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and micrometers; the female threads are checked by thread feelers.
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Machining after heat treatment starts with preparation of fasten-
ing bases, The most convenient bases for treatment of wheel are f'lat
butt surfaces and a central hole (wheels of gas-turbine engine and
turbopump unit compressors) or seating shoulders (turbine wheels of
gas-turbine engines),

Simultaneously, with undercutting of butts they usually turn to
the middle, the rim along the outboard diameter, Big wheels are turned
m vertical lathes or facing lathes, !loles in bossers are drilled on
radial-drilling on a jig.

End shaped surfaces of wheel are usually worked from each slde
separately on lathes with hydraulic duplicating lathes., More productive

and exact working is simultaneous nact.ir.ug of twe faces on speclal

C

bilateral hydraulic duplicators with s central drive,

Faces of wheels of large diameters are worked several times in
j1fferent operations, in order to avoid considerable deformations,

Sometimes belore tinal working of faces wheels from aluminum alloys

wre cubjected to stabllizing tempering, which promotes decrease of

arping of wheels after final working of faces, Fastening bases before
nol working of faces have to be restored,

Wworkine of grooves, holes and splines is usually done after final

‘aces, using their flat part as a support, The sequence of
vking such surfaces is not of great importance,
Armular blades grooves in wheels of turbopump units are machlned
»m tools on lathes, Axial or slanted grooves in wheels of gas-
urbine engines, as a rule, are broached, In small scale production
such grooves are permitted,

Anodizing or oxidizing of wheels 1s done both at the end of the

industrial process and alsc after final working of faces., The last

variant 1¢ somet mes applied in manufacture of compressor wheels from
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wrizontal milling machines by disk milling

cutters; here there are used dividing attachments with high precision

§ N ar - - {117 - =
f iV n by tep (up t .015-0,02 mm ),
Broaching of end splines is performed by round broaches on semi-

spline broaching machine PShN (Fig. 2.19). On horizontal

[y

machine there

is fixed round broach, and

on the dividing table of

is the part be

Semiautomatic work of
machine is composed of following motions: Dbroach continuously spins

11 t its axis and during set-uj f machine can shift vertically

-e

worked groove., Turn of tat & llowing division is
4 “ . whe + ~ ~ Iy anurs ~ 2
the time, when fre nterval on broach drawing occupies
at rocessed part,

iroach has 15 cutting and 2 calibrating sectors of 11 teeth each.
rop between teeth (rise) varies from 0,05 mm at the beginning to 0.025

mm in th 1ast cutting teeth,

nd splines is

such meth

Best results can i achieved during planing on semiaut
gear- I Kh-1, n laning arrie

o6


















































































































Machining. Process of machining
steel rotor blades from calibrated

stamping consists of following basic

stages:
Bases of machinin:

1. Heat treatment of blank —
hardening and tempering,

2. Working of primary base

surfaces: inlet and outlet edges, end

of root.

3 2z 1) T
AR, DadH, Ba
v

aching of root.

3. Working of root — broaching

Jutting of industrial allowance.

4 Final check, including magnetic.
3 Zinc-coating, nickel plating or chrome plating.

Polishing of tip — completing operation in manufacture of blade
serial and mass production — is carried out by abrasive tapes
vibration polishing machines, and in small-lot and unit produc-
tion the tip is preliminarily polished with felt, and then felt
wheels, covered Qith 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,

At present most plants manufacture compressor rctor 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

94







and pickling.

Base during machining of tip is root and machining boss at
tip of blade (auxiliary positioning base), located in plane of root.

Root of dovetall type and boss are worked in special holders,
allowing displacement and misalignment of blank of not more than
J,05 mm, Root of blade is broached, Broaches are made from
high-speed cutting steels R18 or ROF5,

Tip of blade 1s worked on duplicating milllng machines by
milling cutters, equipped with plates of hard alloy VK4 or VK8 with
cooling by 5% emulsion (All-Union Government Stnadard 1975-53)
with speed of cutting 40 m/min and of feed 100-200 m/min for one
or two passages,

Ater milling blade tip is pclished on polishing mandrels by
telt wheels, rolled by abrasive grains, thereby removing allowance
to 0,1 mm, Preliminary polishing for trimming profile is carried

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 are not applied for polishing, inasmuch as
in this case in blade tip there could appear residual tensile stresses
ana microcracks, sharply lowering limit of endurance of tlades.

