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Thi« Piral Pnglararlng Report bra bran prtparad by th« Lockhrad 
Aircraft Corporation, California Diriaion, Burbank, California, 
aa part of tha ff'AF Contract AF 33(600)-22372, Doraloprant of 
Forgliç Uaffla-Tm Intofrally Stiffarad Skin Parala, antarad 
into by tha USAF Hatarial Coarand and tha Lockhaad Aircraft Corp¬ 
oration on Saptardbar 5, 1952« 

Tha planning of tha baalo waffla-typa forging daralopaant progran, 
diraotlon, coordination and evaluation of tha reeulta were parforaad 
by paraonnal of tha Lockhaad Aircraft Corporation, Production 
Engineering Departnent* Tha conatructlon of diec and parforaanca 
of tea ta vara conducted by tha Vlÿaan-Gordon Company, Voroeater, 
Maaaachuaatta, aa tha subcontractor to tha Lockhaad Aircraft 
Corporation* 

Tha data heneftn ia concerned with two phases of tha subject contract* 
Tha first phase oonaistad of a surrey of applicable existing air- 
fraaa designs, tha selection of a part producible on existing forging 
facilities and preparation of engineering data relativa to the part 
selected* Tha second phase included design and construction of 
necessary forging tools, design of ejector nechaniera, development 
of forging techniques, study of die dealgn to produce complete 
forgings, and production of sufficient number of teat forgings to 
evaluate forging characteristics, mechanical and metallurgical 
properties* 



ABSTRACT 

fhhjs report oittllnoa and protont« tho rotult« of o progroa for 
thoVlooolopatnt of vofflo-tjpo forging toohnlquoo for producing 
high ttrongth light woight aotol alloy Integrally otlffonod 
akin panela• Thla progran vat conducted by Lockheed Aircraft 
Corporation lindar the aponaorehip of the Xnduatrial Reeouroea 
Branch of the Air Materiel Coonand* 

At a result of an extenalre tunrey and analyalt of current and 
future airframe applloatlona, the Pylon Tank Side Panel (HIP. 
LAC 127593) on the YC-130 airplane vat «elected for development. 
Complete engineering data including drawing, «treta analysis, 
weight analysisf and the procedure and reeult« of structural 
teste are reported« 

Technical information on forging techniquee, blocker die de«lgnf 
finieh die deeign, ejector eyetea employed and die heater raqui re¬ 
mante are included« Basic data for low draft angle light metal 
alloy forgings obtained from email scale test work showing the 
influence of pressure, teaperature,dwell time, blank thlcknesa, 
web thickness, fillet radii, and stiffener height and thickness is 
also contained in this report« 
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OBJECT 

Th* evident advantage® In reduced fabricating coat*, 
in improved nechanical properties, awl in obtaining 
irregular plan fora ehapee make forging appear to be 
a very promiaing method of producing integrally 
stiffened panels. The object of this investigation 
was to establish the feasibility of press forging 
waffle-type integrally stiffened skin panels fror 
high strength light weight metal alloys. 
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SUMMARY AND CONCLUSIONS 

1* The forged panels produced under this program demonstrated the 

practicability of forging waffle-type integrally stiffened skin 

panels. The limitations on this type of design are controlled 

primarily by the maximum press capacity available. The forging 

techniques developed during this program are not restricted to 

integrally stiffened panels with waffle-type stiffener design, 

but are equally applicable to panels with other stiffener patterns. 

2. Most of the deficiencies experienced in this panel forging pro¬ 

gram were due to certain inadequacies in the tooling and accessories 

rather than being inherent in the technique itself. The diffi¬ 

culties encountered in maintaining adequate die temperatures had a 

limiting effect on developing full rib heights. An adequately de¬ 

signed internal die heating system, as presented in Appendix VIII, 

will eliminate this deficiency in future development programs. It 

is also possible to allow the ribs to flow to unrestricted height 

and, in a subsequent operation, machine the tops of the ribs to 

the desired height. 

3. The improved structural efficiency and reduction in weight obtained 

in integrally stiffened strictures, as compared with multiple-piece 

fabricated strictures, indicates the need for perfecting this pro¬ 

duction technique. 

4. Stiffener height obtained during forging operations was a. direct 

function of stiffener thickness, forging temperature, forging 

pressure, and dwell time. Maximum stiffener height, without in¬ 

troducing detrimental defects in the skin surface (suck-in), was 

established as a direct function of blank thickness. 

5. The original design of the lower forging die ejection system did 

not provide adequate support for the high temperatures and high 

pressures of forging applied on the knockout pins. The resulting 

plastic set necessitated redesigning the knockout pins, to be 

made from high-strength hot-work tool steel, for the final panel 

forging tryouts. No significant difficulties were encountered 

with the redesigned knockout pins during the final tryouts. How¬ 

ever, improvements would be required in the actuating system, using 

tapered wedges operated by a horizontal hydraulic cylinder, before 

attempting further development work. Consideration should be given 

to the use of a series of lifting bars, operated by the lower platen 

cylinder, to raise the ejector pins. 

6. The multiple-piece interlocking die insert design selected for this 

forging program proved to be satisfactory. The difficulties, 

encountered in previous integrally stiffened panel forgings, with 

underfilled panel edges were eliminated by use of closed-die con¬ 

struction restricting metal flow around the edges of the panel. 

Complete edge filling was obtained. 
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The multiple-piece insert provides several advantages J}1' 

ternTtely'proposed strip-type Insert. 
vantages are ease of repair of damaged insert segments and ease 

of alteration to conform with forging design changes. 

8. Striking unblocked blanks in the finish forging dies rested in 

incomplete and defective forgings due to excessive J***1 
froTthe center of the flat blank. Producing finished forgings 

directly from flat plate stock was not practical. At least one 

blocking operation prior to finish forging is necessary to reduce 

lateral metal flow and the resulting metal-flow defects. Under¬ 

filled blocked pieces usually resulted in underfiHed forgings 

from the finish dies. Proper blocker configuration is essential 

to successful forging operations. 

The best forged panels were produced fron fully-fomed blocked 

blanks8 at tempe rature s from 730* to ttX)’ F. The heavier forging 

pressure of 7700 tons produced more nearly filled pieces t 

the 4UOO ton load. However, extracting the forgi^”*\£ * t0 
cavity without excessive warpage or fracture was difficu 
heavy flash formed between the insert segments by the excessivly 

high^forging pressure. Forging pressures should he high enough 

to completely fill the die cavity but not high enough to ^ 

excessive flash between the die insert segments. The optimum 

canbination of temperature and pressure is necessary to produce 

satisfactory forgings. 

10. 

11. 

The "suck-in" type of defect occurring on the skin side of the 

for«d wn“. warn, more frequent m the web thickr.es. approeched 

the rib thickness The tests showed that a 0.25 inch thick forged 
“b ính ^ íñch't^k rlbs va. sufficiently free defect, for 
an airframe skin. Where required, thinner .kins can be machlnedf«» 

the 0.25 inch thickness in order to avoldexc-sslvedefects. Forg 

in« web thicknesses less than 0.12 inch often resulted in an °pen 

"buckling" defect in place of "suck-in". The orrurrence of detri¬ 

mental metal flow defects can be eliminated by restricting the 

forged web thickness to a minimum of approximately twice the rib 

thickness. 

Restrlking underfllleu forgings approached satisfactory results 

only when the piece was etched to clear the rib ^ 
machined to a uniform rib height. The «.truck rib retained it.^ 

etched thickness except where newly extruded in the di . .. 

condition is acceptable within dimensional tolera»«« on » 
production part, restriking in tni* manner is an effective produc 

tion technique. 

12. Increasing horizontal fillet radii contributed only slightly^to im¬ 

proved forging characteristics, as shown by small size 
investigations. A l/l6 inch radius proved adequate in the panel 

SÄs. It 1« felt that larger fillet radii contribute 

toward increased occurrence of buck-in defects. 
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RECOMMENDATIONS 

l^machine time end labor eoet. poeeibl. by the ». 
4 i. nimt*r> integrally stiffened structures in place of multiple- 

pleee'fabrleated .trSt^e should eetabli.h the deeirabllity of con¬ 

tinued research and development effort tovarde this goal. 

1 Kurther development work to establish optimum forging techniques 
for producing l^egrally stiffened panels is recoessended in order 
to bring this method into full production usefulness. 

? The scope of further investigations should be enlarged tolnclude 

other structural airframe and missile material. “ h‘g'îrength 
ateeis corrosion and heat resistant alloys and titanium alioys. 

The need for developing methods for economically fahr ca ng e 

new materials into useable configurations is urgent. 

3. Although the multiple-piece interlocklng die inserts ln comblna- 
tion with the closed die design perfomed satisfactorily, it is 
reconmended that the design be modified to provide for unrestricted 

rt^Tlght to assist complete filling and, in a subsequent operation, 

machine the top. of the ribs to the final desired height. 

4 A suitable internal die heating syetem should be employed inplac® 

of gsictprnal strip heaters in order to maintain proper die tempe 
tures throughout normal forging runs without the use of supplementary 

heating sources. 

g Further refinement of the ejection system incorporated in the Present 

dies is reconmended. The knockout pin design employed in the final 

forging tryouts functioned satlsfectorily. However, redeslgn of 

the tapered wedges actuating the pins is reconmended to provide op 

timum operating conditions. 

6. in order to eliminate forging defects the "^.«re-1'*' 

web^cw^be^btained 'hy^ubsequently machining the 

as-forged web to the desired thickness. 

7. Forging of flat, unblocked “ ‘'Cte^Taïe^ ÎÂce 

io Ä^ifÄ^produce cmnpletely 

filled, defect free forged panels. 

8. Restriking of underfilled forgings is notgenerally r««men?ed u„. 

an etching operation has been performed so tne lorging j. 

rlesr^the ribcavttiee in the die nd the superficial step at 
S' U£u£ «.Hhe etched rib and the newly extruded rib surface 
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BACKGROUND 

ht tttt 
Standard draft anglea and wab thlcknaaaaa rfluired by currantly 
uaad handbook data would indicat« that forging of structurally 
officiant intogrally atiffanad akin panala ia i^racticabla. 
Thaaa atandarda, howarar, apply apacifically to hanrear forging 
praotioa. Infonaation oontainad in mmeroua raporta and in 
taehnlcal litaratura on praaa forging of conventional parta haa 
littla or no application to forging of integrally atiffanad parta. 

Since 1945 the Lockhaad Aircraft Corporation haa boon actively 
engaged in the development and production of integrally atiffanad 
atructurea. Such atructurea incorporate the aurfaoe sheet and 
the required intexnMil stiffeners into a one-piece unit. These 
panels nay be produced by machining from plate» extruding, or 
presa forging. Current modele being produced at I*>ckheed utilise 
machined and extruded integrally stiffened panels. 

The excessive aise of some integrally stiffened panela used on 
current Lockheed models makes it imperative that they be machined 
from plate stock on equipment specifically designed for this kind 
of production. Currently available extruded Integrally stiffened 
sheet is limited in width by the capacity of the extruding presses 
and Is limited to parallel stiffeners. 

Previous Research 

In 1946 a preliminary investigation determined that it was possible 
to press forge a structurally efficient integrally stiffened section 
of selected configuration. Based on these preliminary test results, 
a research program for forging integrally stiffened panels was com- 

^ pleted in 1950 under Air Force Contract V33-039-AC 22032. Results 
of this program (1)* established the feasibility of press forging 
parallel-ribbed, structurally efficient, integrally stiffened panels 
from high strength light weight metal alloys. 

*Numbers in parenthesis refer to references listed in the bibliography. 
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Current Program 

Th# next logical step in the development of forged integrally 
stiffened etructuree was the production of panela with stiffener 
elements in two directiona forming a waffle-type pattern. Inter¬ 
secting atiffeners presented additional forging problema of metal 
flow not encountered in parallel stiffener design. The nature of 
metal flow at stiffener intersections was not known, particularly 
with regard to what stiffener heights could be obtained and what 
forging defects would develop. The most serious defect normally 
occurring when forging Integrally stiffened panels from relatively 
thin blanks had been a lap-type defect commonly referred to as 
•suck-in". ,ferioue blocker die configurations to provide necessary 
material in the area of the atiffeners were used to eliminate 
"suck-in". 

Forging Tool Pealan 

Die design, suitable for low draft angle waffle-type forgings, 
presented eeveral problems. An economically efficient part 
ejection system had to be developed and an adequate heating aethod 
had to be designed which would maintain the required temperature 
of the forging dies. Alternate insert designs were considered. 
Blocker die studies were conducted to Insure complete filling of 
the finish die. The siie of the final forged part was limited by 
the 18,000 ton maximum prese sise available when this program was 
initiated. 



rORGIWO DEVELOPMENT PROGRAM 

In 1952 Lookh««d Aircraft Corporation entered into Contract No. AP 33(600) 
-22372 with the Air Materiel Comand to develop a forging technique for 
the production of waffle-type integrally etiffened akin panela. Although 
Considerable prior work to develop techniques for producing oloee toler¬ 
ance light alloy forginga had been conducted, nary forging problems 
relative to the production of thin akin Integrally etiffened surface 
structures remained to be answered. This develepnent program provided 
answers to many of these problems. 

foflneerlng Oaalgn. Analysis, and Testingt 

(a) A survey was made of existing air frame designs for possible 

application of the waffle grid type integrally stiffened 

panel. 

(b) A suitable part was selected for development that could be 

produced, using existing forging facilities. 

(c) Complete engineering date was prepared relative to the part 

selected, Includingt 

(1) stress analysis of the selected part, 

(2) weight analysis, comparing current design with the 

one and two-piece forged designs. 

(3) analysis and selection of the most suitable material, 

either aluminum or magnesium alloy. 

(4) adequate structural tests of simulated elements to 
prove the structural integrity of the proposed design. 

Forging Technique Development : 

(a) Design and construction of necessary forging tools. 

(b) Development of ejector mechanisms for part removal. 

(c) Development of forging techniques, including evaluation 

of the "auck-in" problem, blocker studies and study of 

the effect of press and die deflections. 

(,J) Study of methods of die design to insure complete 

filling around the outer edges of the panel. 

(e) A sufficient number of test forgings were produced 
to evaluate the forging characteristics, metallurgical 

and mechanical properties of \he forged panels. 
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ENSINEFRING DESIGN. ANALYSIS. -AMD TESTING, 

1* SurvT of Bbcletlng Air TrtM Peal£Bgi 

A total of 14 possible applications were considered under this survey* 
Four parts on the Mbdel C-121, two parte on the F-94C, one part on the 
T-33 and seven parts on the YC-130 airplanes were considered. 
Consideration was given to the poteptiol future production of the 
aircraft, Máximum size of the panel under consideration, possible 
weight savings and the type of loading to which the panel would be 
subjected* A summary of the parts considered in this survey la 
contained in Table I. 

The tank pylon side panel for the YC-130 airplane was selected for 
development under this contract for the following reasons! 

(a) Present built-up structure was required to carry relatively 
high sheir loads* 

(b) Panel was a surface structure, readily accessible fro« the 
outside of the aircraft for inspection and service. 

(c) Although the total plan area of the side panel required a 
press considerably larger than that available for .this 
research, it was found that the forging size could be re¬ 
duced by designing a symmetrical, common forging that 
could be used to make fore and aft sections of one complete 
side panel, 

(d) Data obtained under this development program would provide 
necessary information for the design of a one-piece forged 
panel producible on one of the presses built under the 
Air Force Heavy Press Program. 

2. foglncering Datut 

(a) forging Design! The largest forging presses available at 
the initiation of this program were! one 16,500 ton press 
located at the Air Force facilities pilot plant, Adrian, 
Michiganj a 16,500 ton press located at the Alcoa Cleveland 
Works; and an 18,000 ton press in operation at Wyman-Gordon 
Company in North Grafton, Massachusetts. 

The YC-130 tank pylon side panel has a projected plan area 
of approximately 1380 square inches. Available information 

4 
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on forging pr«*mre requirements indicated that the largest 
panel that could be forged on exiating facilities vas about 
700 square inches. The engineering ¡study indicated that 
the tank pylon could be split into two parts thus reducing 
the plan area of each half to approximately 710 square inches. 
By the use of temperatures in the range of 800oF, it was felt 
that a forging of this slae could be produced on the 18,000 
ton Mssta press at the Wjrraan-Gordon Company* 

One common forging was designed so that a fore and aft panel 
could be made by relatively simple machine operations. Thus, 
two forgings would be required for each complete side panel. 
Itachlned part drawings for the fore and aft panels were pre¬ 
pared. Figures 1, 2, and 3 show the existing structure, 
the proposed iorged structure and the location of the com¬ 
pleted panel on the aircraft. 

