by 1st 

accuracy class and serves for fixation of part in attachment during 

working in two mutually perpenalcular planes. Surfaces on the 

rmall flange are prew^rkea on a iatne or turret lathe in a special 

fixture of square type on the base of the lace of the large flange oith 

centering by shoulder of flange anu fixation by hole. Woncoaxialness 

and nonparallelness ^f holes and nonperpendicularity of face surfaces 

of small and large flanges depend mainly n accuracy of installation 

:f part in fixture, and also :n accuracy oi' manufacture _f the actual 

fixture and installation of it on machine. Theref're, in conditions 

-.1 small-l^t production it is expedient to perform this operation 

a specially set-up machine, not allowing frequent resettings ot the 

machine. Involving removal of the fixture.

H^les in flanges and .lolnt planes in housings of box-like shape 

are drilled depending upon their n'omber, dimensions and character of

location in the housing on

it
vVI t>)

1.

Fig. 8.16. Multi-spindle drilling 
heads, a) with Cardan transmission, 
adjustable; b) revolving, automatic.

vertical boring or radial 

drilling machines .'n a posi­

tioner. To increase nroductivlty 

of working during drilling of 

a large number of holes, th«-'re 

are widely applied model 

adjustalle multi-spindle urill 

and thread-cutting heads 

(Fig. 8.16). For working holes

in medlLut-uimensional housings of box-like type there are applied the
36l



following types of adjustable multl-splndle drilling heads; with 

spindles located on line with worm transmission; with spindles 

located on circumference with gear transmission; drilling heads with 

Cardan transmission for working of holes located at an angle.

Central holes In housings with parallel or perpendicular axes 

In smail-lot production are finally reamed most often on precision 

boring machines. Necessity of guaranteeing high accuracy of dimensions, 

coaxialness, parallelness and other rigid specifications for manufacture 

required the development of special high-speed and precision machines 

for fine boring. In Fig. 8.17 there Is shown a precision semiautomatic 

tw.-way horizontal boring machine for fine boring of holes In 

housing parts with parallel axes of holes. The machine Is high-speed; 

rotation of drill bar with tool Is up to 5,000 rpm; minimum feed Is 

0.002 mm rev. For boring holes there are applied diamond or hard- 

alloy cutters; cleanness of working here is ensured to 8th class; 

precision of working Is 1st class.

!±ino 
r 3

. i

Fig. d.l7. rlr.f I ring h:les In housing 
parts with parallel axes of holes.
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In Fig. 8.18 there Is shown the operation of boring of mutually 

perpendicular holes In housing parts on a special three-way semiautoma­

tic bore. Working on this machine ensures high accuracy of mutually 

perpendicular holes and high productivity.

:4. m I
^ £S

Fig. 8.18, F..rlng c-f mutually 
perpendicular holes In housing parts 
on special three-way semiautomatic 
boring machine.

Small Housing Parts

Working on turret machines of housing parts of valve housing 

type Is expedient In all cases when It Is necessary to work several 

different surfaces, and the operation consists of many transitions 

requiring a large number of different tools. Working on turret 

machines Is produced by rests with application of efficient setups,
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allowing simultaneous working of several surfaces as, for instance, 

turning of the top and boring, clipping of end and shaping, and so 

forth. Here, there is attained high precision of mutual location of 

worked surfaces. At the same Lime turret working is much more 

productive. For working small housing parts there are applied turret 

machines (Fig. 8.19) with horizontal axis -f turret head, model 1}}6, 

and with vertical axis, model 1330. The blank is secured in wedge- 

shaped chick. The female thread wilx be cut on turret machine by 

machine taps, the male thread by thread-cutting,self-opening heads. 

5 

Fig. 8.19. Working of high-pressure valve 
housing on machine of model I338. 

Recently for working of parts with multistep internal and external 

cylindrical surfaces the machine-tool industry of the USSR has begun 

to produce turret lathes with digital programmed control (model of 

machine I336 PR). Surfaces of parts on these machines are worked by 

preassigned program on a punch card. Relay-contact system of digital 

programmed control with feedback allows one to carry out very exact 

shifts of the carriage and turret head, which ensures high accuracy 

of working (in diameter O.O5 mm, in length 0.1 mm). The part is 
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clamped on machine in a rodless pneumatic chuck, controlled by 

pneumatic distributor of solenoid type. Pneumatic chuck is rapidly 

readjustable and permits clamping with change of the base, which is 

especially important when working parts of this type. 

Automation of Working of Housing Parts 

One of the basic directions in Improving the technological 

processes of manufacture of housing parts is automation of their 

working. Transfer machines, one of highest forms of automation of 

production, best answer problems of sharp increase r lab r productivity 

and quality of articles. However, transfer machines for working 

housing parts in the practice of aviation production both here, and 

abroad, have not enjoyed wide use. This is explained by the fact 

that in aviation industry there occurs frequent replacement of 

objects of production and they are produced in small lots, for which 

capital expenditures on development and manufacture of transfer machines 

cannot always be compensated by the economy from their introduction 

Therefore, under conditions of aviation production automation of 

working of housing parts is carried out along the line of introduction 

of specialized and unit-head machine tools from standardized units, 

produced by the machine-tool industry. Such machines are assembled 

by the plants themselves by arrangements developed by the plants. 

Specialized machines, arranged from standardized units, have all the 

advantages of special machines (high productivity, semiautomatic 

work cycle, etc,,) and at the same time are free of their deficiencies 

(high costs, prolonged periods of development and introduction, 

impossibility of use in case of replacement of the object of produc¬ 

tion). Recently in domestic plants there have been created and 
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introduced a large number of high-speed highly productive unit-head 

machine tools — semiautomatic machines arranged from standardized 

units for working housing parts (assembly-drilling, assembly-milling, 

combined, boring and multiposition semiautomatic machines). Combina­

tion of such separate machines permits us in a number of cases to 

create a flow line. An example can be flow line for working two 

housing parts, arranged from unit-head machine tools, shown in Fig. 

8.20. For servicing of the line one worker suffices. Productivity 

of working of housing parts with introduction of such a line into 

production is Increased by factor of 2 to 5.

£
m- -.9 _ _  ^

-r I ^
Ir

Fig. 8.20. Technological line of unit-head machine tools 
for working housing parts.

§ 4. INSPECTION OF HOUSING PARTS 

Quality control of manufacture of housings is produced both 

during manufacture and also after final working. After every opera­

tion of machining basic dimensions and cleanness of working are checked. 

During inspection of thin-walled, large-dimension housings certain 

difficulty is presented by measurement of exact fitting diameters 

of large dimensions. With insufficient rigidity of construction of 

these parts in process of working and transportation there inevitably 

appear different forms of deformations, causing considerable errors 

of form and dimensions, as a consequence of which diametrical dimensions
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must be checked in several mutually perpendicular planes. For 

measuring precision fitting dimensions we use special instruments and 

tools. Indicator instrument, consisting of a combination of a depth 

gage with an indicator, permits measurement of external and internal 

diameters of large-dimension housing with an accuracy of 0.01 mm. 

During measurement of large diameters during working one should also 

consider influence of temperature on change of dimensions, rendered 

especially noticeably during working of housing parts from aluminum 

alloys. To decrease measuring error the best solution in this case 

would be application of measuring tools with temperature compensators; 

however, such tools are too expensive and complicated in manufacture 

and use. A simpler means is application of standard parts for setting¬ 

up measuring instruments, cooling of parts by compressed air, heat 

insulation and maintaining a constant temperature in the inspection 

area. 

Check of mutual play of surfaces (diametrical and face) is usually 

produced directly on machines during working. Adjoining of linked 

surfaces of flanges is checked by paint. More complicated is inspec¬ 

tion of welded housings. Check of quality of welded Joints is 

produced directly after welding operation, after which there follows 

welding of revealed defects. The most frequently encountered defects 

of welded Joints are: nonfusion, burns, cracks, porosity and contamina¬ 

tion of welded seam b.v harmful impurities and slag inclusions. 

Manifestation of different defects of welded Joint, besides external 

inspection, often requires application of labor-consuming inspection 

methods: metallographic, X-ray, magnetic, luminescent, thermoelectric, 

ultrasonic, chemical and others.* Separate welded units of housings 

♦Presented in Chapter VII. 
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are checked for airtightness. 

Inspection of accuracy of manufacture of mediuni-dimension housings 

of box-like form and small-size bodies of control units anticipates 

check of basic dimensions, noncoaxialness of holes, radial and end 

play and deviation of distances between axes of holes. 

In small-lot production dimensions of housing parts are checked 

by standardized instruments, caliper gages and plug gages. Mutual 

pley of two coaxial holes is checked by installation of self-centering 

spindle with indicator. Upon turn of indicator relative to motionless 

spindle of 36O0 (its tip touches second hole) there Is determined 

magnitude of play. Face play in box-like housings is most frequently 

checked relative to the central 

hole; in housings control units 

end play is checked with respect 

to the axis of the external or 

internal threading. To check 

face play with respect to hole 

there are applied indicator jigs, 

in which the part is fixed motion¬ 

lessly on an unclasping base 

mounting, and measuring tip of 

indicator gauge, fixed an assigned 

distance from axis of the corres¬ 

ponding base, turns 36O0. The same method of shift of the measuring 

tip of an instrument along a circumference of assigned radius is 

applied for inspection of face play relative to the internal and 

external threading. In Fig. 8,21 there is shown a diagram of a 

throw-back measuring instrument for inspecting coaxialness of holes. 

Fig. 8.21, Measuring device fbr 
checking coaxialness of holes. 
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Fig. 8,22. Instrument for measuring distances 
between axes of holes in housings. 1J housing; 
2) carriage; 3) motionless spindle; 4) mobile 
spindle; 5) indicator. 

In Fig. 8,22 is shown the construction of an instrument for measuring 

distances between holes. Shift of mobile spindle 4 through ca^ ^iage 

2 is transmitted to indicator 

5. Setting of the instrument 

is produced from a standard. 

In process of measurement 

mobile spindle is shifted 

from one side of the hole to 

the other by springs of carriage 

2. On indicator they make 

two readings (in two extreme positions of mobile spindle); half the 

difference of these readings determines amount of deviation of real 

distance from distance between axes of holes of the standard. Improved 

instrument for measuring center-to-center distance is an instrument 

with self-centering spindles (Fig. 8.23). Determination of distance 

between axes on this instrument does not require additional calcula¬ 

tions. Spindles 1 and 2 establish themselves in holes, they select 

radial gap and permit determining of distance between axes of holes 

independently of deviations of their diameters. 

* 

Fig. 8.23. Instrument with self¬ 
centering spindles for measurement of 
distance between axes of holes in 
housings. 
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CHAPTER IX 

PRODUCTION OF HEADS OF COMBUSTION CHAMBERS 
-W LIQUID-FUEL ENGINES- 

§ 1. DESIGN, SPECIFICATIONS AND MATERIALS 

Heads for combustion chambers of liquid-fuel rocket engines are 

assemblies which ensure introduction of fuel and oxidizer, their 

mixing and proper distribution of the mixture in the combustion 

chamber. For introduction of components of mixture there are separate 

cavities or collectors, with which there are connected injectors 

(or slots), located in the flame stabilization dome. 

Depending upon the shape of the flame stabilization dome we 

distinguish heads: spherical, hipped and flat (Fig. 9.1). 

Spherical form of head is the most rational from the point of 

view of rigidity; however manufacture of domes with high degree of 

concentricity of the sphere and setting in them through injectors 

causes a number of technological difficulties. Probably, for this 

reason, at present, they are rarely applied. 

Heads of hipped type (see Fig. 9.It) most frequently are met in 

low thrust motors (Fig. 9.2). Technologically they are somewhat 

simpler than spherical ones; however, for production of satisfactory 

carburetion it is necessary to apply a complex set of injectors. 
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Fig. 9.1. Types of combustion chamber heads, 
a) spherical; b) hipped; c) flat. 1) thrust 
ring or head casing; 2) outer dome; 3) middle 
dome; 4) flame stabilization dome; 5# 6) in¬ 
jectors; 7) pipe; F) entrance to fuel cavity; 
0) entrance to oxidizer cavity. 
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The overwhelming majority of 

chambers, working on spontaneously 

combustible components, have heads 

with flat flame stabilization dome', 

(see Fig. 9.1c). This is explained 

by the fact that, white ensuring 

good carburetion, technologically 

they are simpler; during their 

manufacture it is possible to 

maintain high requirements of air¬ 

tightness. Increase of rigidity of 

such heads is attained by welding 

of gusset plates to the outer and 

middle domes. Basic parts of head 

(the set of domes, injector head 

casing) in period of starting and 

running of motor are washed by 

aggressive or low-boiling liquids and are loaded with forces of 

pressure of the components and hot gases from the engine chamber. 

The least failure of airtightness of cavities of the head can lead 

to leakage or inadvertent ignition of components. 

Proceeding from assignment and conditions of work, combustion 

chamber heads present the following basic requirements; 

1. Complete airtightness of welded and soldered connections 

(at pressures 1.7 times working). 

2. The set of injectors should ensure assigned flow of com¬ 

ponents within 2-4#. 

3. Distribution of injectors in flame stabilization dome should 

ensure assigned mixture ratio by section (error in location of 
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Fig. 9.2. Hipped mixing 
chamber of rocket motor A-4. 
1) oxidizer feed tube; 2) 
central oxidizer jet; 3) 
upper row of swirlers; 4) 
lateral Jets; 5*6) combined 
jets and swirlers; 7) inner 
shell of mixing chamber. 



injectors ±0.1-0.2 mm, misalignment of axes 10'-15'). 

4. Deviations from the assigned geometric form of the flame 

stabilization dome should not disturb process of carburetlon (error 

of shape is noi&ally 0.2-0.3^ of diameter of the dome). 

5. During manufacture of head and its assembly with the 

chamber it is necessary to ensure coincidence of the axis of the 

mixture flame with the combustion chamber axis. 

6. In cavities and ducts of the head there should not remain 

shavings, welding burr, flux, oil, dust or other contaminations. 

Materials for manufacture of heads should weld and machine 

well, possess plasticity and corrosion resistance. The flame 

stabilization dome, furthermore, should be highly-heat-resisting and 

heat-conducting for good heat removal. 

At present for manufacture of heads there are used stainless 

steels !Khl8N9, lKhl8N9T, alloys EI654 and EI712, and also low-carbon 

steel 08KP and Steel 10, which are used for motors of single action 

working on unaggressive fuels. For the flame stabilization bottom 

along with the shown materials they apply alloys on a copper base, 

for instance brand BRKh-08, etc. 

§ 2. CONSTRUCTION OF TECHNOLOGICAL PROCESS 

Fulfillment of above-indicated requirements is possible only 

with high level of production technique and equipment of technological 

process with the latest equipment. 

All operations, starting from making the blank and finishing by 

welding and soldering, are usually accompanied by thorough control. 

Edges for welding are cleaned to metallic brightness and thoroughly 

degreased. Tack welding of parts is carried out in Jigs, ensuring 

correctness of their mutual location. Sequence and conditions of 
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tack welding are necessarily regulated. For adding seams, as a 

rule, they use argon arc welding. After stripping the seam is 

subjected to preliminary inspection for penetration of active liquid. 

Finally, quality of seams is checked by a hydraulic test under 

pressure, exceeding working pressure by a factor of 1.6-1.7. 

Preparation for soldering consists of thorough (sometimes 

double) washing of parts and solder in gasoline B-70, and then in 

pure alcohol or its substitute. After preparation of assembly for 

soldering there is must not elapse more than 2-3 hours, before 

soldering, since on solder and parts there can form an oxidized 

film. Soldering is produced in special vacuum containers or in a 

protective medium of neutral gas. Conditions of welding and 

soldering for small-lot production are worked out preliminarily on 

samples, then there is prepared a setting batch of heads (5-6 pieces), 

which after carrying out of all tests proceed to investigation of 

micro- and macrostructure and mechanical properties of seams and 

Joints. Thus worked out conditions are fixed on flow charts. 

After welding and soldering, heads pass to hydraulic testing and 

check of flow rate of components, which is conducted by means of 

flowing them through on a special stand, allowing one to determine 

total flow of components and flow of each component separately. 

Efficiency of combustion chamber is considerably influenced 

by coincidence of axes of the flame and the chamber. This is attained 

by a special Jig for assembly of head with chamber with strict 

regulation of misalignment of welded faces of head and combustion 

chamber. 

Process of manufacture of a combustion chamber head usually 

includes machining, welding, soldering, testing and other forms of 

treatment. Order of these operations as far as possible should be 
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such that shaving, welding burr or solder cannot contaminate cavities 

and holes of the head and injectors. When the shown order of 

operations is not carried out, it is necessary to insert plugs, 

protecting internal cavities of head from contamination. Between- 

operation storage and transportation of assemblies should be in 

special packing. 

A fuller idea about carrying out of operations and their 

sequence can be obtained in examining the technological processes 

of working basic parts and assemblies of a head. 

§ 3. BASIC OPERATIONS OF WORKING 
COMBUSTION CHAMBER HEADS 

Basic parts of a combustion chamber head are: set of domes, 

thrust ring or casing of head and set of injectors. Inasmuch as 

manufacture of injectors is given in a separate chapter, below we 

shall describe basic operation of manufacture of domes, head casing, 

and also welding and soldering of the assembly as a whole. 

Manufacture of Domes 

For production of billets sheets of standard dimensions by 

guillotine shesis are cut into squares, from which round blanks 

are cut in a stamp or on roller 

shears. 

Outer domes have, as a rule, 

spherical (Fig. 9.3) or elliptic 

shape. They obtain the shape on a 

hydraulic press in a combination die 

allowing simultaneous]y with forming 

cutting of the center hole.* 

♦Example is shown in Chapter VII. 
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Before stamping the blank is heat-treated, etched and coated with 

varnish KhVL-21. After stamping on a lathe they cut the face and 

chamfer for welding with Installation of part by central hole on a 

special mounting with rest on the inner spherical surface. 

Sometimes outer dome, besides a central hole, has one or two 

holes for connector pipes and radial slots for welding on reinforcing. 

Holes for connector pipes are usually drilled in a jig with a 

dividing device. If diameter of these holes is sufficiently great 

(>35-40 mm), they should be cut by hollow crown-shaped counterbores. 

With a sufficiently great program these holes can be cut in a stamp 

on an eccentric press. 

Radial slots for reinforcing ribs are usually milled by disk 

milling cutters on a horizontal mill using a dividing fixture. 

After machining to the dome there are welded the central pipe 

and connector pipes. Tacking is done by argon arc welding in a jig, 

ensuring assigned mutual location of the welded parts. 

After welding the seam is cleaned and checked in a flow of 

kerosene. 

Flame stabilization and middle domes (Fig. 9.4), as a rule, 

have identical flat form and are interconnected by through injectors. 

Therefore, technological 

I processes ^f machining these 

T T 
domes have much in common 

and part of operations in 

lc) 

I I I I I I their working is executed 

Jointly. 

Flat domes are processed 

as follows. Stamped blanks 

in the form of a flat circle 
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go to machining. In first operation domes with flanging (Fig. 9.^a) 

have their end cut on a lathe. Domes without flanging (Fig. 9.^) 

are turned on external diameter. Domes are positioned on the lathe 

by their central hole, obtained during stamping or drilled before 

lathe work. Inasmuch as external diameter of domes is turned to 

2nd or 3rd accuracy class, it is desirable before lathe operation to 

ream the base hole. Fastening of domes is produced by a revolving 

clamp, fixed in pinol of tailstock. Domes, not having flangings, are 

turned in pairs, where if the flame and middle domes have the same 

diameter and materials are close in technological properties, already 

on this operation they are worked jointly. 

For domes of type "c," and sometimes of type "b" (see Fig. 9.^) 

after machining of external diameter they turn face planes, maintain¬ 

ing dimensions with precision of 4th class. In connection with this 

certain plants repeat operation of turning face planes after drilling 

holes for injectors. 

Deviations from flatness are checked by role and probe. Maximum 

permissible deviation should not exceed 0.3 mm. For hipped and 

spherical domes, as a rule, after stamping they only cut the face. 

Turning of surfaces of hipped and spherical heads encounters a series 

of difficulties, for which to achieve assigned accuracy of thickness 

of domes stamping of blanks is done from calibrated sheet. 

After lathe work the domes are washed, after which they drill 

holes for injectors. Diagrams of location of holes are shown in 

Fig. 9.5. During machining of holes it is necessary to consider that 

during application of single-fuel injectors approximately half, and 

during use of two-fuel injectors, all holes of the flame and middle 

domes should be coaxial. Noncoaxialness of holes will hamper setting 

of injectors, passing through the flame and middle domes. Holes are 



worked with precision of 3rd or, more rarely, 2nd class. Tolerance 

on mutual location of any two holes (with observance of coaxialness) 

should not exceed 0.02-0.04 mm. Error of angular location lies 

within limits ±10'-20'. 

a) c) 
X - fuel jets 
o - oxidizer Jets 

Fig. 9.5. Diagrams of location of in¬ 
jectors. a) checkerboard; b) honeycomb; 
c) concentric. 

Coaxialness of holes in flame and middle domes can be obtained 

by: 

1. Joint working of the two domes in one Jig. 

2. Separate working of domes by the same plate jig. 

First metiiod is applied when the flame and middle domes are 

made from materials, close in workability. Disks are installed by 

external diameter with gap of up to 0.1 mm. After drilling of all 

holes the plate Jig for drilling is replaced by Jigs for counterboring 

and reaming, which are Installed with the help of calibrated plugs 

in two diametrically opposite holes. To decrease deformation during 

drilling the first dome rests on its whole face surface on an 

underlaid disk. If the second (paired) dome has flanging or a 

thickened rim, to prevent deformation it is set on a spacing disk, 

the thickness of which is greater than the height of the collar. 

In the second method the flame and middle domes are worked 

separately on the same plate Jig. To increase productivity in this 
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case they simultaneously work several domes. 

Operation of machining holes for injectors is usually executed 

on a radial drilling machine; however, with a sufficiently great 

program it is possible to use a set of multi-spindle heads of 

electro-erosional punching. Holes for through injectors in spherical 

domes are cut by the first method, but here the thickness of the 

processing lining should be equal to the distance between domes in 

the assembled head. Operation is executed with the help of a jig, 

allowing one to revolve domes about two axes (Fig. 9.6). Flame dome 

7 is set in jig with help of 

centering pin 6 and support ring 

14. On flame dome there is put 

insert 4, angular location which 

fixed by one of the holes in it. 

The middle dome is placed on the 

lining and is centered by pin 6. 

The three parts thus fixed are 

secured by a common nut. Turning 

index disk 1} about axis 8, they 

drill the first strip of holes. 

To drill the second strip the 

jig is turned a definite angle 

about axis 9, using sector 11 and 

index pin 10. Drilling of second 

and subsequent strips of holes 

is coaducted by corresponding 

index pins. 

With a sufficiently great program, holes for injectors in 

spherical domes can be drilled on unit-head machine tools by 
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Fig. 9.6. Diagram of Jig for 
drilling holes in spherical 
domes. 1) drill; 2) Jig bush- 
in6» 3) middle dome; 4) insert; 
5) clamp of parts; 6} centering 
pin; 7) flame dome; 8) axis of 
rotation of dividing disk; 9) 
axis of rotation of sector; 10) 
index pin of dividing sector; 
11) dividing sector; 12) pins; 
13) index disk; 14) support 
ring. 



semiautomatic cycle. Recently for production of holes in spherical 

domes they have begun to use the electro-erosior.al method of working 

(Fig. 9.7). Cutting of holes in hipped heads, having single-fuel 

injectors on a conical surface and one injector on the flat part 

of the dome, does not present special difficulties and can be 

executed both on drilling machines with help of usual turning jig, 

and also when assembled. 

Fig. 9.7. Diagram of electro-erosional punch¬ 
ing of holes. 1) workpiece; 2) electrolyte; 
3) electrode; 4) jig; 5) punch; 6) rod of 
hydraulic cylinder; 7) clamp. 

Drilling of hipped domes for through injectors is produced, 

as a rule, jointly. 

After drilling, counterboring and reaming they deburr the dome 

with sandpaper, wash and inspect it. They check dimensions of holes 

and their location, deviation from geometric form, and also presence 

of surface defects. Necks, burrs, scratches and other defects are 

not permissible. 

Manufacture of Casing 

The head casing or thrust ring are among the basic parts of a 

combustion chamber head. This part in most cases is executed in the 

form of a ring, to which there are welded three domes and manifold. 
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In certain constructions, the head casing is made as a single unit 

with the middle dome. After assembly and test of head to the 

casing, they weld internal and external shell of the combustion 

chamber. 

