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ABSTRACT 

The following report deacribe1 an inTe1tigation 

oonducted_by Loolcheed Aircraft ~orporation for 

the purpo1e of <!neloping production techru q1.1es 

tor formi11g the contour■ ot m&ohined Integrally 

Stiffened Wing Skiil Panela. It wa, fol.lDd that 

Upper and Lower Integrally Stiffened Panels could . 
be tormed to preci1ion ~ontour1 by meana of 

stretch forming. Leading Edge Integrally Stif­

fened Panel ■ were contoured by combination 

stretch and c0111pres1ion forming, The 1ueee11 of 

both method■ wa1 dependent U?On the denlopment 

of 1peeialiied tooling and technique■• 
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The 1tructural ~•quirements of ~odern alrcrart have for 1ome time pointed to the need for a fundamental change in the convor.tional theory of sheet metal wing design, We have witneaaed tremendou1 increuea in dynamic loading or wing• while at the UJne time the dictate■ ot aerodynamic■ han forced reduction• in ·d~: thicicne11, The result of progre11, in this caee, has been to greatly inorea1e the complexity, coat and "'9iiht or th~ 1heet •tal part■ and sup• porting 1tructure, 

In view of the requirements of modern aircraft, thia trend, then, appears to be opera.ting in reverae; "hereby, a8 the need for 1paoe and load carryinr, capaci t :r inoree.ses I the pouibili ties ot obtain­ing it di.nioish, Furthermore, f rom a praotical viewpoint, it has been found difficult to achieve thA required aerodynamlc smooth­ness in the process or aesembling the typicnl high-~erton:iance sheet metal wing. Lockheed recognised this problem and has been engaged in certain development work for some.time, Thia work has culminated in the de'9t!lopment ot a y;i ng structure iocor,:1or11ting "Integrally Stiffened ieing Skin Panels". ( Figure 1) 

The new panel cons i sts of one piece only,with the ribs, stiffenera, reintorce: .E>nts, etc., machined, f orged or e,ctruded integr<1lly "'ith the akin. By way of coRtr~st, the compa reble sheet metal panel i a oomprhed of a nt1riad of 1triogers, clips and doublers riveted to a 1heet metal skin, 

The merits of lntegra lly stiffened ski11s , or wing pane la, han been establlehed to t .w extent that oonside r r., ':.ion iG beinr, ghen to their use in current and i'uture fighter a n.<l bombf!r designs . i1aweT~r, aioce it was doubtt'ul whether recognhed fabr icatio r, techniques would be adequate when it ea~ to ahai,ioe; th~ integrally etiffened panel• tot.he contours of wi11t surface ■, the reGearoh program de­scribed in this report was pr'>posed to deten .. ine S;Jitable method• r;,f forming this new 1truetural member. 

Th• material re;,orted herein pertaint; to the re r. oarch oari ied out u ot December ~. l 94S. Volume II, t o be suhi.d tted JUAe 30, 19~0, • will contain the res· lt1 of i"urther investigation, on the slJl!e subject aa ... 11 a■ final concluaions conring tu whole pror; ram, 

\ 
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~ONTRACT ~31038~~~.!_7_! 
. RESEARCH PROORA].{ ·---

ON -
FOPJ.tl:fG ~~I.f!!.D_~~~~TIFFENE0 W! NG SKlll PA!:ELS 

1.0 -,BJECT 

1,\ To de•elop tool1nt: and production methods tor tol'filing the 

contours ot Machi~ed Inte~n.lly Stiftened Wing Skin ?anel1 

applio~ble to the F-00 tighter. 

TYPiS -
a . Wing Leading Edge Panell . 
b, Wing Upper Surraoe P~nela 

MATERIALS 

a, 75S-1'6 

1.~ To enluate the f ollowing forin.ini:; teoluliquH t 

1'. Str• toh For,&ing 

b. OoaapNeaion Fonlnc 

Ct Rubber ForrAing 

d, Die Forming 

•• Roll Forr&ing 

r. Bullplng 

. 
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2 .o ·s~y ,~F RESULTS 

2el UPPV WING SURFACE lHTIGRALLY STIFFENED PARLS 

· - ·• 
·- ---- -· ·---- ·- -

2.U :TRETCHINGt Full ahe uppe .. au .. race integrally 1tH'tenod 
pllneh we .. e 1uo0Hat'ully at .. etch tonlM!d in S-\l temper in a 
15G0•ton Cleari~ double action preu. (Fi,ure 1) The 
pa.n1tla p .. oduced con!'onned to contour and 1urrace ::moothneu 
req~1remente. Tho uni~u• processes and tooline denloped 
for this purpoee c11.n be p:-odaoed tor a coat equinleut to 
connntional atretoh form tooll"' ot almllar aise. With the 
technique• at the present atai;e of development, the produc­
tion rate thr01.1gh \ht forming operation ii eati:llated to ~ 
apprOJtimat~ly 6 per hour per pres,. Development of auxiliary 
toolinr; and improved technique will result in an out.put e..p• 
pronch1ng 16 per hour per preea. 

2.12 RUB3i.J;; FOtUi!I!fG: (a) Pr.llminary tHtl, wherein integrally 
at1ftened 1peci111ena in s.w temper were bent to the contoured 
aurt'aoe or a female die by means ot a rubber plateo preae, 
gttn negat1n reaulta. It•• round that the apringbaok ftS 
n~iable, depending on the ftrioua longitudinal cru11-aection 
oontlgurat1on11, . anci could not ~ compensated tor by meana or 
any known 111• malcing techni(!\1•• (b) Honnr, when the part 
end.a were natrained troa morlng in'ftrcl·, aa in the caH ot 
pure atretching (2.11), ao. eloogat1.on ot the apeoimen •• 
aobln4td which 1·.-.1\llted in more aoow-atel;y contoured apeoi• 
•n•• H01¥9nr, t,.e rubber preuurea invoh4td would Nq\liN 
a pnaa ot a,ooo to 10,000 tona oapaoity to produce elqa-

- --·· ·- ----=------ ----· 
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2.12 RU9BER PORMING tcon~) 

tion1 n•ce11ary to ,et part cont,w.r. For th1e reason, 

rubber•••tretoh• torming CAM;ot be oonaidered feasible at 

thle time tor the .. paneh. 

. 
2.13 OIi FORMI~o, Aa ln rolli"? and rubber ronning, die ronalng 

11 •ssentially a bending prooes,. Therefore, the nrl~bles 

in section modulus which require Tar1able 00111pen1atlon for 

eprinc;back affeot die fonadn~ in like degree. Preliminary 

te1t1 demonstrated that matln£ dies could not be adJ ·Jated to 

compensate for T&riable springback by an;r known teohnique. 

Further, wi,re it poaaible to produce dies 10 adjuated in our• 

ftture, the variations parallel to th~ element 11nea or the 

curve would ruult in disoootinuit1.es or 1top1, an 1111poesible 

1ituatlon. Th~ die forminr, proeess, then, cannot be conaidered 

as a feasible method for producing the integrally atiffened 

panel, of this 1tudy. 

2e1' ROLL FORKINGs Prelillioary teah, whereiQ integrallf 1tif• 

tened apec1mena were rolled in S•O a"d S•W tempera on •~veral 

types or three-roll •ohinea, gan negatlTe ruultt. As in . 
rubber forming, or tor that matter a"tq bending operation, the 

nryi.ng aeotioo ■odulua ot th• part• under consideration re• 

aulted in nriation, in th• tinal contour of' the rolled 1peol• 

•n• Sharp bN&k• in contour oocurrecl at atifteoer •114• aad 

other diacontiuultlH in the 1tltt••r pattern. The" 11 no . 
rolling equlp•nt in exiatenoe which •111 aut0111&tloelly and 

oootlnuoualy capaaate in roll Httl~ tor ftriablea in the 

\ 
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pan, and furtMr, 111biob will ooap.naate in dift'er-ent U01mt1 

along the 'bad line. Thu1, rolUne; aa • prooua tor rorming 

integrally 1tltteiwd 1tina 11 not oon1ider.d to be tea11ble 

ror the panel• in que1t1on. 

2,U5 BtllPIIGr Bunp1nc ha• be• emplo:,ed aa a laboratory proo.,,. to 

produce rand011 1pecimen1 of integrally atU't'ened 1ld.ns. How­

ever, in view ot the exoeuln t111e and ettor-t Nquired to pro­

duoe a tingle apecimen and the MdloeN reault1 a~hieftd, the 

prooe11 c&m1ot rt1110tely be eon1idered a production method, 

2 ,? WDING EDGE INTEGRALLY STIFFENED PAl:ILS 

--·• 

2,~1 STaETCH FORKIHQ, (a) Single operation 1tretoh1ng ot a full 

1i&e leading edge 1kln to t1Ml contour wae not att911pted due 

to early difrieultiel in deftlopment vf tooling. HoweTer, in 

Ti" or the re1ult1 achJeTed on upper panel• (2.11), coupled 

with later denlopm.at1 ln ~an• tor olaap1ne; the part enda, 

it 1• felt that the prooe11 could now be deTeloped to giw 

good rHulta. 

(b) StNtohing •• •plo; ed •• a tir•t opentlon in the com­

bination •thod Nported 1n 2 ,22 (b). Ml liH leading edge 

akin• •N 1uoou1tully 1tretohed to an open cont.our arein 

th• full length ot the uppe!" and lowr aurtaoea WN brcM1Cht 

to oorNot. oontour and a aall .. pat (8 lnobea) at the en• 

ter1ng edge •• l.rt tlat. (figuN IT) llnhoda and ,ooliDg 

' 
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2,21 STRETCH FORMING (Cont•d.) 

employed and procluctiori charao\eriatico in thi1 caae are Tir• 

t1&&lly identioal to thoae reported in upper p&ZMl 1tretching 

(2.11). 

2,22 COOR!SSIOI FORKIWG1 (a) Full the leading edge panell wre 

00111pre11ion t~rmed to exo•llent contour• 1n the 1600-ton 

Chadng pru1, but thil method wa, not able to i'e1110-ve all 

buckling re,ultlng from heat treatment prior to tondng. Con• 

1eq~ently, the re,ultant panela_wre not 1ati1factory trom a 

1moothne11 1tandpoint. It ia felt that tho prooe11 would 

operate adequately on 1 ... dtne; edge panel• oompriaed ot pl&te 

or the non-beat-treatable alloy■• It 1a further beliend that 

oonaiderable impron•nt cOl.\ld be achiend 'ay addition&l de­

nlopment ot the tooling employed. 

(b) Full 1i1e leadin& edge panels W9rt 1ucoe11t'ully formed 

by a oClllbim•tion method wherein the part was (1) initially 

atretched to impart correct occtour to the upper and lonr . 
,urtaoea (2.21 (b) ) and then (2), compre11ion tor111ed to pro­

duct and blend the oontour around the entering edge. (rig. 61) 

Stretohing, in thh oaae, pertoru the f;'unetion ot remorlnr 

heat treat di1tortion and, by means of an intermediate milling 

operation, 111&kta teaaible th~ production ot heavy gage lHdi~ 

edge paMlt with a thin or reduoed aectlou at the enter1~ 

edge, The paul• prod~oed by this method 1howed exoelleot con• 

tow-. biol\ aurrace amoothneaa did not meet the anticlpated ahn• 

dard, Tht trO\lble lo thh oaH wa1 traced to , impe1.•teotion1 in 

• 5 • 
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2.22 COl!PRESSION rOimISG (Cont'd.) 

--·• 

the rirlt operation ■trttoh tooling whleh h•fl beeQ eliminated 

in turthtr dtYelop•nt■• There 11 no Na■on to doubt ltacllng 

tdgt panel■ can ,,. tonaed by thh ooll!blnatlon nwthod with 

1moothrw11 oharaottrl1tlo1 at lta■t u good•• tho■• ot the 

upper surface pantla. 

2.'.~ !tUBBIR FORlt!ItfGa Negatlw l'HUltl were aohieffd ln tt■h on 

rubber tomlne; "WR,•r aurt'aoe panell. In Tin ot the greater 

ditt'ioultle■ lnTolYtd in tomlng leadlnc edge panel•, it was 

conaldertd wmeetaaaey, thertton., to oontinus rubber fondng 

2.2, DIE FORMIN01 {a) legatiYt reaults wett achie"f'9d in test on 

die form.inc upper aurtaot panels. In rlew ot tho greater dlt'• 

ticultl•• inTolTed in t'orllli~ leading tdgt pan.la, it wa■ cone 

aldered unneoeasary, theret'oN, to continue die t'oNing teat,. 