(b) Stress Analysis: A complete stress analysis was prepared 
substantiating the use of a 45° waffle grid type shear panel 
for the YC-130 tank pylon. The analysis (Appendix I) 
consisted of a check on the general instability of the panel, 

\ buckling of the webs, compression in the ribs, and critical 
attachments• 

(c) Weight Analysis» Due to the limited press forging capacity 
available for this work and the resultant two-piece design, 
the required Joint imposed a small weight penalty on the 
forged panel. The design of any production panel would be 
based on the use of the proposed Air Force heavy presses, 
permitting the use of a one-piece panel eliminating the 
necessity of a center Joint. It was therefore decided to 
prepare the weight analysis (Appendix II) by comparing the 
present built-up structure with the proposed two-piece design 
and the probable one-piece production design. The weight 
saving for the two-piece forged panel was calculated to be 
2.8 pounds per airplane. The saving for the one-piece 
forged panel was 10.4 pounds per airplane, using four panels 
per airplane. 

(d) Structural Test! Very little information was available that 
could be used in the analysis of this type of structure. A 
study was undertaken to establish design parameters for a 
waffle grid structure. Based on this analysis, a panel was 
designed for the structural test. One panel was machined 
from 7075-T6 aluminum alloy plate and subject to extensive 
testa. Upon completion of these tests, a second panel with 
modified stiffener height was machined from 7075-T6 aluminum 
alloy plate and subjected to the same exteneive tests. The 
results of the study (Appendix III) to establish design 
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parameters and the results of structural tests of two 
machined panel sections shovedt 

(1) That panels stiffened ty an integral waffle grid 
can be used very efficiently as compression and 

shear panels. 

(2) Excellent correlations were obtained between 
measured and calculated critical shear flows and 
stress distribution between ribs and webs of the 
tested panels. 
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FOROIWG d: lOFMENT 

InltlAl Forging Raawcb InveitlgatioM 

In order to investigate specific forging characteristice in 
connection with the forged panel operation» at the Vjman- 
Oordon Company, email else 7075 aluminum alloy and 5052 magnesium 
alloy specimens were forged at the Lockheed Ehgineerine Research 
Laboratories on a 300 ton hydraulic press. These spec jsens were 
of two types) one type for part extraction tests and a second 
type for tests other than part extraction# 

A eyanotrlcal three-inch square specimen with a box-shaped rib 
configuration, 1.50 inches between centers, was used on part 
extraction tests. Except for the half-scale rib spacing these 
specimens were the same sise as a comparable section of the 
full forging. The forging tool was made up of a nine-piece 
tool steel die insert, a 4340 steel die holder, and a tool 
steel punch. Alternate extraction mechanisms were incorporated 
in the punch and center die insert. Appendix IV show details 
of specimens and tools. 

A symmetrical 3.125 inch square specimen with a cross-shaped 
rib configuration was used on tests other than part extraction. 
These specimens were the same size as a comparable section of 
the full forging. The forging tool was made up of a four- 
piece tool steel die insert assembled 1r a two-piece tool 
steel container which, in turn, was held in a steel plate outer 
retainer ring. Figures 5» 6, and 7, show details of these 
specimens and tools. 

So as to simulate, as closely as possible, the me'l/al flow that 
would occur in the full forged panel, the dies for both specimen 
types were designed to confine the test forging on all sides to 
prevent lateral metal escape. The dies were heated electrically 
to 8003F. Flat forging blanks, machined approximately 0.010 
inches smaller than the die cavity, were lubricated on all 
surfaces with colloidal graphite and preheated in closed dies 
under low pressure. After completion of the press stroke, the 
die was disassembled and the forged test section removed. 
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A forgtd pmml r»pr»«f«istlng «pproziatitly oM-third of tho 
aro* of tho full-olM part to bo forgod vm dMlgnod «ad 
prodnood at tha yjaao-Oordon Coapanj, tha forging auboon- 
traotor, aa a anana of antabliahlng taohnlqqaa for prodoolng 
aatlnfaotorj forging« of tha antira part* A drawing of thia 
forgad panai ia praaantad in figura 4« Thia program of dia 
daralopaant, forging txjvitê, and tha raaulta of thaaa 
toata ara tha aajor oonoaiat of thia raport. 

Thaaa panala vara forgad fToa 7079 aluminum alloy on tool« 
daalgnad and eonatruetad by tha ^jman-Oordon Company« 
Forging praaauraa vara prorldad by a hydraulic forging 
praaa oparating at two praaaura atagaa» 7700 tona and 4400 
tona« Thaaa praaauraa prorad to ba adaquata for tha plannad 
forging program« 
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Figure 5. Electrically Heated Tools for 
Initial Forging Pesearch - Upper 

Punch and Lower Die. 

Figure 6. Segmented Lower Pie for Initial 
Forging Research - Inserts, Split 

Ring and detainer Ping. 
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' ; '/«on 

Figure 7. Snail Size Specimen and Die Inserts 
for Initial Forging Research - 
Assembled and Disassembled Views. 
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DESIGN AND CONSTRUCTION OF FORGING TOOLS 

Dla HttgrUlg 

1. Th« di» Insert« were sede from annealed Potoaae *M" tool 
•tosl, heat treatad to a hardnasa of Rockwall C45-49. 

2, The hold down bars, wedge«, knockout pins, and keys were 
nada fron 4340 steel. . 

The upper die wa« Heppenstall special analysis A double 

teaper steel. 

4. The hardplate and bottom die holder w*e lomealed EIS-T-721 

Thernoneal. 

Die Insert 

Two insert systems were considered in the design of the lower die. 
The first systea was a serie« of one-piece strip inserts with 
slots cut across for rib cawities. The second system, the one 
adopted, was a multiple-piece die insert, one piece for each 
forging recess. The multiple-piece insert was selected on the 
basis of ease of machining and polishing, rapid replacement of 
damaged pieces, end quicker cleanup of effects of sticking 
during the break-in period. A small scale representation of the 
insert segmentation is shown in Figure 8. 

The insert pieces which were square, rectangular, or wedge-shaped 
were held in place through a stepped locking system and through 
bolts attaching alternate overlapping pieces directly to the 
hardplate. Figure 11 illustrates the method of looking insert 
pieces in place. A wedge system on two sides clamping against a 
shoulder on opposite sides restrained the Insert piooes from 
shifting laterally. The clamping action of this wedge system is 
shown in Figures 8, 9, and 10, 

Waffle Pattern 

The waffle pattern of the full-si*e forged part was incorporated 
in the forged panel dies. Zero-degree straight-sided rib cavities 
provided a rib depth of 1.50 inches and a rib thickness of 0.12 
inches with .03 inch fillet redil. 
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Forging 0111106-- y 

FIGURE 8. BOTTOM DIE INSERT SEGMENTS AND CLAMPING ACTION 
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Typical Bib i aiity EJectlpn Fin 
Retracted— 

:> Ejection F ip 
-BarUftlly Extended 

w \\\\'\ 
V Locking iBMrt Pltc>\ 

Vv Xx XX. 

Figure 11. - Section Through Bottom Cle Showing Insert Locking 

Ejection System 
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Piwitt» forg«d pftiwl rttMToh profraas obatrrad an InaoaplaU 
fillip of tha dia around tha outar adfaa of tha panal dua to a 
praaaura drop oanaad by unraatriotad setal ••capa. This problaa 
VM aliainatad in tha praaant prograa by proTidlng a eloaad dia 
to raatriot aatal aaoapa at tha adgaa. Tha oloaad dia conatruo- 
tion ia ahovn in Piguraa 9 and 10. 

Dia Haatina 

Prior to a forging run U\a diaa vara prahaatad to 700° F in a 
ftarnaea. In ordar to radvioa haat transfar to tha praaa» a 
shaat of tranaita wan placad undar tha botto* of tha dia* 
Extarior atrip haatara vara attaohad to tha adga of tha dia 
holdar. Thia nathod of taating probidad a temperatura of about 
1000O F at tha haatar attaohmanta. Ho varar, thia preduead a 
haat barrier only and did not replace haat loet at tha dia 
lapraaeion* It vaa nacaaaary to add haat periodically through 
tha uae of a gaa ring* Thia coabination of two heat aourcaa 
also prorad to be unaatiafaotory. Tha external electrical dia 
haatara are ahovn in Figura» 12 and 13* 

Ejection Syatan 

Tha aero-degree draft angle on tha rib carity »idea nacaaaitatad 
an ejection ayate» in ordar to extract the forged panel fron tha 
bottoa die. Tha ejection ayatan incorporated in tha bottom dia 
aaaedbly constatad nalnly of conrentlonal round knockout pina 
cantered in alternate insert placea so located that a pin vaa 
adjacent to one aide of each rib in the vaffle pattern. Tan 
additional knockout pina vera spaced around tha adga of the dia 
impresaion. Tha knockout pina vara lifted by tapered vedges 
actuated horisontally by a aide hydraulic cylinder* A general 
riev of tha knockout pin locations la ahovn in Figure 9* 

A discussion of tha development of the ejection system vlll be 
given in a follovlng section of this report* 
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DBYELQPMElfT OF EJBCTIOW HECHAHISM 

Rgguirgiwntg 

Th« «J«otloB «7«t«a to b« «aployod in th« r««0T«l of th« ««ro- 
d«(r«« draft angl« fjrg«d panol« fron th« botton di« had to 
•oonoMloallj «J«et fini«b«d forgiof« without di«tortlon or 
fraotur«. Thi« r«quir«Mnt noant that «nouch pra««ur« would 
har« to b« dlatributod ow«r «uffioiant ara» to pr«T«nt danaf« 
to th« pan«l on «Jootlon without b«lnf too oonplox or ooatlj« 
In addition th« «pat«« would har« to b« «truotarallj «ound 
urd«r forging proaaura«. 

Ii«otion M«chani»n« Con«ld«r«d 

Sir typ«« of «Jootion noohanion« war« conaid«r«d a« follow«« 

1. Morabl« c«nt«r di« in««rt# 
2* Conventional round knockout pin. 
3. Round knockout pin with drafted »quare ejector cap. 
4. Edg«*lifting plata. 
5. Dovetail lifting-lug in upp«r di«. 
6. Round lifting-lug in tipper di«. 

R«««arch Inveetigatlon« 

On« of th« Lockheed Metallurgical Roeoarch investigation>, 
Appendix IV), using small sis« 7075 aluminum alloy specimen« 
was concerned with testing several methods of ejection. The 
results of this investigation recoamended the use of maximum 
diameter round knockout pins in combination with round lifting 
lugs forged onto the skin surface of the panel. 

Round knockout pins were incorporated in the forged panel die» 
since their use was adaptable to more types of design than the 
lifting lugs. The knockout-pin ejection system va« evaluated 
using a flat upper die, with the alternate choice of machining 
lifting It«8 into upper die if the pins should fall to 
perform properly. The knockout pins performed eati«factorily 
in most respects and were employed in the forged panel tools 
throughout the test run«. Detail« of the ejection «ystem are 
shown in figures 9» U» 12, 14» and 15« 

24 



5/S" PU..Bigt-5J«Ç^on pin- 

V- Wuli-iplÇ-i’ie0® In£?®rjt 

Figure U. - Ejection Fin Syetero 
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Difficultly EncountTtd 

The knookout-pln cjcctloa ayatcu dwlgn did not function without 
certain diffleultiee. Ae the flret few plecee were forged, in- 
creaelng difficulty wee encountered with the pine etleklag In the 
extended position* Excessive force was required to return the 
pins to retracted position* The dies were then disasseabled to 
correct this problea* The ejector pins bvJ been upset and the 
hardplate had taken a c'repressire pereanent set where the pins 
were seated on the hardplate* This was apparently due to in¬ 
sufficient bearing area at this point to withstand the forging 
pressure load carried by the pins* The difficulties in aal- 
funetlon of the knockout-pins could, in part, be attributed to 
the lack of any positive retraction Mechanise outside of the 
weight of the pins* 

The upset on the pins^ .015 inch on a 2 inch diaaeter, was ground 
off and undercut another *015 inch* The permanent set on the 
hardplate, *005 inch depressions, was removed by grinding .006 
Inch fron the hardplate thickness. The ejection pins for the 
final forging run were nade from "Thennold J" alloy (Cyclops 
Steel Corporation) in order to resist the forging temperatures 
and pressures* 
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nodwr Pit DfUa 

Dm of • bXooktr 41t to lothor mUl In pooltloao m rof«iro4 U 
tho fialoh dio vos found to bo noooootfy« Tooto profod that ^ato 
■took prooood dlrootlgr in tho flnioh dio nonld not prodioo a filiad 
part nalooo tho plato vao 1/4 thick or creator, fharo mn 
aloo indloationo that tho voo of plato otook alnopo introdnood 
dofboto at rib Junotiono. 

Tbo noo of aa intorroainf plato» iaoorporatiac tho upper mrtfm 
of tho bleaker oonflfurotion end tho bottoa flnioh dio in ■■Atm 
tien» to fbrgo a blookod piooo. oao ooaoidorod ao a Man* of 
oii^ilfyinff tho blooking oporatioao* lovovor. booaaoo of tho 
laportanoo of propor and preoloo tolunotrio ilffritetlta of 
mtorial in tho blookod piooo prior to flnioh operation» it voo 
dooldod to provido a ooparato oot of blooklnf toolo In plaee of 
tho laterveninf plato toohniquo. 

Tho blookor vao dooicnod with a oaall flaoh gutter around tho 
ooatour of tho part,ao ahovn in figuro 16» and vith dloo olooing 
faoo to faoe with no plug oatonoion olailar to tho oxtonoloa in 
tho fialoh toolo. Tho blookor dloo enpiajpd two tppoo of rib^ 
and web configuration oo that tho boot dooiga oould bo dotorained 
after tho flnioh operation on tho prelininaxy forgingo. 

Tho blookor iaproaolon wao booed on tho voluao required by the 
finished forging with tho web thiokaeoo added. The niniaan web 
thiokaooo of tho finished part waa a funotioa of tho niniaua 
pnduood in tho blookor. Tho blookor toolo wore designed to 
produoo .060 inch niniaun web thioknooo and a 0.300 Inch wêxlmm 
thloknooo. 

foraiaa Dofboto 

Tho wot ooriouo dofoot oaoountorod in tho forgino oporatloM was 
a lap-typo dofoot» oowonly known ao •ouok-in*. iiothor dofoot 
routed to "auok-ln" and roforrod to ao «aarkiag« w* wporftoiai ^ 
and not oonoldorod ooriouo fron a structural standpoint, ttokiag" 
ooourrod on tho forged panel surface oppoolto to tho rib locations 
resulting fron tho notai flow into tho ribo fron th a wob on butà 
•idos under forging pressures. 
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B®*d Gathered 
For Waffle Ribs 

Bottom Die 

-Rib Centerline 

Intersections 

Too Die - Flat 

Flash Gutter 

Figure 16. - Edge Section Through Blocked Piece. 
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Aa th« trab of tha flnlahad panal vaa forgad tfalnnar, «auck-ln" 4 
ooourrad on tha panal aurfaoa oppoalta tha riba* "Suck-in" vaa 
an opan braak In tha aurfaoa of aufflclant dapth to eauaa aarloua 
atruotural vaaknaaa* In axtraaM oaaaa thia "auck-in* affaet 
raaultad In an apparant buckling of tha panal aurfaoa Into tha 
rib oaTitj. Bloekad parta laaa than 0.30 inch thick raaultad in 
"auck-in" and incompleta rib height on the finiahed forging* 

A third forging defect, referred to aa "peel-down" occurred 
whan panala were re-run in the finish die in an attempt to inoraaaa 
the rib height* Since thia operation vaa unauoceaeful, this defect 
vas not of serious consequence. The metal vaa peeled off tha riba 
and collected at tha vab fillet causing a lap-type defect. 

Lockheed Research teats on small sisa specimens (2) indicate soma 
limitations to be Imposed on forging operations to reduce the above 
mentioned defects to a minimum. These teats, made on single 
operation parts, shoved that a forgad skin thickness 0.250 inch 
or greater would be sufficiently free from defects for an airframe 
akin. Thinner akin thicknesses should be machined from .250 inch 
minimum thickness to avoid defects. Figure 17 shows the relation¬ 
ship between blank thickness, minimum stiffener height and 
occurrence of defects as determined by the above tests. Figures 
23, 24, and 25 show micrographs of sections cut through typical 
defects in the small else specimens. 

Stiffener Height and Thickness 

Forging tests (2) (3) on small sise 7075 aluminum alloy and 5052 
magnesium alloy specimens vera performed at Lockheed Engineering 
Research Laboratories for the purpose of establishing relationships 
between stiffener dimensions and forging temperaturas, forging 
pressures, dwell time, blank thickness, and occurrence of defects. 