The blank for the head casing with the middle dome is usually a 

stamping. Blanks for casings without the middle dome can be obtained 

by stamping or rolling. Possible also is use of bending of the 

profile with subsequent butt welding. Blanks, obtained by stamping, 

have an allowance of 5-4 mm to a side. Machining of the head casing 

is to 4th accuracy class. Mutual play of fitting diameters is not 

more than 0.1 mm; nonperpendicularity and play of welding faces with 

shell of chamber is not more than 0.02-0.04 mm. Ends for butt 

welding should have sharp edges without burrs. 

Roughing of the casing is produced on lathes with positioning 

of part by external diameter in a three-jawed chuck. After boring 

of internal diameter and cutting of end, they machine the external 

diameter and the second face. As a result of roughing the casing 

blank obtains configuration of the part. 

In clean lathe operations the part is centered by diameters and 

is secured, to avoid deformation of the ring, by its faces. In 

these operations possibly, too, is application of tong devices. 

In finishing operations they finally turn fitting diameters, 

grooves for solder (if the dome is soldered) and for rolling out. 

Holes are drilled and counterbored in rotating jigs. Sometimes, 

for the purpose of increasing the cross sections for components and 

decreasing the danger of obstruction, neighboring holes are connected 

in pairs, milling out the crosspiece between them on vertical mill 

by a milling cutter. The described operation can be successfully 

replaced by electro-erosional working. 



A head casing, made as a single unit with the dome, is worked 

analogously, but to operations of working the ring there is added 

clipping of faces of the dome and drilling of holes in it for 

injectors. 

Welding and Soldering of an Assembly 

After machining parts are assembled in separate sub-assemblies 

of the head for welding and soldering with subsequent testing. Thus, 

for instance, to outer dome they weld central pipe, connector pipes 

and other parts. From middle and flame dome.', injectors and casing, 

there is welded and soldered the block of injectors, which is then 

welded to the outer dome. Between operations of welding and soldering, 

if necessary, there can be performed machining or testing of assemblies. 

For welding to the head casing the middle dome is established 

in the casing and by a cover disk (sometimes for this purpose they 

use flame dome) and three bolts 

evenly located on the circumference, 

passed through holes for injectors, 

is pressed to the head casing 

(Fig. 9.8). 

Here, gap on diameter should 

be 0.02-0.03 mm; deformation is 

not allowed. 

Welding is performed on argon 

arc welding machine with speed 

2-2.5 m/min with an addition. After welding seams are cleaned 

(here there is allowed deepening in basic metal of not more than 

0.01 mm) and are checked by kerosene, in case of improper seal of 

seam there is allowed welding with preliminary division in ncc more 
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Fig. 9.8. Welding of middle 
dome with head casing. 1) 
hr ^ casing; 2) middle dome; 
7 ^er disk; k) bolts; 5) 

2 dome. 



than three place«. After welding airtightness Is again checked. 

Then the casing with welded middle dome is assembled with 

injectors, is prepared for soldering and all parts, in the assembly 

are thoroughly degreased. 

Soldering of the head is produced by hard solder PG-40, PSr-37.5, 

and others. The strip of solder, preliminarily rolled from wire 

of diameter about 2 mm, is rolled in rings which before setting in 

grooves of injectors are kept in exsiccator with alcohol. It is 

necessary to pack solder in suede or nylon 

gloves. If solder is put on flat surfaces, 

then it is tacked on by electric-contact 

welding by a welding pistol. Thickness of 

solder strip should be less than depth of 

grooves by 0.02-0.03 mm. Then injectors 

are inserted in the dome and are pressed 

on a hydraulic press by strictly determined 

force, which is selected depending upon 

material of the dome and external diameter 

of the injector (Fig. 9.9). For instance, 

for domes of steel !Khl8N9 force should 

be about 1500 kg (*d5 kilonewton). For a 

dome of copper alloy force is equal to 

400-500 kg (*4-5 kilonewton). Diameter of set die should be 1.5 mm 

larger than diameter of injector. Further, on injectors there are 

put thrust bushings, rings of solder and the flame dome, and in¬ 

jector is pressed from direction of flame dome. Then on lathe they 

roll out collar of flame dome (Fig. 9.10)* and the block of injectors 

proceeds to soldering. 

r 

Fig. 9.9. Diagram of 
pressing of injector. 
1) set die; 2) injec¬ 
tor; 3) solder; 4) 
dome; 5) tightener 
cone. 
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« 

Fig. 9.10. Rolling out 
of flame dome. 1) head 
casing; 2) dome; 3) roller; 
4) solder. 

Soldering is produced in a 

special container (Fig. 9.11)> which 

each time before placing a block of 

injectors in it (casing, two domes 

and injector) passes through sand¬ 

blasting and degreasing. After 

welding of cover the container is 

checked for airtightness by air 

under pressure of 1.2-2 atm 

(^1.2*10'-2*10' newton/m‘ ); then it 

is kept in soapy water for 5 minutes. 

In case of poor sealing places of 

escape of air are welded, and 

repeatedly checked for airtightness. 

Soldering of injectors and domes at 

« 
present is done in a vacuum or a 

protective medium. Soldering in a 

vacuum is produced with rarefaction 

of 10 2 mm Hg (^10^.136 newton/m' ). 

Container is loaded in furnace 

preliminarily heated to a definite 

Fig. 9.11. Container 
for soldering of head 
in a vacuum. 1) con¬ 
tainer; 2) block of 
injectors (casing, dome, 
injectors); 5) cover of 
container; 4) tube for 
connection to vacuum- 
pump. 

temperature (during loading furnace 

will be turned off) and in it there 

is created required vacuum, simul¬ 

taneously with rise of temperature 

in furnace. For soldering by 

solder PSr-37.5 temperature of furnace should be 960 ± 10°C, time 

of exposu;^ should be 55-60 minutes from moment of arrival of 

furnace at assigned temperature, after which container is unloaded 
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from furnace, but the vacuum-pump (VN-4 or VN-6) is not disconnected 

until complete cooling of the container (approximately 2 hours). 

Fig. 9.12. Diagram of instal¬ 
lation for soldering in pro¬ 
tective atmosphere. 1) bottle 
of argon; 2) pressure reducer; 
3) rotameter; 4) tank with 
silica gel: 5) tank with 
alumogel [?]; 6) furnace of 
thermal dissociater; 7) escape 
of gas from container; 8) 
furnace for soldering; 9) con¬ 
tainer with head. 

Fig. 9.13. Diagram of fix¬ 
ture for tack welding outer 
dome. 1) outer dome; 2) 
head casing. 

in face E. For angular location 

After soldering they grind off 

welding seam on container and 

extract the head. When soldering 

is conducted in an argon medium, 

container has two tubes — one for 

feed and the other for removal of 

argon. On the way to the container 

argon passes through silica and 

alumogel for spearation from it of 

moisture and thermal dissociation, 

where to argon there is mixed a 

slight quantity of BF^. Diagram 

of installation for soldering in 

protective medium is shown in Fig. 

9.12. After soldering the assembly 

passes through pneumatic test and 

proceeds to subsequent working. 

Outer dome with pipes and 

connector pipes welded to it is 

welded to head casing in last step 

(in certain cases after welding of 

head to chamber). For tack welding 

the head casing is set in a Jig 

(F~g. 9.13) with surface A resting 

on face B. Outer dome is set on 

surface A and is slightly pressed 

of outer dome with respect to the 
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head casing they usually use pipes, welded to the dome and holes in 

the head casing. Tacking is produced at eight points in a cross 

pattern. After tacking,points are cleaned and are wiped with gasoline 

B-70, Basic seam applied by automatic argon arc welding. 

§ 4. INSPECTION OF COMBUSTION CHjvMBER HEADS 

To check dimensions of parts, entering into the head assembly, 

along with general-purpose instruments, they also apply special 

measuring fixtures. However, the most specific control operations 

during manufacture of a head are checks of airtightness of welded and 

soldered Joints and check of flow rate of components. 

Airtightness of welded seams is preliminarily checked by kerosene 

immediately after welding and trimming of seam, and after cavitation 

they conduct pneumatic and hydraulic tests. 

After welding and soldering of the flame and middle domes of 

injectors and head casing, they perform pneumatic test on block of 

injectors. 

Head is set in a special fixture (Fig. 9.14). Through lateral 

holes in the head casing into the cavity between the flame and middle 

domes there is fed air under 

o 
pressure of 5-10 kg/cm 

C p 
(«5 to lO.lCr newton/nf ). Escape 

of air through injectors is 

blocked by conical rubber plugs, 

and at ends by annular rubber 

seals. The fixture and head is 

dipped in water 5 minutes. In 
Fig. 9.14. Fixture for pneumatic 
tests of block of injectors. 1) 
casing; 2) cover; 3) block of in¬ 
jectors; 4) organic glass; 5) in¬ 
jector; 6) rubber plug; 7) rubber 
seal. 

case of leaking there is allowed 

one repeated soldering or welding 

with repeated test. After 
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pneumatic test the part is dried and washed with gasoline. Drying 

is conducted in thermostat at 150-l80°C for 30 minutes. 

Flow rate of fuel and oxidizer is checked after welding on the 

outer dome. Head is established on stand (Fig. 9.15) and to it there 

are connected corresponding main lines. Flow of test liquid (water) 

is determined with help of differential manometers. Additional 

manometers measure pressure in oxidizer and fuel tanks, which permits 

us to determine pressure drop in main lines of fuel and oxidizer. 

The last parameter characterizes flow friction of fuel and oxidizer 

ducts and obtains especially great importance in those cases when 

head is tested after welding of it to combustion chamber. 

Allowance on flow rate of test liquid fixed by recalculation is 

set at 2 to 4#. 

Fig. 9.15. Diagram of stand for checking flow 
of fuel and oxidizer. 1) chamber head; 2) over¬ 
flow tank; 3) flow plates; 4) differential manom¬ 
eters; 5) filters; 6) compressed air; 7) filling 
of tanks; 8) drainage; 9) command reductor. 
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PRODUCTION OF FUEL INJECTORS 

§ 1. DESIGN, SPECIFICATIONS AND MATERIALS 

In contemporary aircraft engines there ere applied many types 

of fuel injectors. For the purpose of standardization of the 

technological processes of working, assembly and testing of injectors 

there is adopted the following conditional design-technological 

classification: 

- spray injectors (Fig. 10.1); 

- swirlers with tangential holes (Fig. 10.2); 

- screw swirlers (Fig. 10.3); 

- combined injectors (Fig. 10.4). 



Fig. 10.4. Combined injectors. 

i 
* 
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Spray Injectors are a part with exact holes, through which fuel 

is fed to the combustion chamber in the form of sprays. There exist 

the following varieties of spray injectors (see Fig. 10.1): 

a — with holes having sharp inlet edge; 

b — with holes, having inlet chamfer; 

c — with holes, carried out at an angle, for atomizing fuel 

components in the form of colliding spray. 

d - multi-spray, single fuel, and two-fuel. 

Technological process of manufacture of spray Injectors is 

determined by working of exact holes of small diameter. Diameter of 

hole is calculated depending upon form and specific flow rate of 

fuel for the given engine. 

Swirlers are parts, in which a spray of liquid fuel moving 

under pressure is swirled in a swirl vane and is fed into the 

combustion chamber in the form of a thin conical film, of consisting 

from atomized particles of fuel. The most important part of swirlers 

is the swirl vane (Fig. 10.5). According to the kind of swirl vane 

applied and the method of obtaining twist of flow of liquid fuel 

swirlers are divided into tangential and screw. There are the 

following typical constructions 

of tangential injectors (see 

Fig. 10.2). 

a — single-fuel with swirl vane, 

rolled in the casing; 

b - single-fuel, one piece; 

c - single-fuel with insertable 

dome, rolled in the casing; 

d — two-fuel, one-piece; 

e — two-fuel, combined. 

Fig. 10.5. Types of swirl vanes, 
a) cylindrical screw; b) conical 
screw; c) laminar; d) with tan¬ 
gential holes. 
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In each of the enumerated injectors they usually make two or 

four tangential entrance holes. Parts of combined injectors are 

connected by soldering or flaring. The process of manufacturing 

injectors of the given type consists mainly of automatic and turret 

lathe operations. 

Screw swirlers are the most diverse in construction. Twirling 

of the flow of liquid fuel in them is created by a special swirl 

vane worm conveyer, having on its external surface screw channels. 

The simplest designs of this type of injectors consist of a casing, 

a worm conveyer and fastening parts (injector of liquid-fuel rocket 

engine). More complicated in construction are injectors of GTE 

(gas-turbine engines) consisting of a casing, a swirl vane, an 

atomizer, a protective cap and fastening parts. The casing in these 

injectors is an intermediate link, connecting the connector pipe 

of the pipeline with the atomizer. Fuel from the connector is fed 

to the swirl ’'ane and atomizer through holes, drilled in the casing 

of the injector, or through special tubes, connected to injector by 

welding or soldering. There exist two types of screw swirl varies — 

cylindrical and conical. 

In Fig. 10.3 there are presented the following constructions of 

screw injectors: 

a — with a pressed worm conveyer; 

b - with finishing of worm conveyer by flaring edges of the 

injector casing; 

c — with pin bracing of worm conveyer; 

d - with finishing of worm conveyer by a rolled header, having 

a hole for entrance of the fuel component. 

Manufacture of casings of these injectors hardly differs at all 

from manufacture of casings of tangential Injectors. In most 
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they are also worked on automatic turret lathes of increased 

precision. A cylindrical worm conveyer is prepared by rolling; the 

conical one, by turning. 

Combined injectors constitute a type of injector, in which 

atomized fuel is combined by principle of action of types of injectors 

given earlier. This type of injector basically unites two-component 

injectors of both internal and external carburetion. Combined 

injectors are applied in the following two forms (see Fig. 10.4): 

a — combining the principle of atomizing screw injectors and 

swirlers with tangential entrance; 

b — combining principle of spraying of spray injectors and 

swirlers. This form of injector is applied mainly in engines for 

which one component is given in liquid, and the second is in gaseous 

state. 

Features of manufacture of combined injectors are basically 

the same as for injectors, whose principle atomizing found application 

in this type. 

Basic technical requirements presented to injectors of all types 

boil down to guaranteeing of fineness and homogeneity of atomizing 

of fuel, assigned shape and distance of atomizing flame sind the 

required norm of fuel flow through the injector under a specific 

pressure . 

In assembled form injectors should be mutually interchangeable. 

Fulfillment of these conditions depends on accuracy and quality of 

manufacture and assembly of injectors. Parts of injectors are 

prepared by 1st or 2nd accuracy class; cleanness of working of 

external surfaces of injector casings is 5th class; passage holes 

should not be below 7th class. Every Injector Is separately checked 

for carrying capacity and uniformity of distribution of fuel by 
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cross section of the cone, for angle and quality of fuel atomizing. 

Welded injector casings are tested for airtightness. 

Parts of injectors are prepared chiefly from bars. Spray 

Injectors are made from !Khl8N9T and BrKh08. Two-component injectors 

are made from 1KM8N9T. For manufacture of casings of working 

injectors of GTE's they apply steel 20 with subsequent coating with 

heat-resistant enamel, steel ^ÖKh and others; casings are cast from 

ZhS}. Separate parts of injectors, for instance, nozzle, atomizer, 

and others, are made from steel KhVO, lKhl8N9T. 

§ 2. CONSTRUCTION OF TECHNOLOGICAL PROCESS 

Most injectors'parts, in form and dimensions, pertain to class 

of automatically-revolving parts. Below are plans of model 

technological processes for basic parts of injectors; casings, screw 

swirl vanes, tangential atomizers, and also the technology of mass 

production of spray injectors. 

Technological process of working the casing of a two-component 

injector for a liquid-fuel rocket consists f the following basic 

operations : 

1. Working of external and internal surfaces on automatic 

turret lathe. 

2. Working of external and internal surfaces of injectors on 

the other side on a turret machine. 

3. Drilling of intakes. 

4. Deburring. 

5. Washing. 

6. Inspection and testing. 

During manufacture of screw swirlers or combined injectors 

there is additionally produced forming of worm conveyer by pressing 
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or flaring^ of edges of the injector casing. 

The casing of a two-duct GTE injector (Fig. 10.6) is the 

intermediate link, connecting the connector pipe and atomizer. It 

has a bent profile with two ducts. With 

the connector pipe and atomizer casing it 

is connected by a special collar and 

fastened by welding. The casing is made 

from bars (steel 20) and is coated by 

heat-resisting enamel, protecting it from 

the corrosive influence of gases. Accuracy 

of working is 3rd class; nonparallelness of 

holes is 0.1 mm; nonperpendicularlty of end surfaces ±0.2 mm. Clean¬ 

ness of working of external and internal surfaces is 4th class. 

Working of such a casing consists of the following operations: 

1. Machining and cutting of dimensional blanks from a bar. 

2. Centerless grinding of blanks. 

3. Milling of base surfaces. 

4. Drilling of holes of through ducts. 

5. Bending. 

6. Milling of face surfaces. 

7. Counterboring of passage holes from two sides for bushings. 

8. Milling of lateral surfaces. 

9. Milling of chamfers. 

10. Benchwork stripping. 

11. Assembly. 

12. Welding. 

13. Inspection and testing. 

The tangential atomizer is made from steel KhVG; the blank is a 

bar. Construction of technological process anticipates two stages 
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Fig. 10.6. Casing of 
two-duct welded in¬ 
jector. 
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of working; preliminary up to heat treatment and final after heat 

treatment. Final working consists of operations of precision finish¬ 

ing of passage holes and face surfaces of the atomizer. These 

operations require accuracy of execution, are very labor-consuming 

and up to now have been little mechanized. 

Working of atomizer may be done in this sequence: 

1. Automatic working. 

2. Turret lathe working on the other side. 

3. Drilling of six tangential holes. 

4. Heat treatment. 

3. Finishing of holes (tangential). 

6. Grinding of faces. 

7. Grinding of external diameter. 

8. Finishing of faces. 

9. Polishing of sharp edges. 

10. Oxidizing. 

Cylindrical screw swirl vane (see Fig. 10.5a) is prepared from 

a bar of steel(lKhl8N9T). There are two variants of manufacture of 

the helical surface of the worm conveyer: cutting of screw grooves 

by a thread-cutting head by round chasers and rolling of them by 

knurls. 

Technological process is constructed in accordance with applied 

method. 

For first variant: 

1. Working on top and cutting of screw grooves on automatic 

turret lathe. 

2. Benchwork deburring. 

3. Grinding of face surfaces. 

4. Washing. 
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5. Inspection. 

For second variant : 

1. Cutting of bar into dii nsional blanks. 

2. Centerless grinding. 

3. Knurling of screw grooves. 

4. Cutting of knurled blanks into separate parts. 

5. Grinding of face surfaces of parts. 

6. Washing. 

7. Inspection. 

In large-lot and mass production the second variant of flow 

is the most expedient, since it is more productive and economical 

than the first. 

§ 3. FULFILLMENT OF BASIC OPERATIONS OF 
PRODUCTION OF INJECTORS 

Casing of Two-Componant Iniactor of a 
Liquid-Fusi Rocicat Engine 

Working of external and internal surfaces of an injector casing 

from a bar is usually done in two operations. In first operation on 

automatic lathe they turn external surfaces, and central hole is 

drilled and counteioored. In the second operation they machine the 

hole and cut the face on the other side on turret lathes. For working 

of injectors parts there are applied, mainly, single-mandrel automatic 

turret lathe of type 1A124, IAI36 and high-speed turret lathes 

IP326, I34OA, etc. High productivity and quality of working of 

parts depends on correctness of adjustment of automatic and turret 

machines. Sample diagrams of adjustment of machines for working 

injector casings are shown in Fig. 10.7. 

Working of intake and tangential holes in Injector requires 

especially careful fulfillment. During drilling of tangential holes 
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Fig. 10.7. Working the casing of a two- 
componeat injector on an automatic turret 
lathe. 

Fig. 10.8. Jig for drilling tangential 
holes in an injector. 1) clamp screw; 
2) hold-down; 3) casing; processed 
part; 5) Jig bushing; 6) mobile prism; 
7) fixed prism. 

it is necessary that 

there is ensured 

emergence of these holes 

strictly on tangent to 

the generatrix of the 

surface of the central 

hole. This is achieved 

with the help of a Jig, 

a model construction of 

which is shown in Fig. 

10.8. The Jig permits 

drilling of all tan¬ 

gential holes from one 

installation. Exact 

centering of the in¬ 

jector in the Jig is 

achieved by prismatic 

adjusting elements. 

To avoid frequent 

breakings of drills 

during drilling of 

tangential holes the 

end surface of the jig 

bushing is carried out 

on a radius, embracing 

the external surface 

of the injector. 

Operation of drilling 

can be carried out, for 
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instance, on a high speed table drill of type NS-6 or on vertical 

boring high speed semiautomatic machine designed by NIAT [Scientific 

Research Institute of Technology and Organization of Production], 

On this machine to increase stability of drilling there is provided 

a special device for imparting to the tool vibration oscillations in 

the direction of feed. Amplitude of vibrations (with smooth adjust¬ 

ment) is selected, depending upon the diameter of the drill and the 

magnitude of feed, in range 10-100 u. 

Casing of GTE Injector 

Machining of the bar and cutting of it into dimensional blanks 

is produced on lathes or on multi-spindle automatic cutting lathes 

of type 1240-4, 1240-6, Machining on the top is produced with 

allowance for grinding of 0,2-0,3 mm on diameter. External surface 

is ground on a centerless-grinding machines, ensuring cleanness of 

surface of 6th or 7th class. In large-lot production for centerless 

grinding there are applied machines, eouipped with sub-adjusters 

and hopper-type loading devices, automating the process of working. 

Automatic sub-adjustment is carried out periodically upon deviation 

of dimensions of parts from a norm. 

Drilling of deep holes of small diameter in the casing of two- 

duct injector is the most labor-consuming operation and can be ex¬ 

ecuted either in a jig on a table drill, or on a turret lathe in a 

special fixture. Working of holes by second variant ensures greater 

accuracy since in this method of working there does not occur large 

withdrawal of the drill and one comparatively easily attains required 

parallelness of holes. Besides these methods, holes can be worked 

by electro-erosion; however, when working steel 20, this method turned 

out to be less productive as compared to drill by an ordinary spiral 

drilled. 
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Bending of injector casing 1b produced on hydraulic or eccentric 

press in a die in a cold state. Plane of bending is in the same plane 

as the base surfaces, relative to which previously worked holes are 

oriented. Angle of bend is 90°, and face surfaces of both ends of 

the casing should be mutually perpendicular in the plane of bending. 

End surface of the injector casing ¿re milled after bending on 

horizontal mill in two transitions in a special fixture of vise type, 

ensuring mutual perpendicularity of 

end surfaces. The same method of 

installation is applied during working 

of holes in ducts for centering sleeves 

(Fig. 10.9). 

Lateral surfaces are milled on 

two sides simultaneously by two mill¬ 

ing cutters on a horizontal mill with 

supply "on passage." The part is set 

on one of its end surfaces with 

fixation by a hole. Chamfers on end 

surfaces for welding are milled by 

angular milling cutters at an angle 

of 35° in the same fixture with two 

settings, with fixing of the casing 

also by holes and with support on the end of the injector casing. 

Assembly and welding of the injector casing (Fig. 10.10) is 

produced after benchwork deburring and coating with anti-corrosive 

covering in a special fixture. Installation of part is carried out 

by cylindrical surfaces. Position of parts during assembly is 

determined by clamps and an adjustable rest. Assembled parts are 

pressed together by a screw with the help of a hold-down. Two methods 
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Fig. 10.9. Drilling and 
counterboring of four holes 
in the casing of a two-duct 
injector. 



of welding are applied: atomic- 

hydrogen by a gas burner and 

argon arc electric welding by a 

nonconsumable electrode with 

addition material. Requirements 

on quality of welding are high. 

Cinders in the cavity of ducts, 

blisters, nonfusion, crack.- and 

other surface flaws in welding 

seams are not allowed. Besides 

external inspection and check of quality of welding, suitability of 

assembly of the injector casing is controlled by a check of dimensions 

(see Fig. 10.10). In the checking operation there is anticipated 

a check of airtightness of the casing by circulation of kerosene, 

dye with paint "Sudan," through passage ducts of the casing. 

Atomizer 

External and Internal surfaces of the atomizer, the nozzle ring, 

swirl vane and other small parts of GTE injectors, are worked on 

automatic precision turret lathes, giving with correct setup a high 

accuracy class. 