{b) Early uperi1119nta ou die tormi~ tht entering edge ot 

leading edge panels, which were pre•t'onned as in 2,21 {b), 

ehowed poor result,. Therefore, no attempt•• .r.adt to pro. 

due• f'ull ahe panela by this method, However, recent dnel­

opmenta •how that it •1 be entirely poaaiblt to pr-:>duee ac• 

cept-ble leading ed~• panels by such •~n•• 

2.26 ROLL F'O~I'NG: Hegatin result. wero achieved in tests on roll 

• ·tol'!lllng ~ ■urtaet paneh. In view of the greater dlft'lcul• 

ties invclTed in tonn.lng leading tclge panels, it na considered 

wmeotnary, thert1tore, to o ~ntinue roll t'ol"lnh ~ teat,. 

-------------------~------ ( 
I • 
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2.1e BOOI11G1 legath• result.a wre achieved lt1 test, on burtpillg 
upger 11.U"t'aee panele. Io view ot tbe greater dit'ticultiu 
lnTOlved in toi'Dling lead ing edge panela, lt was coneidered 
wmeceaaary, ther~tore, to cont i nue b~is:&, teeta. 
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Before work oo this project cwld et•rl lt wa, neceeeary to detenlne 

(a) the method ot producing the unformed integrally etiffenAld panel&, 

and (b) thi deaizn 11.Jnitatlona ot the nrl 0\l1 element, 1uch as stlttener 

and web taper,, thiclmeuH, Nintorced area, 11>d cutout.. 

The toll~ng 1eotlon1 oontain .• deacription or method• employed and 

1tudiea undertaken in the solution or the abon proble1111. In addition, 

tl\11 appendix contair.o • detailed, lllu1trated dl1cu1slon or the testinc 

procedur .. employed in the innatigatica or each tonung method, aa wll 

u drawirica or the run olu panela ud t.he dlu und. in t'->ming them. 

Th• test1 report~d are tho111fhich "re pertinent to the object, ot' t~i,. 

progru. Nwneroua auxiliary teat, wore made, however, tor t he purpoae 

ot establi shing design &nd eon1truction data tor tooling and •~ulp111ent. 

Thoae teats ate not included herein. 

, . 
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a.o APPDDII (Cont'd,) 

,.1 Plt011UCTJOI OF PLAT IJTmR4U.Y su,nno Pml.S 

.... -·• 

At the outHt, lt wa1 nldent that the art ot torgh1c, extNdillg or 

rolllr,c integrally atltteud ~nel •t.rlala •• not auttlolently 

adftnoed to be ot any help to th• prograa, Aooordir,cl1, lt •• de­

~1'11'1-~.r:ed that the teat panela would hue to be •chined trom plate 

•teriala. Thi• at onoe itllpoaed a probltct in that the l•r~e•t mill• 

ing equip,nent at Lookhffd •• tar trom adequate oonaidering the ~r• 

all di11111naiona ot th• panel, in queatioa, 

To activate the prograa, Lookheed oc.d11ioned Th• Clnoinnati Millini; 

~ohine Compaey to build a large horbontal milling •ohlne oapa.ble 

or handlJ.nt plate materiala 72 inehea by 168 '. nchH, The •chi.,e wae 

prOY1ded with h¥dr~ulio duplicating •an1 ot the type employed ln +.he 

well known Cincbmati Byd~t•l, In addition, teed• and 1peed1 nre 

prO'lided in oontorano• with the bHt pn.otice tor lldlllng al1111inua 

all oya, the above deaoribed equip•nt waa deli nNd and inetalled in 

June, 1,te and...,, uattd to machine rrauy of the teat apecilnena and all 

ot the full ah• panel,, (Pigure& 2 and 3) 

The tact that the queation ot llillint; equip111Hnt had been dilpoa.ed ot, 

h~er, did not ooapletel7 eliainate the ma.ohining probl••• Fr0111 

exper1MDta conducted bf Lockheed, dating back to lK&, it•• learned 

th&t distortion attendant to the Noh\ning ot large hut treated al• 

wainua pla'9a •• tfftN. So .... N, 1a taot, aa to llake. lt virtually 

illpo11lblt to aohitff the neoe11ary part toleruaoe1 'by ordinary •• 

ohillilll Nthoda, 

I , 
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a.1 PRODUCTION OF Fl.AT INTEGRALLY STIFFDID PADLI (Cont•d.) 

H0119nr. lo Yi.., ot the reitrlotin tondn& 11.•ita ot 7ti8 alloy ln th• 
h•t treawd (TS) tnr.,,er, it•• ct.eid-4 that &ll t-ondng op•rati®a 
would be cobduot•d in the tnahly quenched ._. coaditlce. Thh 
uoe111tated purchase ot plate atoot in the annealed or •o- temp•r• 
Cont•quently, •ohi~Jlt ot all apecimeu aa well H the Ml aiH 
parta waa handled in thh latter condition, Thla reaolftd, to' a 
great utent, the problUI of d1atortlon during machin1Dg. 

• 3.% STU'P'!NBR A.ND WEB DESIGN TIST8 

---- - -- -------

Early integrally stiffened panel design• oonaiated tor the moat part 
ot a aerl•• ot unlfol'l!'JJ apaoed 1tlfteoer1 integral with a akin or 
web ot no111inal thielcneu. The atittenera ter.tluted abruptly at 
thickened t.tt.aching edgeu and at thickened central &rHI intended tor 
tuik and 1nsrect1on opening•. {fig. 4) It was quite obvioua that, 
regal"dleae of the fomi1,e method employed, thia arl"af1Ge111,nt ot elements 
would lJnpoH ditt~cultiu due to the abrupt chaage 1o aeotion modulu,. 
Pw-ther, the non-11ni t'or111 eroaa••ectional !!.!!!. in plane• nonial to 
the atittener• precluded u1e ot method• where cona1derable peranent 
elongation waa lntroduoed, a• 111 stretching, 11nce failure would pro­
b&bly ocour in the waker areas. 

Therefore, prior to the atart ot the production tonung teat,, a 
1erlee ot stl.ldlea .. r• nade to d•t•rmin• whether the,delign ot the . 
nriou1 element, ot the panel could b~ altered to ilnpron the tonling 
oh&ncterlstio1 and at the IIN tilne 1atiat)' the r•l',lir.1111•• ot 
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A nua'ber ot apeelmeca ,..... •cl• o011priHd ot oely two ltittenera, h which the oro11 1ectlon 111&■ typioal of the puel 1n queltlon, but embodyln& n.rt.atlon1 in ~oim.1■ and the taper ot attttener and ,..b (akiD). · Th••• ■peciinena wre •de to detenr.inet 
(a) Unltondty ot elongat1Clll, 
(b) Amount ot dhtortion in regioni or n.rylng ■eot1oul ■h&pe, and 

(o) Fracture oharacterl1tio■• 

A• a re■ult ot tbe1e te■ta, it•• found, thata . 
{a) Taper■ ot the ■tittener• and wb (aldn) IIIUlt be adJu1ted to 

alnta1n nearly oonatant oro•■••ectional area1. 
(b) Thick, non-atltrened area■ , such aa attachiDg· edgH am 

reinforcement, tor openint• 1111■t be ot a orou-•aectional 
area approximately equlYaltnt to tht anrage through the atltteMd portion ot the p&nel. 

(c) Taper ratio ot •~itte~r• {lenith to height) 1hould be •P· proxmtely 611, er g.,.at.tr. 
(d) Taper ratio ot •b should be approximateq 2011, or greater. (P1&w-e1 Sand 8) 

Speoiaen• llllbod)'ing the dHign eiement1 lilted abOft wre 1tretcbed aa auch H 8", or tar lieyond actual tondng n<'l&iremnt1, with DO alp ot tailun, Dhtortlon did occur in the area• wbtn 1tltteoer ud web tapered, 'but 1D IIOderate U10U11t. Conlldering the taot that the Ho-

• 11 • • 
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• -tl• oeatrotd ftriH la relat.iOll u tM NDterU• of ,tntohinc 

toroe la W• vu, lt 11 obTtou1ly lapo11ible to eAtlnly eliabate 
I 

111111 etteat by..._.. ot ohac•• to the elnieat 4el1gn. HOll9Ter, lt 

•• t.lt that the •llcht te...._., to •rine11 oeourring at the end• 

of tM 1tltt1n.r, oould-,. a4equate17 nd,aoed or ellmioated b1 pro­

•11lou in the tooll11g wbloh WOl.lld ultiatel1 be deTeloped to tora 

the intecrally ' 1tltt1aed panel•• 

Aa a n1ult' ot the abOft 4edp 1tuq, two drawing• were produoed 

inoorpon.tillg th• ncca.Ddtd ohuc••• The1t weN, (1) P.0.116 • 
Pt.Ml Aue•q, IntecrallJ Stitteu4, 11pper, ud (2) P,I>,9:lS-2S • 

Panel A111eably, Integrall7 Stltteaed, Lead inc Id&• Inboard, All 

tw-ther work throughwt the progl'UI emplCl)'ed the•• 4-•~P• both in 

th• reduced an• 1pecimen1 and the 1\all ahe. panela. (Flguree 86 

and 87) 
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LOCKHEED AIICIAn COIPORATION 
.__,. NOi-.._..;;•;;...•-=-,100.---

G.merai, = .. ,.·-:D:::1_---1:s:-s:o::: IIIIMlf,CWN•M 

a.8 ~ PROCIDtJU • 

5.11 STUTCR POI&IIIO 

IQUlPIIIIT 

Th• oro11•1eotional area ot P. D. 11&, Upper Surtao• Integrally 

Stitte!Md Panel, 11 approxiaately 211q, lll. 1n a 1p&md1e di• 

rectiOD. In T&S_. •terial at 60,000 lb1, p•r 1q. in, ulti•t• 

tenaile 1tnugth, th..-etore, a tore• ot approxbiately 8&0 tona 

would be required to 1tr•toh thh put to tallure, The 1500-toa 

Clearing double aotloa pre11, looated in the Lookh•ed tabri,a• 

tlon 1hop,-, the, only eqllipment anilabl• ot •~te bed 111• 

which would at the au. ti• generate toreea or thi■ ,agnltude, 

Thia pna,, then,•• aelect•d aa the in1tnamnt upon wbioh all 

1tretoh forming teat■ and production ot t"u.11 1l1e panel■ by 

1tretching would be acoompli,hed. (Figure 7) 

It should be noted, howner, that when a part 1a 1tretched 1-y 

me1U11 or torcint a 111odug db into a part loobd in 1tatlon&17 

• grip■, 'the totel toroe Hq\1lr•d it double the calculated yield 

torce, In thia oaH, then, t.lw Clearing preH would be required 

to exert up to 1300 tons . torce on the mal.n ru, or al1101t the 

tull rated oapaoity ot the pre••• 

•. : .. . L 

The Ol"Oll•HCtional area ot Pe D, 90S-21, w"'lng Edge Integral• 

!J ltittened Puel, 11 approximately H 1q. 1D. 1D & 1pamrlH 
• 

d1reot1oa, 11 in the oaH ot the upper 1vtaoe panel, · the only 

. - t '·· . 
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LOCKHEED AIICIAYT CORPORATION 
.. ....,. NO K-1 
NOD!!• General 

-- f.M.nltM 
S.11 S'l'R!TCH FORIIIIO • lquipM11t (C0&1t'd.) 

--·• 

•41\lipaeai aftilable at Lockheed ot adequate pawer and~ 1i1e 

to handle th11· part•• the 1600-ton double action Cle&ri~ 
.pre••• For pre•bending operation, ot the entering edge a large 

oauH thil •chine atrorded greater acce11ib1lity and !'reed0111 
troc obetructio;a. 