T*" ilaqa atlxfener height vaa determined for numerous magnitudes of 
the above variables. Figuree 18, 19, 20, and 21 present plotted 
values for the above relationships. Tha minimal stiffener height 
was not measured at tha edge of the section due to some loss of 
height generally occurring as a result of die friction* Forged 
panel operations at the Wyman-Oordon Company brought out tha 
Importance of proper blocker operations in obtaining füll stiffener 
heights in the finish dies* On practically all blocked pieces 
where tha blocked beads were not fully formed, tha corresponding 
stiffeners did not reach full height on tha finish dies* Figure 22 
shows a typical small site specimen and macrographs of sections 
resulting from tha above mentioned forging tests. 
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iiTni, Thlckneee, end Lubrication Conetant. 
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Indicate«: 

Figure 19. The Relationship between Dwell Tine and Rib Height for 25§L 
Alunlnun Alloy with Tenperature, Pressure, Blank Thickness 

and Lubrication Constant. 
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Figure 20. The Relationship between Forging Pressure and Minimum Rib 
Height for Aluminum and ¿2S Magnesium Alloy Test Parts 

with Temperature, Dwell Time, Blank Thickness, and 

Lubrication Constant. 
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BLAIiK THICKNESS - Inches 

Figure 21. The Relationship between Rib Height and Original Blank Thickness for 

75S Aluminum Alloy with Temperature, Pressure, Dwell Tlae, and Lub¬ 
rication Constant. 
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H',-/. • 

ink Thick: 0. 37b in. 
in Thick: 0.232 in. 
n. Rib Height! 1.350 in. 
facts- Microlap 

r or nng Temp; 800®F. 
Fmrglnr» Pressure; 30, 
Dwell Time; 180 seconds 

6 tons per sq. in. 

Figur« 22. 75S Aluminum Alloy Waffle Forging 
Small Size Specimen No. 74 
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Figure 23. Micrograph Illustrating Fectional Aspects of Skin 
Surface Koughness in Area Exhibiting "Marking" 

Opposite Stiffeners. 200X 

Figure 24. Micrograph Illustrating Sectional Aspects of Skin 
Surface Roughness and Small Forging Discontinuity 

of the "Suck-in" Type in Area Exhibiting "Marking" 

Opposite Stiffener. 200X 

37 



Figure 25. Micrograph Illustrating Sectional 
Aspects of Skin Surface Roughness 

and Moderately Deep Forging Dis¬ 

continuity of the "Suck-in" Type 
in Area Exhibiting "Marking" Opposite 

Stiffener Centerline. - 200X 
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StiffeMr thickness had a direct effect on the height to which a 
rib could be raised fro« a flat blank when other variables re- 
■alned constant* The occurrence of defects, such as "buoklliy" 
and "suck-ln" as shown In the above noted forging tests, (3), 
signified a Halting factor in the production of single operation 
forgings having tall stiffeners and relatively thin skins* The 
"buckling" type defects occurred when the stiffener thickness to 
forging blank thickness ratio became large (more than 1*0, 
approximately)* The tests indicated thin blanks require higher 
pressure than thick blanks to produce ribs of similar proportions* 
Also, thin ribs required more pressure than thick ribs to produce 
stiffeners of the same height from blanks of the same thickness* 
With a given rib thickness, a thicker blank results in a decreased 
frequency of occurrence of defects* 

Forging Temperature 

An optimum forging temperature range determined for the forged 
panel operations at the Wyman-Gcrdon Company tras 730° F to 800° F. 
Below 730° F the rib development vae Incomplete* Above 800° F 
the knockout pins In the ejection system caused excessive warpage 
in extracting a forged panel with 0*350 inch web thickness* 

Results of tests (4) conducted by the Lockheed Engineering Research 
Laboratories agreed fairly veil with the above tenperature limits 
as far as effects on forming of the forged panels are concerned* 
Forging operations performed at temperatures under 850° F resulted 
in no significant surface or metallurgical defects. Defects of the 
"hot tear" type accompanied by evidence of intergranular melting 
were found in stiffener tips of parts forged at 900° F and 930° F* 
Accelerated corrosion tests on these specimens produced inter¬ 
granular attack in areas previously shown to be damaged by over¬ 
heating* Specimens forged at 859° F exhibited greatly increased 
stiffener height compared with parts forged at 800° F* 

Lubricant 

The lubricant used in forming the forged panels at the Vyman-Gordon 
Company was Kerns Forging Compound, Number 4247* 
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Horizontal Fillet Radii 

Small size specimens with increasing horizontal fillet radii, from 
.030 to O.375 Inch, were forged from 7075 aluminum alloy blanks 
varying from 0.200 to 1.00 inch in thickness at the Lockheed Engineer¬ 
ing Research Laboratories (Appendix V). The scope of this re¬ 

search did not permit the detensination of exact limits of maximum 
obtainable stiffener heights for sound parts forged from various 

blank thicknesses with various horizontal fillet radii. However, 

it did indicate that slight improvement in forging characteristics 

accompanied increased fillet radii within the range investigated. 

The results of these tests are plotted and compared with previously 

obtained values (Figure 17) for .030 inch fillet radii in Figure 
1 of Appendix V. Photomicrographs illustrating grain flow structure 

and defects in the small size specimens are shown in Figures 11 

thru l6 of Appendix V. 

Flow Across Rib Cavities 

Forging tests (/'ppendix V) on small size 7075 aluminum alloy speci¬ 

mens were performed at Lockheed Engineering Research Laboratories 

in order to determine the possibility of shear failure at the rib 

base due to lateral flow of metal across the rib cavity. Undersize 

blanks were forged so as to result in a flow of metal across the 

rib cavity as well as into the rib cavity. No defects due to 

lateral flow occurred in any of specimens forged from undersize 

blanks. This lack of defects was explained as being due to the 

metal not filling the narrow rib cavity until the blank had ex¬ 

panded to its full width. Final stages of the forging stroke ap¬ 

peared to have produced flow conditions similar to those for full 

sized blanks of the same volume. It was reasoned that shear dis¬ 

continuities will only occur across the base of stiffeners when 

the lateral and vertical openings are proportioned to permit simul¬ 

taneous forging flow in both directions. 

Restriking Incomplete Parts 

Attests to restrike underfilled forgings in the finish dies at 

the Wyman-Gordon Company proved this operation to be impractical. 

The first restrikes resulted in a "peel down" accumulating metal in 

the fillet radius at the base of the ribs as shown in Figure 35» 
In order to avoid 'peel down" in subsequent restrikes the tops of 

the ribs were all ground off to a constant height and .005 inch 
thickness was removed from the rib sides by a 7^ caustic soda solu¬ 

tion etch. This method proved unsatisfactory because, although the 

ribs developed full height, the etched thickness did not upset to 

full size. The ribs were full thickness only where they were 

newly extruded from the web. 
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PAWEL TOPPING TESIS 

TM« d«T«lop»nt pro grui vm originally concoiTod with th* objjct 
of d*t*ralning th* forging t*chniqu** r«inir*d to *o1t* th* mUl 
flow probloa* *ncount*r*d in th* production of forg*d thin win» 
w*ffl*-typ* ribb*d panol*. Th* inportanc* of prop*r mUl dis¬ 
tribution wa* r*oognls*d and conaidwatlon we* originally giw*n 
to th* us* of an lnt*rr*ning blockor plat* in conjunction witfe 
th* finish forging di**. Th* us* of th* int*rw*nlng plat* was 
considered in order to r*duc* th* co*t of th* blocking operations. 
However, as previously stated, It was decided that separat* 
blocker di*s would prove to be nor* efficient in producing good 
finished forgings. 

The panel forging tests were performed on a 7700 ton press 
at the Vymarv-Gordon Company, with forging pressures of U00 tons 
and 7700 tons. A general view of the forging tools in position 
on the press is shown in Figure 13. External electrical strip 
heating units were installed on the sides of the bottom die 
holder and a sheet of transite was placed under the bottom of th* 
die. The knockout pin ejector system was actuated through tapered 
wedges connected to a horisontal hydraulic cylinder as shown in 

Figure 12. 

Initial Forging Tryouts. 

Ten of the twelve forging blanks for the initial forging tryouts 
were blocked to web thicknesses of 0.33 to 0.49 inch prior to the 
finish forging operations. Th* remaining two blanks, made of 0.75 
inch thick plate stock profiled to fit the finish die cavity, were 
not blocked so as to determine the possibility of eliminating th* 
blocking operation. Several of the blocked pieces were underfilled 
in various area, the poorest being used as initial trial pieces to 
condition the new finish dies. 

The finish dies were heated to 700° F prior to forging operations. 
However, the external strip heaters were inadequate, allowing th* 
die temperature to drop to 620° F when the first run was stopped 
after forging four pieces under a pressure of 4400 tons. During 
the first run part extraction was readily accomplished but Increasing 
difficulties were encountered in retracting the ejection knockout pins. 
Dry graphite was applied to the knockout pins to facilitate retraction. 
A suanary of these initial tryout* is shown on Table II. 
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Modification» Prior To Second Tryout» 

Aa a raatdt of tha axperianca and difficultiaa ancountarad in tha 
Initial forging tryouta t tha tooling vaa diaaaaaatolad* Dlaaaaaably 
iraní ad upaet on tha a J action pina and coapraaaiTa pa manant aat 
on tha hard plataf whara tha pina vara baarlng on tha plata» dun 
to forging temperaturea and praaauraa» Tha pins and hardplata 
vara ravorkad, aa praTioualy notad» to ramova tha daaaga» 

Tha ajactor ayaten» vaa aleo reworked to provide greater atroka 
to facilitate removal of pieces from tha die. Tha method of 
coupling tha ejector ayatam to tha aide cylinder vaa aiaplifltd 
to permit a mora rapid aaaambly in order to decrease tha die 
installation tima and reduce the resultant heat loaaaa which 
occurred whan transferring the dies from tha furnace to tha press• 

Tha plan form of tha blank was enlarged to reduce the lateral 
flow of metal that was occurring in tha finish dies. 

Thermocouplee ware installed at the deepest part of tha inpraasion 
on tha lower side of the ho id plate and in a lift pin hole approx¬ 
imately ten inchec from the punch plug* A ges -ing heater waa 
decided upon as a merino of periodically supplementing tha in¬ 
adequate external electric strip heaters so as to maintain a die 

temperature above 700° F* 

Second Forg*ng Tryouts 

Twenty-one ^ .nks prepared for the second forging tryouta were 

of three types: 

(a) Ten blanks were in the "as blocked* condition with 
web thicknesses from 0.26 to .32 inch. 

(b) Eight defect-free blocked parts were machined to web 
thicknesses of .050 to 0.225 inch so as to evaluate 
the effect of web thickness on the occurrence of 

defects. 

(o) Three blanks were machined from plate stock to evaluate 
the effects of blocker configuration on forgeability. 
Two of these plates were sculptured to provide an approx¬ 
imate distribution of material over the panel area. The 
remaining blunk was only profiled to fit the die cavity 
and was of a constant 0.76 inch thickness. 
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Thickness nessurenente indicated in (s) and (b) abore were 

taken at locations indicated in Figure 26 and are Hated in 
Table III. 

After forging the fourth panel in this series of tests, difficulty 

vas again encountered in retraction of the large knockout pias. 

After forging each succeeding panel the pins had to be forced 

down into position by placing an alualnun blank on the pins and 

forcing then down with the weight of the press head. Eight 

blocked blanks, (a) above, and two blanks «chined fro» plate 

stock, (o) above, were forged during this series of tests before 

the run was stopped because of the above difficulties with the 

ejection system. 

The use of the gas ring heater to supplement the external electric 

strip heaters did not maintain temperatures above 700° F as 

expected. Although the gas burner, placed directly over the 

inserts, would raise the insert temperature it could not be main¬ 

tained for ary reasonable period of time. 

All panels produced from sound blocked blanks showed various 

degrees of unierfill at the tops of the ribs. There was no con¬ 
sistency or pattern in the location of this underfilled condition. 

Piece No 6, shown in Figure 27, forged from a block blank, 

illustrates a typical panel with 0.35 inch mínimum web thickness 

and with underfill, up to 3/8 inch, on approximately 50* of the 

interior rib edges. 

Both panels forged from plate stock without a blocking operation 

showed indications of "suck-in" in the vertical fillet radii at 

rib intersections, and an underfilled condition in the area of 

the tapered web and ribs. Both of these conditions can be 

attributed to the severe flow of excess metal from the center 

of the panel to the edges which must occur when the relatively 
thin center web has not been previously blocked to proper thickness. 

This condition would be improved by allowing the ribs to form to 
unrestricted height and thereby providing for disposal of excess 

web material. The excess rib height could be removed by a simple 

machining operation after forging. 

One panel, piece No. 291 shown in Figure 28, forged from the 0.76 

inch thick plate stock showed somewhat better filling over the 

entire panel than the second panel, piece No. 281 shown in 

Figure 29, forged from 0.50 inch plate stock. The extremely high 

forging pressures that were developed can be detected by the 

presence of heavy flash at the tips of the ribs in the center of 

piece 281, Figure 29. 

The importance of maintaining adecúate die temperature is shown by 

pieces No. 201 and No. 241 in Figures 30 and 31. Dimensionally 
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Figur« 26. Location of W«b Thlckn««« M«amir«»antB (R«f. Table HI) 
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Piece Number 

l6l 

15 

2hl 

221 

6 .35 

Piece Humber Web 

251 -33 

231 *35 

201 -33 

271 -32 

211 .3^ 

"A3 BLOCKED" - DEFECT FREE 

Web 

•3^ to .36 

.33 to .3^ 

•33 to .35 

.35 

defect free blockers machined to dutekemt web thicknesses 

Piece Number 

171 

18I 

5 

11 

12 

I9I 

2 

1 

Location 

1_ 

.724 

.729 

. 685 

.685 

.65b 

• 593 

.439 

.443 

.396 

. 4o8 

.403 

.333 

.440 

.440 

• 397 

.407 

.400 

.325 

5 

.442 

.446 

.396 

.412 

.407 

.317 

.6 

.225 

.230 

.180 

.210 

.200 

.110 

_7 

.225 

.230 

.180 

.210 

.200 

.110 

2 3 4 

.440 

.444 

.384 

.406 

.407 

.338 

.526 .248 .268 .271 -255 

•533 *259 .258 .254 .258 

.055 .060 

.050 .050 

HANKS PROFILED FROM PLATE STOCK TO FIT FINISH DIES 
WEB THICKNESS MACHINED TO THICKNESSES LOCATIONS 

SHOWN IN FIGURE jsL 

Piece Number 

261 

281 

29I 

Location 

1234567 

.721 .524 .510 .526 .492 .5.5 .515 

.739 .518 .499 .511 .521 .515 .515 

.760 Conctant 

Table III Web Thickness Data - Second Tryouts 
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Figure 27 
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Figure 28 
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Figur« 31 
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.51 

Piece Ho. 201 
Teap* Bottoa I 
F roa Blocker 
kkOO Tone 
60 Sec. Well 

* Indicates Forging Defect (suck-in) 

Pifare 32* Effect of Die Temperature on Underfill on Placee #201 and #241. 
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theet two blocked panels were Identical except for a difference 

of tip to «020 inch In web thickness« Figure 32 Illustrates a 

ooaparlson of the web thickness and rib underfill on these two 

panels« Piece Fo. 201, Figure 30, forged at 685° F shows 

decidedly less filling and also indication of *euck-in" defects« 

Details of the forging conditions for the panels produced during 

the second forging tryouts are sunmarised in Table TV. 

Modifications Prior to Final Tryouts 

A review of the problems encountered during the second trials 

indicated that modification of the blocker and finish dies 

would be required. The blocker die was reworked to adjust the 

distribution of metal as indicated by the results of the second 
forging tryouts. 

The difficulties encountered in retraction of the ejection 

knockout pins, as a result of plastic flow under the high 

temperatures and high presnures of the Urging operations, in¬ 

dicated redesign of the pine. The knockout pins were replaced 

with new pins made from "Thermold J" alloy obtained from the 

Cyclops Steel Corporation. The use of this high-strength hot- 

work tool steel reduced the retiaotion difficulties encountered 
in previous tryoute. 

Final Forging Tryouts 

The primary objectives of the final forging tryouts were decided 
upon as being to: 

(a) Produce a sound, completely filled forged panel with 

a web thicknc-es of approximately 0.30 inch. 

(b) Determine the minimum web thickness that could be 

produced without introducing metal-flow defects. 

Twenty-one blanks were prepared for the final forging tryouts. 