Tangential holes are drilled in a Jig on a high-speed vertical 

drill. The base is the external surface with rest on an end. After 

benchwork stripping the part is subjected to haredning. 

Finishing of holes of the atomizer after heat treatment is 

produced manually with the help of hard uncharged laps with paste 

of GOI. The lap is rotated. For mechanization of operation there 

is anticipated application of semiautomatic multi-spindle machines, 

which at present are in the stage of development. 

End planes of the atomizer are lapped on a cast-iron plate with 
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Fig. 10.10. Diagram of welding of 
the casing of a two-duct injector. 
1-5) order of applying seams. 



paste GOI. Parts are assembled In a holder and are first lapped on 

one, and then on the other side. For lapping there Is applied a 

special lapping machine for one-sided lapping of ends. To Increase 

productivity of working at present they are developing a special 

semiautomatic flat-lapping machine for lapping end planes of injectors 

parts simultaneously from both sides. 

Swirl Vane 

A cylindrical worm swirl vane by one of variants of technological 

process is worked on single-mandrel turret lathes automatic of type 

1112, 1A124, and others. Screw grooves of worm conveyer will be 

cut by a thread-cutting head "2KA" or "2KM by round screw dies. 

Of greatest interest is the second variant, one of the basic 

operations of which is knurling of screw grooves. Knurling of grooves 

is produced after external centerless grinding of blanks. Dimension 

of diameter of blank for knurling is determined by the formula 

D - d0k, 

where dQ - average diameter of profile of screw grooves of the worm 
conveyer; 

D - diameter of blank; 

k - correction factor (k = 0.95). 

Diameter of blank is maintained during grindin¿ in 2nd accuracy 

class. 

Screw grooves are knurled on general-purpose thread-cutters 

of type RN-10K by knurls with annular or screw thread of profiling 

grooves. The most effective method of knurling screw grooves of 

worm conveyers with blank length of 100 mm and more is knurling by 

knurls with annular threading of profiling grooves, since with this 

method diameter of knurls does not depend on diameter of the knurled 

blank and can be comparatively small; knurls with annular threading 
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are considerably narrower than knurls with screw thread, as a result 

of which the force required to fora the screw groove is much less 

than during analogous work with wide knurls with screw thread. During 

work with knurls with cumular threading axes of knurls are set 

relative to the bimk at an angle, corresponding to the angle of 

ascent of the screw grooves. The blank is fed into the intake section 

of the knurls. Knurls rotate the blank, and it, tightening itself, 

is screwed in their annular turns. Calibrating turns of knurls give 

to profile of grooves their final geometric form. A diagram is 

given in Fig. ?0,11. Cleanness of surface of profile of grooves 

after knurling corresponds to 7th class. 

Duration of operation is 1-1.5 minutes. The 

obtained blanks are cut into separate parts. 

End surfaces of worm conveyers are ground. 

Operation of grinding is executed on a surface 

grinding machine, where parts are placed on the 

plate of the magnetic table of the machine in a 

special frame. 

Holes with parallel axes are drilled on 

semiautomatic high-speed table drills in a jig 

simultaneously in several parts. 

On the same machine they drill slanting 

holes. The part is established in the jig by 

its external cylindrical surface resting on an end at an angle to the 

horizontal axis, equal to the angle of inclination of holes. The 

jig bushing by its chamfered end tightly approaches the end surface 

of the swirl vane and ensures during drilling of slanting holes the 

necessary direction, protecting tool from breaking. 

Plane? of swirl vane are finished after heat treatment 
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Fig. 10.11. Dia¬ 
gram of knurling 
of screw grooves 
of a screw swirl 
vane. 1) blank; 
2) knurls. 



preliminarily on a flat-lapping machine with fine-grained abrasive 

paste and finally, after finishing of slanting holes, on the same 

machine with paste GOI. 

§ 4. AUTOMATION OF PRODUCTION OF FUEL INJECTORS 

Fuel injectors are among mass parts applied in engines in large 

quantity. Thus, for instance, in one liquid-fuel rocket engine 

there are placed several hundreds of spray injectors; in an air- 

breathing Jet engine there are 100-200 screw and others types of 

injectors. Therefore, even with a small volume of production of 

aircraft engines automation of technological processes of manufacture 

of injectors is profitable. Especially broad prospects of auto¬ 

mation of working of Injectors are opened in connection with works 

conducted on unification of constructions of injectors and standard¬ 

ization of technological processes. Automation of working of in¬ 

jectors is conducted in two directions: partial automation jf 

separate highly labor-consuming operations and overall automation, 

embracing into the whole technological process with application of 

transfer machines or machine-combines. The greatest possibilities 

for automation of working are presented by spray injectors. They 

are more numerous, simpler in construction and in character of work¬ 

ing yield easily to standardization of the technological process, 

which is especially important for creation of transfer machines. 

Especially great prospects for automation of working of injectors 

are promised by introduction into production of rotor transfer 

machines. A peculiarity of rotor lines is combination of working 

of blanks with their transportation, as a consequence of which the 

flow of working on these lines is carried out continuously. A 

fundamental scheme of a rotor transfer machine is shown in 
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Fig. 10,12. It consists of a mechanism of automatic loading, feed 

rotor 2 and operation working rotors, control and transport rotors 

r 4. Every rotor is an independent automatic rotor machine, consisting 

of drive 1 and blocks 3 with tools, moved by tracers. Depending 

upon the complexity of construction and accuracy of the injector 

the rotor transfer machine usually consists of 6-10 operation working 

rotors and approximately the same number cf conveyor rotors. Besides 

rotor lines, for working of injectors they can successfully use 

transfer machines, arranged from special machines and automatic 

machines of general usage. Application of such machine as compared 

to operation manufacture of injectors gives considerable economy. 

As an example we can take the transfer machine for working spray 

injectors (Fig. 10.13). As the basis of the design there is a 

transfer machine for working the heel of a micrometer, developed 

by "Orgstankinprom" [State Design, Technology and Experimental 

Institute (Organization of Machine-Tool and Instrument Inductor)] 

and introduced at the Moscow plant "KalJpr." 
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On transfer machine there is provided execution of the following 

operations : 

1. Working of central hole, machining on top and cutting. Time 

of working - 112 sec. In duration this operation limits productivity 

of transfer machine; therefore, arrangement of line provides the 

automatic machines working on this operation in parallel. 

2. Grinding of end from the cutting side. Productivity up to 

300 pieces an hour. 

3. Centerless grinding of external surface. 

4. Grinding of spherical end. 

5. Piercing of spray holes. 

Vibration hopper in centerless grinder of a capacity of 400-600 

parts is mounted on a separate column and is activated by electro¬ 

magnet. Productivity of nopper is regulated by rheostat. Spiral 

tray of hopper has a section in the form of an arc of circumference, 

thanks to which blanks are arranged by axis of symmetry along the 

tray. Loading device is mounted on a support of the machine and is 

activated by a hydraulic cylinder. It is intended for automatic 

piece-by-piece supply of blanks to working zone and for direction of 

worked parts to the under setter for inspection. 

Process of grinding of the spherical end includes preconditioning 

by grinding sandpaper with transverse shift of the part, finishing 

on the edge of a grinding belt without transverse shift and finishing 

by a felt wheel. During treatment the part is rotated around axis 

of symmetry and rocking about an axis, passing through the center of 

the sphere perpendicular to the axis of rotation. The length of the 

working cycle on the machine is 15-20 sec. 

Broacning oí atomizing holes of diameter O.15 mm is produced on 

semiautomatic electric spark machine EP-5M in a special turning jig, 
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placed in a bath with kerosene. A steel jig sleeve with diameter of

working hole 0.15 nan is pressing in 

textolitf' intermediate sleeve which is 

insulation. The electrode brass wire 

of diameter 0.125 mm is automatically- 

fed by rollers according to deepening 

in the hole. The moment termination of 

broaching each hole is fixed by a 

polarized relay, locked through and 

intermediate relay with the electrode 

feed and turning jig mechanisms, as a 

result of which after broaching of a 

hole the part can automatically turn 

an assigned angle for broaching of the 

following hole. Wire electrode from 

brass LS59-1 is fastened in a special 

head (Fig. 10.14).

The end of the electrode has a 

conical form. Length of cone is 

approximately 0.2 the depth of the 

broached hole; coniclty K = 0.25 d/i» 

cylindrical part of electrode is the 

calibrating part. During broaching the 

calibrating part of the electrode enters 

the nozzle chamber and ensures obtaining 

of an exact cylindrical hole. The electric spark machine is equipped 

with a vibration hopper and automatic loading mechanism. Parts are 

fed into the working zone by a manipulator.

For conveying blanks from one working point to the next on a
107

Fig. 10.14. Electric 
spark head for broaching 
holes of small diameter. 
1) electrode wire; 2)

rudy tip; 5 
terminal; 5

jig; 
insulation;

6) casing; 7) shank; 8) 
mobile core; 9) electro­

magnet; 10) fixed core;ignet; : 
L) rod.



transfer machine there Is applied a pneumatic conveyor device. It 

consists of a pipeline, equipment for preparation and periodic supply 

of compressed air and command apparatus, controlling work of the 

equipment. 

Pneumatic conveyor of the line permits carrying out autonomous 

connection of each pair of automatic machines. Pipeline between 

each pair of automatic machines consists of three sections: initial, 

where transported part moves under action of Its own gravity; the 

main one, where the part is moved by compressed air; and a final one, 

within which there occurs deceleration of the transported parts. 

Pipeline begins with a receiver, carried out in the form of a conical 

funnel with fairly steep walls, smoothly passing into a cylinder. 

In order to decrease friction and prevent obstruction of tubes, 

initial and final sections of pipeline are made from steel rods, 

evenly located on a circumference, whose diameter is 1.5-2 mm larger 

than external diameter of a part Basic sections of pipeline are 

made from segments of copper pipes (All-Union Government Standard 

617-53). Compressed air is fed periodically only for the time of 

passage of parts through the pipeline, where several parts are 

immediately transported. 

Accuracy of manufacture of injector is checked by a monitor¬ 

sorting (flow-through) automatic machine, built into the transfer 

machine. Fitting diameters are checked by electric-contact heads 

(Fig. 10.15); accuracy of manufacture of holes with respect to 

eccentricity are checked by optical instrument with a photocell. 

Upon deflection of light beam from one of the holes, indicating 

incorrect position of axis of this hole, intensity of illumination 

of eyepiece of photocell is lowered and the latter gives the signal 

for rejects. Rejected injectors are rolled by tray into a box of 
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of rejected parts. Injectors, suitable as far as eccentricity of 

holes, proceed to flow-through. 

Fig. 10.15. Control of fitting 
diameters of injector with help 
of electric-contact measuring 
head. 1) measuring tip; 2) 
casing; 3) spindle; 4) tuning 
screw. 

§ 5. INSPECTING INJECTORS 

Accuracy of manufacture of the diameter of injector holes is 

checked by flow-through. To check remaining geometric dimensions of 

injector there is applied inspection by sampling. Flow-through 

is produced by water and by measurement of equivalent flow rate of 

water, passed through the injector per unit time, there occurs 

rejection of parts not meeting technical requirements on producti¬ 

vity. 
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Fig. 10.16. Diagrams of flow-through stands for 
testing Injectors, a) gravity stand; 1) air bottle; 
2) filter; 3) water bottle; 4) valve; 5) throttle 
cork; 6) reductor; 7) tee; 8) manometer; 9) attach¬ 
ment of installation of injector; 10) block of in¬ 
jector; 11) tank; 12) stop watch; I3) valve; 14) 
manometers; b) stand for checking uniformity of uni¬ 
formity of atomizing; 1) attachment for fastening 
of Injector; 2) choke cock; 3) monometer; 4) intake 
with sector; 5) cut off; 6) measuring tank; 7) body 
of installation; 8) drain tank; 9) stop watch; 10) 
injector. 

Check of productivity and quality of atomizing of two-duct 

injectors is produced on a special flow-through stand, whose scheme 

is shown in Fig. 10.16. Pump unit of stand ensures flow-through of 

all forms of injectors with flow rates up to 400 g/sec and with 

pressure 12-30 atm (^12^10^1 to 30*10^ newton/m^). Two-duct injector 

passes through two check stages; first there is produced circulâtior. 

of casing of injector by kerosene, then after washing of parts and 

assembly the injector is tested on a flow-through (gravity) stand. 

Tests consist of these operations: 
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1. Check of angle and quality of fuel spraying. 

2. Check of Irregularity of spraying of 1st cascade. 

3. Check of productivity of 1st cascade. 

4. Check of irregularity of spraying during simultaneous work 

of 1st and 2nd cascades. 

5. Check of productivity during simultaneous work of 1st and 

2nd cascades. 

Testing of injectors if produced by kerosene T-l with density 

0.6-0.85 g/cm-5 at 20°C. Diagrams for checking the angle and uni¬ 

formity of spraying are shown in Figures 10.17 and 10.18. 

Fig. 10,17. Diagram of 
checking the spray angle 
of an injector. 1) dial; 
2j indicator; 3) injector 
4) plate, established on 
generatrix of spray cone. 

) indicator; 3) injector; 
) plate, established on 

Fig. 10.18. Dia¬ 
gram of checking 
uniformity of 
spray of an in¬ 
jector. 1) drain 
tank; 2) injector; 
3) separate sec¬ 
tor; 4) measuring 
glasses. 

; 4 

411 



CHAPTER XI 

MANUFACTURE OF PIPELINES, FLEXIBLE HOSES, AND BELLOWS 

§ 1. MANUFACTURE OF PIPELINES 

The pipelines employed in engines, according to their purpose, 

are divided into pipelines of the fuel system, cooling, lubrication, 

the electrical system, and gas pipelines. With respect to form, 

dimensions, and methods of "onnection, pipelines are distinguished by 

their large variety. They are straight and bent, corrugated and 

smooth, long and short, thin-walled and thick-walled. According to 

methods of connection, pipelines are classified as: without fittings 

and seals, with grooved ends, with expanded ends and fittings, with 

welded nipple-nut fittings, with welded sleeves, flanges, and lugs. 

Figure 11.1 gives the classification of different forms of pipelines. 

The technical requirements presented to pipelines are determined 

by the conditions of their work. Pipelines of hydraulic and fuel 

systems of aircraft engines work in the most difficult operating con¬ 

ditions. They are subjected to vibration loads and experience high 

variable stresses as a result of pulsations of liquid pressure, 

hydraulic shocks, with the change of the engine rating, and also 

under cavitation operating modes of pumps, and others. The basic 

technical requirements for pipelines of hydraulic and fuel systems 

reduce to the guarantee of airtightness and reliability of connections. 

412 



I 

« 

On the surface of pipes, especially in places of bending and in the 

zone where the fittings are attached, there should be no fissures, 

hairline cracks, deep scratches, and nicks noticeable to the naked eye 

Welded seams must be tight, without cavities and poor penetrations. 

Testing for airtightness of hydraulic and fuel systems is produced at 

a pressure that exceeds the working pressure by 1.5 to 2 times. Tech¬ 

nical specifications for pipes supplied by the USSR are regulated by 

GOST standards. 
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Fig. 11.1. Pipelines. 

^ The initial blanks for the manufacture of pipelines are mainly 

seamless cold-drawn and cold-rolled pipes. General-purpose pipes are 

made of steel 20 (GOST 873^-58), special-purpose pipes from stainless 

steel lKhl8N9T, duralumin of brands AMgM and AMg (GOST 1947-56), copper 

M2, M3 (GOST 617-59), brass L62, l£8, LO7O-I (GOST 494-52), and others. 

It is necessary to distinguish the following basic varieties of 

processes for the manufacture of pipelines: 

first, when the pipeline is made from seamless cold-drawn or 

cold-rolled pipe; 
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second, when components of the pipeline are made from sheet 

materials by the method of stamping and welding; 

third — manufacture of metallic flexible corrugated pipelines 

(hoses and bellows). 

Depending upon the methods of bending seamless pipes, the sequence 

of operations for the production of pipelines is produced in two 

variants. For bending of pipes with a liquid filler, the operations 

of exnanding the ends and welding the fittings are performed first, 

and then the bending operations. In case of bending pipes on a 

mandrel, the bending operation usually precedes the operations of 

expansion and welding. 

A typical technological process for the manufacture of pipelines 
of hydraulic and fuel systems of Jet engines from seamless pipes 
consists of the following basic operations: 

1. Sectioning and facing of pipes. 
2. Expansion. 
3. Welding or soldering of fittings. 
4. Bending. 
5. Testing for airtightness and strength. 
6. Washing, blowing, and sealing of pipelines. 

Cutting pipe blanks. This operation can be performed by one of 

the following methods: hack saw, circular saw, or abrasive wheel on 

pendulum cutting machines, on special pipe cutters with cutting tools 

or milling cutters, and also in dies on presses. In large-batch 

production the pipe blanks are cut most frequently on pipe cutters, 

for Instance, model S-246A of the M. I. Kalinin Moscow Plant. This 

machine is intended for cutting pipes with diameters from 12 to 100 mm. 

Lately, a number of plants have started using anode-mechanical 

pipe cutting which is based on the combined electrochemical, thermal, 

and mechanical influence on the anode, i.e., the pipe to be cut. 

The cutting tool - a revolving disk made from sheet steel up to 1.5 mm 

thick — is the cathode. The process of anode-mechanical cutting is 
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Fig. 11.2. Anode-mechanical 
machine for cutting pipes.

conducted in an electrolyte. The com­

position of the electrolyte is selected 

depending upon the brand of processed 

material. Anode-mechanical cutting 

employs special machines of the fol­

lowing types: AMO-Jl, AMO-52, and

others (Fig. 11.2). The cutting mode 

for steel pipes:

direct current
with voltage... 20-50 v p

density. . . . .  100-150 a/cm
working fluid., solution of

sodium silicate 
diluted to a 
density of , 
1.5-1.52 g/cm^

Cutting of pipes in dies, as com­

pared to the other methods, is a very productive method. It can be 

successfully employed for cutting pipes up to a diameter of 50 to 

60 mm.

When sectioning pipes on pipe cutters and sectioning machines, 

the pipe clamps that are used must ensure perpendicularity of ends 

with respect to the longitudinal axis of the pipe. Perpendicularity 

of the plane of the end of a pipe to its axis is checked selectively 

by a pipe bend, 5 to 10% of a batch; the allowed deviation is not 

more than 0.2 mm.

Cleaning. Surfaces of pipelines are cleaned from corrosion and 

dirt usually before the bending operation. The most effective method 

is liquid abrasive cleaning which is produced on special injector- 

type devices or by forced feed of a semiliquid abrasive suspension by 

a piimp. Figure 11.5 gives the diagram of an InJector-type liquid- 

abrasive device. The abrasive suspension is pumped from mixing tank 1
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through pipe 2 into 

Fig. 11.3. Dia¬ 
gram of injector- 
type liquid- 
abrasive device. 

Jet mechanism 3 and goes to the processed surface 

of the pipe. The used suspension returns to the 

tank, ensuring a continuous work process. The 

suspension is fed by means of rarefaction of air 

in the Jet mechanism from the plant's main line 

with a pressure of 4 to 5 atm (*4*10'-5»10^ 
p 

newton/m ). 

After the liquid-abrasive treatment the steel 

pipelines are washed with a 2-percent solution of 

calcined soda. For washing pipes made from 

alloyed steel it is recommended to use a 0.2- 

percent bichromate solution or a 10-percent solution of sodium nitrite 

at 90-95°C. 

Chemical purification of steel pipelines consists of operations 

of degreasing, washing, pickling, neutralization, and drying. 

The solution for degreasing is 100 g caustic soda and 10 g 

sodium silicate solution in 1 liter of water; the temperature is 

70 to 80°C; exposure is 8 to 10 minutes. Pickling is produced by a 

solution of 125 g HC1 + 3 g pickling additive "KS" in 1 liter of 

water, at 40-50°C to complete removal of oxides, and neutralization 

is conducted with a solution of 50 g Na^0^ in 1 liter of water for 

5 minutes. Drying is done by compressed air at 40-50°C. 

Lately, factories have been extensively employing ultrasonic 

purification of pipelines. The purification of pipe surfaces from 

si.aie and other contaminations employs special ultrasonic devices 

of the type UZA-2 (Fig. 11.4). The main parts of the device are: 

ultrasonic bath UZV-4 with four magnetostrictive converters PMS-8 

built into its bottom; a mechanism for loading and unloading the 

* 
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components and a pump unit for pumping the cleaning fluid. Purifica¬ 

tion is produced in conventional working fluids (water or kerosene). 

Ultrasonic oscillations are excited in the fluid with the help of the 

magnetostrictive converters which obtain their power from a UZG-10 

generator. The converters excite elastic oscillations of high inten¬ 

sity and ensure the high quality of purification which is not attain¬ 

able with the other methods. Steel pipes are preliminarily subjected 

to pickling for 2 hours. 

Fig. 11.4. Diagram of ultrasonic installation 
UZA-2 for cleaning pipes. 1) bath; 2) pump; 
3) distributive collector: 4) regulating valve; 
5) pressure tank; 6) PMS-o converter. 

Expansion of pipes. In fuel and hydraulic systems of flight 

vehicle engines for connection of pipelines, we most frequently find 

the use of fittings (GOST 551-569-41) in which sealing is attained by 

means of expansion of the pipes. On the quality of expansion in many 
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respects depends the operational reliability cf hydraulic systems. 

In the zone of the expanded part there appear large residual stresses 

which, along with the working stresses (from vibiation), may cause 

the formation of curvet fatigue cracks which are a cause of destruction 

of pipelines during their use. In order to prevent the formation of 

these cracks, it is necessary during expansion to exactly retain the 

dimensions that ensure a tight connection of the pipe and nipple. A 

tightly fitted nipple will considerably increase the dynamic strength 

and vibration-stability of the pipelines. Batch production employs 

several methods of expansion, the most wide-spread ones being roller 

expansion on an expander, drill, or lathe, and punch expansion on a 

pneumatic or hydraulic press. For expansion of pipes on a drilling 

machine, the roller tool (Fig. 11.5) is set into 

the machine arbor, and the pipe clamp is secured 

to the table. The pipe clamp is made with 

removeable clamp inserts and when it is placed 

on the machine the coincidence of the axis of 

the clamp insert hole is aligned with the line 

of centers of the machine. 

Punch expansion is a more productive method. 

Punch expansion employs c special device with 

pneumatic drive. In this device the operation 

is executed in one setting because of the auto¬ 

matic replacement of flat and tapered punches. 

Dimensions of expansion of pipes are taken 

according to standard I03 AT55. Thinning the pipe wall in the place 

of expansion is allowed up to 70* of the initial thickness. 

Fig. 11.5. Dia¬ 
gram of expansion 
and tool design. 
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Ridging. For connection of pipelines by means of durfte hose, 

beads or ridges are made on the ends of the pipes on special ridging 

machines. The pi^e is clamped in vises with removable inserts. A 

roller of the required profile is inserted inside the pipe eccentri¬ 

cally to its axis and is revolved. 

Flanging of pipes. Figure 11.6 depicts the diagram of cold 

flanging of a pipe wall at a right angle in a die. The pipe is secured 

motionlessly in the gripper of the press 

with the help of two removable half¬ 

rings 1. For preventing slippage of 

the pipe in an axial direction under the 

action of considerable axial forces 

which appear during flanging, on the 

internal surfaces of the half-bushings 

a cut is made which cuts into its 

external surface when the pipe is clamped. Flanging of the end of a 

pipe at an angle of 900 is produced in two transitions: in first 

transition the flanging is executed at an angle of 60° with punch 2, 

and in the second transition final flanging is done at an angle of 

90° with punch ?. 