TESTS, UPPER SUP.FACE PA!!LS 

A number ot 1pechiene w,,re prepared which duplicated the ci:-on• 
aeotiona.l oh&racteri1tio1 ot P. D. 116. The•• 1pecimen1 were 
approximately 12-inche■ wide 11.nd repneented a section p11.r11 llel 
with the 1t ittener1 and through the oontral portion or the .'u~l 
else panel. ll&chloing ot the speciu~na was terminated at 11. 

point eight inchea beyond the part trim line, lenint • t hi ck 
p&d across the width ot the apeclmen approximately tour inches 
wide and equal in thickn••• to the et1rrener height. (Fig~ 8) 

TIST NO. i 
A ale atretoh die to inside part contour •• aaaen,bled 
uain& a laminated conetruotion or •sonite, In the pToc~ ss 
of la.minatir,g, 1lot1 tor the at1tteners and depree1i ona for 
n.riationa 1o web thickness were provid•tl by variations iu 

' . the individual lM nat e section,. Thi s die na mo\.ll\ted on 
tlw inaln ram or the Clearing pr•••• Several ateJi.dard tipec-
1-n• ftN •elected and the thlok pada at either end mi led 
down to correct edge thiclcnesa. T~ apecimen we.a hut 

• 14 • 
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LOCKHEED AIRCRAFT CORPORATION 
11lf'OIIT No, _ __..1'.._•..,_l..._00_, __ 

Gener-al a-oos, 
IUIIANI, C'M.ININIA l"AM DATIID~l•...:l;..:6;...;~.,:;.1:0'"'--__ 

3.31 STP,ETCH FORMING• Te1t Ho. l (Cont'd.) 

--·• 

treated to S.W t911per, placed in the press and clan~•d at 

, both end■ in 1tandard Lockheed "V- type frlction gripper 

1"&111. The die •• brought into oontact w1 th the part Md 

advanced until the apeci■en 1tntched to the requi red el on• 

gation. 

At elongation• ot 2" to((, the 1peciNn showed •••ere al• 

tonation. Ee.eh 1titfener prod\leed a wa•• on the opposite 

surface of the panel thro11ghout ita ti.Ill lenit~. At the 

tennint.l point ct the 1tittener1, eecentrio loading ot 

these mellb.r1 due to dhplacement ot the aection e. g. 

resulted in a pronounced h1.1111p extending from atiffener to 

, stitfener acro1s the direction of stretch. {Figure 9 de­

picts this condition, however, apecil1l4tn shown was of early 

design, ernploy:ng short ta~!" at s-tl!'fennr ~ • ..ls .) 

It was concluded troa this teat thats 

(a) The f'orce coupl9 induoed by ec,:entric 1011.ding at 

the atirfener tennlnationa whi oh oauaed the panel 

to pull .away from the die would have to be orfse t 

by mea!UI or impro•ed tooling. 

It waa also found thati 

(a) friction oluping means did not hav• the nee• 

euar1 oapaol"t.Y for this llppllo~tton, qre utl• 

r~ll~ble ~nd ¾lli a tendency to allp anJ to i~duce 

L'ractur•• 

• 15 • 
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LOCKHEED AIRCRAFT CORPORATION 

IIIU'OIIT NO )lelOQ 
MOSl9f Genel"fll 

' WANI, CM.lfOIHll PAM ••- 1-1s-so 
3.:\1 ST~ffCH PORtUNG_ • TNt:_ No, l (_Cont',d.:,) 

TEST NO. 2 

(b) Pr0<hlctf. oo or ,tr.itch diet to inti.Se contour 'e.nd 

conrlguntions or integr~lly stlffened pe.nel1 ~• 

1'11praotioal. The tooling technique, 1nTolnd in 

wh ob h l111preased a pattern or st l ti'enera and 

-nr-ylng web thfolau,s .. , are beyond the average 

&1rorat't towidry and dia shop . 

--·-----
In llne '1111th the finding• or Teat fl, it•• ooncl\lded 

that it th~ part wer~ 1tre~ohed between mating dies the 

force coupl~ could be reaisted &nd the part held in the 

line o!' the 1trt1tchL~ roroe. It na rea.toned that it the 

pb-l"t waa not allowed to devi&t,Q rrom the ~rue contour HM 

dul"tng elone:ation,. then it co11!d be set to that contour 

imrl -r.uuU not 1;r~ng aWA.y u;,on release or the reotra.inhg 

Aoeor,iin&l:,, a cast Kirlcsite m&le ctr~ tl}h die na cut !.n rl 

grou.nd to exa ,,t part con~<lur, Thi, tool di:i not; b eoi-pora t.e 

sloti to aocor.nnodate atifl'e ,11,r•s or other Ct')Dli&urat.lon1 or 

th• specimen, To this na ground and bl·.&ed a Kir'lcsHe fa• 

mal• db. Special grippe::- jawa or rttill wa re clesie;ued whl oh 

e!lli) loyed a l•beh 1quan C.R.S. l:oy aa the aole lllll!\llS o t 

par•d by millillG a l•inoh key abt alo11g the le~th or the 

-u-
L.._' ______ ___ -_ ·_• ___________________________ . _________ -:-
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LOCKHEED AIRCRAFT CORPORATION 
•-T NO )!•lOQ 
Moi,a• ,oneca,l 
l'AH DAffD l•l6•60 IUIIANI.CALlfOltllt 

3,ll STRITCH F0,RIIINO • Test lo, 2 (Cont'd,,) 

--·• 

thick pad• at th• part ends. One or the 1pecimen1 •• uHd 

aa the lllOUld into 1fh1oh na p~r•d t. 1-r thick layer or • 

phenollc caatint: plaatio. (Recolin, Inc., L. A,) The 

necesaary ole~MUioes tor part elongati ~n were prov1Jed by 

affixing aheet wax or predeteriained t hl clcneu to the nrvl\s 

affected, Upon eur1nc, the pl&atic plate -q., removu,! f'r,,,~ 

tho pi.rt, growid to wuronA thiclmeu, and the ends t ri,,med 

and radiuaed, Thb blook •• used aa a tiller making it 

wmeoeuary to prmde llot_a in the race _or thC: die. 

(Fig~rea 10 and lOa) 

The male die or punch 11as mounted on the main ram of the 

Clearing pr••• and the female waa set on the pin• of the 

200-ton hydro-pneumatic eushioo. With the rails tn ;:,:!\ce, 

the apeoimen in fresh S-."i temptr n.11 plaoed ove1° the key• 

and clamped at 30 tona per toot of re.11 olamp by means ~r 

tht pada oller•t1td fro.-n 'the blanic holder ru, Then the 

fill er bl ocks wer~ placed t:Y'fer the stltrened area or tho 

apecimen. Tl1e upper die was c&useJ to exert enOUGh f'oroe 

ou t he part to bend it. as r.ell u t he f'iller . block, to . -
contour' only. At t.h1s point the air e1Jahi on waa rdaed, 

resulting in the apeoimeu beinc oluped fitULl.y between the 

two di••• Preaaure exerted wa, a?proximately 20 ton• per 

aqua,. root or IUl"t'aoe &Nat Both die, we re then lowered 

unt ll the dealred elongation had betn l"eached (2f'), 

{FigUNI 11, 12, 13 and 14) 
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LOCKHEED AIRCRAFT CORPORATION 
WV.,CM. ..... 

11-T No. ___ lf.._•_.l._00 ____ _ 

MODC,•~--G::..:Oe..:;;n~•~ra=-=1~­
~- DATS ... D_.;;.l_,•l.5_•..::..50~----

T~ apeoi:nen• re,ulting fro)t!l this tortnlnc opeMltion proqed 

to be aooeptabl• in ••eey reapeot, both in regard to oon• 

tour and aw-tao• lllloothneu, A 1wnmaey or the dilllenaional 

check follows, 

Springb&ot traa loft.cl oontwr • .01 r in th• center 
or 28" •pan. 

Joe~l• at 1tU'tener encl• di.w to 
• eooentrio loading • .008" 

Corrugation height at 1titfener 
ending • .1)06" m&X., .OOI" m~n. 

torrugation length at atlttener 
• endine - 3/•" 

General corN~ahoo over-a.11 

Trana•ene • bow 

llongation in center 

Eloneation at end• 

aurraeea • .002" 

• .002• in 11" 

!longatlon beyond die (free 
atretch)• * 

Neoki?IG in center (tranavereel1)- 1$ 

Heat treatment warpage • Entlrely elilliMted. 

It ,hould be noted that the abon distortions oornpt.re rav• 

orably with F•SO oontour requlremonta. Sprlngbaok ot 

.1)17" • for i n1tanoe, •• obtained on diH that had not been 

deTeloped tor this factor. The con-11i a t1on all(\ j?Sgle et• 

reot1 ot .00611 to .~OIi' result.cl trom the ueoeaaaey clear• 

anoes at; t.~ 1tit'teiwr end• ot the plastic tiller blook. 

• 18 • 
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LOCKHEED AIRCRAFT CORPORATION 
WANI. CM.NINIA PM& un ... o -'1'""". __ 1"'"&-s ____ o __ 

3.11 STRITCH' FORUING • THt Uo. 2 iCont•d~) 

It lbO\lld &110 be noted th~t elongation•• virtually the . 
•ue throughOl.lt the part Whloh 11 unusual perronaanc. when 

COllp&Nd to tn>loal lt.Ntchint; o~ratlons. This WU 

achlned de1plte the ol!Ulpiia& action or the bottomi"' pad 

and aerna to pron that a light clamp11J8 pN11ure will 

ellainate dhtortiofla without hiuder.nc the stnitchlne 

action. (Fi&uN 15) 

Froia thh teat wa.1 concluded thata 

(a) It 11 entlr•l1 rea1lble to accurately stretch• 

tot'■ integrally 1tittened paneh in the "W" tem­

per provided that ade(JWlte tooling ii employed, 

(b) That the noYel tooling development• or pla1tic 

tiller block,, matine; stretch dies and keyed 

clamping ralll 1howed euft'icient merlt to war• . 
rant further development. 

TEST NO. 3 

-A final teat wa1 conducted to determine t he perrormance or 

tlw tooh deTeloped tor THt No, 2 wtwn 1tr.toh tondne 

ftrlatiou ot tM 1t&Ddard 1peoimen1. Por this tut the 

ape~laena, though ot the 1uie ov.r-all dlmenaion, n.r1ed 

in thiolcneH ad 1titten,r oontiguratioo. One •p•olmen 

was mchined with a 1tep in "b thlckneu at the halt 

lu-.adth, one dde being .':>50" thick, and the other .180" • 

The other apeol•n •• •ohln,d with a di1oontim1ity 1n a 

._._, ____ . ------------•••'a.,. . ._ ________ .,·_~_, ___ •--~~-. .. . ;:,,. ''. . - ,,.· 
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--- ----~------ ·-

port1oo of tu 1tifteMr1 Npr.aentlng a thiolceoed non­
atiftenff area aa tor an in1peotion hole. 

Prom thb tHt it•• ooaoluded thats 
(a) The amall aod• atretcb f'ol"III tooling devehped 

and employed in th••• teat, would ~dequately 
tora Motion• oontainlDI: all the ftrlablea or 
the full ah• integrally atitrened upp•r 1W'rao6 
~•l, Po D. 115. 

(b) !Tidence or the ertiolency or thi ■ tooll~ de• 
nlop111ent waa autficient to warrant the oonatrllc• 
tlon or a full 111• stretch fol"III die ■et an~ 
clamp rdh. 

TIS! NO. 4 

Teat aerie• Noa. l,, 2 and a Mvinc been completed with 
1at11raotory re,1ult1, plans were made to fonn tull ah• 
integrally 1t1rrened _upper panels. Thia involTed rr.aehinin~ 
three blanks, 61) in. x 105 in., tre& li inch thick T6S·0 
plate. Machining waa pertonned on the 168-inoh fJydrotel. 
Manual control ot the 111&chlne waa reducod to a mlniraDn by 
~h• eaployment or adju.atable tracer cu■ control l lng both 
atltt~Mr and ab profil••• (See Upper Part or Fi~. 2) 

llhile wr.·rk on the pa.rt■ was proceeding, conatruetion on a 
•tine 1tNtcb die 1et, IO in. x 105 in., wt.I atarted. 
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LOCKHEED AIRCRAFT CORPORATION 
IUIIANI, CMlfOINIA 

3.31 STRBTCH _FQU!tNG - · THt ?~o. 4 (Cont'd.) 

lllf'OIIT NO.- -~-­

lllt""'II GtDtol 
PW DAftD 1•15•60 

It inmlediatelJ beoAJN apparent that the large 111• or the 

di•• ~llld impoae dirticlllt problems in the die shop•• 

Alide trOlll probleu or outing, handling and nach1n1ng, 

the most aeriOl.ll • 1n•olved the method to be employed .bl · 

grinding and bluing the die, to a true mating fit and cor­

rect contour. 