Seventeen were blocked pieces, seven of which were machined to 

various web thicknesses, The remaining four blanks were finished 

forgings from the second tryouts with underfilled riba. Two of 
these four blanks had rib underfill up to 3/8 inch. The other two 

had the ribs machined to a uniform 1/2 inch height. A list of 

these blanks and the condition of each is presented in Table V, 
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Old Blockers 

#211 
#271 

.3U web 
•32 

filled 
¡ filled 

Old Blockers Machined to Various Web Thicknesses 

#11 
#12 
#191 
# 1 

.210 web 

.200 

.110 

.050 

! unfilled tab 
j unfilled corner 
i filled 

filled 

New Blockers 

# 21 
# 31 
# hi 
# 51 
# 61 
# 71 
# Ö1 
# 91 

.410 web 

.360 

.370 
• 340 
• 395 
• 350 
.350 
.340 

unfilled 90° comer 
filled 
filled 
filled 
unfilled 90° corner 
filled 
unfilled 900 corner 
filled 

New Blockers Machined to Various Web Thicknesses 

# 101 
# 102 
# 103 

.250 web 

.25O 

.180 

filled 
filled 
filled 

Finished Pieces With .005 Etched off Surface for Restrike 

#231 

# 6 

.360 web 

.350 

3/0 maximum unfill 

3/0 maximum unfill 

Finished Pieces Machined and Etched for Restrike 

# 201 

# 221 
1_ 

.340 web 

.36O 

1/2 inch leveled ribs 

1/2 inch leveled ribs 

Table V. Condition of Pieces - Final Yryonte 
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The difficulties encountered in retraction of the ¡^®?k0ut 
pins in previous forp.inff tryouts did not recur during the ^ 
forging tryouts. However, some difficulty did occur in actuating 

the tapered wedges with the hydraulic cylinder. Maintaining die 

temperatures above 700° F by means of the gas ring heater ^ com 

blnation with the external electric strip heaters again proved to 
be impractical. At one time during forging operations the exterior 

of the die was at 1000° F while the insert dropped from 70, F to 

nUO* F. The ras ring heater was applied without success, so the 
die hid to be returned to the furnace to restore forging temperatures. 
Forging results became appreciably worse with each drop in die heat. 

After the eighteenth piece, the forging pressure was increased from 

UUOO tons, used on nil previous tryouts, to 7700 tons on the remain¬ 

ing three pieces. So. 91, 51 and 101. The pressure on piece No. 91 
was increased only momentarily to 7700 tons after one mlnute at 

UUOO tons. The final piece, No. 101, run at 7f00 t0"®’ 
h-Aw flash into the space between the insert segments and was 
difficult to eject. The knockout pins very nearly pushed up through 

ill back side of the piece as shown in Figure 33- 
side of Piece No. 101 is shown in Figure 3^- When this last piece 
was removed, the flash remaining between the insert segments made 

the die unsuitable for additional work. 

The attempts to restrike finish forgings with underfilled ribs 

proved unsuccessful. Figure 35 shows an enlarged view of the pee 

down" resulting from restriking Piece No. l6l, 
forging tryouts without etching. However, the ribs filled fairly Ihl ^th a maximum underfill of l/ö inch at one spot only. Piece 

No. 201, shown in Figure 36 was etched and machined to . 
rib height before restriking. The ribs bottomed almost completely 

with n maximum underfill of l/l6 inch at the center of the panel. 

Although no ''peel do“"” occurred, none of the ribs r^aJ“e^n t d 
thickness except where newly extruded from the web, as is illustrated 

in Figure 3^• 

Data on final forging tryouts are listed in Table V!. °ne of the 

nearest to completely filled panels produced during the three forg 

ing runs is shown in Figure 36, Piece No. 201. 
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Tabi. VI. Data Shaat - Tlnal Tryout. 
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FOROINO CHARACTERISTICS, METALLURGICAL AWD MECHAR I C/'L PROPERTIES 

InvestIpatlone into metallurRical and mechanical properties wer« 

conducted by both the Lockheed Aircraft Corporation (Appendix VI) and 

the Wyman-Cordon Company (Appendix VII). Photomacrographs in 

Appendi: VI, Figures 2 through 8, show the grain flow in various 

sections of the panel. Tensile properties from representative 

sections of the forging are listed in Appendix VII, Tables I and 
II. Figures 9 and 10 of Appendix VI show variations in hardness 

before and after heat treatment by means of hardness traverses. 

The Lockheed investigations showed: 

1. A normal grain structure with no visible forging defects. 

2. The material could be heat treated to the desired strength 

level. 

3. Uniform hardness before and after heat treatment. 

Wyman-Gordon Company Metallurgical tests (Appendix VII) confirmed 

the above mentioned Lockheed test results in addition to including 

a chemical analysis showing conformance with specification QQ-A-367c. 

The effect of grain structure on ultimate tensile strength was 
shown by comparing results of tensile specimens fron the web crossed 

by ribs with specimens from the flange area. The specimens from 

the flange area averaged approximately 5000 psi higher in ultimate 
tensile strength than did the specimens crossed by ribs. 
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iirrnoDucTTON 

Studies mode by NACA axid tests conducted by Lockheed Aircraft 

Corporation indicate that panels stiffened by an integral waffle grid 

can be used very efficiently as coupression and shear panels. With the 

initiation of the Air Force heavy forging press program this type of 

structure becomes feasible. 

To study the design criteria for waffle grid panels, a panel 
similar to the side panels on the YC-1J0 pylon tank was selected for 

investigation. 

OBJECT 

1. To provide experimental information on the critical 

buckling stress and stress distribution of waffle-grid type panels 

loaded as shear webs. 

2. To compare the test results with the analytical data 

obtained from the analysis described in the appendixes. 

CONCLUSIONS 

1. The critical shear flows for the panels tested are given 

in Table 1, page 6. 

2. The distribution of stress between the ribs and web is 

given in the curves, Figs. 9 through 14, pages 15 through 20. 

3. Excellent correlations were found between 

(a) Measured and calculated (per Appendix A) 

critical shear flows for the tested panels. 

(b) Measured and calculated (per Appendix C) 

stress distribution between ribs and weus 

of the tested panels. 

TEST SPECIMENS 

Two waffle grid panels were machined from 753-T6 plate in 

accordance with the drawings shown in Figs. 1 and 2, pages 7 and 8. 

The two panels differed principally in the height of the ribs (and 

heneo in mor-^nta of Inertia). 

Pcnel 

Number 
Rib Height 
(inches ) 

Skin Thickness 
(inches) 

lx 
(per inch) 

iy 
(per inch) 

1 .48 .CXSO .OOI32 in3 .OOI32 in3 

2 .0^0 .OOO536 ina .OOO556 in3 
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c. 

1 CHECK,0 tin.*. 
Moon. - „ _ , Ceneral 

Arenov,o KEeOAT NO 94^9 

'■ -1 No- 1 ha<i Q mnchining flaw vhich wag corrected by 
cciicntinj doublers to both sidos oi’ the dtur-Aged rib (see Fie 17 
pego 23). ' 6* 

r.echl nine. 
The edges of Panel No. 2 were modified slightly to facilitate 

Neither of these differences vas believed to influence the 
behavior of the panels. 

T^TT EQUIIPSI.T 

rig. 3, page 9, is a drawing of the shear Jig used for 
testing both panels. The salient features of the Jig are: 

1. All four corners are pin Jointed with the centers of 
the pins in line with the attachment bolts. 

C-. Knife edge contact between the Jig nenbers and the 
panel to provide simple support of the panel. 

3. Tapered leading bars to provide approximately equal 
straining between attachment bolts, (it was considered impractical 
to use a 42 to 1 taper on the long members as would be necessary to 
insure equal straining between attaclunents. ) 

The Jig was mounted in the laboratory's 400,000 pound 
Southwark-Emery test nachine so as to apply tensile loads on diagonally 
opposite corners of the Jig (see Fig. 15, page 21). 

INSTRUMENTATION 

Four AR1 rosette-type (45* diagonal) electric strain gages 
were used on each panel. Idiese were located back to back cn the skin 
along the centerline at the positions shown in Fig. 15, page 21. The 
diagonal gage on each rosette was placed parallel to the long side of 
the pc ne 1. (Thus, the two major legs of each gage were spotted nearly 
parallel to the principal stresses.) ' 

In addition, eigat A-ll linear electric strain gages were 
placed back to back along the ribs as shown In Fig. l6, page 22 
IV-o pairs of the ce gages were attached to ribs tested in compression; 
the other tvo pairs were &f fixei to term Ion ribs, 

Irora tbese gag's the mxijmaa shear streis in the web and the 
t'isile nnu cemgr?s3ive stresses In the ribs were determined at two 
typic 1 arr-an on the panels sufficiently remote from the edges of th« 
p:;v*i to avoid cdt ■* effects. 
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Dial w<ire located ns shovn in Fif'o. 15 aid l6. page» 21 
and 22, to mensure the depth of buckles. Tvo other dial gagea were 
arranged to mensure the lateral movement of one long aide of the dig 
with respect to the other (see Figs. 15 and l6). 

TEST PRO:EPURE 

Each panel waa loaded in email increments of the calculated 
critical shear flow. At each load, atrain data were recorded by the 
electric atrain gagea and dial gagea were read. At eeveral pointa 
the load waa reduced to zero to check for and measure permanent set 
in the panels. 

During the loading, running plots of (l) Jig strain va. 
gross load, (2) rib compressive strains (as recorded by the electric 
gages) vs. gross load, and (5) deflections normal to the surface of 
the panel (as observed from dial gagea located as shown in Figa. U 
and 5, pages 10 and 11, vs. gross load were made and continually 
checked for signs of initial buckling. In addition, the reflections 
of various straight objects (ring stand rod, edge of test machine 
pillar, fluorescent light, etc.) from the flat skins of the panels 
were watched for distortions that would indicate initial buckling. 

Both panela were loaded to failure. 

Fig. 15 shows panel No. 1 in the test machine before testing. 
Fig. 16 shows panels 1 and 2 after buckllngs while still in the test 
machine. Figs. 1?, 10, and 19, pages 25, 2b, and 25, show the failed 
panels after dismounting from the Jig. 

TEST RESULTS 

Initial Buckling; The critical shear flow for each panel 
was of primary Interest. Table 1, page 6, gives the measured and 
calculated critical shear flow for each panel. 

The calculated critical shear flow for each panel was com¬ 
puted by the method described in Appendix A of this report. 

The measured critical shear flow was determined in each of 
the following ways ; 

(l) Direct Visual Observations: For panel No. 1 
this method produced good, definite results 
because the panel buckled suddenly. For panel 
No. 2, however, the observed critical shear 
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M.W. Mueller 
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General 

APPROVED REPORT NO 

flow le prol'.ibly e little high. Ac the plot of 
panel deflections vt. lo. 1 (l:lg- S’, ¡xige 11) ühowa, 
the panel defonred gradually ptnrtinr, with the 
application of the first lead increrent. 'Hius, 
the first vioeal signa of buckling were obscured 
by the gradual defenaatiou of the panel end it is 
probable that additional load incremente were 
applied to the panel before the buckling was detected. 

(2) Abrupt Change in Slope of Panel reflection Vs. 
Shear Flow Curve : i'igT 4, page 10, contists of 
three such curves for panel No. 1. At least one 
of these curves changes slope with sufficient 
abruptness to provide a reasonably sensitive 
indication of the critical shear flow. Similar 
curves (Fig. 5> page 11) for panol No. 2 change 
slope toe, gradually, to provide a satisfactory 
indication of initial buckling. 

(3) Zero-Cloro Tangent to I/ond Vs. Compreooive Strain 
Curve: Back-to-back strain gages mounted on a 
panel to read compressive strains indicate increasing 
compressive strains for increasing loads up to the 
critical load at which initial buckling occvirs. 
One gage then begins reporting smaller strains. 
Eventually it reports tensile strains. This rever¬ 
sal is due to bending caused by buckling putting one 
side of the panel in tension. Ref. (i) states that 
initial buckling occurs at the point where compressive 
strain begins to fall off with increasing load. That 
is, if strain is plotted vs. shear flow, initial 
buckling occurs where the slope of the curve is zero. 
Fig. 6, page 12, is such a plot for two sets of 
strain gages located at different places on the skin 
of panel No. 2. The zero-slope tangents to these 
curves indicate the critical sh^ar flows were 1100 
and 1230 lbs, per inch, respectively. 

Fig. 7, page I3, is a similar plot for a strain 
gage located on one of the ribs which vas in com¬ 
pression. The zero-slope tangent indicates the 
critical shear flow v.rac IO90 lbs. per inch. 

Since both panels were specifically designed 
to fail by general instability, those critical shear 
flows ore not merely local deformations. 
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The zero-o lope tongent method of dttectlng 

initial buckling was applied to panel No. 1, as 

shown in Fig. 8, pnge lU. Since the first buckle 

virtually destroyed the panel, it was impossible to 

get strain data for loads above those that produced 

initial buckling. The nwthod, nonetheless, appears 

applicable. It predicts critical shear flow of 

2500 lbs. per inch. 

Stress Distribution: Figs. 9 and 10, pages 15 and l6, ^ 

are plots of web shear stresses (as measured by the rosette gages) 

vs. shear flow applied to the section of the panel where the gages 

were located. 

Figs. 11, 12, 15 and 14, nages IT, l8, 19 and 20, are 
similar plots of the rib tensile ana compressive strains (as measured 

by electric strain gages) vs. shear flow applied to the section of 

the panel where the gages were located. 

Included on these plots are calculated curves based on the 

stress distribution equations developed in the Appendix C. Reasonably 

good correlation was found between calculated and measured stress 

distributions. 

WITNESSES 

The tests described in this report were witnessed by the 

following representatives of Lockheed Aircraft Corporation: F.C. Pipher, 

J.I. Perlmutter, E.B. Read, A.F. Ensrud. 

REFERENCES 

1, Lundquest, E.E., and Schuette, E.H., Criticax 
Stresses for Plates," page 8, NACA Advance Restricted 

Report No. ?J27, October, 19*0. 

Test Request: AAF Contract 55(600)-22572 for the 
- development of waffle type integrally 

stiffened panels. 

Data Presented : 

I.N. 1585OI by T.J. 
158502 by T.J. 
158505 by T.J. 
158504 by T.J. 
158514 by M.W. 
158515 by M.W. 
158516 by M.W. 
158517 by M.W. 
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General 

HVOKT NO 

TABLE 1 

SUMMARY OF DATA ON CRITICAL SHEAR FLOW 

Calculated (See Appendix B) 

Zero-Slope Tangent Method 

(a) Web Gage6 

(1) Top of panel 
(2) Bottom of panel 

(b) Rib Gages 

Direct Observation Method 

Panel Deflection Method 

Panel No. 1 

‘lcr 
(ibs/lnch) 

2460 

Panel No. 2 J 

^cr * 
(ibs/lnch) ! 

IO85 

25OO 

2525 

2440 

1100 
1230 

1090 
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Fig. 19 - Edge viewb of panels 1 and 2 after failure. 
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APPENDIX A 

ANALYSIS OF A SHEAR PANEL WITH 
INTEGRAL WAFFLE-GRID STIFFENING 

The equation for equlllbrlua of an element In 
or orthotropic plate subjected to a shear flow q may be 
this form (Ref. A-l). 

where (see Fig. A>l) 

à Mm 1 y Ò Txy 1 S- 1 2 ¿2 

dxl óxày ¾ 

an isotropic 
written In 

dxuj 
ÒXày (D 

Me and Indicate Inteml moments on a plate element of 
unit length In the x and y directions, respectively. 

Txy Is the Internal twisting moment acting on a plate 
element of unit width. 

t 

Fig. A-l 
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According to the waall deflection theory, It la permissible 
to set the curvatures of a plate 

e)Vto - Alj, 
~ 7¾ 

i y My 
* FJ 

/ 

and the tvist 

AV) - 

àyòy 

My 
FI, 

(2) 

(3) 

vhere v denotes the displacement of any point of the plate in the Z 

direction. The term 2Ghy represents the average torsional rigidity 
of the plate in the x and y directions. 

With the follcving abbreviations lor the flexural and tor¬ 
sional stiffness of the plate in inch-pounds 

D, = -^- 
/-yi'y 

P =: 

i - » /, 

A - ~T D* + Vy D,) + 2 OJyy 

the differential equation for the orthotropic plate subjected to shear 
takes the general form 

‘ ò J c)>c) y ^ <)y7 p c)?c)y 

Timoshenko (Ref. A-2) points out that in the analysis of 
stiffened plates it is usually permissible to set Poisson's ratios 

Vx and Vy equal to zero. The average torsional stiffness is then 

03 -- 20/,, 

This value is difficult to obtain analytically, but can 
easily be determined by test (see Appendix B). 

For a panel with equal bending and torsional stiffness in 
the x and y direction the bending stiffness is 

D - 0. =// 
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vhert 1 indicates the noosnt of Inertia per liner Inch In the x or 
y direction. 

Eq. 4 has been solved by E. Seydel (Ref. A-3) giving the 
critical eher flow In an orthotropic plate of Infinite length 
and vldth b as 

<2 FI - A 
- b. (5) 

The coefficients k for different ratios 

D 
o< - 

A 

vary from 1 to oo and can be taken from Fig. A-2, page 29* 

If the panel has a finite aspect ratio, k Is multiplied by 
ki/kg where k. and kg re fixity coefficients for a flat plate; k-^ Is 
associated with the given aspect ratio, kg Is associated with an 
infinite aspect ratio. Values of ki and Iq re available in such 
publications as Lockheed Stress Memo 33 or NACA TR 1222. 