Bending of pipes. Bending is one of the basic operations in the 

technological process for the manufacture of pipeline components. In 

the process of bending, the cross section of the pipe is severely 

deformed. In bending without a filler the cross section of the pipe 

is flattened and it takes on an oval form. In bending with a filler 

the cross section of the pipe remains circular, but has variable wall 

thickness. In thin-walled pipes, as a result of loss of stability, 

there occurs the formation of folds on the internal side of the pipe 

i i 
Fig. 11.6. Diagram of 
flanging the end of a pipe. 
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elbow. In order to prevent loss of stability of pipes during bending 

(oval shape, corrugation formation), it is necessary to ensure such 

a stressed-state diagram in which the system of internal stresses in 

the pipe material, which appear during bending, would be balanced by 

the external pressure of the medium. Such a stressed-state diagram is 

ensured by feeding hydrostatic pressure inside the pipe or by the 

application of special bending filler-mandrels. Bending of pipes can 

be produced on pipe-bending machines or in dies (i-ig. 11.7), and also 

manually on special bending devices. Selection of the bending method 

depends on size and technical level of production, on the material 

and the diameter of the pipes, and the bending radius. Depending upon 

dimensions, configuration, and technical requirements, bending of 

pipes can be carried out with a filler and without a filler. Pipes 

having diameter of D < 16 mm and with a bending radius of R 2 2.5D 

can be bent without a filler. With a pipe diameter of D > 16 mm and 

bending radius of R * 2.5¾ it is necessary to employ a filler. For 

bending pipes made from aluminum alloys AMg, AMgM, and others, the 

filler most frequently used is river sand or paraffin. For steel 

pipes this sand is 'unsuitable, inasmuch as the forces acting on the 

pipe during bending are considerably larger than the resisting forces 

appearing in the pipe. For steel pipes, the filler employed is an 

emulsion which is fed Inside the pipe and creates a hydrostatic pres¬ 

sure of approximately 200 atm (*200-105 newton/m2). 

There are two possible methods of bending pipes with a liquid 

filling: 

bending after preliminary filling by liquid under pressure and 

cutoff from the power source; 

bending with filled liquid under pressure connected to a pump. 
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Fig. 11.7* Methods of pipe bending, a) on 
bending devices between two rollers; b) on pipe¬ 
bending machines with stati :>nary mandrel; 
c, d) in dies. 

Fig. 11.8. Diagram of device for manual 
bending of pipes with liquid filling. 1) 
holder; 2) clamp; 3, 4) bending rollers; 5) 
handle; 6) pipe. ' 
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Figure 11.8 gives the diagram of a device for manual bending of 

thin-walled steel pipes of small diameter with a liquid filling. 

Before bending, the pipe la expanded and closed on one end by a check 

valve; the other end is connected to a hydraulic accumulator, and 

then the pipe is filled with liquid. The required pressure of the 

liquid is created by pressing on press. The hydraulic accumulators 

are preliminarily charged with air under a pressure of 200 atm (««200 x 

x 10^ newton/m ). Bending of pipes with a liquid filler complicates 

the technological process of manufacturing pipelines, since it 

requires a number of additional operations; for Instance, flattening 

and welding of one end, expansion of the other, etc. Furthermore, at 

every work area where pipe bending is produced, a pump with a system 

for feeding the filler to the pipe is necessary. Therefore, in 

practice the bending of pipes on a mandrel in attachments or on pipe¬ 

bending machines is more wide-spread. In conditions of individual and 

small-batch production, the pipe profile Is carried out on bending 

patterns that are made from 8-10 mm metal rods, or on pipe standards. 

The accuracy of pipe bending in this case depends on the qualification 

of the worker and the accuracy of manufacture of the patterns. Under 

conditions of large-batch production an improved method for bending 

PÍPes employed. This method permits the obtainment of the required 

pipe profile on pipe-bending machines without the application of 

special wire or pipe standards. 

Manual bending of pipes of small diameter in one plane with the 

application of a filler-mandrel can employ the device shown in 

Fig. 11.9. In this device the pipe to be bent is introduced into 

the slot between the passes of die 1 and is placed on the filler- 

mandrel to the stop; then, by r.eans of turning eccentric 4, the pipe 
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is brought into contact with clamp 6 with such a calculation that 

between the pipe and the clamp there remains a clearance of 0.1 to 

0.2 mm. After this, the pipe is pressed between die 1 and clamp 2 

by means of eccentric 3* The pipe bend is produced by turning lever 5 

clockwise. The end of the filler-mandrel is rounded around its radius 

*-r»+S+rf. 

where rBH is the internal radius of curvature of the bent pipe; 

S is the wall thickness of the pipe; 

d is the internal diameter of the pipe. 

Fig. 11.9. Device for bending pipes in one 
plane. 1) bending die; 2) clamp; 3, 4) eccen¬ 
trics; 5) turning lever; 6) clamp. 
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The rounded end of the mandrel (filler-mandrel) projects beyond 

the center of curvature of the die and Is in the zone of deformation 

of the cube (Fig. 11.10); as a result 

of this, during bending it is possibie 

to avoid distortion of form of the 

cross section. 

For consecutive bending of pipes 

in different planes with diameters 

from 10 to 80 mm there has been 

created and applied in factories cf the aviation industry the automated 

universal pipe-bending machine TGS-2 which has hydraulic diive for 

the bending mandrel. It is possible to carry out pipe bending on it 

both in an automatic cycle, and also in transitions. Clamping and 

unclamping of the pipe and removal of the mandrel from the zone of 

bending are completely mechanized. Work of the machine within the 

limits of every bending cycle occurs in the following order: the 

pipe, pressed in a collet, is fed at a specified length and enters 

the groove of the bending roller. The collet is unclasped and the 

bending roller turns, bending the pipe at a specified angle. After 

bending one elbow, the carriage and bending roller return to the 

initial position, and the drum, on which the adjusting rests are 

placed, turns to one edge, and the following cycle starts. Upen com¬ 

pletion of bending the pipe in the required directions, a milling 

cutter is introduced, which will cut the finished bent pipe. 

For bending of steel pipes with large curvature, pipe-bending 

machines are applied with heating up by currents of high frequency 

(Fig. 11.11). The pipe is established in feeding rollers and is 

passed through an inductor. Upon inclusion of the high-frequency 

Fig. 11.10. Diagram of 
bending with the use of a man¬ 
drel. 
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generator in the zone of the inductor 

there occurs heating of the pipe band 

in the place of bending up to 900-1000°C. 

Bending of pipe occurs by means of rolling 

the end of the pipe by a bending roller. 

The bent section of the pipe is cooled 

by water after removal from the zone of 

heating. Bending of pipes v»ith high- 

frequency current heating is conducted in a continuous cycle. 

Foi obtaining qualitative pipelines one should avoid large bending 

curvature of pipes. 

Fig. 11.11. Diagram of 
bending with induction 
heating up. 1) tube to be 
bent; 2) feeding rollers; 
3) inductor; 4) bending 
roller. 

Fig. 11.12. Types of mandrels applied for 
cold bending of pipes, a) cylindrical; 
b) cylindrical, shortened; c) spoon-shaped; 
d) compound-hinged. 

The types of mandrels are shown in Fig. 11.12a, b, c, d. 

Control of bending quality. By external inspection they check 

for mechanical damage, scratches, dents, waviness, fissures, hairline 

cracks, and other visible defects, and also for ovality and thinning 

f the wall of the bent pipe. The diameter of a pipe after bending 

is measured around the small ovality axis. Thinning of the wall in 

the zone of bending is checked on cut samples from a batch of manu- 

1actured pipes. The quantity of pipes subjected to cutting is 

established by the technical specifications. Conformity of pipe 
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configuration is checked on a pattern or standard.

Welding and soldering of fittings with pipelines. The technology 

of welding pipes with fittings consists of preparatory operations, 

operations of welding, conditioning, and quality control of welded 

joints. Preparatory operations consist in division of Joints and con­

ditioning of surfaces for welding. It is necessary that the ends 

of the pipes be perpendicular to the axes of the pipes; sharp edges 

must be dulled and cleaned by sandpaper. The ends of pipes subjected 

to welding are polished around their external and internal diameters 

to a length of 3-10 mm.

The most wide-spread method for welding fittings with pipes is 

argon-arc electric welding which is produced in a special device by a

welding burner with an infusible

' tungsten electrode. In the process

of welding the pipeline assembled 

with fittings revolves, and the 

burner is secured motionlessly. Non­

rotary pipe Joints are welded by an 

ATV-15-^0 automatic machine designed 

by NIAT. During welding, this auto­

matic machine is placed on the pipe, 

around which the welding torch 

HAh revolves during work (Fig, 11.13).

Fig. 11,13. Working zone of During automatic welding, the supply 
automatic machine for welding
pipe Joints. of additional material is produced

automatically, and the tungsten electrode moves as it evaporates.

Pipes with wall thickness more than 2 n.. are made with nontapered 

edges. The total angle of division of edges is 45-50°; pipes with

<2
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wall thickness less than 2 mm are welded with fittings with nontapered 

edges. Before welding, the joint of the fittings with the pipe is 

secured in two diametrically opposed points by manual argon-arc 

welding with additional material. For welding of fittings with pipes 

made from stainless steel !Khl8N9T filler rod made from the same steel 

is employed (GOST 2246-60) with a diameter of 1.2 to 1.6 mm. The 

diameter of ‘■he tungsten electrode is 2-2.5 mm. 

Tentative Welding Modes for Steel Pipes 

Welding speed.15-25 m/hr 
Current intensity.120-160 amp 
Voltage.. y 
Rate of wire feed. 25-35 m/hr 
Argon consumption...6-8 liters/min 

For welding pipes made from stainless steel the protective gas 

employed is not pure argon, but a mixture of argon witn 2 to 5# 

oxygen, whereupon the seams are of a higher quality. Fittings with 

pipes made of steel 20 are welded in a medium of protective gas which 

consists of 30# argon and 70# carbon dioxide. The filler rod is made 

from the ¿ai..e brand of steel. Welding of fittings of aluminum pipes 

insignificantly differs from welding of steel. Argon-arc welding of 

pipes i-?.de from alloys AMg and AMgM is produced with filler rod of 

brand AMg5V with a diameter of 2 mm or with tungsten electrodes with 

a diameter of 1.5 to 2 mm according to Tech. Spec. VT2-529-57. The 

protective gas employed is pure argon according to Tech. Spec. 

MKhP 4315-54. Preparation of the Joint for welding consists in 

removing burrs from the face surfaces and chemical removal of oxide 

film (etching in a solution of acids and alkalies). 
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Tentative Welding Modes for Aluminum Pipes 

Current Intensity.6O-90 amp 
Voltage. 1 -12 V 
Welding speed.^15-20 m/hr 
Wire feed.30-50 m/hr 
Argon consumption.12-id nters/min 

For welding of fittings to thin-walled tubes of small dimensions, 

gas welding is employed along with argon-arc electric welding. Uxy- 

acetylene welding of pipes made from stainless steel lKhl8N9T is 

produced with filler material of steel lKhl8N9T with a flux consisting 

of fluorides of type ANF-5 (75% fluorspar, 25% sodium fluoride). The 

flux is applied to the welding wire. Welding is produced manually by 

a No. 0 gas torch. To ivoid overheating and burns, welding is con¬ 

ducted quickly and without interruptions around the .joint circumference. 

After the operation of welding, the welded seams are cleaned 

from scale and slag by a metallic brush and sandpaper, and the pipe¬ 

lines are finally matched with patterns and standards. For remova] 

f internal stresses caused by welding, the most critical pipelines 

made from steel of the austenite class are thermally processed after 

welding at 800 to 850°C for 10 hours. 

Hydraulic tests. Airtightness of welded Joints of pipelines is 

checked on a special installation with kerosene colored by "Sudan" 

t i to 7 minutes at a liquid pressure I.5 times exceeding operating 

pressure. Recently, there started to be applied a new method for 

checking welded Joints, founded on the ability of phenolphthaleln to 

liait, to the presence of alkali solutions. The places to be checked 

are coated with a chalky solution of phenol*, thalein and dried at 

room temperature for one hour. Then the pipes are given a 1-percent 

aqueous solution of monoethanolamine. After exposure of the pipeline 

under pressure for 5 to 7 minutes, in the places of leakage the 
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chalky coating is colored red. 

Soldering. Fittings with pipes are heated during soldering in 

electric furnaces (arc. Induction, contact) and with the help of a 

gas torch. In batch production, soldering of fittings most frequently 

employs high-frequency induction heating with the help of high- 

frequency generators for industrial electrothermics of the tempering 

type LGZ-30, LGZ-60, LGPZ-30, and LGPZ-60 with output power of approx¬ 

imately 10 to 60 kw and frequency of 70 to 200 kc. The working tool 

is an inductor made in the form of a coil or a circular or rectangular 

copper tube with a cavity through which 

water is passed for cooling. The 

internal diameter of the inductor is 

selected in such a way so that the 

clearance between walls of the inductor 

and the component is 8-I5 mm. The 

quality of high-frequency soldering 

depends on the correctness of assembly 

of fittings and the thoroughness of 

preparation of the surface of components 

for soldering. Surfaces of components 

having a length exceeding the zone of 

soldering by IO-15 mm are thoroughly cleaned until the appearance of 

metallic brightness and are degreased. During assembly, special 

attention is given to the correctness of location of fittings with 

respect to the pipe. For guarantee of the necessary radial clearance 

between pipes and fittings from O.O5 to O.I5 mm, they are cleaned and 

pressed on presses. Solder and flux are introduced into the zone of 

soldering beforehand. The quantity of solder is selected experimen¬ 

tally, and subsequently during work it is maintained with .n the limits 
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Fig. 11.14. Diagram of 
application of solder and 
form of hollow. 1) solder 
ring; 2) inductor; 3) nip¬ 
ple; 4) adjusting ring. 
X - radial clearance (O.05- 
O.15 mm); B — height of 
hollow (2-4 mm): C — face 
clearance (2 mm). 



of ±15#. Flux Is used either In the form of an aqueous solution of a 

not too thick consistency or In the form of a dry powder. Tn the 

first case the flux is applied to the surface of the pipe by a brush 

In hot form and dried. With the use of a flux in the form of powder, 

the pipe is heated first and the flux is applied; then the pipe Is 

inserted into the nipple which is in the inductor, and soldering is 

produced. During soldering of assembled units the zone of soldering 

Is heated to the specified temperature with exposure necessary for 

melting the solder and formation of a visible hollow of solder, thus 

forming a smooth transition from the tube to the fittings (Fig. 11.14). 

Soldering of fittings of steel pipelines employs standard copper- 

zinc solders PMTs-62 and PMTs-54 (GOST 1034-62) and brass Iíj2, L68 

(GOST IOI9-62), which possess higher mechanical strength and plas¬ 

ticity as compared to copper-zinc solders. For obtaining tighter con¬ 

nections, copper-zinc solders alloyed by tin and silicon, brass 

LOK 62-0.6-0.4 and LOK 59“!"0.3 are recommended. These solders possess 

high technological indices, have good spreadablllty, and ensure high 

mechanical properties of soldered Joints. Borax is employed as the 

flux. 

Soldering of collectors, branch pipes, and pipelines made from 

stainless steel and nickel alloys chiefly employs silver solders. 

The nomenclature of silver solders is very extensive. The most com¬ 

monly used are standard solders PSr-25, PSr-40, PSr-45, and PSr-62 in 

accordance with GOST 8190-56. 

Soft solders "Avio 1" and "Avio 2" ensure ultimate strength of 

Joint to 10 kg/mm2 (»»lO'lO7 newton/m2). Soldering with these solders 

employs rosin or stearin as the flux. However, these fluxes at low 

temperatures cannot destroy surface oxide film (AUO,); therefore, 

it is necessary to preliminarily remove it by mechanical means. 
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Connections of fittings with pipelines made from aluminum alloys, 

soldered by soft solders, form a corrosionally unstable pair and 

poorly resist corrosional damage; therefore, the most reliable are 

refractory solders on an aluminum base, for instance, solders 35A and 

3^A. The removal of stable oxide film requires specially active 

fluxes, i.e., a mixture of chloride and fluoride salts of alkali 

metals. The melting point of the flux is about 450°C. Flux J4A 

possesses the ability not only to dissolve the aluminum oxide film, 

but also to cause strong corrosion of aluminum alloys; therefore, 

after soldering, the flux residue must be thoroughly removed. For 

this purpose pipelines are subjected to special treatment after 

soldering. 

After washing, pipelines are dried in air and are finally dressed 

and are matched with a standard. 

By rolling a ball of specified diameter we check the cross 

section of the pipeline, by external inspection we check for unifor¬ 

mity of seam, the presence of a hollow, and the smoothness of its 

transition to the pipe, and also the various visible defects of 

soldering. Hidden defects of soldering, such as incomplete filling 

of the seam by solder, porosity, and small cracks, are revealed by 

fluoroscopy. Airtightness of Joints is checked by a pneumatic test 

under pressure in a bath with a 2-percent solution of potassium 

bichromate in water. Duration of tests is 15 to 20 minutes. 

Hydraulic strength tests and pneumatic tests of pipelines are 

produced before the application of anticorrosive coatings. 

§ 2. MANUFACTURED PIPELINES AND BRANCH PIPES 
FROM SHEET MATERIAL 

Steel pipelines of large dimensions, branch pipes, adapters, and 

other components which have round, oval, box-like, and other forms of 
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cross section, are ranufactured chiefly from sheet materials by 

stamping with subsequent welding of separate elements. The techno¬ 

logical process of manufacturing pipelines from sheet material:- essen¬ 

tially differs from the technology of pipelines manufactured fr m 

seamless pipe. 

It usually consists of the following operations: 

1. Opening of material. 

2. Punching out flat billets. 

3. Bending or drawing of separate elements. 

4. Machining of surfaces for welding. 

5. Assembly and welding of pipeline components. 

6. Heat treatment. 

7. Metal working. 

8. Machining of unit. 

9. Hydraulic testing. 

10. X-ray check. 

An example could be the technological process of manufacturing a 

manifold ring for liquid cooling of the inner shell of the chamber of 

a liquid-fuel rocket engine which consists of separate half-rings 

that are connected by welding (Fig. 11.15). The half-rings, which 

form the internal diameter, have a shaped profile of cross section. 

They are made from a shaped strip obtained by rolling or pressing. 

The operation of bending the shaped half-rings is executed on a shape¬ 

bending machine of the type PG4.* The generatrices of the external 

diameter of the ring are stamped in the form of separate segments with 

a cross section in the form of a circular arc of semiellipse and are 

connected by welding. Flat billets of the rings'components made from 

♦Considered In detail in Chapter VI. 
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Sheet materials are punched out in a die on a cam or crank press. 

Bending of components of the ring is produced in one operation, 

after which the edges are faced, chamfering is done before welding, 

and the cross sections are drilled for feed of liquid coolant to the 

interjacket space of the chamber. Facing and chamfering are executed 

in one operation on a lathe in a special fixture; treatment of holes 

is produced through a plate Jig. The ring units are assembled Jointly 

with the assembly of the combustion chamber in a dock and are welded 

after preliminary clamping of the assembled unit. 

The quality of welding is controlled by hydraulic testing at a 

pressure 1.5 timen exceeding working, for 5 to 7 minutes. Seams are 

ctH -'o by a mailet. Ten percent of the manufactured units are sub¬ 

jected to X-ray checking. 

Connecting pipes manufactured from sheet materials are stamped 

in the form of two symmetric halves and are welded with longitudinal 

seam. For correctness of connection of both halves of the pipe, they 

are first assembled, secured by clamps, and held in two or three 

spots by welding, ihe allowed deviation in the cross section of the 
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configuration is checked on a pattern or standard.

Welding and soldering of fittings with pipelines. The technology 

of welding pipes with fittings consists of preparatory operations, 

operations of welding, conditioning, and quality control of welded 

joints. Preparatory operations consist in division of Joints and con­

ditioning of surfaces for welding. It is necessary that the ends 

of the pipes be perpendicular to the axes of the pipes; sharp edges 

must be dulled and cleaned by sandpaper. The ends of pipes subjected 

to welding are polished around their external and internal diameters 

to a length of 3-10 mm.

The most wide-spread method for welding fittings with pipes is 

argon-arc electric welding which is produced in a special device by a

welding burner with an infusible

' tungsten electrode. In the process

of welding the pipeline assembled 

with fittings revolves, and the 

burner is secured motionlessly. Non­

rotary pipe Joints are welded by an 

ATV-15-^0 automatic machine designed 

by NIAT. During welding, this auto­

matic machine is placed on the pipe, 

around which the welding torch 

HAh revolves during work (Fig, 11.13).

Fig. 11,13. Working zone of During automatic welding, the supply 
automatic machine for welding
pipe Joints. of additional material is produced

automatically, and the tungsten electrode moves as it evaporates.

Pipes with wall thickness more than 2 n.. are made with nontapered 

edges. The total angle of division of edges is 45-50°; pipes with

<2

426



On the outside, flexible hoses consist of a braid made from 

steel rust-resistant wire which protects them from mechanical damages 

and increases their strength. 

The technological process of manufacturing flexible 
first type consists of the following operations: 

1. Cutting of measuring tape. 
2. Shaping and spiraling of shaped strip. 
3. Soldering or welding of corrugation. 
4. Tests for airtightness and strength. 
5. Wire braiding of corrugated hose. 
6. Soldering or welding of fittings. 
7. Tests for airtightness and strength. 

hoses of the 

The manufacture of cor *ugated hoses employs light-gage sheet of 

brands lKhl8N9T, L8o, and BROK4-3. The required strip width depends 

on the diameter of the hose, the height, and spacing of the corrugaticn. 

The sheet material is cut into measured strips with guillotine 

or multiple-rotary shears with parallel axes. For obtaining clean 

edges without burrs, the clearance between the upper and lower blades 

is maintained at 0.1-0.2 from the thickness of the material. 

'-v/Vn ■’ 

I JWt“- 

Fig. 11.17. Diagram of manufacture of 
metallic hoses with two-way corrugation, 
a) operation of strip shaping; b) diagram 
for obtaining a lock; c) shape of cor¬ 
rugation with normal location of turns; 
d) shape of corrugation with close turns. 
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Corrugating, spiraling, and formation of the lock is produced on 

a special multi-roller bending machine. If the hose is of soldered 

construction, then in the process of spiraling wire solder is simul¬ 

taneously rolled into the corrugation lock. A diagram of the manu¬ 

facture of corrugated hose with two-way spiral on a multi-roller 

bending machine in transitions is shown in Fig. 11.17. 

Soldering of flexible hoses made of steel iKhl8N9T is conducted 

with solder No. 40 (Ni, Cr, Mn) at llÖt-1200 C in closed containers 

in an atmosphere of argon and gaseous flux with a preevacuated con¬ 

tainer. Braiding of corrugated hose is produced with wire made from 

stainless steel having a diameter of 0.3 to 0.5 mm on special braiding 

machines. Braiding can be single-layer, double-layer, and multiple- 

layer, depending upon the magnitude of internal pressure in the pipe¬ 

line. The quality of braiding depends on Its density and the braiding 

angle. The best braiding angle is 45°; density of braiding should be 

uo less than 80-85$. 

For connection of flexible metallic hoses to assemblies, fittings 

are soldered to their ends. Before soldering of the fittings, the 

ends of the hoses are faced and are degreased. 

Soldering should ensure durable and hermetic connect*jn of the 

corrugated part of the hose, braiding, and fittings. Soldering 

employs silver solder PSr-40 with melting point 650°C. 

In the process of manufacture flexible metallic hoses are tested 

for airtightness and strength twice. The first time the test is 

conducted after soldering of corrugations. Hoses are assembled on a 

special fixture and connected to a bottle with compressed air 

through a reduction gear, and then together with the fixture they 

are lowered into a bath with water. Airtightness is checked under 
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a pressure of 10 atm (-10-105 newton/m2). The second time the hose 

test Is conducted after braiding and soldering of fittings without a 

fixture. One end of the hose Is choked, and the other Is connected 

through the fitting end to the bottle with air. The hose is lowered 

into the bath with water and is given pressure to 15 atm (-15-105 

r.ewton/m2) for 3-4 minutes. After the pressure drops the testing pro¬ 

cess is repeated two or three more times. Suitable hoses are dried 

in a drying cabinet at 150-220oC for 1.5-2 hours. In addition to the 

test for airtightness, the hoses are tested for vibration strength 

and bending In accordance with a specie 1 program stipulated by the 

technical requirements. 

Soldered hoses are used for pumping of unaggressive products. 

Work with aggressive products requires welded flexible hoses made from 

a strip or tubular billet. Welded hoses, just as soldered ones, are 

made from a shaped strip on a multi-roller bending machine and are 

connected in a spiral by roller welding. The shape of the corrugation 

by roller welding is circular around the overlap radius. For connec¬ 

tion of fittings to welded hoses their corrugated end Is expanded 

until a cylindrical surface is obtained, to which the fitting is 

welded by roller welding. The remaining operations for the manufacture 

of hoses of the welded type (braiding, testing, and others) are the 

same as in the manufacture of soldered hoses. 