The •~lut1~ to thl• latter dirtioulty lay in _the develop• 

mentor a meane or caating • pla1tlc workinc face onto a 

rough eozitoured 1Urks1te baae. The prinoiple feat 11re of 

the pla1tic ateri~l 9111p1oyed (Re1ollo) 11 great dimen• 

at onal 1tabllity thr011gh the curing cycle. As a "ault, 

it•• found practical to cast thi• iMterial in .a 3-lnch 

layer between the rou.gh race of the Ki rlcsi te base caatine 

&nd an accurately contoured plaiter ,plash. Bonding ot the 

plasti~ layer to the Xirksite was accomplithed bJ meana of 

rou,;hening the surraoe of the Kirkalte bau. 'i.'h,., resul t ing 

eompo11te die had a 1110oth, accurately contoured face of 

low frictional oharacterhtlca which required no grinding 

or bluint in. (Ficurea 16 throu~h 20) 

Conatruotlon ot the •ti~ ehment or the die set waa &c• 

compli~hed 1n the ,aae faa~lon with the exception that the 

operation or eaitiJlG the plutio worid.ng race •• dmpl1• 

tied. In this caae, the oompleted die element de1oribed 

abOfl •• e111pl01ed 1n the place or a pluter 1plaah, The 

rHultlnt dlt ~•t oheo:Ced for tit to approdm&tely ,010" 
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or leH. 

ley type clamp raUa 9•t•et long and plutlo filler block■ 

'ftre aho ccn1tru1Jted tollowing the practice uaed 1•iee.s1-

tul17 in apeoimen Test f!Z. 

Actual operation of atretohi~ the tull 1i1e inte&rally 

atiftea.d u~per panel■ tollowed the same pattern employed 

in apeeimen Teat• f Zand# a. The panels wero pNpued 

by ailllne l•lnch key slot• in the thick pada outside or 

the trim llnea. (Figure %1} The panela were then heat 

tre~ted and •d~ quenched in aoeord~noe with AN speoi• 

t\eationa tor 75S 111&.teriala. Considerable distortLon re­

aulted from the .-noh ope~ation, but n~t autfieient to 

pre•ent tbe part from enterine the diea. (Pigure 22) 

Sot:111 h&nd atr&ightening ot tilted 1tiffener1 waa requlred 

. and •neral large buckle• wero flattened by a1.1Xiliary 

11eans. Total atral&bteni~ time amounted to about ti rt.en 

minutes, 

The atralghteued part• in the "treah" $..W condition (two 

hour■ out or q1.1enoh) were th~n 1tretohed on the above de• 

aoribed die aet in the 1500-ton Clearing prua. Pre1111.u•ea 

e11ployed were 1490 tooa on D.\ .ln ru, 200 ton■ on ouahion, 

and 600 ton, on the blank ,hold~r re. A unirona elonga.tioo 

or st(•• aohiend. (Fi~ure• 21 through 26) 

The reaultlng tonied pknelt {Fi&, l) had approxi•tely the 

\ 
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di•naionlll obancterhtioa of the 1aller 1pecimen1 pre• 

•iou1l1 teeted. Contoura and nrtace alM>Otbneu were with• 

ln eagioeeriag toleranoe tor the wing area inTolved and, In 

gener•l• were tar 1uperior to co!ffentional a11elftbled type 

aheet 111etal panel,. H~T•r• 1ever~l S?!Wlll aNas or these 

panel ■ are slightly corr~ated on the 01.1tE1r s14rfai,e. Theu 

amAll deviations t'rom an otherwise perfectly amooth and 

fai r surf~~• aro th.t result or 1light iaiperfectiona in the 

filhr blooke. Methods to imprO'le the block oon1truo_t1on 

technique have ainoe been developed and in thia li~ht the 

imperfection• in the sa.mple panels are not considered to be 

important. 

TBSTS I LEA.iING EOOE PAn:U 

Conaidera;.ion •• gh'e:i, d11r ne: t!le early phaaea of the 

program, to the deTelopr.-.ent or a technique for stretch for• 

mine leadine eds;e paneh to rial\l cont011r in on♦ oper1,t i on, 

The development or olM!i)1D€; me3n1, however, pose~ difCioul• 

ties llh1oh nr• not iaied 1at ely aolved. In addition, man·1• 

ract•Jre of a ■tretch puneh appeared to t,e impraet1oable, 

and tht, 111axl1t.U11 or,ening or the 160Q.t¢n Clearln& ,me Jn11uf• 

ticient to aeconaodate th~ ne~easar; die set and still allow 

1u.fficient stroke to pennit loading or tho part~ •• In view 

ot the prOlllialnt reault~ be111£ o~tnl ed in Compre■■ion For-

• • 2S • 
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experl1Denta OD the eingle operation etretchi n~ technique, 

As thtt pr-osrn . advanced, hO'flfe•,er, it be-catlll.'l evil.len t t he 

we.rpagA ret.\lltin!'.: from heat tree.tment urioualy 1·educoc! the 
effeotivenes• of the oompressi~n f o:-mine t ecr.n i ~u~. (Fig . 27) 
In audition, it Y.'l\& indicated that from a weight 11 t mJC\• ~•lr.t 
it would be ded.uble to produce leading •dee panels 11H. i 

1. relatively t hi n web or ·•kin aeotl on at tho entori:it e-!cf> . 
It WI\S obrious that rt>duclng the web erolfl•C•ctlonal artta 
prior· t o fo:,,d ng ,.,oul.! re 6t1lt in all yit,ld occurring 1n thfl 
weakened area while it ?.'l\8 e(!Ually ir11p 11. ctical~ be <;a oe of , 
limited access, to reduce thle section a.!'hr the pant'll had 
been fo.nned to ti1~l contour, 

For these roa11ou1, it 1.ppee.red beet to aiten'f l- t'orm11.g the 

. ti st, and comfresai on fontl11g u the aecon<l. Th:. ,; --.'8& 

accomplished by a t. ret chint tha lee.dh ,r; edt:e t o !I I open 
cont.cur ,.-l~rein the f ul l l entth or the· upper and lo,.er 
eur!'o.ces qr-e brought to cont our and a amAll aegv.ent ( six 
inches) at the enhri r 1~ edi;e waa left fbt. Subae c.:uently, 
the entl.re panel ns brought to correct contour· by oc-m­
preealon toJ't!ling ln a 1eooad operatiOll a, de1or1M4 1a 

• 24 • 
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Thie tvto•etage tonnin,: teohni'l'le errectinly el iD i nated 

heat treatment distortion prior to OCllilpreu ion ·fonni rl£ , 

or the 1eoond ■tag•, am at the SUM tiue, JMde i t poee ! • 

ble to ,Produce a thin W9b at the enter·ing edge if desir­

able. Thia lat ter operat i on la accompli shed by mi lliJlG 

th,e web to the reouired reduoed thielrneu between t he first 

and aecond fo1ining opera t i ons, at whi ch stage the eontvur 

ill autric i.ently open t.o permit aoceu. It should be niit ed 

that in 1uoh panels fonr. i rig in the ■eoond operation wl ll be 

acc~lhhed in th• reduced section only, However, t he 

contour produced in thia area wi.ll bleml with t h11. t ot the 

upper and lower surfaces produced in t he atret~nlnc or 

Tho tosti~ procedure fol 1 owed t!1e patt.ern dn crihed above 

under "Upper Surf1toe P&r1els". The datll acc1imulat td in the 

dove l oprr.ent of st rtitch fc,nni1,;: dlee f c, r th,., uprer r.urre. ce 

panels made i t .poesi bh t o pr edict tho resulh whi ch coul d 

bo obh i ned in at rE>tchine; the lee.ding ed&• pan6h, A'ccc,n!~ 

ingly. only sufficient ter. t apeolniena were prerared to pro­

rlde datt,. pertinerit to the 1l1ght n r i tt ,i ona in stlff'ener 

pattern aa compared to those of the upper surf&ce panel&, 

These 1pecimena '119re &?proximately the s~ over•&ll dimen­

sions and embodied the same thick, keyed gripping 'pads•• 

tho•e used in upper panel tests, 

• 25 • 
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TIST NO, S 

Uati1ig lCirklite ,tretch diH •re pnpared, follcwinc; the 

8UIII prinoiplea &I the test die used in Teat 12. Upper 

Surface aptcimena. The keyed gripper nd l! used in reat 

f2 were employed. !ioweTer, in place of the cut pla11t ie 

filler blocks prHic~Jaly employed, .an attenTt wu n1&1de- to 

inoorporated the atiffener p1:ttern into tho rr.alfo die ra.oe. 

Thia we.a accompliahod by the tollowin~ niet.na, 

A pla,t,r replica ot th~ 1tiffener and nb patt er, -• 

built up on the taoe ot tho female die. The male die wa1 

pocitioned 2 inchee frm the face of the female die Md the 

opening uounrl the ede;es dUDttd with plywuod and pluter. 

I uto t he apace thua crtiated •~o pour~d liqu id casting pl~s­

tit: of t he alJDe type used l11 caating t he Ciller bloc~•• 

BonJ ill{; of tho plutic to t he rnce of the rMle d i e was ae­

corcp llahed by r oU{;henlng tb~ r.iet al plus <lrillh!.£ 1md e e>un• 

terboring ■everal 2•iuch holf' a, 

The malt di e waa mounted l'r. the ,ll.!\1n re ir. or th'.l 1500-ton 

preaa and t he f em1l e db aet or., t . e il in s of the hydro­

pneumati o cushi on, Th• specimen, in freeh S•W temper. ,n,.a 

place~ bebeeu the d~e, , ent:11.gint; the key s in the gri pper 

hilG with the cl1uap pads ol ,aed at ZO tons per foot or 

rail, When tne die waa adnnoed lr.to t he put it wu found 

• 26 • 
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that heat treat1110nt ftrpage mdo it uitfioult to ~uide the 
1titfenera into the aoccmnodating dote in the die. Thi• · 
faot railed •peculation •• to the diffio\.ll tie a which mli;ht 
be encountered in the caae ot the full 1i1e leadtng edge 
parta which wre fin t•et wide. 

Stretchin2; "u aooompliahed in exactly th,! aame 11'.anner u 
Teat No. 2 Ulltil an elont;ation ot 2~ had been achieTed. 
The apecimens resulting frC!':1 thia te nt proved to be &ocept ~ 
able in nery respect, both in contour and surface sn:o~th• 
ne11, A check or these ractor1 gave approximately the sNne 
readings as in the cue of upper aur!'a ce specimens in Tent 
No. 2, ( Fi guru 28 1 28&. 1 29 llnd 29&-) 

Fran thi i teat, it was concluded that: 
{a) The snell aoale stretch form toollne de-veloped 

and er.iployed in theae teats ~ould adef!Uately fonn 
sections containing the stiffener and web patt-erc. 
of leading edge intetrally st1rrened pan~l, 

(b) Evid~nce or the efficiency of this tooling de• 
velopment • ·1.1 auffich1,1; t <> warrant the constn.tc• 
tiOD 01' a f.\all aiae at.retch form die aet and clamp 
rails for fi rat opera ti on rormine of lee.di "If: 9dee 
panels. 
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TIST ?~0. 6 

S~tlafactory reeults h&Ting been obtained tro~ 1pecimen 

te1t1, plans were ade to fonn full site le~ding edge 

panel• through the fir1t toz:ad.ng stage as deGoribed bbove. 

Thre~ blank• 58 inches x 106 inches were •chined frcm 

11" 75S-O plate on the 168-inch Hydrotel. (Fieure 30) 

Adjustable tracer CllllS W'ere employed to autOtl!lticslly pro­

file the 1titfener and web pattern • . 
Coruitruotion •• atarted on the stretch dh aet which, ex.• 

cept for contour, employed the 1ame des i gn u used .lr1 T.ut 

1,4, full 1he Upiier Surface pe.'hela. Attempt, at cutiug 

the atiffeMr pattern into the plastic male die face w.:,re 

abe.ndoned and plutic ri.ller bloclca of the ,..., type use'1 

in forTllint; upper ,1urra~ pan@ola were 1pt1cifled. \Fig. 31) 

However, due to the l imited fleAibility of the plastic 

materlRl, the baci·. aw-tllce ot theae bloclc:I wre scored at 

2-inch intervals with saw cuta l•inch deep, or 6((, of the 

block thlekne11. Thia messuN was N(!Uired beoauee of the 

more 1evere conto~rs of the upper and lower surfaces of the 

lead!.ng edge paneh. Key•type clamp raile of greater 

hei~ht were also eonatruotec. 