The method described here Is applied ln Appendix B to the 
two waffle-grid panels that form the basis of this report. 

REFERENCES 

(A-l) Timoshenko, 8., "Ifceory of Elastic Stability," 
First Edition, p. 305, McOraw-Hlll, (New York, 1936) 

(A-2) Ibid, p. 3Ô1 

(A-3) Seydel, Edgar, "Beitrag tur Frage des Ausbeule us von 
versteiften Platten bei Schubbeanspruchung,” 
Luftfahrtforschung, Vol. 8, July 21, 1930, p. 71. 
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APPENDIX B 

experimental determination of elastic constants 

Panel No. 1 

The flexural «tlffneaa D nay be determined experimentally 
by loading the plate, ae ehovn in Fig. B-l. 

|- C-12.00 1» 

P/2 - 106 lb». 

20.80 

R-106 Iber I- 
-4«—012.00 -j 

- 1.09 

L-M.80 - 

Fig. B-l 

According to the elementary theory the deflection in the 
center of the panel is 

A„ - —^ - 
Q ~ Fib [^] 

A o — 2725 R 
FÍb 

In panel No. 1, b ■ l8.W* (overall width), A0 ■ 1.09 
p/2 - R • 106 Iba. This give« an experimental value of the flexural 
•tlffneee per linear inch in the x and y direction of 

D ■ El ■ 2725 x 106_ m iU,500 in-lbe. 
I.09 x 18.44 
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Tb« torsion*! rigidity Is deteralnsd by cutting a squars 
panel fron the plate and loading It according to Fig. B-2, page 35. 

The deflection AT for a 5.95 Inch square panel was 
■ensured for a load P ■ 75 lbs. as / T ■ .033 inch. 

Therefore, from the simple relationship 

D,-- 
T, 

- 

è\ CO 

It follow that 

^ • fy'.m 
5.952 

4 Ar 

8,850 ln-lbe, 

(6) 

For a ratio 

o< a. 34400.1-62 
ûj X&õ 

Fig. A-2, page 29, gives k -^5.5 for a panel of infinite aspect 
ratio. Adjustment for the finite aspect ratio* of the panel 

ï * äff ’ -584 

the coefficient k changes to (TN 1222)(Ref. B-l) 

k ^ 0*5.5) - 51 

Then, according to Eq. 5» the critical shear flow In the 
panel becomes 

- 2U60 lbs/In. 

Panel Ho. 2 

The neasured bending deflection at the center of panel Ho. 2 
due to a vertical loading of p equal to 60 lbs. was Ac ■ .62 In. 
Thus, tbs flexural stiffness per linear Inch In the x or y direction Is 

D - El - 6,300 In*lbs. 

•In determining the flexural rigidity of the panel the overall width 
b • 18.was used. Sere only the portion of the panel In shear Is 

used and b ■ 17.2 

112 

PCMM 



NAM I 

A. F. Enarud 
DATI 

10-21-53 LOCKHEED AIRCRAFT CORP. OAM 32 

CHICRKO 
TITVAi 

ARRNOVIO Htßomr no . .ir 

Using tha sam k ss abovs, tha critical shear flow for 
panel No. 2 Is 

1005 lbs/in. 

REFERENCES 

(B-l) Stein, M., and Neff, J., "Buckling Stresses of 
Simply Supported Rectangular Flat Plate In Shear," 
NACA TN 1222, p. 11 (Washington, March, 19^7). 
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APPEWDIX C* 

APPROXIMATE STRESS DI3TRIBOTI0W III PAHEL 

The requirement of conelstent de formt lone makea It poeeible 
to approxlmte the dl a tribut Ion of a hear flcv between the web and riba 

of the panel. 

Conalder Fig. C-l. 

f* 

PZ7ZZZ27/ZZZZZZÍ 
* 
h 

i 

X 

H 

The translation of the point c due to shear deformation 

in the web Is given by 

where 

. o' _ q «J ' 
(l) 

Oy• ■ shear flow in web (i.e., in the area h x r, Fig. B-l) 

0 » shear modulus 

The translation of the same point o due to change in length 

of the ribs is 

- /.V/ /?! 

A E 
(2) 

«Appendix C paraphrases the work of A. F. Enarud in Ref. C-l. 
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where 

P ■ load per rib In pour .is 

A ■ area of rib below veb 

- h X r 

•S • length of rib between supporte 

Let qr denote the portion of the shear flow which Is taken 

by the part of the rib which extends below the web, then with 

P • Or d 

and A • hr ■ t'd 
2 

(5) 

where 

t* - equivalent sheet thickness equal to the part of the 

ribs extending below the web 

It follows for the translation of the point c 

, ¿,_kiLQOl 
AC — %*' v / ( tj/ )/_•■ 

-/ H* b 
t‘ t- ' 

Setting 

the shear flow in the web Is 

\ = K 

/ f 
-/ tr¬ 

end the i>ortlon of the shear flow taken by the ribs Is 

/ i. h^F 
' 1 \\T-G, 

(M 

(5) 

(6) 

! ; 
-i t (• i t 

Eqs. (6) and (7) were used to enlculnte the f;hear flow 
distribution on the curves, Figs. 9 through I1*. 

(7) 
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ABSTRACT 

This report contains the results of a series of 

miscellaneous tests conducted to determine the relative 

merits of several methods for extracting waffle t^rid 

type integrally stiffened skin panels from the dies 

on completion of the forging process. This work was 

done by the Factory Coordination Group and the 

Metallurgical Research Group at the request of the 

Production Engineering Department Manager. 
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^ACIiGPtOUÎT): 

7h<* work doccribcd herein io a continuation of the integrally otiffened 
wing panel forgiix^ studies covered »by the follovins Lockheed Reports: 

1. L.R. Ko. 59^2, "Preliminary Presn Forcing Investigation", 
by Wm. Schroeder, D. A. VJcbster and K. W. Grebe, dated 12-12-46. 

2. L.R. Ko. 6202, "Progressive Forging of Integrally Stiffened 
Sheet", by Km. Schroeder, dated 7-25-47. 

3. L.R. Ko. 6833, "Progressive Forging of Integrally Stiffened 
Sheet - 9.6 inch Die", by Vfe. Schroeder, dated 1-3-49. 

4. L.R. Ko. 6919, "Progress Report - First Phase -^Research 
Program for Forging Integrally Stiffened Panels", by 
G. W. Papen, dated 3-1^-^9- 

5. L.R. Ko. 6955, "Research Program for Forging Integrally 
Stiffened Panels - Progreso Report Ko. 2", by G. W. Papen, 
dated 4-11-49. 

6. L.R. Ho. 7192, "Report on Results of Second Phase of Integrally 
Stiffened Panel Forging Research Program", by G. W. Papon, 
dated 11-10-49. 

7. L.R. No. 7192, Vol. 2, "Supplementary Report on Results of 
Second Phase of Integrally Stiffened Panel Forging Research", 
by Wm. Schroeder, dated 2-15-50« 

8. L.R. No. 7192, Vol. 3> "Final Report on Results of Second Phase 
Integrally Stiffened Panel Forging Research Program", by 
Wm. Schroeder, dated 3-17-50. 

9. L.R. No. 7768, "Final Report on Research Program for Forging 
Integrally Stiffened Panels", by Wm. Schroeder and 0. W. Papen, 
dated 12-20-50. 

10. L.R. Ko. 8746, "Development of Forging Techniques for 75S 
Aluminum and 523 Magnesium Alloy Waffle Type Integrally 
Stiffened Panels - Phase I - Effects of Temperature, Pressure, 
Dv/ell Time and Blank Thickness on Stiffener Height and 
Occurrence of Forging Defects", by F. C. Pipher and H. B. Wiley, 
dated 8-26-52. 

n L R °069, "Development of Forging Techniques for 75-' Aluminum 
end <523 Magnesium Alloy Waffle Type Integrally Stiffened Panels 
- Phnre IIEffects of Stiffener Thickness on the corgcablllty 
of Integrally Stiffened Waffle Type Panels from 523 Magnesium 
and 753 Aluminum Alloys", by W. A. Brown and H. B. Wiley, 
dated I2-3I-52. 

120 

ram «isa-1 



LOCKHEED AIRCRAFT CORPORATION 
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PACKGROUTTD: - ccntd. 

12. L.R. Ko. 9214, "Development of Forging Teclinlque» for 753 

Aluminum and 5?S Magnesium Alloy Waffle Type Integrally 

Stiffened Panels - Phase III - Effects of 000 to 950*F 

Fabrication Température on Stiffener Height and Microstructure 

of 753 Aluminum Alloy Parts", by W. A. Brown and II. B. Wiley, 

dated 6-10-53. 

13. L.R. No. 9425, "Shear Tests of Waffle Grid", by M. W. Mueller, 

A. F. Ensrud and T. J. Stapleton. 

14. L.R. No. 9567, "Development of Forging Techniques for 75S 
Aluminum Alloy Waffle Grid Type Integrally Stiffened Panels - 

Horizontal Fillet Radii, Flow Across Die Cavities, Mechanical 

Properties, by II. B. Wiley, dated 1-4-54. 

NOMENCLATURE : 

1. WAFFLE GRID: Uniformly spaced integral skin panel stiffeners 

intersecting at right angles (see Fig. 10, L.R. 0746). 

2. DOVETAIT. LIFTING LUGS: Integral lugs forged into the upper 

skin surface of the part by undercut recesses in the punch 

having the cross sectional shape Illustrated in Figs. 4 and 5* 

3. ROUND LIFTING LUGS: Same as 2 (above) but with round cross 

section as shown in Fig. 6. 

4. DRAFT ANGLE: Angle of taper built into forging die cavities 

to facilitate part extraction (see Fig. 7). 

5. EXTRUSION TYPE LANDS: Overhang of die inserts to produce 

extruded ribs (unconfined) as shown for insert assemblies 

4 and 5, Fig. 7* 

6. MUSHROOM CAT EJECTOR: To provide maximum contact area between 

ejector and part the-standard cylindrical pin type knockout 

vas enlarged to include the entire top of the insert as shown 

for assemblies 3 and 4, Fig. 7* 

7. EXTRACTION FDRCE: Force required to remove part from die after 

forging. 

0. BOTTOMED FORGIICS: Parts which completely fill the forging 

die cavity. 
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OBJECT: 

1. To evalvmt« the relative merits of dovetail and round lifting 
lugs as a means of extracting Integrally stiffened waffle grid 

skin panels from the forging dies. 

2. To determine the feasibility of using conventional and "mushroom” 

type "knockouts" as a means of ejecting forgings from the dies. 

3. To measure the extraction forces required for removal of parts 

from the dies. 

SUMMARY: 

On the basis of the following detailed observations, It Is Indicated that the 

round lifting lug punch (Fig. 6) In combination with the 7* draft "mushroom" 

cap emergency ejector Insert assembly No. ^ (Figs. 7 nnd 13) with 1 rib 
cavity draft or In combination with draftlesj nonextrucion tj-pe insert assembly 

No. 6 (Fig. 8) having maximum diameter round knockout emergency ejectors 

should be ençloyed for full scale parts and that minimum "os forged" skin 

thickness should be approximately 0.35 inches: 

1. The "dovetail" lifting lug design is not suitable for extraction 

of parts forged with 1* draft ribs and the removal forces for 

draftless nonextrusion type parts may become sufficiently high 

due to "sticking" to cause lug failures in some instances. 

2. The round lifting lug design provides adequate strength for 

removal of 1* or 0* rib draft parts but increasing distortion 

will result for skin thicknesses less than approximately .35 Inches. 

3. The 7* draft "mushroom" cap ejector functions satisfactorily 

but increasing distortion nay be expected as skin thicknesses 

are reduced below approximately .35 inches. 

4. Extraction forces for draftless waffle grid forgings will range 

from 100 to approximately 200 pounds per linear Inch of stiffener 

and values for similar parts with 1* draft may be as much as 

twice the forces for Araftless parts. 

5. Marking and part distortion produced by conventional round 

ejector pins is more severe than the distortion resulting fro® 

the use of "mushroom" type cap ejection. 

PROCEDURE AND RESULTS: 

Xu order to more nearly reproduce the conditions which will exist during 

extraction of contemplated full size waffle grid panels (Lockheed Report 

No. 8746, Fig. 10) from the forging dies, small scale tests were conducted 

on 3.00 inch square parts modified to provide one corylete grid with 1/2 scale 

rib spacing but with full seal* rib height and rib thic.'oiess. A photograph 

Of the die block and No. 1 center insert assembly is shown in Fig. 1 and 
Print No. 127645, from which these parts were made, is presented in Fig. 3* 

. -----— 122 * -—- 
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PROCEDURE AWD RESULTS: - contd. 

Initial testinc vas aecorplished using ths l^T^^ ÎPig^ B) 3 

punch, 'photognphi of tb. Ho. 2, 3 «d U punch., «r. .ho« in Fig.. 1 «4 2. 

It «y h. noted freo thc prlnt .hc«n in Fii.^tt.^. £jäing 

“Sæ-5 SUÄÄ ï S S»“Ä‘ÄrÄ 
lugs. 

Fir 7 contains sectional drawings of the various inserta (Hos.lthrou^ 5) 
J . . +. ^•■«ihíTitv of removing parts by means of several propose 

used to test the feasibility i through 3) and for draftless 

removal of "bottomed" forgings having draftless ribs. 

Th« «UU. « "'“g* “■.“.ïïïf S ii. 

SÄ«“ uw: “ 
forg. Mo. 28e ^ïa3*rf°«i0iirt.rl«king forged nterl^l in the doret.il 
.ucc...ful du.- lug de.lgn «. 

r^»d S*Ä SSTlSÄw Ä trice the extraction 

force. 

__ w « «.„v.-!- «dovetail" lifting lug punch (Pigs. 1 w»1 5) 
Tt. "°- 3 4o^* iä tueing the 1* draft Ho. 2 Fig. 7) iraert. 

"dovetail" edges. 

The Ho. U circuí« .ection dmible lifting log P'»«» («8»- = 
^d to provide * tMc^ecUon^ragi« ^ra h.^f.U«.. 

occurred in the dovetail P*1^*• -«p, jj08 4 und 5 of Table l) 

¡Sr-SÄ'ÄÄ “ ¡SÄTÄ» ...U« 
resulted. 

^ "/àr-MF^ “ ÄeSicfvcrSct’Ä^ 

rÄ« -iXr^fac^^rÄX: tä4 for draftlese forging, permitted c.ti.factor^rcnovai -l04^ir 

f. ÏT.S ?.Î» 
263 were forged to the fu31 depth of the die. 
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ùor. 'ml 

r*«l BATIO 

•* RC -/— 3733 RSoULTS: - contd. 

Details of ths Bo. U Inserts, esçloyins a "cusÍitooq" cap ejector in the 
center coryonent, ar« »hovn in Fiß. 13• This mxinua area "Imochout device 
vas developed to perait part renoval vith less distortion than encountered 
vith the conventional round ejector pins. Parts 27S, 33S, and 3 S (Tah. Boa. 
1U. 15 and 16) sho*/n in Flos. lh, 15 and l6 were nade and renoved froa the 
die vith the Bo. 4 insert. The 5* draft used for Part Bo. 2TS vas found 
inadeauate for satisfactory renoval of the forging fron the ejector cap. The 
dro^t angle vas increased to 7* for parts 332 and 3^2 and sticking of the 
part to the cap vas eliminated. 

In order to measure the extraction forces required for grid type forgings, 
the die vas modified to include a lifting plate and dynamometers as chovn 
in Figs. 17 and l8. Sectional aspects are presented in Fig. 1? vhile details 
of the various components are illustrated in Figs. 20 through 24. It nay 
also be noted in the sectional sketch (Fig. 19) that provisions vere nade 
for actuation of the knockout pin by means of a tapered drift bar and that 
the die cavity and punch were modified to provide a lifting shoulder around 
the edge of the forged part. 

Firs. 25, 26 and 27 contain photographs of par"" made vith the die illustrated 
in Fig. 19. The details of these tests are recorded in Table I, Tabulation 
Nos. 17 through 33* 

Fig. 28 shovs the extremely severe distortion produced in several forgings as 
the result of "sticking'’ of the parte in the die. This acute condition 
developed after part deformation developed during extraction to the extent 
that "keying" or "locking" of the forging in the die occurred and the parts 
had to be cut, chiseled or pried from the cavity. 

CONCLUS IOIJS ; 

1. The "dovetail" type lifting lugs (Figs. 4 and 5) have Insufficient 
strength to vithdrav test parts (Fig. 9) having 1 draft etiffenero. 