The technology of manufacture of flexible hoses of the bellows 

type in many respects is similar to the technology of manufacture of 

bellows. Certain peculiarities of obtaining long tubular billets and 

mechanical rolling of spiral corrugations for hoses will be specially 

noted when examining similar operations of the technology of manu¬ 

facture of bellows. 
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§ 4. MANUFACTURE OF BELLOWS 

Bellows (corrugated thin-walled vessels ), employed as media 

separators and compensators, work in the same conditions as flexible 

hoses and are made from materials that possess high elastic properties: 

steel IKHI8N9T, EI702, titanium VT1, semitombac LSG, and others. In 

their construction, bellows are subdivided into single-layer and 

multi-layer, with external and internal fitting diameters, only with 

external and only with internal fitting diameter, and the same for the 

fitting diameter and bottom (Fig. 11.18). The design dimensions of 

bellows are standardized. Semitombac bellows according to machine 

building standard MN 419-427-60 are intended for work as elastic 

sensor elements in instruments, flexible hermetic connections between 

components, and also in regulators, valves, and other mechanisms at 

temperatures from -60°C to +100°C. The permissible media are air, 

oil, aviation gasoline, ligroin, kerosene, nitrogen, neutral gases, 

and oxygen. Contact of the bellows' surface with mercury, ammonia, 

and other aggressive substances is not allowed. Bellows are intended 

for compression work within the limits of elastic deformations. It 

is not recommended to employ bellows for extension work. For strong 

elastic connections, nonstuffing-box seals, and for accomplishing 

linear and angular transmissions of motion in aggressive media (con¬ 

centrated nitric acid, hydrogen peroxide, ammonia, mercury, and 

halogens), and also for work in conditions of high temperatures, they 

use bellows made of steel lKhl8N9T (GOST 4986-54). The design dimen¬ 

sions of bellows are in accordance with standard MN 428-60. 

For internal pressures over 100 kg/cm2 (**100•10^ newton/m2) 

bellows are reinforced with external rings (Fig. 11.19). 
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Fig. 11.18. Bellows, a) with external fitting 
diameter; b) with internal fitting diameter; 
cj with internal and external fitting diameters; 
d) with external fitting diameter and bottom; 
e) multi-layer with external fitting diameter; 
f) multi-layer with internal fitting diameter. 

Manufactured bellows are checked for external form and dimensions, 

and are tested for airtightness and rigidity. The test for airtight¬ 

ness is produced in a water bath at an excess 

air pressure of 1 k^/cm2 (»105 newton/m2) for 

semitombac bellows and 2 kg/cm2 (*2«10^ 
o 

rewton/m ) for steel bellows. The test for 

rigidity is produced on a special installation 
Fig. II.19, Bellows 
reinforced with rings, mß&ns compressing the bellows tc 1 mm of 

play under the action of an axial load. Norms 

of rigidity, depending upon diameter and length of bexlows, are given 

in standards MN 419-429-60. 

The technological process of manufacturing bellows consists of 

operations for obtaining thin-walled tubular billets, shape-forming 
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of corrugations, flanging, and calibration of bellows with respect to 

height. The manufacture of semitombac bellows employs standard seam¬ 

less thin-walled blank tubes (GOST 5635-51)• They are divided into 

tubes without bottoms and tubes with bottoms; tubes are one-layer, 

two-layer, three-layer, and four-layer. External diameter of tubes is 

from 8 to Ö0 mm and thickness of walls is from 0.08 to 0.5 mm. 

Measuring thin-walled tubular billets for the production of bellows 

made of steel lKhl8N9T are obtained by deep drawing from a sheet, by 

rolling a tubular billet from a sheet, and by butt welding around the 

generatrix, by ball rolling of a standard pipe, and by the "Multi-Flo- 

Reform" method. 

Drawing of a tubular billet from a cap obtained in a compound die 

from a flat billet is produced by a number of consecutive drawing 

operations with wall thinning in drawing dies on hydraulic or crank 

presses (Fig. 11.20). 

Fig. 11.20. Diagram for drawing a 
tubular billet, a) punching-drawing of 
cap; b) sequence of drawing tubular 
billet from cap. 
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This method for manufacturing tubular billets is the most labor¬ 

consuming and for obtaining a tubular billet with wall thickness of 

0.1-0.2 mm from initial material !Khl8N9T with a thickness of 1 mm it 

requires 12-18 transitions which are accompanied each time by coating 

he surface of the billet with varnish, subsequent multiple heat treat¬ 

ment, etching, etc. After the operations of drawing to the required 

dimension, the tubular billets are cut on a lathe on a special mandrel 

by a roller cutter that is fixed in the machine stock. Further, the 

tubular billets are subjected to annealing and etching, and the cor¬ 

rugations are formed. 

A more productive method of obtaining a thin-walled tubular bil¬ 

let for bellows is the method of transverse ball rolling on a spinning 

lathe with the help of a special ball head (Fig. 11.21) or on a 

hydraulic press in a device consisting of ball head and spindle 

mounted in the body on bearings, and a drive pulley. The ball head 

consists of the body, two cone rings, and balls, assembled in a sep¬ 

arator. The magnitude of pressing during rolling of the tubular bil¬ 

let is regulated by a ring with nut tension. For rotation of the ball 

head the press is equipped with an additional motor. The speed of 

rotation of the head is 1500 to 1600 rpm. The initial billet for 

transverse ball rolling can be a cap stretched on a compound die from 

a sheet without wall thinning, or a standard pipe with rolling in of 

a small thrust border-header. Transverse ball rolling considerably 

reduces the technological cycle of manufacture of the tubular billet 

as compared to deep drawing, and the operations of multiple heat 

treatment, varnishing, and other preparatory operations are dropped. 

The elastic properties and corrosional stability of the material are 

increased. This is especially important for bellows working in 
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aggressive media. In ball rolling the correct selection of the punch 

rate and the speed of the head ensures a high surface purity of the 

tubular billet (8th-9th class) and a wall thickness variation of no 

more than 10%. 

Fig. 11.21. Ball head and diagram of the pro* 
cess of rolling tubular billets. 

Shape-forming of tubular billets by the "Multl-Flo-Keform" method, 

developed by engineers of the American firm Lodge and Shiply, consists 

of the following operationsi 

1. Punch-out of a flat billet of circular or square form. 

2. Obtainment of an intermediate hollow billet in the form of 

the frustum of a cone from the flat billet by extrusion with ironing; 

its diameter at the apex is equal to the clámete'- of the finished 

component. 

3. Shape-forming of a conical billet from a cylindrical one in 

one or several drawing operations. 

The number of drawing operations depends on the magnitude of the 

maximum permissible deformation coefficient which is determined for 

each material experimentally (for instance, for steel lKhl8N9T this 

coefficient is ^2). 
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Fig. 11.22. Diagram of manufacture of 
a tubular billet bv the "Multi-Flo- 
Reform" method, a; preliminary drawing; 
b) final drawing; c) manufacture. 

Figure 11.22 shows the diagram of manufacture of a tubular billet 

by the "Multi-Flo-Reform" method. This method is considerably more 

^productive than deep drawing and requjres two less transitions in the 

manufacture of identical componems. 

Long tubular billets for the manufacture of bellows, flexible 

metallic sleeves, and pipelines are made by the welding method. The 

initial billet is measured tape of required thickness. The width of 

the tape is selected depending upon the diameter of the tubular billet 

to be welded. Roll-butt welding around the generatrix of the tubular 

billet is produced with a special automatic welder. The tape first 

enters shaped rolls where the Joint edges are simultaneously trimmed. 

In the working rolls the tape is shaped into a pipe billet and the 
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drive rolls move it along its axis to the welding apparatus. Welding 

is produced by the electrode rings of the welding revolving trans¬ 

former; the edges of the shaped tubular 

billet are resistance heated to the welding 

temperature, pressed by the back-up rolls 

and electrode rings, and welded. A dia¬ 

gram of roll-butt welding of pipe billets 

is shown in Fig. 11.23. In the process 

of welding, displacement of the edges of 

the pipe billet is not allowed. Flash 

from the external surface of the pipe is 

taken off in the process of welding in 

hot state by a cutter that is pointed at 

the radius of the pipe to be welded. 

Molding of bellows. Shaping of the 

corrugations of bellows can be produced by mechanical rolling, 

hydraulic molding, and rubber molding. 

Mechanical rolling is produced on a lathe. The tubular billet 

is placed on a mandrel that has grooves which correspond to the cor¬ 

rugation profile. The diameter of the mandrel is made 1.5 to 2 mm 

less than the internal diameter of the bellows. During rolling, the 

tubular billet revolves together with the mandrel which is secured 

by one end in the machine chuck; its other end is propped by the 

running center. Formation of the corrugation occurs by the gradual 

pressing in of the revolving roller partially due to local ironing 

of the wall of the tubular billet and partially due to reduction of 

its initial length. The spacing between grooves on the mandrel is 

determined by the development of corrugation of the bellows taking 

Into account drawing of the material. 
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Fig. 11.23. Diagram of 
roll-butt welding of tub 
ular billets. 



In the manufacture of flexible metallic sleeves and pipelines of 

the bellows-type, mechanical rolling of the corrugation is produced 

on a spiral with spacing equal to the corrugation spacing. The 

proximity of turns is made on a special device. A diagram of corruga¬ 

tion rolling is shown in Fig. 11.24. 

Fig. 11.24. Diagram for rolling corru¬ 
gations. 1) mandrel; 2) tubular billet; 
3) tail center; 4) roller; 5) holder. 

Hydraulic molding of bellows is produced on a hydraulic molding 

machine of the type GUS or OU-30 in die plates (Fig. 11.25). Laminar 

dies are established at equal distances from one another and between 

them wedges are introduced which exactly fix the spacing of corruga¬ 

tion. In the dies there is placed a tubular billet which is hermeti¬ 

cally pressed in the device. Inside the billet there is given a 

saponaceous emulsion under pressure, after which the adjusting wedges 

are removed from intervals between plates of the dies. Under the 

action of pressure from within a slight axial pressure, the bellows 

are formed. The magnitude of pressure necessary for molding bellows 

depends on the kind of material, the diameter and wall thickness of 

the tubular billet and is determined by the formula 
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where P is the optimum pressure of hydraulic molding in 

kg/mm2; 

s is the nominal wall thickness in mm; 

o is the permissible stress in kg/nun2; 

Dj is the internal diameter of the tubular billet in mm; 

k is a coefficient that depends on the mechanical properties 
of the material and is determined experimentally. 

on 
MUM 

Fig. 11.25. 
bellows. 

Device for hydraulic molding of 

Shape-forming of corrugations of bellows by rubber die molding 

occurs with slight ironing of walls, approximately 10-15$ of the 

initial thickness of the tubular billet. Figure 11.26 shows the gen- 

t rai form of a die with rubber top die and rigid counter die consisting 

of separate sections. The process of shape-forming of bellows by a 

rubber top die in a rigid counter die consists in the following: in 

the upper position of top die 3 the sectional die 7 is open; in this 

position a tubular billet is inserted into the counter die. With the 

movement of the top die downward to wedge 5, sections of the counter 

die shift to the center, moving along guide strips. The pressure 

caused by the slider of the press is transmitted to the rubber of 

the top die, whereupon the billet is plastically deformed, taking on 
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the shape of the counter die. With the movement of the slider of the 

press upwards, the top die and the die wedges also go upwards. Spring 

6 opens the sections of the counter die, allowing removal of the 

bellows. During molding it is recommended to evenly apply industrial 

vaseline on the surface of the billet. The force of the press is 

selected depending upon the mechanical properties, the wall thickness, 

and the diameter of the tubular billet, with such a calculation so 

that the pressure of the rubber on the component is approximately 

200-300 kg/cm2 (»200-105 to 300-105 newton/m2). The method of shape- 

forming of corrugations of bellows by a rubber top die in a rigid 

counter die is simple, convenient, and productive. 

Fig. 11.26. Die with rubber top die 
for forming the corrugations of bel¬ 
lows. 1) lower plate: 2) upper plates 
3) top die; 4) tov di¿ hólde?; 5) 
wedge; 6) spring for returning sec¬ 
tions of counter die to initial pos¬ 
ition; 7) sections of counter die. 

After the operations of molding, washing, and processing of 

fitting borders, the bellows are calibrated in height and checked for 

rigidity and airtightness. Bellows that have flanged Joints addition 

ally undergo operations of welding or soldering and the preparatory 

operations accompanying them. Furthermore, bellows working in vibra¬ 

tion conditions are subjected to vibration tests. 
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The fitting borders of bellows are turned in a special fixture 

on a lathe. Bellows are calibrated in height in accordance with the 

specified characteristic manually on a press. On special support the 

bellows are compressed until contact with the corrugations, and then 

the pressure is removed and the height of the bellows is measured. 

Calibration is produced by means of plastic deformations of the cor¬ 

rugated shell. After calibration, the corrugation spacing should be 

uniform and the bellows should not have misalignments with respect to 

the axis of symmetry. The presence of misalignment is checked by a 

square. After calibration, the bellows are subjected to heat treat¬ 

ment in a thermostat with electrical preheating for removal of internal 

stresses and stabilization. 

Check of rigidity of bellows is produced on a special device. 

The bellows are first loaded by a small load which ensures preliminary 

compression of the bellows by 0.2 to 0.3 mm of the run, after which 

the needle of the indicator is established at zero. On a weight 

plate there is placed a load under whose weight the bellows deflect 

1 mm according to the indicator. Rigidity is determined by the rela¬ 

tion of the load to the magnitude of axial deflection of the bellows. 

Bellows with fittings are connected by soldering or welding. 

Semitombac bellows are soldered by solders P03-40 and POS-61 (GOST 

1499-514) with acid-free fluxes. Bellows of brand lKhl8N9T steel are 

connected with fittings by roller short-pulse electric welding and 

argon-arc welding. Minimum wall thickness of fittings in the welding 

spot is 1.5 min. Fittings in seam welding are installed with a forced 

fit; in soldering by solders, they are installed with a running fit. 

Fitting diameters of bellow flanges before welding and soldering are 

thoroughly cleaned until complete removal of oxide film in the places 
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of connection. Welding of bellows employs a roll-percussion welding 

machine of the MRK-2s type. 

Airtightness of bellows is checked on a special installation. 

Bellows are choked on both ends by plugs, through one of which inside 

the bellows there is supplied compressed air through a pipeline. The 

bellows are dipped in a bath with water at a pressure exceeding 

operating pressure. Spot testing of bellows is produced at operating 

pressure. 
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CHAPTER XII 

MANUFACTURE OF PARTS AND ASSEMBLIES FROM PLASTICS 

§ 1. DESIGN, SPECIFICATIONS AND MATERIALS 

Achievements of chemical science in the region of synthesis of 

various polymers and accelerated development of production of 

synthetic materials with different physical-mechanical properties 

creates favorable soil for expansion of the field of application of 

plastics in contructions of aircraft engines. 

New forms developed during the last few years and mastered by 

cnemical industry of plastics (polyamides, polyethylene, polyesters, 

polyepoxide copolymers, fiber glass reinforced plastics on the 

basis of polyesters and silicone compounds, and others), possessing 

high strength, lightness, thermal, chemical and electrical stability, 

can be widely used not only as substitutes for metals, but also as 

basic structural materials for manufacture of many Important parts 

and assemblies of the aircraft engine. 

In domestic and foreign aircraft engine construction plastic 

materials found application for manufacture of the following parts: 

1. Housings of rocket engines, working on solid fuel. 

2. Small-size housing parts of electrical equipment and 

different assemblies, covers, fuse caps, etc. 

3. Blades of axial-flow compressors of rocket engines. 
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Lhermalreslstance. Such housings can be prepared from highly durable 

anisotropic fiber glass. For housings of electrical equipment and 

electric devices there are required plastic materials with high 

dielectric properties, and for housings of assemblies there is 

required resistance of plastics to aliphatic hydrocarbuns. The same 

requirement pertains to plastic materials for manufacture of tanks 

for gasoline, diesel fuel and lubricating oils. Cleanness of surface 

of parts from plastic materials depends mainly on the quality of 

surface of the molding tool (press-forms, molding mouthpieces of 

extrustlon heads, vacuum-chamber dies, etc.). For manufacture of 

parts from plastics, the working surfaces of the molding tool, as 

a rule, are polished to 10th or 11th class of cleanness, and in 

finished parts there is ensured cleanness of surface within limits 

of 7th to 9th class. 

Cleanness of machined surfaces of plastic parts is determined 

by the method of working, and depending upon technical requirements 

for the part can also be obtained within limits of ?th to 9th class. 

Accuracy of manufacture of parts from press-powders by pressing 

is in range of 5th to ?th class, and for parts from thermoplastic 

materials and fiber glass reinforced plastics it is within 4th or 5th 

class. With exact observance of all parameters of technological 

process and application of a precision molding tool there can be 

ensured obtaining of pressed parts of 5rd accuracy class. 

Special technical requirements for housing parts prepared from 

plastics are in the following: 

1. Externally articles should be evenly colored, smooth, 

brilliant, without spots, bubbles, impurities. On their surfaces 

there should not be traces of burring or places of splitting of the 

cast-mold, or cracks, chipping, scratches, traces of adhesion of 
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pressed material to the mold.

2. There is not allowed warping and swelling.

5. Threading should not have distortion of profile, dents, 

crumbling.

4. Molded fittings (sleeves, rings, pins, spindles, etc.) should 

not be deformed or displaced.

Gear transmissions from plastic materials work noiselessly and 

do not require lubricant; they are relatively insensitive to errors 

of assembly, are vibration resistant, are reliable and long-lasting 

in use, working at speeds of 900-1,500 m/min. From considerations 

of greatest wear-resistance of teeth, gears from plastics are usually 

coupled for work with steel gears.

In most cases plastic wheels are reinforced by steel hubs. On 

Fig. 12.2 there are shown various types of gears made from plastics.

Specifications for 

manufacture of gears arc 

determined in conformity 

with accuracy classes of 

gears according to GOST's.

Due to the fact that 

laminar plastics belong to 

structural materials with

strongly expressed anisotropy of mechanical characteristics, in 

specifications for manufacture of wheels there is specially indicated 

the location of teeth with respect to the direction of the highest 

mechanical properties. The magnitude of thermal expansion of plas­

tics is 2-15 times greater magnitudes of expansion of metals. This 

causes danger of pinching of a tooth of plastic during work in a 

pair with steel; therefore, side play in th- engagement is designated
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taking into account the temperature of the medium. 

Stator blades of a compressor, made of fiber glass reinforced 

plastics are finding application in engines in the first stages, 

where temperature does not exceed 150-250°C. The mass of blades 

from fiber glass reinforced plastics with the same strength comprises 

of the mass of steel blades. Structural elements of a blade 

made from glass plastics do not differ from steel or titanium stator 

blades. Blades from glass reinforced plastics are reinforced with 

a steel journal or are one-piece. Materials for manufacture of 

blades are gl; ss fiber, impregnated with polyester resins, or fiber 

glass laminate on epoxy resins. Specifications on manufacture are: 

permissible deviation of profile of the blade from design is 

0.3-0.5 mm, displacement of journals relative to nominal position 

±0.1 mm, accuracy of diameter of journals is 2rd class, cleanness 

of surface of profile of blade and journal is 7th or 8th class. 

Pipelines, bellows and fittings most frequently are prepared 

from vinyl plastic. Highly durable pipes are prepared from poly¬ 

propylene, polyethylene, faolite and glass plastics on the basis 

o. epoxy, polyester and furan binders. Basic technical requirements 

for parts of pipelines from plastics are guarantee of airtightness 

and strength under hydraulic blows and stability with respect to 

chemically aggressive liquids and gases, which is especially 

important for liquid-fuel rocket engines. 

Bellows from plastics most frequently are applied as separators 

of aggressive media. They are prepared mostly from teflon. Bellows 

from plastics possess high operational qualities. Thus, for instance, 

bellows from teflon of diameter 62 mm and w^ll thickness 1 mm 

sustains a pressure of 10 atm (-40*10^ newt^n/m2), and over 500 

kilocycles of compression-extension. Basic technical requirements 



on bellows from plastics are the following: minimum hysteresis, 

stability during transfer pressure, vibration strength and air¬ 

tightness. 

Bearings backings, bushings from plastics are applied in the 

most diverse mechanisms and vary in diameter in wide limits, from 

2 to 1,000 mm or more. Model constructions of them are standardized. 

As material for bearing backings there are applied phenol 

laminated plastics (laminated insulation, textolite) and polyamide. 

Polyamides have special advantage, as they contain graphite. Bearing 

backings prepared from this material can work in conditions of dry 

friction, Graphitized teflon FUG-3 is applied as an anti-friction 

material for work in aggressive media. For manufacture of specially 

loaded backings and sleeves there also are applied polyamides with 

powders of aluminum, lead, copper, graphite or molybdenum-sulfide 

with content of additions from 10 to 50^. Basic requirements for 

bearing backings from plastics are: high compression strength, high 

supporting power in a wide speed range, high antifriction properties 

and low coefficients of friction (0.002-0.005), wear-resistance. 

Accuracy of treatment is 1st or 2nd class; cleanness of surface is 

8th class. 

Packing parts (rings, collars, cups, etc. ) depending upon 

conditions of work are divided into three categories: packers for 

fixed joints (ring-type packings); for joints with reciprocal motion 

of one of the joined parts (cups and collars) and for Joints with 

rotation of one of the joined parts (various kinds of stuffing boxes). 

Dimensions of packing parts are standardized, prepared in most 

cases from oil-resistant rubbers by TU 35^-55. Rubber collars and 

cups are made according to All-Union Government Standard 6678-53 

and All-Union Government Standard 6969-54; stuffing boxes, by 
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All-Union Government Standard 8752-6I. 

Besides forming rubber of brands 5834 and VIAM-103, for manufac¬ 

ture of cups there is applied teflon. It is also used foi filling 

stuffing boxes. With correct construction of cups from teflon they 

can be used at a temperature from 195 to 250°C and pressure 300-400 

kg/cm (*300*10^ to 400^10^ newton/m11). For manufacture of sealing 

rings, intended for work at high pressures, up to 450 kg/errf 

(••45o*10^ newton/m^), they use caprone. Caprone rings have good 

elasticity, almost do not have plastic deformation and ensure 

reliable packing. Tolerances on manufacture of cups are 4th or 5th 

class. Working surface of cups should oe smooth, without burrs, 

inclusions, cracks, bubbles and radial scratches. 

Bottles, tanks from plastics for fuels and oxifizers applied 

in liquid propulsion systems differ in dimensions and shape. Most 

bottles work at high pressure and have cylindrical or spherical 

form. Such bottles are made from fiber glass on epoxy, polyester, 

furan, and other binders. As compared to welded bottles from 

aluminum alloy and steel bottles from fiber glass are lighter for 

the same volume and can work under pressure of up to 200 kg/cm^ 

(200*105 newton/m2). Besides this, they differ in their high 

stability with respect to acids and other chemically aggressive 

liquids. Basic requirements on finished articles from plastics, 

intended for storage and transportation of aggressive liquids, are 

guarantee of high airtightness and strength. 

Fittings (drain cocks, connectors, and so forth) should be 

reliably fixed or prepared in one piece with the tank and well sealed. 

Impellers from plastics are only made in small and average 

dimensions of semi-shrouded and shrouded type. 

In central hole 00 plastic impellers there are pressed two 
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Steel spline bushings with flanges. These bushing flanges are 

fastened to the nave of the impeller by through rivets. Blades and 

shelves between blades are not machined. 

Materials for impellers are thermosetting plastics - fiber 

glass molding material AG-4, asbestos molding material K-6, and others. 

Normal use of impellers is limited mainly by temperature regimes. 

During heating of impellers above 100°C they sharply lose the 

strength properties. At present they are developing highly durable 

and heat-resistant plastics, able to work a prolonged time at high 

temperatures (near 300°C). 

Precision of impellers remains identical to precision of metal 

impellers, described in Chapter IV. 

Cleanness of lateral faces of blade and of shelves between them 

is 8th class, and of fitting surfaces is 6th or 7th class. 

Quality of articles from plastics depends mainly on technology 

of manufacture. Selection of the correct technological process, 

in turn, depends on knowledge of the chemical nature and physical- 

mechanical properties of the initial materials. In Table XII.1 is 

a brieî characterization of plastics applied in aircraft construction, 

and information on technology of working them. 

■V 
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§ 2. SETTING UP THE TECHNOLOGICAL PROCESS 

Selection of the proper method of manufacture of part3 from 

plastics is determined by the type, dimensions, complexity of shape 

and specifications on their quality. In turn, the actual methods of 

manufacture of parts from plastics are directly dependent on proper¬ 

ties of the binder and filler. For instance, the process of manu¬ 

facture of parts from composition plastics (powder, cast) is based 

on the flowability of the molding material at high pressures and 

temperatures, and parts from glass reinforced plastics are prepared 

at relatively low pressures (except AG-4), since fiber glass fillers 

(glass felt, fiber, etc.) do not have flowability. 