Pickling of blade tips for inspection of magnitude of grain is
produced in tath with reagent R-77 for 10-20 sec with subsequent
thorough neutralization in soda water and washing in running water,

Elade tip after polishing is strengthened by hydraulic shot-
peening, which increases fatigue strength,

Tip hardening is produced by cast-iron shot of diameter 0,5-

), mm with emulsion of hydraulic shot-peener, whose principle of

action 1s based on ejection, Blades, fixed by roots ir adapters,
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table of machine, Operation is executed In Lwc transitions:  first
they mill one side of root profile, then holder with worked part 1is
turned around in attachment, and they work the other slde. Fir-tree
roote of blades of small and average dimensions are milled in one
passage, large dimenslon blades are milled in two passages (pre-
liminary and final).

For blades from alloy of type EI-%37 in most plants there is
applied cutting speed of 8-10 m/min, reed speed of 12-25 mm/min with
cooling by 10 percent emulsion, Regrincing of milling cutters is
forced and 1s produced after working 6-8 blaces, Passage milling
improves guality of worked surface of teeth (it lowers roughness,
work hardening and residusl stresses) and increzses llfe of milling
cutters, Cleanness of working — 8th clacs,

High precision of relative locatlion of toth sides of root profile
15 best attained with simultaneous working cf both sides cof root on
mills of type DF-392 (duplex), GF-003 and GF-6i43 (quarto).

Grinding of fir-tree roots is fairly widespread, This 1s caused

by impeirment 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 aprasive there is applied artificlal corundum of grain size
50-100 with ceramic bond of hardness SM2 or SM1.

During grinding of blade root on usual surface grinder, cooling
may be insufficient, and there may appear grinding crack:c., In certain
caces besides cooling, introduced by usual means, they fed supplem - .l
liquid coolant to grinding wheel through annular groove in its fitting
hole. Such cooling is the most effective, To avoid cbstruction of
pores of grinding wheel one should equip machine with additional filter,
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Y tautomatic copying machines FK-300
inary Working of Tip
n tor Blades

are processed separately. Due t

are usually worked in several

11y turned on vertical duplex
£ MK-54 and MK-56 of plant

" o o 2 1
Red Proletariar

of copying. Worked
blades in by tw

are sel, cn mount
connected with
spindle of machine
Each spindie has
its own support

and works on a
closed cycle, upon
completion of which
it automaticaelly
stops., Feed cir-
cuit for each
support is indepen-
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are pressed to t by blocks,
prepared from rubber of brand
2 and Shore hardness 55-65,

Profile of blocks corre-

<
(o}
=
[
—
e
-
®
-+
v
~
o}
(
-

are rotated by rack, moving un
tion two hydraulic cylinder

Rollers can revolve only in on

iirection, from right t lef't,
Diagram of machine
shown in Fig. 3.38., Works
bla t in spring sponges of adapter 9, which are
in ‘ nder action of oil, fed under high pressur
from n . Upon starting of machine, under action of a
n th f four-way valve 12 moves downwards, pump is
17N n, feedin il from tank 15 through filter
X ic 1 n valv 1 t the valve and further through thrott 14

and valv t it. From here part of oill proceeds through
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inders of hydrauli
r cavity of multiplier 7. Under pressurs
rubber blocks 10, press abrasive belt t

ton of multiplier moves downwards, pres-

17 ! , and spring sponges of adapter by
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is intended for working Jjourns nd shelf of stator blade of

compressor,

lanks ar yrecisior rom investment patterns.
At the beginning of ? e blank is set in =a

1ck, two point f nose and one poir root, Blank is
d in holder automatical by hydrau yre =
ect gica r 5 f working root surfs s of stator blades

Both face: f Journals are finally worked by two disk milling

itters (pos, 1), then they preliminari Ly turn large and small journals
s 2)s % £ nterbor - ¢ ! n of lock of larger
urnal with ¢ ! i ing all journal (pos., 3).
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Productivity of line — 60 blades per hour,

f

nl1daaae o~ w 3o resvIt 3 S - o 4 ~ ~ st o - ~ -~ . ~ »
>omplicated by high requirements for precision of roots of fir-tree
profile and p r workability f heat-resisting blade alloys.
[ g . [ sent ther is being cond
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Automation of production of turbine rotor blades is considerably
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System of programmed ntrol
coordinates, which gives possibili

variant of working, Machine is equipped with inductive sys

fixing initial position in all three coordinates.