2. The round lifting lug design (Fig. 6) was satisfactory for the 
removal of test parts (Fig. 10) having 1* draft stiffeners. 
However, very slight skin distortion vas evident for these parts. 

3. With one exception (part No. 24e), the double 'dovetail extraction 
lug design vac satisfactory for the withdrawal of iorgings (rig. 11) 
having 0* draft stiffeners made in dies not containing tl« 
extrusion type lands at the top of the rib cavities. 

4. The round lug design was also satisfactory for removal of draftless 
parts (Figs. 11 and 12). 

5. The "nrushreon" cep ejector (Fig. 13) could not be rcadily^rcmoved 
froiü the (Fig. 14) when used with 5* cap draft ami 1 rib 
draft. 
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t ,i i » o»tin _ 

corcu^IONS : - contd. 

6. The "rmujhroon" cap ejector functioned Batisfactorily with 7* cap 
draft for parts vith 1* stiffener draft. 

7. Extraction forces for draftlese perte made 
inserte incorporatinß lands at the upper portion of the rib 
cavitiee ( Aseeribly No. 5, Fig. 7) ranged fron 1,100 to 2,200 lbs. 
for part Nos. 12 through 52 (Table I, Tab. Nos. 17 through ) 
shcnm in Fig. 25. The lifting plate die used for theue tests is 
illustrated in Figs. 17 through 2b. 

8. Extrusion typ. draftless ports (No. 5 Inserts) with ‘he 
round ejector pins show objectionable narking and distortion for 
rib heights exceeding .50 Inches (Figs. 25 and 2f), Table I, 
Tab. Nos. 22 through 30. 

o Extraction forces for forgings having 1* rib draft exceeded the 
3 COO pound capacity of the dynamometers used for pert reno.al 
(Table I, Tab. Nos. 31, 32 and 33; Figs. 26 and 27). 
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Fig. 1 - Photograph showing die retainer ring with removable 
rib forming inserts (see Print No. 127645 - Fig. 3), 
single and double "dovetail" lifting lug punches (see 
Prints No. 1 27643 and 127644 - Fig. 4 and 5) and 
.625 X 3.0 X 3.0 inch 7075 (75S) aluminum alloy 
forging blank. These components were used for 
the "dovetail" lifting lug extraction tests. 

43 887R 

METALLURGICAL RESEARCH. 

Fig. 2 - Close view of the No. 4 double circular lifting 
lug punch (see Print No. 127648, Fig. 6). 
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Fig. 9 - Upper and lower views of 7075 (75S) aluminum alloy forgings 29E (left) 
and 30E (right) made with the No. 2 insert assembly (see f ig. <) and 
the double dovetail lifting lug punch (see Fig. 5). Extraction was not 
successful due to deformation of the lug overhang and subsequent use 
of the knockout pin produced severe distortion. (For forging details, 

see Table 1, Nos. 2 and 3). 
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Fig. 10 - Upper and lower views of 7075 (75S) aluminum alloy forgings 31E (left) 
and 32E (right) made with the No. 1 insert assembly (see Fig. 7) and 
the round lifting lug punch (see Fig. 6). Extraction was satisfactory 
but produced slight distortion. (For forging details, see Table 1, 
Nos. 4 and 5.) 
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Fig. 11 - Upperand lower views of 7075 (7 5S) aluminum alloy forgings 21E 
through 26E made with the No. 6 draftiess inserts and double lifting 
lug punches No. 3 and 4. (For forging details, see Table I, Nos. i>, 
7. 8, 9, 10. and 13. ) 
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Fig. 12 Upper and lower V1ews of 7075 (75S) aluminum 
alloy forgings 19E and 20E made with the No. 6 
draftless inserts and the No. 4 round lifting lug 
punch. (For forging details, see Table 1, Nos. 

11 and 12. ) 
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Pjo 14 - Upper and loue!’ views of ~!G1^ ( < ~¿) Aluminum 
illoy forging 27E made with a flat punch and the 
No. 3 (S° cap draft) insert assembly (see Fig. 7 
and 13). Part was removed from die with cap 
remaining in the center grid. Separation was 
accomplished with difficulty following .004 inch 
deep caustic etch. (For forging details, see 

Table 1, No. 14. ) 
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Fig. 15 - Upper and lower view's of 7075 (75S) aluminum alloy forging 33E 
"as forged" (left) and following flash removal and caustic etch (right). 
Part was made with a flat punch and the No. 3a (7° cap draft) insert 
assemblv (see Figs. 7 and 13). Ejection was satisfactory but with 
slight distortion. (For forging details, see Table I, No. 15). 
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f'ig. 16 - Upper and lower views of 7075 (75S) aluminum alloy forging ME 
"as forged" (left) and following flash removal and caustic etch (right). 
7° "mushroom" cap ejection was satisfactory. (For forging details, 

see Table I. No. 16.) 
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Fig. 17 - General view of 300 ton hydropress with 
lifting plate dies installed. Note dynamometers 
used for measurement of part extraction forces. 
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Fir 18 - Close view oí lifting plate die with plate removed 
(above) and with plate in position (below). • 
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Fig. 23 - Detail of ejection pin lock. 
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Fig. 25 - Upper and lower views of 7075 (75S) aluminum alloy forgings IE, 2C, 
3E, 4E, 5E,6£, and 8E made with the No. 5 punch (see Fig, 20), the 
No. 5 die inserts (see Fig. 7) and the lifting plate extraction device 
(Figs. 17, 18, 19, and 21.) For forging details, see Table I, Nos. 17 
through 23. n,n 
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Fig. 26 - Upper and lower views of 7075 (75S) aluminum alloy forgings 9E 
through 16E mude with the No. 5 punch (Fig. 20), the No. 5 die 
inserts (Fig. 7) and the lifting plate extraction device (Figs. 17, 
18, 19, and 21). For forging details, see Table No. 1, Nos 24 
through 31. 
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Fie 27 - Upper and lower views of 7075 (75S) aluminum alloy forging 18E 
made with the No. 5 punch (Fig. 20). the No. 5 die inserts (Fig. -) 
and the lifting plate extraction device (Figs.17, 18, 19, and 20). 
For forging details, see Table I, No. 33. 

Fig. 28 = Genera, view of several parts showing severe 
distortion produced by sticking of one end or 
the center area during extraction. 
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This report contains the results of tests conducted to 
determine the effects of horizontal fillet radii ranging 
from 0.030 to O.375 inches on the forging characteristics 
óflffle er« tw« Integrally stiffened 753 airain» 
¿i™ Smarts included are data for »tallar sr-eeinen» 
showina the effects of lateral forcins flov across die 
cavities. Tencile strength preperties of heot wrea^d 
and a^ed (75S-T6) skin mterial in areas containing 
transverse forced ribs are also presented. 

This investigation vas conducted at the request of the 
Production Design Engineering Department to provide 
Information to be used for a portion of Air Fcr^e 
Contract AF33(600)-22327, "Development of Forged Waffle 
Tÿpe Integrally Stiffened Skin Panels , Phase II. 
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OBTECTt 

To dctcrninc the effects of horizontal fillet rr.cliun 
varlotion on the forcinc charactcrloticc and ecundnccs 
of 75S alunvinun alloy vnffle intecrally 
stiffened skin panel test parts. 

2) . To establish the coinbined effects of horizontal fillet 
radius variation and Interal metal flow across forcing 
die cavities on the soundness of 753 aluminum olloy 
intccrally stiffened waffle crid type test specimens. 

3) . To obtain preliminary data indicating the nechanicnl 
properties of intecrnlly stiffened win" panel skins 
in areas containing transvcrce forced ribs. 

smvici: 

p.) Although the scope of the tests performed for this 
‘ Investition does not perrdt the determination of exact 

limits of maximum obtainable rib heichts for sound parts 
forced from various blank thicknesses with various 
horizontal fillet radii, it is indicated (Fio D that 
slicht improvement in forßinc characteristics accompanies 
increacS fillet radii within the ranCe investica^d 

(.030 to .375 inch). 

B; The use of undersized forcinc blanks permittinc metal 
flew to occur in a direction parallel to the plane of 
the skin (Fio 2) did not produce laps, scans, she nr 
failures or other discontinuities at the Junction cn 
the skin and stiffener in any of the specimens préparée 
for this study. An asymetrical rib tip foro and fore -C 
SÄÄ4. produced In nost ceses -étions pena el 
to the direction of lateral flow 13 -brou h ^ d 
decreased rib heichts resvated in ® '^ve ^ 
throuch 10). in the most prononced c^eo, ^^ f n 
parts did not cc.pletely fill ^ Qie cavi.y 
of the free edre. 

C) Th» results of tensile testo (Te.ble II) show «at the yield 
01 Ttrorl «ni. «Itteoto strength of the 75S-Tf Intecrnlly 

'•tiffer-d forced skins in areas containin'*, transverse 
stiffeners (F?C. 1-) cohere fnverahly with the followlne 
Aleoe specified values* for 753-t5 die forclr.fs: 

Yield r 

or. .tVi 'll 2 inches 

. r^jO’xi p.ii 

. 75 ,r'00 r-'4 

. IC.', (vi :i 

*Alcna Air'd ml Its Alio;' 195° j 
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The elichtly low eloncatlon values obtained for the toot 
parts are attributed to the effects of coupon ceonetry 
for specimens containing the integrally forced riu c.nd to 
the presence of essentially "short transverse Crain 
•tructure in the center of the specimens from which the 
ribs had been removed» 

BACKGROUND: 

Th« work described herein is a continuation of the intecrally ßtlfJ,ened 
SÎÂeîTorsine ßtudie» covered by the follovih* Locked Hoporte: 

1. 

2. 

3. 

k. 

5. 

7» 

8. 

9. 

r o w0. 50½. "Preliminary Press Forging Investigation", 
t;V. ¿chroeáer, D. A. Webeter and H. W. Grebe, dated 12-12-tó. 

L.R. No. 6202, "Progressive Forging of Integrally Stiffened 
Sheet", by Vm. Schroeder, dated 7-25-½• 

L.R. no. 0833« "Progressive Forging of Integrally Stiffened 
Sheet - 9.6 inch Die", by Win. Schroeder, dated 1-3-^9. 

L.R. No. 6919, "Progress ^P^ ’ ^r8t,F5®“^:,,E'b!arCb 
Program for Forging Integrally Stiffened Panels , y 
0. W. Papen, dated 3-14-U9* 

* : 6955 "Research Program for Forging Integrally 
St iffenéd Pané l.-Progre s. Report No. 2", by G. W. Papen, 
dated 4-11-49* 

L R No. 7192, "Report on Results of Second Phase of Integrally 
Stiffened Panel Fogging Research Program", by G. W. Ponen, 
dated 11-10-49. 

L R No. 7192, Vol. 2, "Supplementary Report on Results of 
Second FhLrof Integrally Stiffened Panel Forging Research:, 
bv Wm. Schroeder, dated 2-15-50* * 

L.R. NO. 7192, Vol. 3, "Final Report on R«^” of f'“'4 Ph"=' 
létecreliy Stiffened Panel Forging Research Program , by 
Wn. Schroeder, dated 3-17-50* 

t r vn 7760. "Final Report on Research Program for Forging 
mérîiiiJ'aiiff^ï PanSu". by Wm. Schroeder and G. ». reren, 

dated 12-20-50. 
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BACKGROUND: - cont. 

10. L.R. No. 87U6, "Developioent of Forging Techniques for 753 
Aluminum and 523 Magnesium Alloy Waffle Type Integrally 
Stiffened Panels - Phase I - Effects of Teuperature, Pressure, 
Dwell Time and Blank Thickness on Stiffener Height and 
Occurrence of Forging Defects”, by F. C. Plpher and H« B. Wiley, 
dated 8-26-52. 

11. L.R. 9069, "Development of Forging Techniques for 753 
Aluminum and 523 Magnesium Alloy Waffle Type Integrally 
Stiffened Panels - Phase II - Effects of Stiffener Thickness 
on the Forgeability of Integrally Stiffened Waffle Type Panels 
from 523 Magnesium and 753 Aluminum Alloys”, by W. A. Brown 
and H. B. Wiley, dated 12-31-52. 

12. L.R. No. 9214, "Development of Forging Techniques for 753 
Aluminum and 523 Magnesium Alloy Waffle Type Integrally 
Stiffened Panels - Phase III - Effects of 800 to 950 
Fabrication Tenq>erature on Stiffener Height and Micros true tvu-e 
of 753 Aluminum Alloy Parts", by W. A. Brown and H. B. Wiley, 
dated 6-18-53. 

13. L.R. No. 9425, "Shear Tests of Waffle Grid", by M. W. Mueller, 
A. F. Ensrud and T. J. Stapleton. 

The present Investigation, Involving the use of small scale (3*125 inch 
square) test parts, was initiated to provide preliminary data which may 
be useful for future part and die design for full scale 753 aluminum 
alloy waffle grid type integrally stiffened wing panel forgings 
scheduled for fabrication under the referenced Air Force Contract. 

TOOLING: 

The electrically heated forging dies, .030 Inch horizontal fillet radius 
waffle grid Inserts and automatic terrperature control equipment deccribcd 
and illustrated in L.R. 8746 were used in the Lockheed Engineering 
Research Laboratory 300 ton hydropress with three additional sets of inserts 
(Fig. 3) to produce the parts required for this investigation. 

PROCEDURE AND RE3ULT3: 

GENERAL: 

The forgings produced for tMs norias of tests (^t'oc* 
th"Ough 234 - Rigs. 4 through 10) were rade using the 
debcribed in L.R. 'n746. 

:rrs 1-7 
to ehr. inj ■* 
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PROCEDURE ATÏÏ) RESULTS: 

GENERAL: - cont. 

AU Burfacea of th. blanko "”aon 
liibrlcated with colloidal crap J v ^ flat blanks 
conoid, corporation.** H-on^t ^leani.Jha fia 

ÄÄ iîth aitber ^0 or 300 ton. 1«U applied 

for 60 seconda. 

HORIZONTAL FILLET RADII: 

C „wn» 187 through 201 and 229 throuGh 230 Illustrated In Cpeclnens 187 tte ug^ ^ l ^ lnch 81unr9> 

75l8;i»ln« alloy blanks, .2«) to 1.000 inch thlck,^ 

obtain preliminary characteristics 
warious horizontal fillet radii on taor integrally 
and the occurrence of ^^e ln g ohtalned and related 

forgin^condltlon^for^the^^apecimens^prepared are outlined 

in Table 1 The results are plotted and compared with 
enviously obtained values for .030 Inch horizontal fillet 

radii (L. R. 87116) ln Fl8- 1' 

Photomacroeraphs Illustrating grain flow 
in the sections prepared (B-B of Fig«. 5 and iu, 
preoented In Figs. U, 12» 13» 17 and 18. 

LATERAL FLOW ACROSS STIFFENER CAVITIESi 

To obtain preliminary integrally stiiTened forgings 
lateral flow for undersized blanks were 
having various horizontal fillet raaii, 
prepared and forged as shown in Fig. 2* 

SnTo^d under^ the^condl tic ns*1 and ÍÍÂ «Älsted 

in Table I. 

Inasmuch as the use of undersized Mank. alone did ^t cause 

.,hcar failure «^"re *r“d Är Tore severe condl- 
f,peel no no -31 througn O generate punch undercut 
tlono uoinr undersized escaño vertically at the part 
.125 in. vhich allowed mt« ial to escape ^ ^ lo.ror 
edge anG produce the ckln surfnc. flny - fcrjin;- c.uvliticr 
pho'cOgrr-ih t j* • j, photorv.crc ;riv'ho 
frr those P'rtn are pr.*J'nt^d in i^. , ,4,..-.0.1 

r lu ■ rV-n -ti 0- etricnl rib tip fen^ cu.u rp: A. 
.H-is trat 1» . a IV ;^» «“5 . vlth .calera 1 zed blcaVs an chovn, 
fUw pntt‘M fo’. li . 
in Figo. 13 ibi .hi • 

1^0 
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PROCEDURE AgD RESULTS; - cent. 

MBCHAHICAL PROPERTIES! 

To provide preliminary data indicating the probable etrength 
and elongation value* which may be expected for integrally 
stiffened 75S-T6 aluminum alloy forged skin* in areas ... 
containing transverse stiffeners, tensile tests were conducted 
by the Lockheed Process Control Leb oratory* on a series of 
1.00 inch gage length coupons (Table II) machined from forged 
test parts from the positions shown in the upper photograph 

of Tig* 10. 

The tensile specimens were cut from sound parts 
horizontal fillet radii and relatively thin •» forged 

thicknesses obtained from this and previous studies (L.R* 
and were tested both with and without the stiffeners as indica 

in Table II and illustrated in Fig. 19* All coupons were reduced 

to approximately .055 inches in thickness by machining away 

the skin surface. 