Molding of complicated articles with deep broaching with a 

filler of glass fiber, having low relative elongation (2-4$) and 

badly filling the mould is inadvisable; whereas materials with 

unoriented fillers permit us to obtain an article of any configuration. 

Basic industrial methods of manufacturing articles from plastics 

are: molding in casting molds, injection molding, extrusion, winding 

by contact method, machining, welding and gluing. In Table XII.2 

are given most commonly used methods of manufacture of parts from 

plastics. 

The housing of a solid-propellant rocket engine. This assembly, 

consisting from machined steel parts and a multilayer cylindrical 

shell, prepared from glass reinforced plastics. Initial material 

for the shell is highly durable fiber glass with binding components, 

phenol-formaldehyde resins and silicone compounds. The most rational 

method of manufacture of the multilayer shell, ensuring obtaining 

of a highly durable part, is winding of fiber glass (glass filaments) 

in the form of variously-directed spirals on a special installation. 

Strength of the article here depends on the dimensions and strength 
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of the elementary fiber and the numerical ratio of the fiber glass 

and binder. Best results are shown by samples with content of 

fiber glass from 60 to 70% (volume), prepared from glass filaments 

14-16 M- in diameter. In Figures 12.3 and 12.4 are shown the 

dependency of strength of a piece on percentage of fiber glass and 

of the strength of separate elementary fibers on their diameter. 

Table XII.2. Methods of Manufacturing Parts from Plas¬ 
tics___ 

Methods Recommended classes 
^_ of parts 

Molding, transfer molding; 
injection molding 

Autoclave molding 

Vacuum-atmosphere and vac¬ 
uum-pneumatic f rming 

Preliminary forming with 
subsequent molding; pre¬ 
liminary forming with sub¬ 
sequent impregnation 
Forming 

Contact molding, fluidized- 
bed coating 

Styro method 

Winding of pipes and round 
hollow profiles of struc¬ 
tural designation 

Drawing 

Method of extrusion 

Machining, welding, bond¬ 
ing of plastics 
Flame coating, metal coat¬ 
ing in a fluidized bed 

Small and medium size parts 
(reinforced, friction pairs, 
threaded, general assign¬ 
ment, loaded by weight up 
to 5-10 kg 
The same, and also oig parts 
weighing up to 20-30 kg 
Huge parts of general assign- 
merit and medium dimensions 
from sheet building plastics 
The same, with use of resins 
and chopped fiber 

Parts of big and average di- 
mesions from raw building 
plastics 
Huge parts without limitation 
of dimensions, using resins, 
fabrics and chopped fiber 

Loaded parts of different di¬ 
mensions with closed hollow 
contour 

Building material of average 
and large profiles of limited 
dimensions 

Building materials of small 
profiles without limitât io. 
of lengths 
The same, and also films, 
plate, pipes 
Parts without limitation of 
dimensions 
Parts without limitation of 
dimensions 
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Contant of glosa fiter 
ln H (voluat) Dloaotsr of flbor \n p 

Fig. 12.3. Dependence 
of strength of fiber 
glass on content oí glass 

Fig. 12.4. De¬ 
pendence of 
strength of 
fiber glass on 
diameter of 
elementary 
fibers. 1) 
strength of ele¬ 
mentary fibers; 
2) strength of 
fiber in com¬ 
position with 
binder. 

Technological process of manufacture of the housing of a solid- 

propellant rocket engine consists of the following basic stages: 

1. Machining of base steel flange. 

2. Assembling of attachment for winding (assembly of flange 

with mounting, application of protective coating on surface of 

mounting). 

3. Winding of fiber glajs. 

4. Molding of housing. 

5. Heat treatment. 

6. Machining. 

7. Assembly. 

3. Inspection and testing. 

Small-size housing parts, panels, covers, caps, etc. For 

manufacture of small housings, panels, covers, caps, etc,, in con¬ 

ditions of small-lot production they apply molding, transfer molding 

and injection molding. In initial state, for working into parts, 

plastic arrives in the form of molding powders, rods, tubes, various 
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profiles, etc. Set up of the technological process of manufacture 

of plastic housing parts depends on physical nature of the plastics 

applied. Thus, for manufacture of parts from thermosetting plastics 

(powder-type — phenoplastics, monoliths, amino plastics, poly- 

fluoroethylene resins; fibrous compositions - faolite, fiber and 

liber glass molding materials; laminates — of the type of textolite 

and hardened paper) it is most advisable to apply hot molding in 

metal molds on hydraulic presses. Forming of the article from 

thermosetting materials occurs at a definite pressure and upon 

heating to a fluiu state. Hardening of these materials occurs in 

the process of molding due to polymerization. Articles, prepared 

i rom thermosetting materials, cannot be softened and processed anew. 

Thermoplastic materials, inducing most polymerized polyester 

plastics (polyethylene, polypropylene, polystyrene, polyesters, 

polyamides, fluorinepolymers [? Russian "ftoropolimed" unintel¬ 

ligible], polyformaldehydes, etc.), for forming require not only 

^on of pressure and heating, but also cooling, necessary 

1^r preservation of the form given to the article, since treat- 

setting plastics do not solidify during heating, but remain viscous- 

fluid, plastic. A widely-spread method of manufacturing small 

parts from thermoplastic masses is injection molding. It especially 

well Justifies itself during manufacture of thin-walled housing parts 

01 comPlex coniiguration, and also parts, reinforced by thin metallic 

reinforcement or backs. Injection molding is outstanding in its 

high productivity (cycle of about 1 minute) and broad possibilities 

of automation. 

Technological process of manufacture of small housing parts 

from plastics consists of the following stages: 

i. Preparation of material (sifting of powder plastics or 
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crushing, and also cutting of rods or tubes). 

2. Batching of material (volume or weight). 

3. Performing. 

4. Forming (pressing or casting). 

5. Stripping of burr. 

6. Machining (mainly, of complex housings). 

7. Inspection. 

Gear wheels. For manufacture of one-piece and combined gear 

wheels they most frequently apply laminar plastics (textolite, and 

others). In practice of machine building most widely applied are two 

basic variants of technology of manufacture of gears: 

1. From building sheet laminated plastic (textolite) (Fig. 12.5). 

2. From molding bakelized fabric (Fig. 12.6). 

Fig. 12.5. Gears from 
sheet textolite. a) 
with expanded bushing; 
b) joint with steel 
gear by means of bush¬ 
ing and screws. 

b) 
Fig. 12.6. Molded 
gear wheels, a) 
wheel with rim from 
round sheets of 
bakelized fabric; b) 
from segment strips 
of bakelized fabric. 

Technological process for 1st variant is comparatively simple. 

A blank, cut from building plate textolite of brand 2 or 3, is 

turned on a lathe and then they cut teeth on gear-milling machine. 

Deficiency of such a technological process is high labor-consumption 

machining and great waste of material in shavings. Furthermore, 

strength of machined tooth la 25-JO* lower than for wheels 
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manufactured from molded bakellzed fabric. 

Technology of manufacture of gears by the 2nd variant are 

somewhat more complicated, but .ass labor-consuming, and it ensures 

obtaining of wheels of higher quality. 

Construction of the technological process of manufacture of 

wheels by the 1st variant is presented in the following form: 

1. Cutting of blank from sheet of plate textolite. 

2. Lathe work. 

3. Pressing of metal bushing (with expansion or fastening by 

screws ). 

4. Cutting of teeth. 

5. Eenchwork stripping. 

6. Inspection. 

Construction of technological process by the 2nd variant: 

1. Layout of bakelized fabric in segments for pressing of blank. 

2. Stacking of segments in a pack by fixture for preliminary 

pressing of rim. 

3. Heating of pack and pressing of rim of wheel in mold. 

4. Second pressing with crumbs (chopped bakelized fabric) for 

formation of disk and nave of wheel blank. 

5. Third final pressing of blank. 

6. Finishing. 

7. Cutting of teeth. 

8. Benchwork stripping. 

9. Inspection. 

Stator blades of a compressor. Compressor blades are prepan 1 

from impregnated glass cloth or glass-plywood. 

Technological process of manufacture consists of the following 

basic operations: 

466 



Fig. 12.7. Bellows, fitted 
with steel flanges.

1. Layout of glass cloth into dimensional blanks.

2. Stacking of blanks in a pack.

5. Hot pressing in a mold at high pressure.

4. Heat treatment.

5. Machining.

6. Inspection.

Pipelines, bellows and fittings. The large variety of materials,

applied for manufacture of pipelines of different assignment

and technical requirements for 

their quality, caused the develop- 

ment of different methods of manu- 

facture. For aircraft engine 

struction of greatest interest are 

pipes and bellows (Fig. 12.7). The 

most productive methods of manu­

facture of pipelines are extrusion

(sinking) and injection molding.

The most advanced method of manufacture of fittings for pipe­

lines (squares, tees, crosspieces, connectors, adapters, etc.) is the 

method of molding in closed molds. Construction of technological 

process of manufacture of fittings by molding is the same as during 

working by molding of small-size housing parts.

Technological process of manufacture of pipelines by extrusion 

consists of; a) preparation of the material (preliminary drying and 

preheating, mixing with additions, preliminary packing); b) process 

of extrusion; c) cutting; d) finishing the end fittings.

Bearing backings, bushings. Bearing backings and bushings 

from plastics in small-lot production are prepared by three basic 

methods:
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1. Machining from tutu1 ' r blank. 

2. Molding from sheet plastic or crumbs. 

3. Autoclave molding. 

The simplest method is manufacture of backings from textolite 

tubes. Here, there is the possibility of using standard tubes wHh 

a wide range of dimensions. Machining of them is simple. It consists 

of machining the top, boring and cutting in two halves. 

Molding is used for manufacture of backings of high-load bear- 

ings. Backings are prepared in molds by means of hot molding from 

cotton iabric or small cuttings of falric impregnated by phenol- 

formaldehyde resin, and also graphitized polyfluoroethylene resin 

FUG-} and combined polyamides with powders Al, Cu, and others. 

Technological process of manufacture of molded backings consists 

of preparation of material, molding, stripping of burr and machining. 

Sealing rings, cups. Basic operations of technological process 

of manufacture of sealing rings and cups (Fig. 12.8) from molding 

rubber 38}4, VIAM-10}, 

and others, are hot 

pressing in molds and 

vulcanization. Seal- 
Fig. 12.8. Parts of packing, a) fitted 
sealing ring; b) cup without fittings. ing parts of simple 

construction without 

fittings are prepared in molds by compression method of molding. 

Complex articles and articles with fittings are prepared by hot 

transfer molding or injection molding. 

Impellers. Procurements of semi-shrouded and shrouded impellers 

from plastic are poured in molds under pressure and molded with 

allowance for machining. 

Allowances are left on seating surfaces, on external diameter, 
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on labyrinth strips and, in certain cases, on the ends. Allowances 

for machining should be small, ensuring minimum warping of part 

during its cooling after machining. Practically allowances on the 

impeller are within 0.5-1 mm a side. 

In shrouded combined impellers and in their covers allowances 

are left also on surfaces of joining. 

In constructions of casting molds and molds for molding on 

certain surfaces there are proveded inclines to facilitate removal 

oí blanks, and also special refrigerators for uniform cooling of the 

blank. All working surfaces of molds should be polished and chrome- 

plated to cleanness of 9th to 11th class. 

During designing of casting and molding forms for manufacture 

of ribbed parts of the type of single-entry impellers it is necessary 

to consider that during nonuniform cooling warping appears. 

Plan for working semi-shrouded impellers: 

1. Turning of end of nave and boring of hole. 

2. Stitching of end of nave on the side of the blade. 

Pieosing in hole from two sides of two steel bushings with 

flanges. 

Drilling of through holes in flanges of bushings, setting 

of rivets and their riveting. 

5. Boring of hole in bushing and clipping of faces with in¬ 

stallation in impeller of blades. 

6. Broaching of splines in hole of bushing. 

7. Final turning of external diameter and labyrinth strips 

with Installation of part by splines on mounting. 

8. Benchwork stripping. 

9. Final inspection. 
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§ FULFILLMENT OF BASIC OPERATIONS 

Screw winding of a cylindrical shell from anisotropic fiber 

glass is one of the most important operations of manufacture of the 

housing of a rocket engine. For 

execution of this operation there is 

applied a lathe or special winding machine 

specially equipped for this purpose. A 

hollow mounting having a steel flange, 

is rotated, and a carriage with bobbins, 

on which fiber glass is reeled, accom¬ 

plishes reciprocating motion. Reeled 

from the bobbins, fiber glass is im¬ 

pregnated by a tinder, then passes 

through guiding device and is wound on the mounting. In process of 

winding the mounting is heated from within by heated vapor or liquid 

to 50-60 C. Rotation of mounting and motion of support with bobbins 

io synchronized in such a way that filaments are packed at a definite 

angle of spiral (35-40°). The support has rigot and left motion; 

pla:ing filaments on a spiral the length of the shell in one direc¬ 

tion, it acquires motion along the generatrix ii the opposite 

direction; as a result there is obtained a cross d layer-by-layer 

application of glass filaments (Fig. 12.9). During winding of the 

shell there sometimes is applied a combination of fiber glass 

materials: glass filament and cloth. In this case, application of 

glass cloth (in the form of tape) is alternated with winding of 

glass filaments. For packing, layers of cloth are rolled by clamp 

roller along the generatrix of the mounting. Impregnation of glass 

filaments with binder is produced directly before winding by trans¬ 

mission of them through a bath with the binding substance (on a base 

Fig. 12.9. Diagram of 
winding of a rocket 
engine housing by fiber 
glass. 1) coil with 
fiber glass; 2) mount¬ 
ing; 3) support. 
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of phenol-formaldehyde resins and silicone compounds). 

Before winding to the mounting they preliminarily apply a pro¬ 

tective coating, protecting the piece from adhesion and facilitating 

its removal from mountings. 

Usually as coating there is applied a solution polyvinyl alcohol 

in a mixture of glycerine with water and ethyl alcohol; this solution 

will form on the surface of the form a thin film which, after drying, 

protects the article from adhesion. After winding the shell is sub¬ 

jected to molding and heat treatment. 

Hot molding of small housing parts, fittings, bushings, backings, 

etc., from thermosetting plastics is produced in metal molds. Pro¬ 

cess of molding is realized under a pressure of 200 to 400 kg/cm? 

(-=200-105 to 400-105 newton/m2) at 1J5-180°C depending upon physical 

properties of ¡.he molded material. The mold during molding Is 

warmed by vapor or electric heater elements. Duration of molding 

depends on the thickness of the molded part; on the average for 

every millimeter of thickness of the wall of the part there is 

required 0,8-3 minutes. To accelerate the process of molding there 

is applied preheating of the themoreactive mass to a temperature 

10-15°c above the heated mold. 

Molding is produced in molds (Fig. 12.10) of three types; 

open, closed and semi-closed. The open mold consists of two parts 

(see Fig. 12.10a): 

a die 1 and a punch 2. 

During molding a sur¬ 

plus of material is 

pressed into the gap 

and into a special 

cavity 4 between the 

Fig. 12.10. Diagrams of molds, a) open 
type; b) closed type; c) semi-closed type 
1) die; 2) punch; 3) guide retainer; 4) 
ducts for removal of burr. 
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punch and die, forming the so-called burr or flash. The open mold 

is the simplest and cheapest in manufacture, but during use of.it 

it is necesoary to anticipate allowanve of material for the burr. 

A mold of closed type (see Fig. 12.10b) has in the die from above 

a retainer 1, which as a plunger (by exact fitting of motion) by 

the corresponding surface punch 2 enters. During molding the punch 

presses the material in the space closed by the plunger, and pressing 

of material outwards does not occur. Closed molds usually are used 

ior molding housing parts of complex configuration. A failing of 

closed molds is the complexity of manufacture and necessity of exact 

batching oí material. The mold of semi-closed type (see Fig. 12.10c) 

occupies an intermediate position between these two constructions of 

molds. It combines the advantages of both molds, is the most racional 

and commonly used. Dimensions of the working cavity of molds are 

made taking into account shrinkage of plastic. Phenoplastics, 

amin.plastics and other materials of hot molding have shrinkage of 

°.2-1$. Here, plastics with larger content of filler have smaller 
i 

percent of shrinkage. To ease unloading of molds parts from plastics 

should have draít oí at least 1° and radii curvature of edges in 

corners of at least 1 mm. 

In Fig. 12.11 there are shown varieties mold blocks for molding 

small parts. For manufacture of mold block parts block (die and 

punch) applied materials should possess high strength and wear- 

resistance. Furthermore, for forming certain thermoplastic masses, 

polyvinyl chloride copolymers, there is also required high corrosion 

resistance, especially to the action of hydrochloric acid. Most 

frequently mold block parts are prepared from alloyed steel Khlf, 

Khi2M, KhVG, less frequently from steels Y?A and Y10A. Well 

recomme! --d are steel molds with chrome-plated working surfaces. 



w
111 “P

Fig. 12.11, Varieties of mold 
blocks for molding small parts.

Transfer molding of small housings, panels, fittings and 

other parts as compared to normal molding Is a less productive

method. This method Is applied 

mainly for forming thln-walled 

parts of complex configuration 

and parts with thin fittings. 

Essence of transfer molding 

consists In the following; In 

mold 1 (Fig. 12.12) there Is 

Injected under pressure of 

from 500 to 1,500 kg/cm^ a 

plastic mass, preheated to 

vlsco-fluld state. The molding 

plastic Is sprinkled Into loading chamber (or hopper) 6, from which, 

upon heating from chase 2 and plates 4 under pressure of punch 7,

Is Is pushed through narrow nozzle (or casting channel) 5 Into 

closed (molding) cavity of mold 3 and fills It.

Fig. 12.12. Diagram of transfer 
molding, a) position of die In 
molding process; b) die In open 
position.
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.Since plastic enters the mold in visco-fluid state*, and not in 

bushing or fittings and not displacing them from assigned position. 

Here, there are attained high accuracy of dimensions and cleann* ss 

of surface. Die 1 is made in split form and has the form of two 

wedges which is necessary for tight compression in the splitting 

plane during installation in chase 2, After holding ind hardendlng 

of the material by motion of plunger upward' punch and upper plate 

4 rise to the position shown in Fig. 12.12b. Simultaneously, the toi 

of the hydraulic press ejects the wedge-shaped dh 1 from chase 2. 

The die in its upward motion opens arbitrar’ly or with th*;i help of 

wedges 8, arid the molded piece is freed. 

Injection molding is most profitably applied in mass production 

of small housing parts and fittings of complex configuration, prepared 

íiom thermoplastic materials. The method of injection molding and the 

method of transfer molding coincide in the character of certain ele¬ 

ments of the technological process. Both methods anticipate supplying 

heated material to cavity of mold by a 

system of casting channels and heating of 

the material Is carried on outside the 

forming cavity of the mold. The differ¬ 

ence between Injection molding and the 

process of transfer molding is that the 

Fig. 12.13. Diagram of in¬ 
jection molding. 1) plung¬ 
er; 2) molded mass In pow¬ 
der; 3) hooper; 4) heating 
chamber; 5) flow gates; 6) 
mold; 7) molded piece. 

first is designed for processing thermo¬ 

plastic materials, the second mainly for 

thermosetting (can also be used in part 

during processing thermoplastics). According to the properties of 

applied materials molds for injection molding are continuously cooled; 

molds for transfer molding, conversely, are only wanned. Injection 
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molding Is carried out on special casting machines, for Instance, 

brand LM-50. A diagram of Injection molding of plastic parts is 

shown in Fig. 12.13. Process of casting consists of the following. 

The molded plastic is poured in powder form into the hopper of the 

casting machine and by plunger is moved to the heating head of the 

machine. Here, the mass is completely softened and through casting 

channels, rapidly and without considerable resistance, it fills the 

cavity of the casting mold. After filling the mold is cooled. The 

hot molded mass cools rapidly, and in the form of a finished piece 

without delays it is extracted from the mold. Operating pressure 

during casting is from 250 to 2500 k^/cm2 (*>250.105 to 2,500'iO5 

newton/m ) 01 projection area of the molded part; temperature during 

casting of thermoplastics varies from 15O to 300°C depending upon 

their physical properties. 

Injection molding is outstanding in its high productivity ar.d 

ensures obtaining of parts of high quality. 

Molding gears from bakelized fabric Includes three treatements 

Fig. 12,14. Layout 
of bakelized fabric 
in segments for 
pressing of gear 
blank. 

of 
s 

First, from 8-12 strips of bakelized fabric, 

assembled in a pack, there are cut on stamp 

segments (Fig. 12.14). Strips are cut in 

such a manner that longitudinal filaments 

of fabric (warp) are directed along the 

strip, and transverse filaments (woof) are 

directed across the strip. The center angle 

<">f the segment is selected for wheels of 

diameter up to 150 mm equal to 900; for 

wheels of diameter greater than 150 mm it is 

45-60°. Segments are packed in a special 

fixture one-by-one overlapping, forming the 
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the rim of the wheel. After stacking the required quantity of 

segments the collected rim is tightened securely by a bolt between 

two steel disks and is placed in an oven, where it is heated 10-12 

to 60°C. Bakelized fabric here is softened and yields to compressing. 

The heated rim is preliminarily pressed in a mold; then it is cooled 

and freed from the disks. The rim obtains strength necessary for 

passing through the subsequent operations. 

In second stage of treatment the pressed and cooled rim is 

placed in a second mold. Here, to it there is added chopped bakelized 

fabric heated to 60 C for formation of the disk and nave of the gear, 

and there is produced pressing. The second mold is arranged so that 

pressure of the punch spreads only to the textolite crumb, and not 

to the rim. The dummy thus obtained proceeds to 3rd stage of finish¬ 

ing. 

In the third stage of working the dummy is placed in a third 

mold for hot pressing, where it obtains the final form of the blank. 

The process of pressing takes place with preheating to 160°C. Cool¬ 

ing is together with the detachable mold. The blank is removed from 

the mold only after cooling of it to temperature not higher than 

50-60°C. 

Specific pressure during preliminary pressing of rim is near 

100 ks/cm (^100-10J newton/m2), and during pressing of the dummy and 

the final pressing in a hot mold It is up to 400 kg/cm2 (-400.105 

newtcn/m ). Flow chart of manufacture of gear blanks from bakelized 

fabric by method of pressing is shown in Fig. 12.15. Wheel blanks of 

texte lite are prepared with allowance for machining on external diam¬ 

eter of 2-2.5 mm, and in width of rim 1-1.5 mm. Cleanness of surface 

of pressed blank depends on cleanness of surface of the molds for 

1inal forming and is usually ensured within limits of 7th class. 
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Fig. 12.15. Flow chart of manufacture 
of gear blank from segments of bake- 
llzed fabric by method of pressing. 
I) stacking of segments; II) heating; 
III) pressing of rim; IV) pressing of 
disk from textolite crumb; V) final 
pressing of blank. 1) segments of 
bakelized fabric; 2) chase; 3) steel 
disks; 4) oven; 5) mold; 6) punch; 7) 
textolite crumb; 8) heating plates; 
9) textolite gear blank. 

consists of machining the rim and cutting teeth on 

usual gear-milling or gear-slotting machines. Cutting is produced 

without a cooling liquid. To avoid delamination of edges during 

cutting of teeth the blank for gears should be pressed between two 

disks of bronze or hard wood. Cleanness of surface of teeth of 

textolite gears during machining is attained in 5th or 6th class. 

Pressing of stator blades of a compressor is produced in a 

metal mold. In the beginning from impregnated glass fabric (or 

glass ply) there are cut blanks taking into account allowance for 

shrinkage and machining, and they are gathered in a pack of necessary 

thickness for formation of the required size of the blade profile. 

Pack is placed in mold, where after preheating it is pressed under 

high pressure - of the order of 200 kg/cm2 (»200*105 newton/m2). 

After opera*ion of pressing, blades are subjected to heat treatment 

at l60-l80°C. Machining of blades consists of deburring of nose and 
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trailing edges and finishing of the Journal. 

Extrusion of pipes from thermoplastic materials is carried out 

on worm molding machines of continuous action and high productivity. 

Process of extrusion is 

the following: plastic 

in a cold state in the 

form of powder or granules 

is poured into the machine 

hopper ar.J by a worm 

(or plunger) press, it is 

fed first Into the heating 

chamber, and then after transition of mass into plastic state it is 

extruded through a die, having a hole of the required form and 

dimension. After emerging from the die the pipe is cooled and is 

cut into segments of required length. In Fig. 12.16 there is given 

a diagram of screw pressing. The installation includes a press with 

a control panel, a filling attachment, a heating device for heating 

the raw material, a pneumatic calibrating device, a cooling sprayer, 

a track mechanism and capacitor pickups for monitoring the diameter 

and thickness of pip*, walls. 