Th., •chined pa.iela were prcpaAd by milHne; l•1neh key 

alotl in the thick padD out1ide of the trim linee. Heat 

treatment to AN apeciticationa followed. Since the etif• 
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tener• on t hese par,e ls were some"hat heavier · in sect ion than 

t ~ose on the upper 1urraco panels, it was deerr~d advi s&ble 

to quench th~ parts in & jic , deuigned to prevent ex cessive 

twiating ot the atitteMr1. Th& 1ig conaiu t~d simply or 

an 8•i nch channel n,,tched to accoanodate the II t i ffe ot1 ra at 

the mid-point ot their length . IT°""1ver, u on quench! n~, 

the dill tort1Dt; forces ••re so ~r11 e. t tl.t!t the atirfenert 

were f orced again1t the j ig hard enough to aev~.~!< l y mark 

tht' pHt at the coottlct point,. (Figure 32) 

Since all !'ull she lee.di11g edi;e ;:11uiels we re <;Uencht,d in 

these jigs, no infor mati on i s avai111.'b lt1 a s t c- t he pr o\, -

ble di6 t r,rtic.n of t ~e pant,h h&d such JigR not bet•!• u~ed . 

Hc,qver, it would bo w~ ll t o point out tJie.t: quench ji?;I 

were not emplc,ytid l.n heat t ree.ting thn upper su ri4aco p,ineL<, 

Such d~stort i on !\S did oocu. r diA :-iot hir.der ent ran ce of the 

atirfene r n into t h.a filler blo~~ aloto and d18ap•eared en• 

tirely ln atretching. 

Thtt panels, while still io the fresh s-r. condition (two 

hour: out of qut1neh) we re i tretchttd 2='• Preas•u·ea re­

qui~d were 900 tons on main ram, 200 t on~ on cushion, 

and 500 t ons ou blank holder ram. (Fi ~o . 33 through 37) 

The reaul tirit formed panel s e~hibit.ed exoellett c on.for• 

anoe tc oontour, but cons id~rft'ble corrugati on effect:. on 

the out s ice surface. (rig . l) An eAamirui.ti on or the dlea 

!.nd f ill~r blocka dl1oloaed t.~at considerable deviation 
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trtll!l oontour exht-4 in the te111ale stretch die. In aC1me 
areal the gap between ale and female dies amounted to a, 
1111ch u S/16" where the maxillwn mi1matoh specifi ed •• 
,015". Thua, the aotion or the teMle die, in res i sti ng 
t~ toroe couple• induced by non•u.iitona atreas loadl~, 
•• negligible OTer lsrge area, or the panel. 

It wae felt that tl 1& 1urrace r cughne11 waa due to a t ool­
int dhorepancy and ovuld be avoided in t ~e f uture, Evi • 
denoe that thla assumption 1a oor rf'ct h aeen i n the sat • 
i1tactory 1uri'a0e amoothneu ot t hs tr.>ru,od upper 1ur!'ace 
panel,. 

(See 3.32 "Stretot,• Camrreui on Formi n~ of Lt-11 din& 'Ed&tt 

Pa nels" for deaori ption of oomprus1on fonnin~ oper11 • 

as above,.) 
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3:3 TEST PROCEDURI (Cont 'd.) 

3.12 0(1£PRJSSION FO~ING 

The basic principle of this forming l!lllthod ie illustrated 

schematically in Figure 38. A part . la pre•fonned (by any &C• . 
oeptA.ble 1111thod) sutfioiently to bo inserted into the die. 

With thia pre-fol'lll8d part lnatalled in the die, presaure la 

applied to the edge, thereby oompreuin,; the part and forming 

it to the contour of the d1.e. The effect ot the comf,rea:. i on 

strain ii ehd lar to that of tendon strain i.n ,tretoh forrr.ill(. 

and tends to grently reduce aprintbaok. 

The favorable featW'et or cortpreulon forming that prompted 

t he i ll'Veltigation or thh method "le,·e i 

(a) The lbdted acceuibility to the int erior w1.-.u ld not 

(l,) Sprl ngbaolc: woul d bo largely elimi uot;ed. 

(c ) 1'he oo:it of t oollos; for productfou might be rela• 

tively leu t han f or some . of the ol.her methods w i ,.l fi r 

conduontion. 

J. .• ~ .... 
Prelhdnary caiapreulon t'c- rml ng tuts •r• condu.cted on a 

!,OO•t:on al llGle action l~drt1ul1.c preu • Full •h• parts, how­

ner, wre o«.prusi r:n .,:' o ed i n 'the 1600-ton Cleatin& do11ble 
0 

actlOD pr••• dnce t his 'MUJ t he only ay, .. ilable •q,.tipNDt or 

.... . 
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3.~2 OCMPRISSION FORMING (Cont ' d:) 

na done on a 10-toot pow.~ brake, Pre•tol'lling ot the entering 

edge or the t'u.111i1e 1kin1 ••'done on the 20-ton Ceco because 

or tho greater acces1ibility aGd freedom or obetruotion atrorded 

'by thia mt1e .l tu,. (Pi~\ln 60) 

TESTS --
Prelirnin.a. r)' teats were oonduct-,,l on atandard test 1p•llime1\a 

po11eu ln~ the t.ypio!\l featu r H ot tho 1\ill 11 a, part 1uch &1 

deeor i beJ in ~.31, All were IM.ohiMd fr',ll.1 75S material in.the 

0 temper. bo•sti!'tene, oonl'i.g 1•!!tlons wo:-1:1 t,)sted. A typioal 

••ooud trP.• ns 1inu.lar in 1i1e but h&d a atirren.er ~on!'igura• 

T e die 11aed t'or tho prelimiMry investigation, Fit;urea 40, 41 

and 42, co.usist"d or & IU.rbite die block with the oa·:lty f'1 n­

hhed to the conto•Jr ot the 011tillrle pQl'·t aurr11.oe and two steel 

compr~aaion bara tor applying load to the uppe r eJ:ge1 of the 

part, 

b~okli.n& were ;r1ecla 

(a) A eet ot wooden biooka aet in a horizontal po,1.tlan 

betwee.a O po11ng a'tltt'•nera. 

---- - -
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(b) A composite punch conahtlat; or a ce!Tobend 11oue 

pimoh, two plaatio inaort s (See 3.11, T~at /#), ornt 

cut to e,.ch i atedor side -.uri'&ce , and a Cft rrob•nd 

c.entral punch to l\1ppo rt the plut!.o i11serta. 

( Figur111 ,o, t \ ard 42 ) The. pl ,l\stie i nserts were 

east against t he 1nchbed pa.rt befo re ronni"i• Th• 

1uteri.:>r aupport was held 1 place 1li th t wo shy boltr., 

(o) A OOllla'Otit. ,mnch, limil t to (b ), co111iltt 'le o!' ,_ 

cerrobe.nd n oGe f>uuc h, built•up bs0r t11 COl!lpOHd bt 

and a oeatr&l cerrobend punch. 

TE:31' IW. l 

The blw, ~hlle in the 0 t~~per, was pre-fonued euffi• 

~tentl)' in the pmn,r brake to be inserted into the cor.i­

proe1ion die. It was forioed in the comp ression die to 

approximately l~ atr.in, u tne auodon bl ocka for lnt•rior 

1upport agnb et buckHni;. Thl.s fo.rnun~ proJ1.1ued very 

The apeolnien was t h~n heat t.reo.t•d• par t ially atra.11htened 

to el indnate aome ,.,t' the ti.at tNa t di 1ton;il)n and n,. 

t'ol"Tlfd ill tM oom !"easion die, usine the abon internal 

aupport. 

As llbstrateJ in Fig\ln 4~, the part was HTertlt die• 

• 33 • 
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torted by the heat treatment. ThJa diatort lon :onsieted 

not only of twi.atiQg and warping but severe buckling of 

t he thi:1 skinned reii ons. While some of the cenerd die• 

tortion could be removed, no •~1taole means wer~ anilable 

for rem~vi ne the local buckles. 

Dutint: the final forw.nc, these l oc~l buckles gre N &rut 

caused genetal buckling. (Figure 44) An •J111at.i.1faotory 

part resulted. 

The Hvore b1..tckling tendenc,,; i n the nba o~ thie specimen 

wn.~ sttributed to the 'Wide spac~ne between etiffener a. 

To r ed.1oe th.l s tenda oy, aub■eg\lent t ests we r e confined to 

parta ·with the typioal atift'eaer oonflgur•tion of P. D. 

TBST NO. 2 

A bb.nk with the conf i 3urllt i on of P. D. 903-25 which 

utili&ed & somewhat 11Arrower ·1titfener 1pacinc; was pre• 

tonned Qll the pOW"er bl'ake and cornpNuion fol'!lled iu s.o 
te,aper- e.1 detoribed above, In orJer to further reduce 

th• buokl tac tend&uoy, this spee11n1tn was placed in a . . 
ahroud 00111l1tine of a thin aluNi nua alloy aheet oonrtng 

on the O\ltlide and 1W lar al'leet metal 1trip1 betw .. n 

• 1t1rraner1 on th• inalde betoi-. heat tr.atment. (Fig. 4S) 

• 

\ 

• ' 
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Ooural diltortion r.111lted. Bonnr, ■kin buoklH nre 

not pre■eGt. (Figure 46) 

Thi ■ apeoh•n was then pa·rtially atNi&htened and fortaed 

to l f. a'train. Although •li~ht irreg\llar i t LH could be de• 

t.ot.d lo ~he tapered •N•■ at the end• of the at1tfener•, 

• ut 1afaotory part NGulted. (F1sure1 47 and 48) 

It was concluded from thi• t•at that a 1atisfactoey' part 

could h-, prodaod by compNHion ronru.ne; provided (a) 

b11ckl•• due to heAt treatment "9N uoided, and (b) a 

oloae fittiu& internal 11&pport ar;ainat b\.:ckline d•1ri ~ 

ron.u.~ •• provided. 

It was qot known 'fl'hethar the abun~ ot' •kin buckle• 1h.J•.1Li 

be attributed to t he clo■er atU'fen.er 1paoing or the aecond 

oonfi;urat1on or to the use of the shroud. 

TIS? NO.! 

In forming the next specimen, the abon pruoedure •• N• 

peated with the exc•pti.on that the _part. n ~ heat tr•at.d 

witho,,t a ahr011d. 0.ntral dlltort i on again Ns11lt.d, but; 

• no akin buoklea W9re prHent. 

the part buckled in the final op•Z'lltLon. This failure 

ocourred at a polnt wher• the plut.'10 1na•rt• ~ n• 

• 36 • 
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ce1tift clear&Qce. 

The following tentatin oonoluaions nre rnoheda 

. 

(a) Parts with the configuration ot P, D, 903-~3 

would not dt•elop local akin buckle» dua to 

heat tNatment, at leaat not i~ the part oiie 

used for the prelWMry tut11. 

(b) Plastic inser-t, were not ent\rely aatiafactor1 

as a Jllel\US or 1upporti~ the 1lcin ae;alnst buc'd­

inc tor th111 reaeon that they '111'9 r-e too rigid to 
0~111&te t'or nrbtions due to machintnr, a.nd 

other O&UIH. 

{o) A llleans or aupporUne tht:1 okin at all pol.n~s 'lfith 

a pod t1. ve outward pr.tes1.1re Wl\ .9 ·needed . ':'. o 1up• 
portine; medhUll used ahould be auffic\ently elast i c 
to 1.d,j\lat lteelr t o n.ri'l.tLons thftt mi~h t tesult 

troa·normal tolennoes, 

TEST RO, 4 

Se,rer&l turther tol'lline hate on 1mall teat pa.rt• were 
oonduoted in which the plaatio t'Ulera "'" replaced by 
hard Nb'ber Itri.pa taoed w1 th ahaet metal, The pul'pOH 
ot the •beet ,111tal taoing na to pronde a aurfaoe, next 
to the part, tb&t while gea.rally tlexible, would teud to 

oonoentrate tore• on looal buolde• • 

' 

\ 

.. 