DISCUS3I0B: 

HORIZONTAL FILLET RADII: 

The results of previous studies Involving the use of .030 inch 
fillet radii have shown that "suck in" í£f 
to those present in Specimens 187, 188 and 189 of Tig. 1! are 
the limiting factor preventing fabrication of in^ß3*^^ 
stiffened parts with sufficiently thin as forged skins for 

structurally efficient wing panels. It was therefore c°n***°r 
possible that the change of forging flo» conditions acconpanying 
use of fillet radii larger than .030 inch might increase sue 
in" tendencies and result in even less desirable skin tbic^ec 

limits than heretofore determined. Although the data obt^c^ 
from Specimens 187 through 201 are not sufficient to provide a 
family of curves showing the occurrence of defects for each 
fillet radius investigated, the preliminary information plotteu 

inFig. 1 is considered significant inasmuch as no 
in minimum forgable skin thickness is Indicated for radii as 

large as .375 inch. 

LATERAL FLOW ACROSS STlFFETTKR CAVITIES: 

It is known that in the design of dies for conventional forgings 

special consideration is required to avoid internal shear 
in finiched ports resulting from exceesive mutai flow acroce 

* Process Control Laboratory Reports 2306O ar i 235^2. 
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ÄS* 
S^rîtl« 1M10.U4 that th. ff.et.tfm. 

conlltlon«hould h. 
•• «.V.H «■ 1.125 lach under alee Here forgea ai ijau»»»«»« 
in Fia 2 vithout occurrence of the eheer type failures 

.iaiUr -m fle-Pett.™!» 

conwntional forging.. I" “ 
MTCT. conlltlon, . flctlng punch hiring 025 1»^ ^„v. 

nrw aide vas mchlned and used vlth unflers i sea cianM 
125 Inch square cavity of the test die to allow 

iTm^Sético rf ut.r.1 fl« (FU. 10). 
Thl. »ttM*t im. *1*0 uns.ce«.«ful In producing p 
ihir fluur.. ,t th. bM. of th. t..t p«rt .tiff.»™. 

?• TÏÏiS îLiVSuïm o» to th. ratio tf th. rib «n4 
îîîîîîi.L. a> veil as the relative thinness of both 

skin thicknesses as ve mA* vith full sited punch 
■enbers. In the case of the parts dosuze 
vhich did not allow escape of for^ !îb ooening 
irla 2) it appears that because of the narrow rib opening 
(ÎÎLiIa ll thepert design» lateral flow in the plane of the 

^ut^ifo» finmg of th. .««•“j 
kííf^!t^íld Thus truncation of the rib tip form took 

i'iíiÜotbe early stages of the forging punch stroke 
Irt^hî^lSîr^ t» itt flUtf the »tlffowr cavity tfter 

th. und«™i»d ^ar,^X'r^mî0«t^«0f”^orEl”8 
ÄÄ Äor.mnr to the 

fifoU ïl»d blank, of th. »» vole». 

Ma» mds with the undersiied punch vhich did not 
Tbe epeclaens Bate biank naterial at the part edge 
prov te trapping of the bianit ^ affected 

g s r2:r*".ÄS r-tgr-gf-. 
¡r "stääs «äts.“ «. 

ÎÂ .«îfe^vlty during th. final portion of the forCln. 
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DISCUSSION:- cont. 

On the basl« of the foregoing observatlone It 1« reaecned that ***** 
dleeontlnultle« will only occur acroea the bate of etlffeners when the 
^«î ^d îîîtlcal gening* are proportion^ to permit elmultaneoue 
fOTglng flow In both direction*. Since the eubject parte are limited 
by" suck In" defect* to ae forged ekln thlctaæeeee greater than rib 
thlckneeee* It would appear that lateral fl<"' will proceed ala°8^0 
cDepletion in cloeed dlee before the etlffenere acquire appreciable 

height. 

HBW:ble 
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LOCKHEED AIRCRAFT CORP. Report No. 9567 1-4-54 Page B 

)• MOR 

Fig. 2 
ketch illustrating simultaneous forging 
,ow across and into »U««n« 

_a of undersiied blanKs. 

Fig. 3 
jTRinfi die insert blocks used to produce 

parts (Potomac "M" Tool id heat 
cated to 230,000 to 250,000 psi ultimate 
nslle strength). 
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LOCKHEED AIRCRAFT CORP. Report No. 9567 i-4-54 Page 

MCTALLUM I CAL »CSC ARCH. 

Fig. 4 - Upper and lower views of 75S aluminum alloy waffle forging Specimens 
187 through 190 made with . 120 inch horizontal fillet radix and 
Specimens 191 through 194 made with .250 inch horizontal fillet radii 
using 30.6 tons per square inch pressure applied for 60 seconds at 
800° F. 
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METALLURG I CAL RCtCARCH. 

Fig. 5 - Upper and lower views of 75S aluminum alloy waffle forging Specimen,.. 
195 through 197 made with ,250 inch horizontal fillet radii and 
Specimens 199 through 201 made with .375 inch horizontal fillet radii 
using 20.4 tons per square inch pressure applied for 60 seconds a 

800* F. 
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LOCKHEED AIRCRAFT CORP Report No. 9567 1-4-54 Page E 

Fig. 6 - Upper and lower views of 7 5S aluminum alloy waffle forging 
Specimens 202 through 207 made with .030 inch horizontal 
fillet radii using 30.6 tons per square inch pressure applied 
for 60 seconds at 800* . Direction of lateral flow is 
indicated by arrows on stiffeners. 
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HtTALLUfW I CAL RESEARCH. 

Vio 7 - Upper and lower views of 75S aluminum alloy waffle forging Specimens 
208 through 215 made with . 120 inch horizontal fillet radii using 20.4 
tons per square inch pressure applied for 60 seconds at 80Ö t . 
Direction of lateral flow is indicated by arrows on stiffeners,. 
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MCTALLUmiCAL ACSCARO). 

Fig. 8 - Upper and lower views of 75S aluminum alloy waffle forging 
Specimens 216 through 221 made with .2 50 inch horizontal 
fillet radii using 30.6 tons per square inch pressure applied 
for 60 seconds at 800* F. Direction of lateral flow is 
indicated by arrows on stiffeners. 
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LOCKHEED AIRCRAFT CORP. Report No. 9567 1-4-54 Page H I 

Fir 9 - Upper and lower views of 7½ aluminum aUoy waffle forging 
Specimens 222 through 227 made with .375 inch horizontal 
fillet radii using 20.4 tons per square inch pressure applied 
for 60 seconds at 800* F. Direction of lateral flow is 
indicated by arrow» on stiffeners. 
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OCKHEED AIRCRAFT CORP. Report No 956 1-4-54 Page 1 

Fig. 10 - Upper and lower views of 75S aluminum alloy waffle forging Specimens 
228 through 234 made with various horizontal fillet radii and press 
pressures (see Table I) applied for 60 seconds at 800° F. Arrows on 
stiffeners in lower photograph indicate direction of lateral flow. 
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MET Al LUHÔ I CAL RESEARCH. 

Fig. U 
liacroir.ph. iUustrating sectional aspects oí Specimens 187 through 192 

(gpproxlinaUly 2-1/2X). 
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Fig. U 

ttCT MXUMI CAL. MCSCAACM. 

. Macrographs lUuatrattag .acüooal a.pccta o< Sp.ctm.aa 

(appro rima tel y 2-1/2X). 

193 ‘hrough 19t. 
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MtTALLOMO ICAL. MCSCAftCM. 

Fig. 13 - Macrographs illustrating sectional aspects of Specimens 199 through 
204 (approximately 2-1/2X). 
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MCTAU.UMHCAI IKWHCW. 

Fig. 14 - Macrographs -.llustrating sectional aspects of Specimens ¿05 through 
210 (approximately 2-1/2X). 
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Fig. 15 - Macrographs illustrating sectional aspect« of Specimens 211 through 
216 (approximately 2-1/2X). 
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MCTALLUmiCAC RESEARCH. 

Fig. 16 - Macrographs illustrating sectional aspects of Specimens 217 through 
222 (approximately 2-1/2X). 
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Fig. 17 - Macrographs illustrating sectional aspects of Specimens 223 through 
228 (approximately 2-1 2X). 
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Ml 

Fig. 18 - Macrographs illustrating sectional aspects of Specimens 229 through 
234 (approximately 2-Í/2X). 
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MCTALLUAOICAL RESEARCH. 

Fig. 19 - Failed 1.00 inch gage length 75S-T6 aluminum 
alloy tensile coupons machined from waffle grid 
type integrally stiffened skin panel test parts in 
areas containing transverse ribs. Thickness of 
all specimens was reduced to approximately 
.055 inches by machining skin surface. 

Upper photograph: Stiffeners remain on coupons. 

Lower photograph: Stiffeners machined away. 
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jgTALLUTOICAL THVKSTIGATIOH Of WMTLE TOGI.IWS 

T^norenn AIRCRAFT CORPORATIOW 
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METALLURGICAL»CHEMICM« RESEARCH MEMORANDA WO._176l 

METALLURGICAL inVESTIOATIOM Of WAFFLE FORO DIGS 

» 

Inveatlgatlon: 
Authorisation: 

Checked by: 

Approved by: 

R. I. Batista Septeaber 19» 

Request of the Production Engineering Department 

W.O. 2.kl68 

H. B. Wiley 

E. H. Burks 

1956 

Attention of: 0. W. Papeu/H. B. Sipple» F. C. Plpher/A# W# Ernestus » 

J. F. McBrearty/E. H. Spaulding 
Reference: IDC, J. M. Oerschler from H. W. Benjamin, dated 

3-13-56, Subject - Waffle Forgings. 

SUBJECT PARTS: 

Four experimental vaffles forged panels made at the Wyman-Oordon Company, 

Worcester, Msseachusettes. Material - 7075 aluminum alloy. 

OBJECT: 

1) . To prepare macro sections shoving the grain flev In various 

sections of the panels. 

2) . To obtain the tensile properties from representative sections 

of the forgings. 

3) . To determine the uniformity of hardness before and after heat 

'treatment by means of hardness traverses * 

SUMMARY: 

A) . Examinatloi of macro sections revealed a normal grain structure 

with no visible forging defects. 

B) . TVsnsile tests shoved that the material could be heat treated to 

the desired strength level. 

C) . Hardness traverses indicated uniform hardness before and after 

heat treatment. 

PROCEDURE AND RESULTS: 

Fla. 1 illustrates the forged panels as received, shoving the location of 

the mero and tensile specimens. A list of the specimens is given In 

Table I. 
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PROCEDURE and RESULTS: - cont. 

TABUE I 

■^rpe ot ¡Specimen _ "““lumber 

Vertical Macro Sections 

Horixontal Macro Sections 

Skin Tensile Coupons 

Stiffener Tensile Coupons 

Skin and Stiffener Coupons 

Standard .25 inch Tensile 

Coupons 

___—- 

Ml - M5 

Hé - M7 

1 - 7 

8 - 9 

10, 11, 12 

T1 - T2 

Photonerographs lllu.tr»tlng th» grtln fl» »r» »ho« ln Mg*- * * *• 
^ “rr^tlon. r»T..l»4 • »oimä »truetnr. with no forging or oth«r 

metallurgical defects. 

r." ^ts “ “."““rS’S'H“ 
Until» test» fr« the., .peclnen. g.» 1» «!«• ”n “‘‘g 

to the effects of faulty heat treataent. 

«1st« now «Miels were supplied, tensile specimens machined, and the heat 

trentasn^performed under rigid controle. Th. reeult. frOT 
rftpeelnen. eonpar. favor.» ly with the Ale« epeclflcatlon value, and 

are presented in Table II. 

TUrdneaa traverses vere made across macro section M-l of the ^wo 

panels received. ^J^^^^.^tî^'t^haM^îs* 
both before and after heat treatment, roe reeuj.™ 
tests are shown graphically in Figs. 9 and 10. 
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Lockheed Aircraft Corporation mcrm No 1761 -1 
CALIFORNIA DIVISION • BURBANK. CALIFORNIA MOOKI_Ge- DATID-?' 1?~S^ 

) 

Fig. 1 - Typical panels as received showing location 
,-ad identification of macro ard tensile 
specimens. 
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MC R M No. i 761 PAGE Lockheed Aircraft Corporation 
CALIFORNIA DIVISION • BURBANK. CALIFORNIA MODEL. 

Leneral 
DATED . 

9-19-56 

UHJUNEM 
MCTALLURC ICAL RESEARCH. 

Fig. 3 - Photomacrographs of sections normal to stiffener 
and skin. 

Top - M3 
Bottom - M3A 
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Lockheed Aircraft Corporation 
CALIFUHNIA DIVISION • BURBANK CALITORNIA 

MC RM No. 1761 

MODEL Gene ral 

page _ 

TATED 

_i¿ 
9-19-56 

Fig. 4 - Photomacrographs of sections normal to stiffener 
and skin. 

Top - M4 
Bottom - M4A 
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Lockheed Aircraft Corporation 
CALIFORNIA DIVISION • BURBANK. CALIFORNIA 

M C R M No. 1761 

General 

page . 
K 

MODEL . DATED . 
9- I'-l- Tb 

ALLURQ I CAL RESEARCH. 

Fig. 5 - Photomacrograph of section normal to skin and stiffener. 
Top - M 5 

Photomacrograph of section 451, to stiffeners and normal 

to skin. 
Bottom - M5A 
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Lockheed Aircraft Corporation 
CALIFORNIA DIVISION • BURBANK. CALIFORNIA 

rv:c R M N <. 1761 

General 

PAG t 

MODfL . DATEX> 
9 “ 1 9 - 5 Ö 

RESEARCH METALLURG I CAL 

Fig. b - Photomacrographs of sections normal to skin and 

45° to stiffeners. 
Top - M 5 

Bottom - M5A 
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MC RM No. 1 7b 1 PACE 
Lockheed Aircraft Corporation 

CALIFORNIA DIVISION • BURBANK CALIFORNIA MODE.  ——  DATED 

MCTELLUBQ ICAL OCSCABCH. 

Fig. 7 - Photomac r©graphs of sections parallel to skin. 

Top - Mb 
Lottom - MbA 
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routine metalujroical investiqatiow 
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Fora 29* 
LAB. NO. 5523 

WYyaM.flOllDON COMPANY. 
BQUUME McTAt LUBOirAI iNVESTIfiATIOfcL 

DATE BEf.’D 9/12/¾¾ ñRPOBTED RY 

PATH COMP* D q/20/55 _ APPROVED 

wic/^& 

SUBJECT: Metallurgical Report 

NAME OF PART gxp*rl«8Ptal Waffle MATERIAL_29H r.ONDlTIQN T6- 

CUSTOMER A no. lackh—d, 12T6q6. 

SOURCE A HEAT NO. Alcoa_ 

w.c NO. gT.OC* CODE NQ. 

ANALISIS NO. 1169 SERIAL NO. IL 

INTRODUCTION^ 

'nxim rr-tullurideal investigation vas conducted on one eaperlnental vaf«^ forging, 
WO 27004 forged to QQ-A-367 specification* and supplenante wynan-Gordon ajgineerlng 
and Developaent Report Ruofeer 20. 

.jIEMISTRY: fc.. 

Specification 
QQ-A-367C 1.2-2.0 

M n 
Mix. 

4» 

Part 1.64 ^.06 
EXAMINATION & RESULTS 

.30 2.1-2.9 

2.53 

h 
Max. 

.70 

.30 

Si 
Max. 

.50 

.11 

«L Cr 
Ti 
a 
Max. 

0.18-0.40 5.1-6*! *20 

0.25 5.47 .03 

U 

Bal. 

Bal. 

1. Tb. ^trogr«*lc «n.üor.1. «WPl. «• obt.i«d fro. of the b... In th. 
approximate center of the forging. Result* are as shovn above. 

2. Boriiootü «d «rtleU -et» ero., -et*». 
vnrlou. location, of th. forgln*. s> 3. 5, 6 md 7. Th. -ero .pee 
were renoved fro« the general areas Indicated In Figure 1. 

3. Brln.ll hard».. I—*». (10- ball - 1000 £1°¾) 
Motion (D). Remits are wlnhln . n-ro. rang, of BBH 159-165. B-tioMD) la Shown 

ln neun 1. Brln.ll Indaatatlon positions —d —lu»« “• ®h0’'m 10 W®1” • 

h Th. .250” Standard Hound Tnuilon Tert. w«. cut fr» th. bM. of to forging with 
^ SÎÂ jSn being lne.tad In to e-tar of «-1* ^ 
W 11. Lotion, of to cut -d 

sä* ^^sr^srr»srnrn. 
flow nay he seen in Figure 10. 
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- Page 2 - 

ECAMINATIOH fc RESULTS (Continuad) 

5. mero qpaolaana vara taken Aran the canter 
(horlaontal plana) and a alngla atiffanar (yertical 
In Plgura 12. Figuran 13, 1^ 15 and l6 Uluatrata 
raqpaetlva 

of the atiffanar interaction 
plana). Locatlona are shown 
the nlcrostructures In their 

COHCLUBIOBS 

1. Chanlnal analysis oonfbms to QQ-A-367 specification. 

2. Macro t*riHw*'fe4nM above a satisfactory gralnflov vlth the flov lir.es 

following the contour of stiffeners. 