Cylinder zontai 

j Worm convoyar sam at . 
I a «trading j plaetlf iomtion j loading I 

Fig. 12.16. Diagram of worm molding of 
plastics by extrusion. 1) heating 
chamber; 2) heating element. 

Molding of sealing rings and cups from molding rubber is pro- 

duced in multiimpression molds (Fig. 12.17) on hydraulic presses. 

Specifications for molding depend on 

the composition of the rubber mixture, 

the construction of the piece and the 

mold. Optimum temperature of molding, 

of molding rubber of brands VIAM-IOJ, 

is 143 * 2°0. Specific pressure 

Fig. 12.17. Diagram of 
molding of rubber cups in 
a multiimpression mold. 
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of pressing is from 10 to 20 kg/cm2 (*.10.105 to 20-105 newton/m2). 

Duration of the process of vulcanization depends on the composition 

of the molding rubber, dimensions of the pie.e, pressure and tempera¬ 

ture, and usually comprises 5-8 minutes. For best flow of the pro¬ 

cess of vulcanization to the rubber mixture there is added ground 

sulfur (0.06-1.5#) and accelerators "Koptiks,"* Altax, and others. 

To improve mechanical properties of packing parts (strength and wear) 

to rubber composition there is introduced as a filler carbon black. 

For protection of molds from adhesion of the work piece in 

process of pressing its surface is sprinkled with talc. For molding, 

the molding rubber is cut in equal portions and is loaded in mold 

cavities. Process of pressing continues for 0.5-1 minutes; vulcani¬ 

zation of rubber goes for 6-8 minutes at 143°C. 

Molding and vulcanization of reinforced cups is produced from 

rubber 3834 by method of transfer molding. The reinforcement is 

thoroughly degreased by gasoline, is inserted in the heated mold, 

after which in loading chamber there is placed a specific batch of 

molding rubber. The piece is pressed; the press is turned off; 

there starts the vulcanization process at 143°C for 6-8 minutes 

after which the finished part is removed from the mold. 

Winding of bottles. Bottles of cylindrical and spherical form 

are prepared by method of winding of glass filaments, braids, ribbons 

or cloth on special winding machines. During winding there is 

created a definite filament tension, thanks to which there is 

attained tight packing of layers of wound material. For manufacture 

of bottles by this method there is chiefly applied a binder of con¬ 

tact type (polyester resins), solidification of which can occur both 

♦Most likely a misprint for Captax. [Tr. Ed. Note] 
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at room temperature and at raised temperature. The resin is applied 

in the process of winding of fiber glass by means of passage of 

filaments through a bath of resin, or manually (by brush). To 

guarantee airtightness of vessels layer-by-layer there are inserted 

sealing linings of elastic materials (rubber, thioccl, etc.). 

According to NIIKhIMMASh [All-Union Scientific Research and Design 

Institute of Chemical Machinery] good airtightness at high pressure 

was manifested by bottles prepared by a winding of fiber glass, 

where as intermediate layers by spraying from a pistol there was 

applied a polyethylene layer. Polyethylene powder links well with 

the raw surface oí fiber glass or glass cloth and at corresponding 

temperature becomes gelatinous, tightly coheres to resin and forms 

a solid, thin, impenetrable film. Polyethylene, possessing high 

ability to be deformed, serves a compensator between the resin and 

fiber glass preventing formation of cracks in the vessel as a result 

oí deiormation from excess pressure inside the vessel; but remaining 

monolithic, it ensures airtightness of the vessel. Impregnation of 

liter glass in this case is produced epoxy or furyl resin. Winding 

of fiber glass for production of cylindrical shells of vessels of 

open type is produced on winding drums of mountings, equipped with 

heating devices, necessary for solidifying the binder. Before wind¬ 

ing of fiber glass on the surface of the winding drum from a pulver¬ 

izer there is applied a solution of polyvinyl alcohox in a mixture 

t water and ethyl alcohol, which after drying will form a thin film 

of polyvinyl alcohol, preventing gluing of the workpiece to the 

surface of the winding drum and facilitating removal of the piece 

from the drum. 

Machining of bottles and tanks consists of cutting off the 

allowance on the edges, general deburring of the external surface 
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and removing from fittings, accumulations of binder. Cutting of edges 

is produced by ordinary cutting tools or aorasive wheels, moistened 

with water. Deburring of the surface is produced by a variofles fiber 

wheel with glued emery paper No. 7O-8O. 

Casting of semi-shrouded Impellers is produced in molds under 

pressure. 

Casting of shrouded impellers is complicated by form of the 

shrouded channels. If width of the channel from the periphery 

of the impeller to the center is constant, the cavity of the channels 

will be formed by sliding tapered metal rods. If, however, channel 

width increases (which more frequently occurs), the tapered rods 

are made demountable in three parts with fixation of them by signs. 

A demountable rod has a middle section with parallel sides and two 

lateral tapered sections, adjoining to it on the two sides. 

To avoid durable adhesion of plastic to parts of the mold all 

working surface of the mold, and especially lateral wedges, are 

finished with great thoroughness to cleanness of 11th or 12th class. 

°f seml-shrouded impellers is produced in molds on 

powerful hydraulic presses. Obtaining of uniform part thickness 

and required density is ensured by corresponding pressure and 

batching of molding powder. Construction of the mold for an impeller 

is very similar to a casting mold, and all its elements are rigid. 

A deficiency of molding of plastic in rigid molds is inconstancy 

of pressure on all surfaces of the molded part. Due to this, 

strength of the part in various places is unequal. To level out 

the specific pressure on all surfaces parts are pressed in vacuum 

molds, in pneumatic forms with the help of blowing of a rubber bag 

and in autoclaves. However, to apply these methods to molding of 

an impeller, and especially its blades, is extraordinarily difficult. 
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Assembly of housing and shroud of a shrouded impeller is pro¬ 

duced by pins, rivets, gluing and welding. 

Assembly by pins, entering holes of the cover, and by through 

rivets passing through the body of the blades, requires increase of 

blade thickness and is inferior in strength to gluing and welding. 

Glued surfaces before assembly are turned on a lathe from a 

master form with precision in clearance of 0.1-0.15 mm. With 

clearance greater than O.I5 mm there is produced manual trimming. 

In small-lot production manual trimming can be replaced by molding 
% 

of edges by a hot metal form. 

The housing and shrcid from plastic of brand AG-4 and K-6 are 

glued by glue BF-4. 

With exact molding of blanks joint surfaces before gluing are 

not turned, but are cleaned by sandpaper to remove the gloss. 

To weld the shroud with blades of the housing by a flame burner 

is impossible, since plastic, thus melted, loses its strength pro¬ 

perties. Therefore, the shroud is welded to the impeller housing 

under a press with the help of hot flow-through air, directed by 

deflectors to the welded surfaces. Temperature of the air and 

magnitude of specific pressure during compression of parts will be 

selected by the composition of the plastic. On the average these 

temperatures are IOO-I5O C; pressure is 20-40 k^/cnT («=20.10 5 to 

40» 10^ newton/rrf'3). 

It is possible to weld combined impellers by ultrasound. This 

method oí welding is convenient in that it does not require preheat¬ 

ing of the welded parts. However, there is still no industrial 

experience of ultrasonic welding of impellers. According to the 

plastics laboratory MEI [Moscow Power Engineering Institute], im¬ 

pellers from polyamide resin P-68 and from polypropylene ultrasound 
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had in seams identical strength with the basic material. Deformation 

and shrinkage of blades due to compression of them with the shroud 

in this welding was within 0.2-0.3 mm. 

« 
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CHAPTER XIII 

MANUFACTURE OF FUEL ELEMENTS OF NUCLEAR POWER PLANTS 

Spac« power plants (SPP) being developed at present consist 

of two parts -- power and accelerating. 

In the power part are Included source of thermal energy and 

arrangement for conversion of thermal energy into electrical. As 

source of thermal energy In overwhelming majority of Installations 

here Is used an atomic reactor, and as the converter — a machine 

generator. 

Considering the complex of a machine power plant, It Is possible 

to note that with the exception of the reactor, all remaining units 

ha/e design prototypes, technological features of which are 

described In preceding chapters; manufacture of reactor and. In 

particular, fuel elements (FE) has its own peculiarities. These 

circumstances cause the necessity to discuss problems of manufacture 

of FE In this chapter. 

§ 1. CONSTRUCTION, ENOINKERINO FACTORS, AND MATERIALS 

(Fig. 13*1) are devices containing nuclear fuel 

and providing when they are placed In a reactor core a fission chain 

reaction, generation of heat, and transmission of it by means of a 
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hiat-truiiftr agant.* 

«•motor oor« i* &as«mbl«d from ■•parat« fu«l «laments, from 

•■■•mbll«a or unit« combining several 

•l*m«nt« In on« oommon unit. Sometimes 

•uoh a unit of ««veral elements Is called an 

"assembly." Design forms of FE are quite 

varl«d| however, the greatest attention Is 

to rod, plate, strip, multitubular. 

and blook multichannel FE (Fig. 13.2). 

Active volume of FE usually has 

cylindrical, hexahedral, or flat shape and 

Is protected from contact with heat-transfer 

agent by a shell, which should have a sur¬ 

face which ensures good heat removal and 

small flow friction for the heat-transfer 

agent. In connection with this certain designs of shell have longi¬ 

tudinal or helical finning.«* For decrease of temperature gradient 

between active volume and shell, the gap between them Is filled with 

helium or sodium. 

Conditions of operation of FE are characterized by presence of 

radiation damage, corrosion, and erosion processes, diffusion of 

elements of active volume into shell, periodic oscillations of 

temperature and pcssibility of allotropie transformations. For 

propulsion reactors it Is necessary to consider also vibrations and 

Pig. 13.1. Structural 
diagram of FE. l) 
■pacer part* 2) upper 
and lower centering 
conesj 3) upper and 
lower end parts: 4) 
finned shell; 5) active 
volume. 

*At present there have been developed reactor-generators In 
which conversion of thermal energy into electrical Is carried out by 
means of the thermionic effect. y 

**Helical finning with small angle of twist, simultaneously with 

nentsV*m#nt °f *1#Ät wlth<lrawi11' the role of spacer compo- 
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overload* Appearing with o^angt of vtloclty vector. At the eame 

time, from fuel elemente there is required aosolute reliability. 

Therefore, to fuel elemente there le preeented an extensive complex 

of requirements, a considerable part of which have technological 

character. 

g) 

Fig. I3.2. Diagram of fuel elements, 
a) rod) b) plate) 0) multitubularj d) 
field tube with bidirectional cooling) 
e) field tube with unidirectional cooling) 
f) single-tube) a) hexahedral multichan¬ 
nel. 1) case) 2) shell) 3) fuel) 4) FE) 
5) heat-transfer agent. 

Thus, for Instance, for maintaining of design physical char- 

ac eristics of reactor, deviation from given chemical composition 

for reactor materials must not exceed tenths, and sometimes 

hundredths of a per cent, and undesirable Impurities are limited to 

thousandths of a per cent. These requirements extend also to com¬ 

position of solders and filler materials used in welding. Quantity 

of fissionable material in fuel element is regulated with accuracy 

of 0.25-0.50, and its concentration in volume of FE should be uniform 
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or ohang« according to a g Ivan law. Intamal part of tlamant must 

not contain any contaminating ohamioal component#. In connection 

with this, for decrease of adsorbing properties of surface of shells 

and blocks, they are subjected to electrochemical polishing. All 

Joints of shell have to be strictly hermetic. Arbitrary change of 

dimensions and shape of element during operation of reactor can lead 

to local overheating and even melting of shell) therefore, processing 

of FE should ensure maximum lowering of residual stresses and also 

ensure the assigned accuracy of dimensions of active blocks or 

pellets, shells, or circulating tubes. Usually dimensions of cross 

sections of these components are made according to second accuracy 

class. Permissible bend of every element depends on construction of 

reactor and oscillates from 0.3 to 0.8 mm per 1 m length. In Fig. 

13.3 there is given an ♦xamrvle of design of FE with indication of 

requirements for manufacture. 

Active volume of FE is filled with material containing in a 

definite amount of one of three radioactive isotopesi uranium-235, 

uranium-233, plutonium-239. 

Depending upon type of nuclear fuel, there are distinguished 

fuel elements i 

1) based on metallic nuclear fuel) 

2) with ceramic nuclear fuel) 

3) of dispersion type, in which ceramic nuclear fuel is 

distributed in a matrix of structural material. 

Metallic uranium and plutonium in pure form have several 

allotropie transformations, which are accompanied by change of volume, 

and possess high chemical activity, which makes them not very suitable 

for use in fuel elements. Alloying of uranium with aluminum, 
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Fig. I3.3. Fu«l of Brookhavtn National 
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lower cover; 5) overall view of FE. 

I; uranium block; unp&rallellsm of end 
more than 0.025; projecting edges are 
2; upper cover; 3) ahell with longi- 
twist Of fins iS 3.2P0! curvature of 

chromium, molybdenum, zirconium, and niobium considerably improves 

'ts properties. Blocks made of uranium alloy with addition of 

chromium (0.1-0.40), molybdenum (1.5-2.00), or zirconium (2.0-60) 

have a-phase and can be used for thermal-neutron reactors. Uranium 

alloy with 9-100 molybdenum or 100 niobium and 40 zirconium permits 
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obtaining 7-phaaa and can be used for faat-neutron reactors. 

Alloys of uranium with lead and bismuth present interest for 

production of ll4Uld-metal fuel. 

Plutonium in alloys with metals of III group of periodic system 

of elements of Mendeleev retains plastic 6-phase. Thus, for instance, 

plutonium alloy with aluminum gives stability of 6-phase up to 

■cemperature higher than 600°C. Alloying of plutonium with elements 

of IV group* tantalum, zirconium, hafnium, considerably Improves 

its properties and can be used for fuel elements of fast reactors. 

Iron, nickel, and cobalt form with plutonium low melting eutectics, 

which are suitable for use as liquid-metal fuel. 

Compounds of uranium and plutonium find application for manu¬ 

facture of ceramic pellets, multichannel blocks, and dispersion fuel 

elements. Besides high-temperature oxides, carbides, nitrides, 

and ailicides, there are used different intermetalllc compounds. In 

Table XIII.1 there are given brief characteristics of certain com¬ 

pounds of uranium and plutonium. 

Of uranium compounds, the most widely used is uranium dioxide, 

which possesses inertness with respect to hydrogen, water, and 

carbon monoxide, and also retains good strength up to iOOO°C. In 

com action with bad thermal conductivity of uranium dioxide, articles 

made from It have to have minimum thickness of walls. Carbides, 

nitrides, slllcides, and other compounds of uranium and plutonium 

are used considerably less frequently. 

Fuel-element Jacket is a very important component. During 

operation of reactor it is subjected to intense irradiation, influence 

of non-steady temperature field with large gradients, and also to 

mechanical and chemical influence of the heat-transfer agent. 
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Tablt XIII.1. Briaf Characteristic» of Compounds 
of Uranium and Plutonium 

Compound 

Content of U 
or Pu 

Melting 
point. 

°C 

Theoreticnl 
density 

g/c«3 

Fission 
cross 

section, 
tarr s 

Total absorp¬ 
tion cross 
section, lre> 
eluding 
fission cross 
t *ct ion, 

tarns 

nass i g/c«3 

IX\ êê.2 9.68 2880 10,97 1.4 2.56 

uc 95.2 13.00 2370 13.63 ' 10 3.85 

UC. 90. S 10.60 2470 11.68 I, 2.51 

UN W.4 13.50 2650 14.32 4.79 

USi 89.5 9.30 1600 10.40 2.10 3.91 

t.Si, 92.7 11.30 IC65 12,20 2.52 4.65 

UBe,, 67.0 2.94 2000 4.37 0,32 0.59 

Put', 88.0 10.11 2210 11,45 240 339 

PuC 95.0 12.91 1850 13.60 358 505 

PuN 94.5 9.3? — . 9.87 366 517 

PuB*,, 67.0 2,92 1700 4 36 51.5 72.5 

p«r, 93.0 5.90 2200 12,70 243 407 

PuU, 81.5 6.60 1480 8.09 378 535 

Of the materials of shell of FE there are made the following 

requirements t 

1. Minimum parasitic neutron capture. 

2. High thermal conductivity. 

3. Mechanical reliability end constancy of geometric shapes. 

4. Corrosion and erosion stability. 

5. Compatibility with material of active volume of FE. 

At present for shells of fuel elements there are applied! 

aluminum, magnesium, beryllium, nickel, zirconium, vanadium, niobium, 

molybdenum, tungsten, tantalum, alloys based on these metals and 

special steels. 

For shells of fuel elements operating at temperatures of up to 
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700°C with Bup«rheat«d »team or liquid-metal heat-transfer agent 

(Pb, Bi, Sn, Na, Ha-K, Zi) in faet reactora there are successfully 

applied chrome-nickel stainless steels of type OKhi8N9 and 0Khl8N9T 

and also stainless steels cf type Kh-13 (C - 0.15%, Cr - 12-14*) and 
Kh6M (C s 0.15* Cr - 5-6.5*, Mo - 0.45-0.6*, V - O.15-O.25*). 

For fast-neutron reactors operating at temperatures of 700-900°C, 

there are used Niohromes (65-80* N!j 10-20* Cr, 0.25* Fe) and alloys 

°f t^pe EI457 and El6i7. Of the especially refractory metals 

(niobium, molybdenum, tungsten, and tantalum) there are now used 

niobium, which combines refractoriness with high plasticity, and 

molybdenum. Application of other refractory metals encounters a 

number of technological difficulties, on the surmounting of which 

at present time there are being conducted intensive works. 

§ 2. CONSTRUCTION OF TECHNOLOGICAL PROCESS 

Production of fuel elements, besides requirements of high pre¬ 

cision of conditions of carrying out of all processes, wide appli¬ 

cation of vacuum and protective media, is characterized by the 

danger of internal and external irradiation, and also by the pos¬ 

sibility of appearance of self-supported chain reaction. Especially 

large danger for the staff is presented by internal Irradiation, 

which is connected with striking of human organism with a-actlve 

particles. Thus, for instance, maximum permissible quantity of 

plutonium in organism of person must not exceed 0.6 mlcmgram. 

r. Tat.« XIII,2 there are given norms of radiation contamination 

approved in USSR, and spécifie a-aotivlty of atomic fuels. 

Danger of internal irradiation is especially great during work 

with dry powders containing uranium or plutorium. 
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Tibi« XTII,2. Maximum Permiaeible Concentratione 
of Radioactive Subatancee in Air and Kater and 
Specific a-Activity (lg) of Atomic ?\iel 
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— 6,4 IU4 

—62Ü0Ü 

-1.7 

•A curie is equal to 3.7^101 ' disintegratlonii 
per sec. 

Protection from external a-irradiati-n doee not present special 

difflcaltiee due to the low penetrating ability of '-particles. 

External irradiation by -y-raya and 6-particles can ta e place when 

there are certain impurities in the nuclear fuel (beryllium, hydrogen 

and others), and also with accumulation of large quantity of fission¬ 

able material. Protection from >-rays requires Installation of 

special shields or remote control of the process; : -rays are easily 

absorbed by aluminum screen. 

For preventing of fission chain reaction accompanied by powerful 

neutron radiation and liberation of heat, technological process 

should be designed in such a marner that there does not appear large 

accumulation of isotopes plutonium-239, uranium-233, and uranium-235. 

Magnitude of critical mass depends on type of nuclear fuel and 

reflectance of substances located around the fissionable material. 

Special danger is presented by operations with aqueous solutions 

during which critical mass is decreased by many times. Appearance 

of the indicated characteristics of processing of nuclear fuels 

depends on a number of factors whose Influence is not subject to 
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atriot rtguUtioni th#r«fore, d#v«lopn»nt of technological procaBaea 

of manufactux»« of fuel «laments is usually conducted with partici¬ 

pation of physicists. 

Production cycle of manufacture of fuel elements can be divided 

Into three processest 

1. Manufacture of active volume. 

2. Manufacture of shells, end and spacer componente. 

3. Packing of active volume Into shell of element. 

This division has a conditional character, since In certain 

cases these processes are carried out Jointly. 

Methods applied during manufacture of elements (especially 

active volume) depend on type of nuclear fuel, 'ttms, for Instance, 

e.ementa with metallic nuclear fuels are prepared by methods of 

metal-working. Manufacture of elements from oxides, carbides, or 

other compounds of uranium or plutonium Is based on ceramic technology. 

Methods of manufacture of elements of dispersed type depend on 

material of matrix In which ceramic fuel Is distributed. 

Main problem of first stage Is obtaining of necessary quantity 

Ji i!sölonable material In the active volume. In case of assembly 

of active volume from metallic slugs, this Is attained by strict 

regulation of dimensions of slugs) In case of use of powders there 

is Introduced strict control of volumes or masses during preparation 

of mixture. 

As the billet for metallic slugs of uranium there serves a rod 

obtained by rolling or by extrusion thresh a die. Rolling Is 

conducted from cylindrical Ingots, the maeri of which depends on 

legrse or enrichment of metal with fissionable Isotope, Heating 

cf ingot to 640° 1« carried out In salt mixtures (Ll^CO^ ♦ or 

ÄC12 ♦ KCl ♦ NCI) for 2-3 hours. Rolling of uranium Is conducted 
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ln a-phae« on rolling milla by parlodlc or continuous rolling. 

Rollad roda with dlamater of 35-38 mm are straightened, rough 

turned, and cut, and after hardening the slugs are usually finished 

on transfer machines. 

Along with forging and rolling, uranium rods are obtained by 

extrusion in •y-^haae with application of glass lubricants, which 

protect uranium from oxidation, and with heating of bUlet during 

extrusion by an inductor. 

For production of uranium tubes or tubular slugs it is possible 

to use method of powder metallurgy; however, then there appear a 

number of difficulties in connection with high chemical activity of 

uranium powders. 

Method of precision vacuum casting makes it possible to obtain 

satisfactory tubular blanks. 

Thus, for Instance, by precision casting there have been 

obtained blanks with external diameter of 19.1 mm, internal diameter 

of 6.55 mm, and length of 178 mm for fuel elements of the Dounreay 

fast-neutron reactor (attempt to cast uranium tubes with length of 

was not successful, since minimum non-uniformity in pipe 

thickness reached 0,76 mm, and distortion of axis was more than 

O.63 mm). 

There was obtained sa..sfactory accuracy of internal díamete-, 

and external diameter was machined. Tubes were oast from uranium 

enriched to 40*. Kiss of melt did not exceed 3 kg. 

Hollow metallic cores sometimes are prepared from a rod whose 

central hole is drilled on machines for deep drilling. This method 

es •..g\ accuracy of dimensions with almost total absence of rejects. 

Deficiency of this method is low productivity, and also large quantity 
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of waat«. 

Plutonium metallic ooraa ara prooaaaed by tha same mathoda; 

howavar, during aaBignmant of oparating oonditiona it ia nacaaaary 

to oonaidar tandanoy of thia alaraant toward allotropie tranaformatlona 

and formation of autaotic of plutonium with iron, malting point of 

which la balow 500°C, 

Activa volumaa of fual alamanta of uranium dioxida and othar 

compounda ara obtainad by mathoda of oaramic production or filling 

of powdtr into raatallio ahall with aubaaquant rotary forging or 

drawing for danaification of powdar. 

Powdara of tha moat widaly uaad caramlc nuclaar fuel - uranium 

dloxlda - in moat oaaaa ara obtainad by following mathodai 

1. Daoompoaltlon of hexahydrate uranyl nitrate. Thia method 

conalata of following operational 

a) Obtaining of UO^ by maana of decompoaltlon of uranyl 

U02(N°3)26h20 at 260°C. 

b) Wat grinding of UO^ powdar. 

c) Reduction of UO^ to UOg by hydrogen or diaaoclated ammonia 

(75J< Hg «f 25* Ng) at 680-800°C. 

2. Precipitation of ammonium diuranata (NH^JgUgO from aolution 

of uranyl nitrate with aubaaquant daoompoaltlon and reduction of 

filtered ammonium diuranata to UOg by hydrogen at 900°C. 