----------...---------~~----·- - - ·- • • -

- l• -----------

• 

LOCKHEED AIRCRAFT CORPORATION 
llUCNIT NO. Mel00 
111on1• Q•;.u·a.1, 

IUUANl.r.AUfOIHIA MR OATSD__.i._•15.SO 

HoM ot thue teat.a re1ulted in e. aat israotory part, how• 

en·r, te.ilure OO\.lld always be tr11.oed to imperfection11 in 

the fit ot tM tiller, The erratic 1upport ex>uld be at• 

tributed largely to lack or precision and unito~llitt in 

. th4 inte?"UAl support., 

TEST liO. 5 

The results of the abo-te •?•cl men tH ta nre auffi.c i ently­

prondain& t hat pllLTll wor-e m.de t ,, f orm f ull ai H h ad inc 

edge integr,,.lly 1tirf'enod panels. Con••~ueotly, leadinr, 

edce panele -..rfl maohinfMi t o Sfel)lfi cationa or PD-903&23 

11.s deaorlbed in 3,31, Tut -fl-3 • "StN tch Forinin.;" • 

(Fl.e;ure 30) The edges of the part wel'e trimmed to !l pre­

detel'1111ned angle a nd d l!llenaion , 

ConttNotion •• ata.rted on the c'olllpreuion die 1et, 7i,-, 

de3ii;n ot t il1a tool waa markedly JU'f~rent tivu:. t he pr~• 

liminary dies~ but emplo,Jed the same principle ot tormir,c, 

The d.le aet (Fit;. 49) oonahted ot {a) a welded ateel die 

e&ge wi th plastic working teoe (Fig, 50), (b) • punoh or 

compr•••ion bar aaaellbly shown at top in Fig, 50, and (c) 

the inte:rQal 11.1.pport uH111oly. T,1e internal support usem­

bly conailted of ( 1) " cerrob·: nd noae punch vis l ble in 
• 

Figure 49, (2) rubber filler pads to index with and till 

• !T • 
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th" lp&OH bet.Mn 1tltreoeris {Fig, 61), t1IO int'latable and 

Nwa&b1• ,t .. l bladd~fr1 attached to a '119d&e-1haped punch . 

(Fleur. 62) 

The c011pree1ion bar• nr. mounted on a eteel plate att~ched 

to the 111111in ram o.r a double actiqg pres ■ (Flg. SO), Th i. a 

~late waa provided with hole• whi oh t ndex~d with l eader 

pins on t he t op o! t hi, d i e cage and rest r f'i ned t "he die 

a:;a ! nst spreadi ne due to fo rmi ng and inte ,rW1.l pru11\lrea, 

Thti t'iller pe. -.!. consi s t ed of 1- inch thick rubb'l .r strips 

( shore hardn-,u 65), f aced wi t h ¼" &lumi nw:l sheet, all 

mounted on , 050" thick steel eheet (Figure 51). (Tile 

aeleeti on or the abo•e N~1le r hA.rdne11 was baaed on pre • 

liminuy t est• cor.du cted to eatabli.sh rubber h&rdneas an,i 

r:-e asure l oadi ~ re.qui.red to provent buclclitie; ot the .OOO'' 

thick 1ldn under simulated f'o rmine o.1nd1t lN1 a,) 

The preuure ul a<lder-1 we re t'abrioated trom n o piecea of 

.040" thi ck , Type 321 , atainl us stee l roll li. "'111 welded at 

t he edgea, lach bh.ddar n1 e :i11ipped with two pipe COil• 

neetlona, one for intrc-:luci~ hydraul 1o .fluid tud t he other 

f or bleerling • ntrapped air, When i n uee, one bb d1e '" ""'' 

attached t.o each f ace or the wc,d~e (Fig. 5c). The we(lge 

M,s actu.~ted b;r t h" hold ,awn r&111 of the f omine; preu. 

The trintned blank in O temoer ~,s bent at t ~e noae imd . . 

• 38 • 

' 

I • 



0 

I• 

: 

LOCKHEED AIRCRAFT CORPORATION 
aUOIIT NO, J.1•100 
...,.., Geo,ral 

. 

--·• 

....... CMJfaltM PAU DA•ID 1•16-50 

• plued in the contpNlsion di•• The noae bending ope·&tion 

WH orltlo&l due to the large t.hioknesa lllld nial l radi111 

ued, but prellndniuy bending teats had been 00>1duc~ed to 

. aeoerte.in that auoh bendin$ could be auecessf'ully aeeosn­

plhbed, Rext, the interue.l npport auembly wu inaerted 

The die•• loaded while out o: the pr••s due to 1ns\lft1-

cient •" height in the prua, Arter loading, the die 

was 1natall•d in the press and the nm, l'.Tlfered i nto ph.~e, 

Only llght loads were a?plied _at this time. The hold dO'tll'll 

?'lf.lll WIU uslld to engage the wodgo a:id rest roln it !' :-0n, n )Vi ll(; 

upnrd~ An h:rrlntuli pressure or 200 P,S,I, n.e t hen ap• 

pl.i.od to th& int.fl lo.:- of the two ba,:s on th,, sides o!' the 

W6dge, thus forcing the part into intimate cont&ct ~~th 

the die, The part waa then fonned to 1.,1 eomi:r·usl-re Gt r t\in 

by ap?lying r~rce with the main ram t o the pushine bar3, 

A etrain 01' 1,; oorreaponded to a punoh tr •l'el of appr·oxl• . 
niately .4·{n, The result of the O temper f ol"llling na 

exctlle.nt •• shown in Figures 53 and 56. 

The p&rt was remo7ed and gi nn a aolut i ou heat treatment 

with cold wat•r o~eneh, The distortion wu aevere (ti i; . f. •l ) 

and rtoulred oonaiderabl, ,tralghtenlng work b•fore tt 

could agdn be ti.tted. int ~ the die. The part wu held at 

o0 
,. in an ice•l..ox 'to uo1d exeudn ai: i n~ when delaya 

, "re nece11ary. 

• 39 • 
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The pe.rtlall7 ■tralght.ned part•• re•inste.lled ln the 

pr••• and glYen a final oompre1sin aet ot l f. . A pre11 

l6ad ot appro71mately 600 tons .•• required. The part 

'Detore final trillllli~ ii ahowu in the center ot Fie; . 6S. 

;\n analy1l1 ot the results indloated1 

(a) SpriQgbaok na 1llght. 

(b) LOO&l akin • ,.tortlon •• preHnt (Fig. S6a). 

Thi a dletor'vi on •• traoea le to the sever~ he~t 

tre11tmnt distortion. It n1 conel\lde:1 that 

200 P.s.1. hfdr•~llc pressure in the bladders 

•• inauffioieut to remOTe the eevere heat treat 

diltortion. 

{c) One region ln th~ reinforced ski n border, lar~ely 

ou t.s l ut• of the t r im H ne s , had buckled sl1&!it1y 

due to l ack of interr111l support. 

It wai. eon.:iluded fr0111 thii1 test that f or.:1h11; y 1f,ro i&ht 

corr.pr.easion had defin if.: t• pos isilol.li ties, ospeeially if ht,at 

treatir.ei:it di stor ti. on eouk be r flduced. ¥ethod1 ?;hie h ll'le;ht 

be oxplore4 ar~, 

(a) Uac or a hot water quench lJat,l • 

(b) Ja~ of reatrai~i~~ jig. 

(c) Use or ft shroud de~1gnod t o equalise aornewhat 

the quenching rates or the thin aud thi olc aec• 

tions ◊t the pt1.rt. 

• 40 • 
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Ia ooapre111on tol'lllng, 41ttioultS.a WN enOO\Ultered prlnoi• 
pally due to llcin dlltortion n111lUac troa cpenoh after heAt 
tre&t.nt, llhil• 1n atretoh toning auoh b1&oklH •re readily 
nllOftd. On the other band, 1n •tntoh tond~ a lack ot ac­
oeedbilltJ •• a Hri01&1 barrier to tol"Ming the DOH aeotion 
while no real d1tt1o"1ty with tbh r .. tun •• eno01&Dtered 
duriac 0011pre1,1on tondng. The•• orr,ettlng obaraoterlatio• 
~c••W that a two-1tage_torm1Dg operation m1,ht incorporate 
the adftDtagH ot both Nthodt, Such a •thod, described in 
a,31, •THtt - Leading r.dge Panell•, aa teated, 

TIST RO. S 

Tbil teat •• l'llD 1~ conJwiotlou with THt 116, Section 
• a.ai, "Stretch P'oraing". The blanu eaplOJ•d were pro­

cluota ot the aboft •m1oned atr-etobing test,, C0111pre11ion 
toraing 41H ftN thOH l&led in, .. ,. lo, 1, ~. a, , Uld 
I ot thia 1eotioa. 

Al de1orlbed in a.ai, the 1peol•u nre •t~tobed to u 
open oontu11r, The 11pper and 10 .. r 111rtaoH •re brO\lght 
to tru. ooota.at but 1u loohe1 ot •tetlal at the enteriag 
edge •re lett tlat. Th• Nl"1t1ng at.retohed apeolmeu 

I • 
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·•n oa,lNlJ fNo ot cpeaoh dlltortlon and 'tn&OklH. The 

1pooialu, wh11o 1'111 la tho S_. taper, wr• triaaed to 

tllo pNMtol'lliaod edce uclo, plaood 1n tho oompreuicm 
I 

dlo, an4'yielW OOllpNlllftlJ approxiiiately ~-

Tho tlrat apoo1-D, ocapn11ed with no internal aupport, 

tallod by buokllag. Thia ton.\ed to nrlty the u■1&11ption 

that tho toroo oouplo at tho atlttoner end, would induce 
• ta1lun 'by buckling regudlHa ot th■ tact that the part 

•• tree of 910Dfth dhtortiOD. 

Tho Hoond apooi•n, aupported with the fabricated r,abber 

filler dHoribod lD !Ht '4, aho tailed by buckling. The 

concluaiou lA thh ca■e •re the ■ame aa abo'f9 and pointed 

to the Mod ot higher contact pr.a■ur .. ~ the tiller 

blocta; 

A third apoci•n •• OOllpNa■od 'llhioh toaturod a reduced 
HCtlOD at the entering •ct&• (. 'LOO in.). Although thla 
part•• aupport.d with wood blocks onl1, it ror.d nry 

1&ti1faotoriq. ColltOW' and aurtaoo amoottm..s■ were equal 

to Nquln•nta. (Figuna 66 and 61) 

!18! IO,T 

luttlolont ata •• aw.Uablo fr.OIi the tongolnc teat, to 
•rraat ,-ttoapta to fora a t\&11 •h• leading ode• puol bJ 

- &t -
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tM 1nro-n.ge aethod. Al in '- ■peoiMA tHtl abon, 

pn-etNtoMd panel• WN ob'-~•• a reault ot th• work 

4oae in THt fe, leotiOD s.11. Tlw OOllpNHiOD tonu.ng • 

tool• nplopcl .... thoH uHd iD THt 16, s.12. Arter 

tu 1tretobN puell bad uDllergoae lnltlal triaaing to the 

predetermined edge angle, the 6-incb fiat &NA at th• en­

tering edge •• llilled dClllfD tn thlolmHI trca .260" to 

.120". The purpo1e ot thh operation •• to inaUN ade• 

quate yield in th11 ..... in TUW ot the loa• ot OOllpNHlft 

toroe throuch triotlonal etteot1 Oftr the tull length ot 

tlM part. The thiaing operation•• clone while the panel 

•• held bf M&U ot a oontouNd, plaatlo-taoed n.ouua hold 

doa jig (rig. 68), IIOWlted in the Hydrotel (Pig. 69). 

Arter the thinniag operatloa, the part waa rough bent in 

the ZO-too ceoo (Pig. eo). 

The oomprHlion to~ prooedure •• aocompllahed aa 

dHoribecl 1n Teat 16, aD4 tu part• wre to..-4 while atill 

h the S-W taper re1ulting trom beat treat•nt prior to 

• the 1tAtob torm1ng. ·The N111lting part ..rter final trla 

ii lhOWD in Figure 61. 

An &nalJlh ot the part mealed the t'ollowing 1 

(a) A alight oorrugatl(JD etteot •• apparent on the 

outer 1urtace1. 11 deaoribed in Section s.s1. 