3. Brlnell hardness results (BHN 159-165) vara uniform and consistently 
Mgh throughout the cross section. 

k. Mechanical properties of the flat tensiles and .250" round tension 

tests meat or exceed the QQ-A-367 specifications. 

5* Micro-specimens shov a uniform, fine grained, normal structure. 
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TABLE 1 

Mechanical Strength Properties of 

Standard Round Tension Tfc«it Specimen with 1-in. Gage length 

Material: 7075 Condition: To 

Yield 

Test Strength 

Speclman psl 

Ultimate 

Strength 

p»1_ 

tion 

1L 

2L 
T1 
T2 
1 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 

72,000 
69.700 
72,600 
72A 
66,90c 
66,50j 
66.700 
67.300 
68.300 
66,500 
64,400 
65.800 
68,900 
69,700 
64.800 
68,300 
66,900 

84.400 
80,900 

83.400 
83,200 
77.500 
78.300 
76.500 
75,000 
78.500 
77.500 
80.400 
75,600 
79.500 
79.300 
73.500 
77,900 
78.500 

9.O 
9.O 
13.0 
10.0 
13.0 
12.0 
7.O 
5.O 

13.0 
13.0 
9.O 
8.0 
11.0 
9.0 

11.5 
I3.O 
I3.O 

TABLE II 

Mechanical Strength Properties of 

Standard Rectangular Tension Test Specimen with 2-in. Gage Length 

Material: 7075 

Condition: t6 

B 72,000 

C 71,200 

D 72,000 

78,200 

76,400 

76,800 

3.O 

3.O 

4.0 
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FIGURE 3, X3 Etchant 10^ Caustic 
Section: Stiffener and Base location 'E' - Figure 1 

FIGURE h, X3 Etchant 10^ Caustic 
Section: Stiffener Intersection and Base Location 'A* - Figure 1 
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FIGURE 5, Xl^ Etchant 10)6 Caustic 
Section: Horizontal cross section of stiffener and intersection. 

Location 'B* - Figure 1 

FIGURE 6, XLO Etchant - Modified Keller's 

Section: Horizontal cross section of stiffener and intersection. 

Enlargement of Figure 5. 

205 



FIGURE 7, XLO Etchant: Modified Keller’s 

Section: Vertical cross section of stiffener* 
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FIGURE 9» X3A anaile Locations and Grainflow 
Orientation. 

rvtvrrCT 
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ß 

FIGtTRE 10, X3 Etchant 10$ Caustic 
Macrostructure of 'flat tensile' specimens showing 

fractures occurring at stiffener intersection. 
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FIGURE 11, Xl£ 
,250” Round Tensile Location relative to stiffener. 

Tests 1 through 11. 

FIGURE 12, 50-2 
Micro specimen locations. 
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Modified Keller's 
¡r Intersection (Horizontal plane) FIGURE 13/ X50 

Section: Center Micro 

Micro: 'A' 
FTGtMS 1^ # X10Ö Etchent - Modified Keller ¡ 

Section: Stiffener area adjacent to intersection cen er. 
(Horizontal plane) 

211 



FIGURE 15, X50 Etchant - Modified Keller' “ 
Section: Stiffener area midway between base and top of stiffener. 

ÍVertical plane) 

FIGURE l6, X50 Etci-iant - Modified Keller's 

Typical microstructure of base (Vertical plane) 
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UNCLASSIFIED 
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APPENDIX VIII 

ANALYSIS OF PROPOSED DIE HEATING 

REQUIREMENTS FOR THE 83" OCTAGON 

X 35" DEPTH DIE BLOCK^ 
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ANALYSIS OF PROPOSED DIE HEATING 
REQUIRE!ENTS FOR THE 83" OCTAGON 
X 35" DEPTH DIE BLOCK,_ 

A theoretic»! »nalyeie of the energy requirement» to maintain 
the 83" octagon x 35" depth die block for production of a 
full-ei*e 127586 Forged Panel vaa made by Lockheed and »Jowed 

a deficiency of approximately 37KW. For thi® 
asauned that the entire die block would be maintained at 800°F; 
a platen temperature of 70°Fj 1/4* bottom inaulation and 1,0 
aide inaulation* The inaulation material to have a K value of 
1.0* Thia anulyiiB vaa aubraitted to Wyman-Gordon for their 

review and commenta* 

Hymn-Cordon concurred with Lockheed'» method of ^ 
did not believe that it was proper to consider maintaining 
entire holder at 800°F. Based on their experience, a temper¬ 
ature gradient will exist from the insert temPera^ur® to * _ 
lower temperature at the surface of the holder. 1° 
Gordon analysis, it was assumed the vertical aides of the 
holder would be radiating at 500°F. The bottom «urfacewas 
also considered to be at this temperature. The upper 
was assumed to be radiating at an average temperature of 
One inch thick insulation will be used on vertical 
1/2" bottom inaulation with the press platen assumed to be oper¬ 
ating at 200°F. The above conditions substantially reduce the 

power requirements. 

To substantiate the temperature assumptions Wyman-Gordon sub¬ 
mitted their analysis, and summary test data J*0®* . 
55" octagon x 22* depth die block identified as E Yoke in he 

following tabular stannary t- 

Installed Lockheed 
Capacity Analysis 

(KW) _ TkWL 

Wyman-Gordon 
Analysis 

Ü2Û_ 

WAFFLE DIES 73 98.6 
■E" YOKE 54.4 55.5 

55.7 
31.3 32.8 KWH/Hr 
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LOCKHEED ANALYSIS OF PROPOSED DIE HEATING 

OF WATTLE 

ELEVATION 

Aasuning die block heated to 800°F and damped down to press bed 
with 1/4 insulation board at bottom, heat losses are as followst 

qj * B.T.D./sec. lost through bottom insulation and 

K X X (tj - tj^) 

L X 3600 
B.T,U./sec, where K « 1.0 B.T.U./ft2/°F/in/HR 

q s losses in watts by radiation from top surface and 
r 
» e X 5.07 X (T2* - T^) x 10“10 x where e ■ .79 for steel 

q2 = losses in watts by natural convection from top surface and 
V 
= .0938 ( t2 - tj) ^25 1.1 X Ax (factor of 1.1 for top surface) 
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I* 

"3t 

* Losses In watts by radiation fron sides and 

= ex 5.07 X (T2* - T^4) x 1(T10 x where e = .79 for steel 

s losses in watts, by natural convection fron side surface and 

■ .0938 (t2 - ^25 
Ä X 

Referring to figure 1, we havei 

Top surface * Bottom surface * Aj * 1/2 x 34*4 x 41*5 x 8 * 5700 in 

Side area »Bl * 34.4 x 35 * 8 s 9630 in2 * 67 .AÎ 

Vt. = 39.7 x 2.92 x 490 • 56.600# « 28.3 Tens 

Using dimensions of die block in formulae for losses^ we havet 

Ql » K x Aj (t2 - b 1 x 39.7 x 730 x 4 x B.T.U./sec or 34 KV. 

Lx 3600 3500 
q2 s ax 5.07 x (T24 - Tj4) x 10-10 x Ai * .79 x 5.07 x ^(459.6 

+800)^ - (459.6 + 70)4) x 10“10 x ki 

- 4 x 2.44 x 102 x 39.7 * KW. 

.0938 x 730 1.1 x 39.7 = 15.5 KW. 

38.7 » 3|^7 = 65.4 KW. 

.0938 x 730 ^25 67 = 

93r * 

q3v s 

Total KW. requirement for keeping die at temp« with bottom insulated only 

* 34 + 38.7 + 15.5 + 65.4 + 23.8 = 177.4KW^ 

By insulating all vertical surfaces of die we caa reduce the sum of 

q3r + q3v s q3 s 89,2 t0 the followln8 using K = 1.0 for 
insulation material» 1 in. thick 

i 
q3 , x,,5 . KW. 

Total losses by insulating sides and bottom. 

= 9i ♦ Qo * q2_ ^ 9¾ c 34 + 38.7 ♦ 15.5 + 14.3 = 1^2.5 KW. 
“T* V 
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WY'IAlMïORDON ANALYSTS OF PB0PS6ED DIE HEATING 
OF WAFFLE _ 

i*** 

Die Block 

t, = 70°F 
500°F- 

X 

500°F 

■ V ? 
./ / / 

83 

41.5 

i 

Heating Elements 

! 

35 

1 

?// ^ " 
200°F 

Fr«ga Beá 

T_ 1/2 Insolation Board 

HJ.FVATTON 

Assuming die block heated as shown shore (500°F at bottom and sides, 
average of 700°F on top surface to maintain 800°F in center of block) 
and clamped down to press bed with 1/2« insulation board at bottom, 

heat losses are as follows* 

qi = B.T.U./sec. lost through bottom insulation and 

- g X AX X (t2 - %i) B>T#u#/8ec, where K = 1.0 B.T.U./ft2/°F/in/hr. 
L X tA00 

q = losses in watts by radiation from top surface and 

= . X 5.07 * (Tj4 - Tj4) X 10-10 X A1 where e = .79 for eteel 
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q e lossu In w»tte bjr natural cowrociion fr« top eurfaca and 

^ <. .0938 (t, - t.) 1>25 1.1 * »! (f»ctor of 1.1 for top «rf«c.) 

qj * loeaaa In watta by radiation fron aidea and 

r » . X 5.07 ï (T2* - T^) X 10'10 X *! xh»PO . « .79 for «tool 

_ lotMX ln «Btt» bjr BBtUTBl COBTOOtlOB fWX »Id« »UrfBO» «Bd 

- .0938 (tj - tj) ^25 

Rafarring to Figura 1, va hara« ^ 

Top aurfaea » Botto® aurfaca « Ax ■ l/2 x 34.4 x 41.5 x 8 « 5700 in 

* 39*7 n2 

Sid« Iraa ■ Bi = 34.4 x 35 x 8 - 9630 in2 * £J¿ 
Wt. « 39.7 x 2.92 x 490 * j||gg£ = 28,3 Tong 

Using dimensions of die block in formuUa for loasaa, wa hayal 
% 

K X »! (t2 - t!)= 1 x 39.7 * 300 x 2 _ ¿,6 b.T.Ü./bm. 
qi*-L x ^55 3SÕÕ 

,, = . x 5.W x (T2A - T/) x 10=1° x »! - .79 x 5.07 x|(459.6^ 700)4 
q2r . (459.6 4 70)4Jx 10 x 

« s 4 * 1.73 x 102 x 39.7 * 

.0938 x 630 ^25 1.1 x 39.7 = 12.9 W. 

e x 5.07 (T2* - Î!4) x IO'10 * B! = .79 x 5.07 x ((459.6 + 500) 

- (459.6 + 70)4)x KT10 x 

4 

« 4 x .769 x 102 x 67 * 20.6 KW. 

q^ s .938 x 430 ^25 67 = 12.3 KV> 

Toul KW. roqulronent for k..pln, dl. .1 te^or.tur. vlth botto. ln.ul.t«l only 

b 7.0 4 27.4 + 12c9 4 20.6 4 12.3 = BO^^JJj. 
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Br 1 ovulating ai «rtua aurf.o« of dl. - e« «*». of 
q, +q3 • q, - 32.9 W. to tb. foUm-lnf flru«, »1^ * 1-0 

for insulation ■ntorisl# ont inch thlok* 

q*3 • (1 * ^ 4"} * 1.055 

Total lotto by insulating llflfl Md tottfli 

- n ^í, + % + -’-o +iî«LB- 

toekh.au «aoulatloD for 600°r dl. «M 102.5 Hi th.lr r~o—aa 
oapaoltr VU no H. Br ratio. W x 55.7 « 59.« 
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LOCKHEED ANALYSIS OF rrtOPOSED DIE HEATINQ 

"B* YOKE DIES 

A 

Calculations for proposed die heating of above, using Lockheed method 

(Sheets9! and 2). 
2 

Top Surface = Bottom Surface = Aj = 65 x 55 - (1? x 12 X 4) * 3287 in^ 

Side Area * B1 = (41 x 2) ♦ (31 x 2) ♦ (16.97 x 4) x 22.3 = _ 32¾ f^2 

Wt. = 22.8 x 1.86 x 490 = 20,781# = 10.39 Tons " 
(Scale Weight act. 19,600#) 
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Min« dl-nnlc». of 1». block ln formal« for lo.wn, w. tarn. 

„ (t, - O « 1 % 22.8 » 730 » 4 = 18.49 B.T.O./n«. - ^jUi 

-Lx 3600 3600 

t2 ■ BOO0 F 

tx * 70°F 

^ * 5.OT X (t/ - T/) » 10-10 X A, - .79 X 5.07 x ((459.6 ♦ MO) 
^ - (459.6 ♦ 70)6)x KT10 x Ai 

« 4 x 2.44 x 102 x 22.6 « flU 

^ « .0936 x 730 ^25 i«l * 22»a * h3cM 

q, * 22.3 x 32.6_ = 32ill K* 
r 22.8 

» .0936 x 730 ^25 32.8 = Ug67 KW. 

.. . m-ratur« with bottom inaulmtod only. 
Total KW. requirement for keeping die at tempera ur 

= 19.5 + 22.3 + + 8.9 + 32.1 + 11.7 = 94.5, g. 

insulation material, 1 inch thick, 

qî = fl x 32.8 x 730) x 1.055 = 7.0 CT. 
5500 

Total losses by insulating s^es and Ipotjoia 

= 91 + 92 + 9^ + 9^ = 19-5 + 22*J + 8*9 + 7*° * Si2=S* 

Tro. O.K. publication Í,mcíl<Sw’.^« 

Using data from publication, we hare« 

1. Radiation and convection losa fron top .urfac. 

= 8 x 22.8 x 1.1 x 144 = ¿8,9 KW. 

Loas through side insulation with K = 1.0 
2. 

3. 

1 » |12.8 x 730 x 1.055 = 2¿2JS¡¿ 
3SÕÕ 

Loss through 1/4« bottom insulation same as above = _l?tS-g- 

Total loss = 55.4 KW. 
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WYMMUOOWDOi AHALKIS Of PFOMS1D DI» HEATIWG OF 

■f ion DIES 

Calculation« for proposed dit heating of above, uaing Lockheed «ethod 
(Sheeta 1 ft 2) 

Top aurfaoe * bottoa turfaot 

* Ax * 65 X 55 - X 4) * 3287 in2 = 22.6 ft2 
u 2 

Side Area « * [(41 x 2 ) ♦ (31 x 2) ♦ (16.97 x 4)] x 22.3 « 4,725 in2 = ¿2.8 ft 
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Wt. = 22.8 X 1.86 X 490 = 29,731^ = 

(Scale Wt. = 19,600#) 

q = K X A1 (t2 " tl) = 1 X 22.8 x 300 x 2 . 3#g BTU/Sec. « 4.0 KW. 

1 L x 3600 3600 

= • x 5.07 x (T24 - Tx4) x IO*10 x ^ 

= .79 x 5.07 x ((459.6 + 700)4 -(459.6 ♦ 77)4)x lOT10 x ky 

= 4 x 1.73 x 102 x 22.8 = 15,777.6 = 15.8 KÏ. 

q. = .0938 x 6301*25 x 1.1 x 22.8 

.0938 x 3,156 x 1.1 x 22.8 * 7,423.7 * 7.4 1¾. 

q3r » . x 5.07 x (T24 - TjM x IO"10 x 

= .79 x 5.07 x((459.6 ■» 500)4 - (459.6 ♦ 70)4)x IO’10 x B1 

s 4 x .769 x IO2 x 32.8 = 10,090 e J^iÜÜL» 

q = .0938 x 4301,25 x 32.8 

S .0938 x 1,958 x 32.8 = 6,024 = 6.0 KW. 

Total KW. required for keeping die at tenp. with bottom insulated only. 

= 4.0 + 15.8 + 7.4 + 10.0 *»• 6.0 * 43¿KW. 

By insulating all vertical eurfacss of die, we can reduce the am of 

q, 4 q^ =s q3 a 16.0 KV. to the following figure, using K * 1.0 for 

insulation material, 1 in. thick. 

ql = 1 x 32.8 x 430 x 1.055 * 4.1 KW. 
3600 - 

Total losses by insulating sides and bottog 

s ql * q2r + q2v + q3 

a 4.0 •¥ 15.8 + 7.4 + 4.1 = 31.3 KW. 

T^TAL LOSS 
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