3. Treatment of uranium hexafluoride, which oonaiata of tha 

following prooeaaeet 

a) Sublimation of UFg by heating to 100oC. 

b) Rydrolyala of UF^ by aolution of ammonia until obtaining of 

dapoait of ammonium diuranata. 

o) Separation of diuranata by filtration, waahing with water, 
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and drying at 100-200°C. 

d) Pyrohydrolyaia of dry dluranate powdar by steam 800-85D°C 

until formation of U^Og. 

e; Réduction of U^Og to UOg at 800°C by hydrogen or dissociated 

ammonia. 

«¿uaiity of obtained powders Is estimated by many parameters. 

The greatest effect on density of pressed and sintered articles Is 

due to specific surface of powder and the ratio O/'u. In Table XIII,3 

there are given data on influence of specific surface and this ratio 

on density of pressed and sintered articles. 

Table XIII.3. Density of Pressed and Sintered 
Articles from Powder of Uranium Dioxide fPressure 
of Pressing 2.8 T/cm , (*«280 meganewtons/rrr ), 
Sintering in Hydrogen at 1700°C for 30 min] 

Initial jmrljr a:oxlue 
Hallo 

o/u 
before 

• Intent.* 

Specific 
s .rface, 

»Vg 

Density f bri¬ 
quettes g/etr3 

* of 
theoretical 

de?:sity 
aft^r 

prassln* 
after 

Unte rir* 

P.vrolyi 1« of ufanyl 
nltrat* to IfOg* 
nyaro«{«n red .ction 

2.(Mg I.M 6.62 8.65 78.75 

Precipitation of 
•OWAiiar. Jiurannte 
from urarorl ni trata, 
decomposition and 
nyiro.en raoictior. 

2.112 3.83 5.72 9.96 90.0 

Hydration of UO by 
Tears of wst «rîndirg 
In ball mill, 
hydro**n rsdaction 

2,124 5.04 5.73 10.57 96.5 

Process of manufacture of ceramic pellets or slugs consists 

of two stages! forming of article and its sintering. For forming 

there can be used methods of cold and hot pressing, extrusion and 

dross casting. 
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Of the enumerated methods the most widely used is cold pressing 

with subsequent sintering and grinding of article. Before pressing, 

into uranium dioxide powder there are introduced binder (1-2^) for 

increase of strength of pressed article and lubricant (0,2-i.4£ï for 

facilitation of briquetting and decrease of wear of press-forms. 

As binder there are used polyethlene glycol, petroleum paraffin, 

and other organic compounds, derivatives of stearic acid, saturated 

hydrocarbons, and their alcohol derivatives. Press-forms are made 

from hard alloys or tool steels. Pressure of pressing is 2-3 T/cm2# 

(==200-300 meganewtons/m ). For removal of volatile compounds binding 

and lubricating materials, articles after pressing are subjected tc 

"drying" in atmosphere of C02 (600°C for 2 hours) or in dry hydrogen 

or dissociated ammonia (400°C for 1-4 hours). 

The most important operation during manufacture of ceramic 

elements is sintering, which can be produced in atmosphere of hydro¬ 

gen, inert gas, steam, or in a vacuum. The best results are given 

by sintering in hydrogen, which not only protects article from 

oxidation, but also reduces higher oxides tc U02. In Fig. 13.4 there 

is shown dependence of density of article on temperature of sintering 

in hydrogen, from which it Is clear that maximum density is attained 

at 1600-1700°C. Sintering in atmosphere of argon or steam permits 

lowering of temperature to 1300-l400°Cj however, then there 

inevitably appears disturbed stoichiometry of the composition. For 

preventing of cracking of articles during sintering there is applied 

step heating with definite rate of change of temperature. Rate of 

sintering and density can be increased by introduction into uranium 

*T - metric ton. 
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dioxide of the additions 0.1% TiOp or 0.4* NtOj.. Introduction of 

C 

>» 

C I a 

9__ ✓V 
# - .., / r 

â — ■■ 9 * 1 fi 

'is 
S» H TO « if 

T**nip* r.tür«4 lu 'C 

F4S* 13.^. Density 
of articles of uranium 
dioxide during sin¬ 
tering in hydrogen. 
1) wet; 2) dry. 

2 i,uv5 
niobium oxide almost completely prevents 

change of shape of articles. 

Second method of manufacture of fuel 

elements from ceramic fuel consists of 

filling of powder into metallic shell. Into 

the shell there usually is poured prelimin¬ 

arily sintered or arc melted powder with 

bumped down density from 3 to 7 g/cnr5. For 

best bumping down it is recommended to pour 

In a mixture of powders consisting of the 

following fractions* 

from 6 to 20 mesh.60* 

from 35 to 100 mesh.20* 

325 mesh.20% 

Bumping down of powder in tube Is produced with help of vib¬ 

ration tables operating in spectrum of frequencies from 5 to 5OCO cps 

with amplitude of 0.25-0.5 mm. 

Subsequent rotary forging or drawing permit obtaining very 

n.gh density (to 92* of theoretical) and good adjoining of shell to 

active volume. During reduction on rotary-forging machine, simultan¬ 

eously with densification of powder there occurs lengthening and 

thinning of shell which makes it possible to obtain shell with very 

tn.n walls. In Pig. I3.5 there is shown change of density of powder, 

thinning, and lengthening of shell during .-duction on rotary-forging 

machine. It Is necessary to note that degree of compaction of 

powder depends on mechanical properties of material of shell. Fuel 

elements obtained by this method possess following deficiencies: 

* 

K 
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very low thermal conductivity of compacted, but not sintered powder 

and work hardening o^ shell remaining after reduction. 

Active volume of fuel elements of 

dispersed type Is a heterogeneous mixture 

of ceramic atomic fuel with an Inert diluent. 

Depending upon material of diluent, cores 

of such elements can be divided Into two 

groups j 

1. Ceramic fuel (PuO^, UO^UC, and 

others) distributed In ceramic or graphite 

Fig. I3.5. Changes of 
density of uranium 
dioxide and geometric 
dimensions of shell 
during rotary forging. 
1) initial conditions; 
2) thickness of wall of 
shell; 3) length of ele¬ 
ment; 4) density of 
oxide . 

matrix (AlgÛ^, MgO, S10, ZrOg, BeO, graphite, 

and others). 

2. Ceramic fuel distributed in 

metallic matrix (aluminum, nickel, steel, 

niobium, zirconium, alloy of type EI437, 

etc.). 

First type of cores can be used for hlgh-temperature reactors 

with gas heat-transfer agent. (Thus, for instance, in the American 

ship reactor MQCR, there is used mixture of UO^ and BeO, which 

permits raising temperature of helium heat-transfer agent to 8l5.5vC). 

Manufacture of cores of this type Is based on methods of cerami 

technology. Cores of second type possess a number of advantages, 

due to higher thermal conductivity and density of metallic matrix, 

which also makes application of soldering and welding for Joining of 

active volume with shell possible. 

Manufacture of cores with metallic matrix can be carried out 

by casting or the method of hot pressing of powders, which permits 

obtaining of optimum ratio of components and dimensions of their 
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partid#», good distribution of fissionable material in matrix and 

is carried out at lower temperatures. The latter is especially 

important during manufacture of core from components which react 

with each other at high temperatures. Fuel elements of dispersion 

type have different structural shapes. In Fig. 13.6 there are showr. 

Fig. 13.6, Cross sections of fuel assemblies made 
up Of elements prepared by "frame” technology, 
a) plate-type i b) annular-type made from three- 
seam tubes; c) annular seamless, i) fuel; 2) shell; 
3) spacer element; 4) gap for passage of heat- 
transfer agent. 
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2r aà sections of "assemblies” of fuel elements of dispersion type 

with metallic matrix. Technological process of manufacture of such 

elements ("frame" technology) includes mixing and pressing of powders 

or melting of components, which is carried out in graphite crucible 

wi*h induction heating. Obtained blank is rolled into a strip whose 

thickness is approximately 3-4 times greater than thickness of 

finished core. Then from the strip there are cut plates, which are 

tightly inserted into a frame of structural metal. Frame with core 

is placed between two sheets of structural metal, heated and rolled 

with total reduction of up to 85*. In Fig. I3.7 there are shown 

components of fuel plata before rolling. 

For prevention of formation of bubbles, 

plates are annealed, then etched in acid, 

washed with water, and dried. After this 

there is carried out cold rolling of strip 

to final dimension with tolerance in 

thickness of ±0.025 mm and strip is again 

annealed. The strip obtained thus is 

subjected to X-ray inspection for detection 

of Internal defects and determination of 

boundaries of frame of active core. Plates 

cut out in accordance with boundaries of 

frame are formed in a stamp and Joined by 

welding or soldering into the so-called fuel "assembly." 

Fuel elements in the form of seamless tubes are obtained by 

means of coextrusion of active volume with shell according to the 

diagram shown in Fig. 13.8. 

Fuel elements of dispersion type can be also prepared by the 

Fi*. IJ.?. Components 
of fuel plate before 
co-rolling. 1) outside 
plate; 2) active core; 
3) frame. 
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above-descrlbtú T.atnod of oor’&niic t®3hnol< gy 

or drawing. Bumping down of active mixturt 

with 8rj.ll amplitudee to tvoid eeg. egation 

on vibration table should be ca^^ied jut 

and filling of active mixture into a tubu¬ 

lar shell with subsequent rotary forging 

Fig. I3.9. Diagram of 
coextrusion of seamless 
annular element. 
ram; 2) blank flange: 
3) fuel; 4) shell) 5) 
die (inlet angle 90°) 

of of powders. 
s 

§) processes of manufacture of active volume 

of element, it is cie'tr that in certain 

cases operations of manufacture of shell and packing of fuel into it 

ire carried out Jointly. At the same time there exist many designs 

or elements in which shell is made separately. The most widely 

used method of manufacture of shells is extrusion of them through 

a die with subsequent drawing or gaging broaching. This method 

permits obtaining of shells wnlch are cylindrical, smooth, hexahedral, 

and finned in tne longitudinal direction. In majority of fuel 

elements, longitudinal fins have small twist (4-0°), which provides 

g- d spacing of elements in the reactor and increases surface of 

contact with neat-transfer agent. 

*n operations, snells are polished, etched, tested for 

a.rtlghtness, washed, dried, degreased, and desiccated by heating in 

a vacuum to 150-200°C. 

Spacer and end componente, if they are not an integral part of 

* .e shell, are manufactured by machining. Wires applied for spacing 

of rod and tubular elemente are obtained by drawing and welded to 

sne^l by resistance welding. End components are made on metal¬ 

cutting equipment. As a rule, all components are polished, etched, 
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and thoroughly waahtd. 

Aseambly of futl tlamants of rod or tubular type Is carried out 

In the following sequencei 

1. Loading of active slugs Into the shell. 

2. Installation of end components. 
% 

3. Evacuation and check of airtightness. 

4. Pressing of shell or filling of gap between shell and 

active volume with helium or sodium. 

First operation starts with thorough Inspection and. In case of 

necessity, chemical or mechanical cleaning of parts. To the shell 

is welded lower end component and slugs are carefully loaded Into 

shell. During assembly of tubular elements, it Is more convenient 

to put the annular slugs on the inner tube, and then to put on the 

outer shell; however, if inner tube is not welded with end component, 

(for instance, in the Dounreay reactor), slugs are loaded Into outer 

shell, with subsequent Installation of the inner tube. 

After installation of slugs of active volume, the upper plug 

Is set in place, the arrangement is evacuated and checked for air- 

tightness, usually with help of helium leak detectors. If non-air- 

tightness is detected, seams are welded or shell is replaced. 

Operation of pressing can be carried out by hydrostatic or 

pneumatic schemes. Last method permits conducting of process at 

elevated temperatures. Pressure and temperature of pressing are 

chosen depending upon material of shell. Thus, for instance, for 

hydrostatic pressing of finned aluminum covering, there Is applied 

pressure of 176 atm (^176^10^ newtons/m^); pressing of magnesium 

shells of French reactor Cr-2 was conducted by two methods* In the 

beginning by water, then by air at pressure of 35 atm 

(^35^03 newtons/m ) and temperature of 400°C. 

503 



Putl elemtnts of type of multi-channel blocks (Fig. 13.9) are 

assembled from separate plates. Plates pressed from powders are 

lubricated at the ends by mixture of 

uranium hydride with liquid paraffin oil 

and assembled with help of steel r.'ds 

Into blocks. After 30-mlnute exposure 

under prt*s with total pressure ef 4 T 

(*»40 k newt one) st 5^0-600oC, the block, 

for improvement of cohesion between plates, 

Is subjected to heat treatment at 900°C for several hours. In 

channels of block there are inserted tubes, on wnich there are 

placed collector plates of stainless steel. For decrease of thermal 

ftresses, argon arc welding la carried out in strict sequence 

according to a cross scheme. After welding of collector plates with 

outer snell, gaps between bl^ck and tubes are filled with liquid 

sodium. 

Fig, 13.9. Fuel element 
of type of multichannel 
block (into part of holes 
there are inserted tubes). 

5 3. CARRYIIia OUT OF BASIC OPERATIONS OF MANUFACTURE OF FE 

lasting of metallic cores from alloys of uranium is one of the 

btslc operations. 

Preparation of alloy is conducted in crucibles made of mag¬ 

nesium oxide or graphite of high purity. Charge is loaded In such 

a manner that after melting of uranium, more refractory, but less 

der.se additions (zirconium, beryllium, titanium, and others) do not 

come to surface of melt, but remain in liquid uranium; this accel- 

eraies their dissolution. Melting is conducted in induction vacuum 

furnacos with vacuum of 10“5-10”^ mm of mercury (iCf5•136-10"^«126 
p 

newtons/m ). 

For obtaining of homogeneity of alloy, after melting it is held 
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without lncr«a»e of temperature; then alloy la cooled until hardening, 

and only after secondary melting Is there produced casting of metal. 

Filling of casting mold can be produced by the lower or upper 

methods. For best separation of casting from casting mold. Internal 

surfaces of It are covered with aqueous suspension of oxides (for 

:.stance, ThO^ and 2% /rOg) with subsequent drying until full 

removal of moisture. Evacuation of casting mold Is carried out 

until pouring is begun. Volume of melt depends on degree of enrich¬ 

ment of alloy with fissionable isotopes. 

^oextrualon of active volume with shell Is produced on hydraulic 

presses. Preparation for extrusion and conditions of the procesa 

depend on materias, configuration, and dimensions of extruded 

articles. Cores filling the shell have to have uniform structure, 

otherwise the she*^ after pressing will have considerable nonuniform¬ 

ity In pipe thickness. For improvement of structure of uranium 

alloys, there is applied isothermal quenching from the *y-phaee 

(790°C) with cooling in lead bath at 500°C. For facilitation of 

extrusion and protection of shell from oxidation during heating 

there is applied protective cladding of copper, low-carbon steel, 

or some other material which is inert with respect to the shell and 

sufficiently plastic for playing the role of lubricant during 

extrusion. 

Before assembly of block for extrusion, parts are cleaned and 

etched in acid. For degaslflcation of internal cavity, container is 

heated to 100-150°C and evacuated to 10”" mm of mercury (10"^*136 

newtons/m ). Then connecting tube is pinched and heating of con¬ 

tainer is produced (for uranium in zi~calloy shell - 650°C). 

Extrusion is produced through a die made from tool steels or hard 
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alloy with a rat« of 3-5 Aiigle of entrance Into die in moet 

oaa«B la equal to 90cj gaging collar hae width of 0.5-1 mm. For 

aubaequent cleaning and gaging of extruded roda, it ia neceaaary to 

provide for an allowance of O.O5-O.2 mm. In Fig. 13.10 there ia 

ahown diagram of blank aaaembled for coextruaion. 

--’lg. I3.IO, Diagram of blank aaaem¬ 
bled for coextruaion. 1) plugs of 
copper-nickel alloy; 2) copper pluga; 
3) end plugs of zlrcalloy-2; 4) core 
of uranium alloy with 2% zirconium; 
5) shell cf zlrcalloy-2; 6) copper 
protective shell; 7) copper tube for 
pumping out of air. 

Preea.lrg - plates for multichannel blocks is carried out in 

special press-forma (Fig. 13.11). Charge 

la prepared by prolonged (3-4 hour) mixing 

of finely divided pure powders. Stability 

of thiokneas of plates (+0.1 mm) is ensured 

by exact apportioning of powder poured into 

the preea-form. Pressure of pressing is 

5.6 T/om2 (-56O meganewtons/m2). As a 

Fig. 13.11. Press-fonn 
for preasing of platea 
of multichannel block*, 
l) housing of preaa- 
form; 2) tightening 
device; 3) upper ram; 
4) forming roda; 5) 
lower ram; 6) pressed 
plate; 7) supporting 
plate; 8) base plate; 
9) bearing diac for 
forming roda. 

lubricant there la used camphor, which 

provides for nonaal flow of process of 

subsequent vacuum sintering, which lasts 

about 4 hours at a temperature of 5-10°C 

below melting point of formed ceramic 

metal. Relative density of sintered 

platea reaches 
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Wtldlni of «htll» of rod-typo or tubular fuol oloments Is 

oarrlsd out undsr protsotlva raadlum of ar on, hsllum, or a mixturo 

of thorn. Spoclal difficulty Is prosontod by wolding of sholls from 

rofraotory motáis, which should bo oarriod out In a modlum not 

containing traeos of oxygon, nltrogon, or hydrogon. In Fig. 13.12 

thoro Is shown diagram of Installation for woldlng of niobium compo- 

nonts of fuol olomont of Dounreay roactor. Molding chambor Is 

evacuatod and purgad with woll-purifiod argon. 

Fig. 13.12. Diagram of Installation for woldlng 
of compononts of fuol olomonts In vacuum or 
argon. 1) Insulation: 2) woldlng torchosj 3) 
draw-ln attachmonts) M housing] 5) drive for 
rotation of olomont; 6) food to vacuum pump; 
7) contorod olomont. 

Woldlng of spacer fins to shell Is carried out on special auto 

matlc woldlng Installation. Fins prepared from specially shaped 

wire are welded at an angle of 120° relative to each other with 

small angle of twist around shell of olomont. Throe electrodes, 

simultaneously approaching each other, wold throe fins by spot 

woldlng with step between points of 6-7 mm. 

Filling of gap between shell and core with sodium Is a very 

Important operation. For good filling of gap, process Is conducted 

at quite high temperature. High activity of sodium and danger of 

contamination of Internal cavity of element with oxygen or nitrogen 
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requires carrying out of procaii In madlum of pure argon. 

§ 4. PROTECTIVE ARRANGEMENTS FOR WORK WITH RADIOACTIVE MATERIALS 

For protection from Irradiation of perionnel working with radio¬ 

active materials, there are applied different types of safety devices 

and attachments. In certain cases, for very weak a- and 6-activity, 

work can be conducted without safety devices only with observance of 

safety precautions, thereby preventing radioactive substances from 

getting into organism of a person. For work with materials possessing 

weak a- and 6-actlvity, there are applied exnaust hoods, or tongs 

allowing the worker to execute simple operations while located at a 

safe distance from the active material. 

For work with materials of average a- and 6-actlvity and weak 

7-radlation, there are used shields or chambers with open top. Obser¬ 

vation of process in this case is conducted with help of mirrors or 

windows made from special material. 

Work with materials having a high level of activity is conducted 

in completely closed chambers with help of remote control devices. 

P’ig. 13.15. Tongs for work with 
radioactive materials. 

For simple manipulations with weakly active materials, in atomic 

plants there are used special tongs, shown in Fig. 13.13. Grip of 

tongs can be regulated depending upon dimensions of lifted objects. 
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There are made tongs from stainless steel, which permits carrying 

out repeated deactivation of them. 

Work in closed chambers is carried out with help of universal 

or special remote-controlled devices. 

In Fig. 1^.14 there is shown a master-slave manipulator, which 

is a mechanical device reproducing motion of fingers and hand of 

operator. Controlling hand consists of ttiree plates with rings for 

tnumb, index, and middle fingers. The slave part repeats all motions 

oí hand and fingers of operator. For convenience of work, usually 

there are installed two manipulators - for right and left hand of 

operator. Such manipulators possess great universality and give 

operator the possibility to feel the force with which the slave hand 

works. Deficiency of such devices is their small lifting capacity - 

4-5 kg (-40-50 newtons). For work In closed chambers with large 

and heavy objects there are widely used universal manipulators with 

electr^caj. drive. In Fig. 13.15 there is shown universal manipulator 

with load capacity in any position of up to 35 kg (=«350 newtons) 

and along the vertical up to 350 kg («»3500 newtons). 

Deficiency of such manipulators Is absence of "feedback"; this 

does not permit operator to feel force applied by tongs to object 

of work. 

Along with universal devices, in practice there are widely 

used special purpose devices which are designed for carrying out 

del inite operations. With help of such devices there are carried 

out extraction from reactor, transportation, and processing of fuel 

elements and several other operations. 
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Pig. 13.1^ Maeter-slave 
manipulator, l) counter¬ 
poises} 2) pipes; 5) window; 
4) shield: 5) controlling 
handle; 6) controlling "hand"; 
7) rotation in vertical plane; 
B) holding device; 9) twisting 
of holding device; 10) slave 
"hand"; 11) azimuthal rota¬ 
tion. 

Pig. I3.I5. Universal 
manipulator with electric 
drive. 

« 

i 

s 

Fig. 13.16. Remote controlled workshop. 

i 
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In Fig. 13.16 th«rt Is «hown a ramota oontrollad maohanioal 

workahop for manufaotura of mata11©graphic samplas from radioactive 

mataríais. Workshop includes lathe, milling and grinding machines, 

mechanical saw, and other equipment. Control of work of workshop 

is carried out by operator located behind a ’„hick concrete shield. 

Observation is conducted through "liquid’’ window or with help of 

special optical devices. 

§ 5. INSPECTION OF FE 

The whole technological process of manufacture of fuel elements 

is accompanied by thorough inspection. Along with radiation 

monitoring, in the process there is widely used ultrasonic defec¬ 

toscopy. 

Dimensions of uranium slugs are controlled by automatic devices, 

built in to the machine-tool line. 

With help of an ultrasonic beam with frequency of 5 Me passing 

along a chord through moving and rotating slug, there is checked 

grain size in uranium rods. Rods with grain size of more than 350 p. 

are rejected due to excessive coarsening of surface during cheir 

use in operation; grain size of less than 100 \l may cause irregular 

growth of slugs during their irradiation in the reactor. With help 

of ultrasonic beam directed at an angle of 750 to surface of rod, 

there are revealed cracks, pits, grooves, and other defects to 

a depth of 0.5 mm. 

For determination of quasiisotropism of core there is applied 

the resonance method, which consists of sending to the core oscil¬ 

lations, thereby forcing it to resonate In longitudinal and transverse 

directions. In view of sharp anisotropy of elastic moduli (tensile 

and shear), it is easy to distinguish quasiisotropio rods from even 
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slightly textured rod». Detection of internal defects of reds also 

can be carried out by *y-radio»copy with help of isotope Co00. 

Shells ! : ...:e 1 element», besides visual detection for absence 

of scratches, are checked for non-uniformity in wall thickness. In 

cylindrical shells, this is checked before filling with help of a 

;• -source moved along pipe and revol*,ei about its axis. Thickness 

of shells during coextrusion of element is controlled with help of * 

eddy currents. Quality of cohesion of shell with active volume Is 

controlled by ultrsonics, or by high-frequency method. 

In process of manufacture of fuel elements, considerable atten¬ 

tion is allotted to airtightness of internal cavity of element. In 

spite of the fact that airtightness of pipes used for manufacture 

01 checked preliminarily by pneumatic testing, in process 
s 

of assembly of element, for control of airtightne&o, there are 

widely used helium leak detectors. In Fig. 13.1? there is shown 

diagram ol installation for checking of airtightness with help of 

helium. Operation Is carried out In following sequencei 

- calj.y located pipe-container filled with helium there 

is placed fuel element whose internal cavity is connected with 

vacuum pumps. After achievement of high vacuum, to the system 

there is connected t mass spectrometer, wich help of which there 

is revealed the smallest leakage of helium Into Internal cavity 

of element. 

Porosity of shells of stainless steel is checked also, by 

placing element for 24 hours in a solution of nitric acid. After 
•k 

that the solution is concentrated and a-activlties measured. 
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I Fig. I3.I7. Diagram of Installation for 
ohtoklng of alrtlghtnaaa of ahall of PE. 
1) hallumj 2) vacuum gagaj 3) ragulatlng 
uniti 4) vacuum pump) 5) plpa-oontalnar 
(4 •aoh)! 6) vacuum pumpj 7; trapj 8) 
water aeparatorj 9) dlffualon pump; 10) 
maa* apeotromatari 11) manifold No. 2; 
12) manifold No. 1; I3) bellowa valvta. 
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