THt le, thi■ rougbnHa •• traoed tQ incorrect 
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fit ot the nretob cli••• and therefore owld not 

be attrllNMd to 1-ttlolenoy ot ~h• oomprHaiOD. 

tondnc u ... 
(b) Airtoil oontour -.. aoeptlonally good. 

It •• theretore eoacl\Mlld that witb pr-,,.rlt titting dlH 1.G 

the tir1t torminc ■tage, .integrally atitteaed leadiag eclc• 

pemll ot th11 '11>•. oould be ettlointly toraed by the two-ahge 

1tretoh-ooapre11ion •thod • 
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LOCKH£ED AIRCRAFT CORPORATION llal'OIIT NO-. M-100 
General ....... CMll'OIHA 

3.1 TEST PROCEDURB (Cont',!1•) 

3.~5 RUBBIR FOmrING 

The principle feature that prompted this inTeatiiation n1 the 
a1mpl1city and low cost ot rubber tonning as a product ion 11111thod. 
The original plan tor inTestieation or rubber forming 1'8.8 to con­
duct testa utllhing the fluid preaeure or a rubber platen. sin• 
gle action press to form part, by bending them to a contoured di~ 
surface. Thi• techn1~• 11 similar to the one cCJ11Vnonly employed 
by the industry to bead and flange aheet •tal detail parts. 
Testa were JMde exploring the poesibilltiee of the method. 

Durin& the course or the progrUt, however, the keyed 011111,ping 
rail for stretch forming ns developed (i.n). The practicnlit:,­
of the key as a method of reatra1nill£ part moYer.ient, plua the 
obTioua advantage to be gained from inducir~ a01:1e permanent 
tloneation in the inner fibers of the section, led to the ir.ve f-• 
tication of a combination lllethod la:Jown a ■ rubber stretch fonniug. 

EQUIPMEJ.'T 

All rubber fonr. ing tesh were conducted on a 2260-ton ~ t, nib• 
ber platen, ein&le action presc and l cOO-tcn Clearing double 
action preaa. 

TESTS 

All teat• were coodu~ted uainc t he at8ndard 7bS•O or 76S-W upper 
1urtaoe te1t apecimens, aa de1cribed in 3.~l, altered to suit 
the conditions or the particular test. 

• 46 • 
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Thr&o speci:nens ~r considerably reduced area were liachined. 
The ford.ri g tr,nl enpl,,yeJ '"U a Kirk:iite di !! b lock c-f 

1OO-ineh radius. 

The d~e block wa s pla ~ed on the bo ls~er of the H?M rubbe r 
pl!!ten prot,s and the tspec!.111en placed over the cont,:,ured 
turface. (Fir,. 62) Plywnod -strips equal to tho, stif!'ener 
heights ••re placed bet•een the stiffeners to prot~ct the 
rub~er raced pl"ten. On the pressi nc ~troke a ru~ber 
pr'el'lsuro of ap proximately 1000 P.::..I. •as exert.ed. 

Speci:nens were formed i n S•O, fresh S-W Md l6•hn,1r S-'#1 
teapers, TM res'Jl t i n:, r.print;ba~k eonfinned pr ~l'iictions 
that 1io Cl'l!Tlpen sati ,.,n for t hii fact'.'r would be ,!iffi :ml~. 

( ,ee .~ .34, Die fol"!l\lrii:; Te r t Ho. 2) It was al so found that 
ws,:-pa;;e and dii:tortion11 cau sod rrom ach l nini; ""d hettt 
treatment were nnt reIT\('\ved by !'nrmi_nc in pure ':>eu,L nc, 

A~ a rt1t.1lt or the ab1ve f\:idings, it wa ... decid11o.l t<' di6eon• 
tinu" the inve~tigati:>n ot' straitht rubber be nding IU\d t o 
•xplore a new technique known a s rubber-st~ t ch formin ~. 
Th\ s proeu• utilize• the f'lu1d f -, rc,. of the Nbber pl~ten 
to bend and !l_~l~ the part 1.6ainst a female foMII dle. The 
part undg are rettl'flined fr,,m move1?1ent and as a result, 
in the proceel! nf c11nr0nninr, to the die c ~ntour, •Jn1-axial 
gtretehing occur!' and iome per111Anent elongati ,,n le imparted 

to. all f1bere of the crou secti~n. 

• i6 • 
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Standcu•,1 test spee11'118ns wer$ :naehined whieh embodted a 

ver:iinn of the lcoy-type ends deserihsd in 5.31 , Tut No.?., 

"Stretch F'ore1ing". A die s•~t o..,nsi,ting of t he following 

1. A Kir'.oite retain In;: rine; and clam;:, i nt; ral l. 

2. Ca ~t plutic dio containin& do , i r'!!d foml u~ rlldius. 

Steel re st rain1n& cl!llllps or hooks. 

4, 

:ho ~ing ~r r~i1 11t~uetur~ was cast from Kirk ti te, The 

radi u~ fnrmin~ surface. Shims •ere ;,rovUed t o adJu 5t the 

d i o •Jp" o r d.-1wn i n the IC irk ~i '; e r&v i ty in ordo r to obtain 

a lumi~um Md rub ber flll~r ~tr i : were use~ t ~ ~r ote ct t he 

rubber pla t !! n as well a! t o i r.ipart fcir mi:1 r; pr~11sure on the 

The 75S-~ tpeeiman wn~ mounted i n the 1ie and the rteel 

This u sombly (Fi 1; . 65) ••~ phcod in the HPM press anri 

l1Hrur9menti: of the resultir1t: formed ll !)eci:neo ~ revealodr 

of the specimen. 

(b) Very sli~ht elongation in inner fiber 5, 

• 47 • 
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(c) Some di st,,rtlon remaining from hoa t tn,atmont . 

(d) Dletort i one at the stiffener ends cause r! by the 

f orce c:o up l1t 11et. up at thi s point. 

Thesr. re ~u lt ! indieatod, howevor, that ru bbe r pre ssu re ~ 
sor.1e"hat. r;re11ter than 1000 P.S.I. ml r;ht rea ~onabl y oe 
e xpected ~:, i~ive cond rotults. 

A new steel d iH set ba se d on the de s ign pr i nciple of that 
U!ed in Te st No. 2, bu t of eont1der~bly h~avie r eon ~truct1 on 
wa ~ !IWl di, . ( Fi g. 66 ) Standard , keyed-ond si; oe ~IIIOn ~ were 
ma chined. Tliese we:-e, ho"ever, 24-1aeho 11 wi fo , or twi ofl 
t i1e noma l widt h. 

Th i s dio se t wa s placed i u th., 1 500-t-,n, c!oubll! a cti on 
Clf' e.r~nc prt1 !~. To tho :nair, ram of tho pr•:s s W!\S uffixed 
a !! pec tal flat punch whi ch, when l owi,red , fi l t 1d ci ::i se ly 
1ut o the ope ninc of the reta i n in r.; r lug . 

tho die koys. Rubbor fil l ~r r we~ ~ ~l11 oed be t ~eon the 

st i ff ener s . Over the part•• ~ placed a blanket of rub ber 
:5-inehell thick whleh c:os,. ly fit ths confinfJs or the 

r"tain inc rini;. 

On the fnrm1nc; stroke. rubber pl'tl sru re :; -, f l(:00 P.!5.I. t 0 

2200 P. !:. .I. were &?plied ln snenl test ! . 

• 48 • 
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3.S3 RUBBER FORllING • ·,:t:~•t lo. S (Cont'd.J 

Mens.:-ements nr the resultine; fol"lllflri g~oimens showe d that 

the c~r. t.1ur achieTed n ! good. fome distort i0n fr c.i:n heat 

truatment · remainod , and it wn s ev i dent that the ava i labl e 

not su ffi cient to fl11tton anc.l h:il,:i the se buckle& d• .. rine 

f nrmin~ wh1le ·the part was in the pla !'!tlc ra~e . (F i~ . 67) 

It n s conol uded that eon 11\ de rn '., , y i : her ur:l t ;:,ru ~ sure 11 

wri uld be re qui~d befor-e ad~quate for,nin1; cC'.ilt.1 be ach ieved. 

It ns es~imated that these uni t prc: ssures wm .. :d be In 

t h~ n, i r:,hborhood of 3500 P .s. I., o:- beyond the oa r,11. c i ty 

of the lar~est press at Lockheed, It was o r t imllted that 

to form the full s ito i nh ~r-o l ly stiffened ,, ppei- !urfaee 

pnne l , pr t1ss o~pacity of 8000 to 10,000 tons wo ~ld be 

• • 49 • 
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3.S T!ST PROCEOURI (Cont'd,) 

,_ ..... 

An integrally 1titteaed akin tondug dl•• which utilizes bend• 
1ng a, the only forming action, pNaent1 a multiplicity ot 
tondng probl ... iDTOl~ in tonaing a tlnal amooth 1urface, 
There are ditterent amount, or 1pringbaok and hence different 
die radii required to torm "oh ele•nt ot the part, Two 

approaohH weN •de, Firet, to find nut how good a part collld 
be produced by diH dHwloped tor uenge 1pringback tor the 
entire part, and eeoond, to determirte juat how complex a die 
would han to bt in order to produce acceptable parts. 

EQUIPMENT 

Adequate pre1e, drop .hlumller and Ceco 1tamp tacilitlea were 
anilable at Loclcheed to die tona or 1taap integrally stiffened 
1kina ot the propo1ed 1l1e and 1tittew.r 1truoture, It•• 

convenient to uae the 75•ton hydr~ulic pre•• in the Koditioa• 
tion Shop (Fig, 88), and to UH a.r:robend diH -.nutactured in 

the 1ame depart•nt tor all uperlaiental 1tudiea, 9hort ot pro­

ducing a tull 1i1e akin, 

The toroes required to tiraly bottOJ11 the propo1ed integral~ 

1t1tteaecl 1klna did not exceed 10 ton1 per 1quare toot, thu1 

a 160 1q, tt, akin oould detinitel1 be ·tor.d on the 1600-ton 

preH, The prelWMry wort dHcribed here waa done on a 
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LOCKHEED AIICIAn COIPOIATION ~- x-100 
Ila ■- GeQtn,l 110•:an■w .... MND 1-1§-60 

3.M DIE P'ORIIIlfG • !quill!!!! (Cont'd.) 
' 

76•tOD pNHo 

TISTS I UPPIR SURP'ACI PAJILS 

TEST 1'0. l 

Three oerrobe~ diea, cast 12 inches square ot radii 30, 
60 and 90 inchea, ftN uaed to tom 1tandard 1peoimen1 or 
the propoHd upper 1\ll'taoe akin to detend.ne Herage n.luea 
or apringb&ok and diaoontinuiti•• at atitfener enda. The 
1paoea between 1titt'eoer1 nre ruled with oerrobend as a 
•an• or prodding aupport. 

The re1ult1 ot thi1 teat showed that die development would 
be zwceuary from point to point in a t'onning die and that 
conaiderabl• error would be introduced ftre theN any 
aging or •terial nriation in the S-11' heat tNated coudi• 
tlon. 

The tact that die tonned part• contained locked up 1tre1se1 
and 1rtre distorted when tol"llllld on undeveloped die• 1• 
clearly_ illu1trated in FieuNs 69 and 70. 

Figure 89 ahowa that when tlM part waa aawed apart, the 
edge portion •Prune baok oonalclerably. The adjacent 
atirtea.r 1h'1Wltd 1cae t'latten~ng due to the edge ettect. 
T!w break,in contour at atlttener end• waa not too ap()Q'-
ent but it e:cceede4 allowable deTiationa troa akin contour. 
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LOCKHEED AIRCRAFT CORPORATION 
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- General 

IUIIANI, CMlflOIIIIA NM DA'ftD.__l_,•..;;1_6_-5 __ 0.;;......._ 

~.M OIi FORIIIIG • Teat (Cont'd.} 

TIST NO. 2 

A aet of try dlH and punohea ••oh 2 inohea wlde and 

6 ioohea long wre oaat in oerrobend to meaaure the actual 

apringbaok ot all aeotiona in .the proposed integrally 

atU't'ened akin•. 

These di•• h&d radii ot 90, 60, 30, 16, 8, 4, 2, land 

1/2 inches, and wre used on miniature apeci•na •chined 

frca 76S-0 alumlnua. 