Programming of process of maching by an electron computer is
conducted in following sequence, On the basis of drawing

~F
Ul

bladt
and technological chart there is composed program sheet, including
all data necessary for w reking of blade, By a punch these data are

coded in system

4
J
3
"

f mputer, After that, on a general-purpose digitel
computer there are executed instruction,

connected with determination
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3 and "3 =1
rimming

operations

14+ Nt

igh surface purity of channels.

203

vered by a vulcanite nd with ebrasive grains. To avoid pille-ug
f the web edge durl: shi a steel track 1s set before it
”-" L € fi 'A‘~ uf‘ TNe | SR S .,A.,f,.{' W S d e
3
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 50-40 is
sed; in finish polishing, a granularity of 12-10, whereby a purity
the 8th-9th class is attained.
Channels of shrouded impellers are trimmed by straight-sided
11ing cutters. There are no effective methods for 1 ishing
annels at this time. ne n% the high-priorit oroblems of decreas










with its spokes. Further, by transferring the instrument, the dis-

placement of the remaining vanes with respect to the template's

spokes 1s checked. The template is placed through the hole or band

of the impeller,

Fig. 4.27.
constant thickness.

Check of vane thickness along line of

Thickness of vanes 1s checked along the line of constant thick-

ness (Fig. 4.27). The checking device with adjusting eiement (mandrel

ring) under the fitting of the impeller has guides for getting

i moving the indicator device.

o

The guides are inclined at an angle

the d

[,

rection of the line of constant thickness. During the check

£

thickness, the instrument moves along the guide, the fixed needle

instrument should be pressed ne side of the vane, and the needle
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.f. Installation of annular blank for welding on

lable VI.1.
Upset Current Speocifie
Material pressure, density, power,
kg /mmid® anp /am? kva fmm?
Carton stesls =10 514 Oul4-0,18
Stainless stesls 20m25% 612 '?.8—2.‘;2
Heat-resisting alloys 28=35 6-12 CuB=0,12
2 O
*1 kg/mm“ =~ 10' newton/m°,

Welding is produced in Just a few seconds., Its quality is
very high,

In Table VI,.2 are given data of strength of welded joints,
:arried out by butt welding, taken from fact ry experience,
s

After welding the seam is cleaned, and they visually check 1

juality; then there follows peration of heat treatment, which is
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placed in a bath with Kerosene, A steel jig sleeve with diameter of

4
NN N

i

(i

i s R
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14
N e )

Fig. 10.14, Electric
spark head for broaching
holes of small diameter.
1) electrode wire; 2)
rudy tip; 3§ Jig; %)
terminal; 5) insulation;
6) casing; 7) shank; 8)
mobile core; 9) electro-
magne*; 10) fixed core;
14 ) rod,

of an exact cylindrical hole.

working hole 0,15 mm is pressing in
textolite intermediate sleeve which 1s
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; conicity K = 0,25 d/1;
cylindrical part of electrode 1is the
calibrating part. During broaching the
calibrating part of the electrode enters
the nozzle chamber and ensures obtaining

The electric spark machine is equipped

with 2 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
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Fig. 12,11, Varieties of mold
blocks for molding small parts,

Transfer molding of small housings, panels, fittings and

Oother parts as compared to normal molding is a less productive
method, This method is applic¢

mainly for forming thin-wallc¢

parts of complex configurati

and parts with thin fittings.

5 B Essence of transfer molding

N7 Q%§ *\ : N
.// § consists in the following: in
W

mold 1 (Fig. 12.12) there is
l-,"-&m Phae o wllec %2 ; ol (Fig. 12.12) R

a) b) injected under pressure of
Fig. 12.12. Diagram of transfer from 500 to 1,500 Kg/cm2
molding. a) position of die in 3 ' .
molding process; b) die in open plastic mass, preheated to

position,

visco-fluid state. The molding

plastic 1s sprinkled into loading chamber (or hopper) 6, from which,

upon heating from chase 2 and plates 4 under pressure of punch 7,

1s pushed through narrow nozzle (or casting channel) 5 intc

losed (molding) cavity of mold 3 and fills it.

473




































































































