Di1cusaion1 The results ot theae te1t1 on miniature 1peo• 

, irnena amplified the finding• of Teat fl. It was found 

that a properly designed die would ban to incorporate 

apringbaok compensation tor each nria-tion in the bonding 

modulus of the part. In tenna of the full si&e upper 

••.u-tace panel, thia would inTOlTe calculated and diatinot 

oompenaationa in 100 or more areaa of the die. From a 

practical point ot new this procedure would impo1e an 

i111poa1ible die making problea. The multitudinous compen-

1ation1, eTen it predictable, would result in Tertioal 

atep1 in a lo~ltudinal direction at the transition points 

from one area or compensation to the n.xt. 

Aa in roll tonning, there waa I serious difficulty in die 

tonning that could beat be deacribed a■ "beam action•. 

Thia la the tendency or all forming to oocur at the looa-

• 62 • 
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S.k DIE FORKING• Teat No. 2 (Coat•d.) 

llllflDIIT _ u-100 
•onr • General 

tion ot tirat pla1tio detoration which 11 typical ot 

beam tailurH. The Nault■ of beu action &N ahown in 

Figure 71. 

Thla beam action requiNI that oertaiD portions ot dies- be 

firet tilled with l"Ubber or be made double acting with hold 

down■ on the end■, or that 1lmilar precautiona be taken to 

prevent overtor11ing before bottoming take■ place. Rubber 

can be used in aneral 1tage1, but if hold down of edge• 

la attempted, the die forming beoome■ a etretching opera­

tion which fall• into an entirely different oBtegory. 

Thia phenounon aeriously interfere a 'lri th forming long 

. ■weeping contours where the radll of curnture are inau1'­

fic1ent to tan out overtorralng due to "beam sotion". 

Die forming of 75S material muet be done in cold S•'H or 

hot S-T tempera. THts on apeolmena in s-w temp.r showed 

that almple die formins doH not remon the warp11ge that 

innriably occurred on quench. 

Fr01n the re1ult1 obtained in the abOTe deeoribed te1t1, the 

following preliminary oonolu1ion1 can be dr~wn, 

(a) Ordinary die fondng will not NWOTe warpage Naulting 

trom heat treat and •chining. 

(b) Single action die forming without block■, rubber or 

1imilar aide during the cloeing of the die 11 1erioua­

ly hampeNd by the overfondng ot thoee 1tlttened 

• 51 • 
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portion■ where pla■tic flow fir1t ocour■ •• that 1a, 
all the ounatun tend• to occur at the t'tr1t 'brea.lc. 

(c) 01•• cannot be deTeloped tor widely differl ng degree• 
of 1prinibaclc in closely adjoininc aecti onsof a given 
integrally stiffened ■lcin. 

In view ot the•• lilllitation1 1 it waa apparent that &l1f 
bending proc•••• 1uch· as single action die tortning, could 
not be conaidered ■uitable a1 a mean, of forming the sub­
ject integrally etiffened skins. Consequently, no attempt 
waa made to die fona a full 1cale akin panel. 

TESTS I LEADING EDG! PAHEL 

The upper and lower 1urtace1 of the leading edge panel are 
■illlilar in man;y respect■ to the upper surface panel. Therefore, 
it na _a11umed the reaulta of die fonnine theae area• would be 
equin.lent to those obtained abOTe, However, teetl wre made 
to uplore methods of die fonunc the enterint; edge radiue • 
Thia problem repreaented nothing more than bending hea")' plate 
of Wlil'or111 ■ection t o a predetennined curve. F'rori previous ex• 
perience with thi• technique, it Wll& po11ible to produoe eati ■• 

factory contours for a distance of approximately 4 inohea baok 
of tltl entering edge of winr, leadirt; edge panels. The method 
employed is deocribed in ~.~2, Teat f'I, and illuatrated in 
Figure 60 • 
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It•• anticipated that th• lllh•rent p~bltm1 ot rolling wo~ld 
pron to be 1Wlar to thoH ot di• tol'llling. A HrlH et tHta 
•• ooaduot~ on tbb •thod. 

IQUIPMEIT 

Lockheed ha, no roll• that will toni integrally 1tiffen•d 1kina 
of the full propoHd liae. Thento"• teat, ot rolling methods 
were conduct~ upon repre1entative aegaenta ot the propo1ed 
sltina and upon aiDiatun model sections using the e~ipmeot . 
available. Thia equip111ent consisted ot: 

Ni~~ara Slip Rolla, 48•inohes wide. ThNle rolls, 4•ir.eh di• 
ameter, adjustable for oonical aeotion, no preciaion in set up, 
llnJted to 1/4• 1teel. 

Buffalo No. 2 Rolla, l~inohe1 wid•, three roll1, 12-inch di• 
ameter, only one roll adju1table and no conical adjustment or 
precision set up. 

No action was taken to obtain rolls capable of fomin& tull 1l1e 
akin panel• beoauae ot the unaati1factory results obtained on 
the 1'\,llowing te1ta. 

• 56 • 
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TESTSs SUPPORT AND AIJ..I!:D PROBl.DS 

TEST BO. 1 

In order to determine ii' ~ filler was required between 
the stit1'enera of intet rally 1t11'fened skins duri n{; rolli rit, 
a 12" x 12" x 1/2" plate or 15s-•. thirty days out or 
quench, was machined with 1ix 1tirrenere, .12" wide and 
.38" high, equally apaoed between aide stifi'enera .so" 
wide, all upon a slcin .12" thlck. (Figure 72) 

Thia was rolled in the 4•icch diameter Nhgara Rolls wi t h 
no fi l ler•• •h~'W'll in Figure 75. 

A detailed study of the transv~r•e and l ongitudinal con­
tour, before and after rolling ahoweQ that a longitudinal 
contour at the middle or too part ·of 167'1 radius had been 
aoeomr,anied by an undesirable transveret- bowing of eaoh 
1'9b, concave in respect to t he outaide 1ur1'ace and an 
over-all bow or the entire part, convex to the out ~iee 
akin aurface that averaged .05" deflection frOl:l the chord 
at the center or the 12" eroaa aection. 

TEST NO. 2 

Cerrobend, a low :,ielting alloy which 1a applied and rel!'.o·-nid 

• 50 • 
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at temperature• of 180° and 200° F., na uaed aa a filler 
•terial to aupport the akin •b during aubaequent rolling 
teats. 

An e:itperiment wa.a conducted to nee.sure the effect or melted 
cerrobend temperature on refrigerated freshlr quenched 
76S-W atiffened panels. 

It was found that the brief expo■ur• to the he&t of the 
110lten cerrobend accelerated the aging effect considerably. 
The amount of agin,; and reaultant increaae in yield 
atrength could not be controlled. For these reaaons, the 
apringbaolc factor wa■ erratic and unreliable, 

Regardleaa of thia diaadnntage of cerrobend, it••• de• 
oided to uae it to investigate material behavior with the 
thought in mind that plastic or some other material could 
be substituted aa a filler if result ■ warranted using thil 
method or fcnning. 

TEST 110. 3 

A second 12" x 12" x 1/2" plate, identical to the one used 
in Test #1, waa clamped to a cOYer plate and all the groove 
apace waa filled to overflow with cerrobend which n• al• 
lOlfed to aolidify aa ahown in Figure 74. The oerrobend at 
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18()0 F. did not alter the properties ot thie particular 

11aterial beoauae it had alr ... dy aged for thirty day•, 

The rolling operation (Figure 76) resulted in detachment 

of the tiller tor two inches at the ends ot the 1tiftener1 

after several pa11e1. Thia was the only location at which 

there was such separatioll, or where any transverse diltor• 

tion occurred. The cerrobend was melted out before final 

analysis n.1 made ct the contour produced. 

A considerable improvement in the forming charaeteri1tic1 

of this specilllen was obtained by the use ot the eerrobend 

filler. Tranaver~• di1tortioc fts reduced 90f. and akin 

distortion between stiffeners wa1 not 11111a1urable 

TEST MO. t 

A narrotr panel (12-inehea wide) reprHenting a portion ot 

the upper wing panel waa rolled in the Buffalo No. 2 ma• 

chine. 

This panel was rolled with a filler or thin alumlnu,n 

stripe riv-ted between top and bottom cover plates to forll 

a dimensionally uniform aandwirh. A definite break in con• 

tour occurr•d at the end• or the etiffeners as shown in 

Figure 76. In addition, there•• some transverse bow at 

the middle. 
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A cluplioate 1pecimen ot the leading edge panel wu aho 

rolled in the Buttalo no. 2 machine after hllv• beeo em• 

'bedded in oerrobend and placed between two t" al\.Ullin1.111 

plat••• (Figure■ 77 and 78) The oerrobe~~ broke away 

trora the part at the thin no•• aection and at the ends. 

A Tery goocl contour was obtained except that there wa1 a 

17° break in contour at the 1titfener end• at the entering 

edge. Detailed anal71i1 ot the formed part after remtTal 

from cerrobend continned the tact that rolling with• 

cerrobend tiller produced better re1ult1 in pree.ning 

tlatne11 ot oro11 section than the,._ operation with a 

1trictl1 ma~~_,~ioal tiller. 

Both or the•• panel• were rolled in O condition and were 

1ub1equently heat treated and age hardened. Attempts to 

hand straighten the part, in W te11per after quenoh di1tor• 

tion were not auccea1tul. Particular trouble was had in 

ironing out wrinkles between stiffener,. 

Oi1cu1110D1 The behavior or 1titfened panel~ during rolling 

depend• upon the contiguratlona of the Tarioua areaa juat •• in 

db toniiiag. The OTer•&ll proble• ot the reaultant nriable 

apringback is the aUIII except that whereas the die might be de­

veloped to aome utent, the roll ia even more ll~~ted in that 

it cannot be made to oompenaate tranaTeraely tor nriable 

aprin,;baok during rolling, 
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There h one difference between die fonning and rolling in that 

the roll spacing haa a bearinc upon the bending that takes 
place where there 1a a change or sectional p·. opert.iea. When 
two varietiea ot cro11 section 1uch a1 a 1tittened and an un• 
•t11'.fened portion each partly span the roll•• all the break 
occur• at the end of the atitte~rs. There 11 almoet no way 

• to keep this frw. il&ppening unless a diaoardable support fs 
uaed ou thin sections. or a fon., plate ia rolled with the part. 
The form plate method could ba cla11ed aa die f orrr~ne, whloh 
11 coTered in another part of thie report. 

In all t he experiment ■ with heat treat izl£ , nc•ne has yie lded a 

method ot quench that does not distort integrally stif'ffloed 

skins , hence, a criti~lll teat of a rorrr.ing method is whe t her 
or n0t it will remove hee.t treat warp&ge, Rolli.ng i'aila 

the test , Reverse, cross and combination r olling methods make 
the si tu l9.tion worse and add ripples to the web between t he 

The results of the above descri bed tests point to the foll owine; 

preliminary conclusions: 

(a) Roll fol'llling ia limited t o ~ater i al which is initially 

flat or uniformly c1.u·Ted and 1s free of heat tr~at and 

machining 1tre11e1. 

(b) Roll L'onning 1a limited to parts of uniform bending 

modulus or 10 supported as to etfeotively haYe uniform 

modulu1. 

• 60 • 

' 

' . 

I 
◄ 

\ 
.. 



ll90IIT - UelM 
LOCKHEED AIRCRAFT CORPORATION 

MOD■ 0-.ral IUIMNI.CM.lfalNIA ....... ,.. 1•16-60 
I 

' 

3.SS ROLL P'ORIUNO • Dianuion (Cont'd.) 

. 
In 'Tin or the limitatiou atai.d abOT•• no attempt wa1 •de 
to roll a full 1i1e panel•• it 1• appart1nt that no tom ot I , 
rolling can be co~~idered auitable aa a mean• ot forming i11• i tegrally 1titfened 1kin1, 1uoh a1 P. D. 115 and P. D. 903-~3. 
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3.S6 POUR BRAD ~llfO (BtllPIRG) 

Thh method bad been tound to be 11.1\table tor toraing n.rloua 
protot~ integrally atitten.d parta aJld waa, ther•toN, con• 
aidered aa a po11ible •thod or tonung the aubject panel■, 
For contour tond.ng on the powr brak• a pUDch with gener01.11 
radi1.11 ii 1.1aed in ooDJWl(ltion with a rubber p11d or channel• 
abaped bottom die (f'lgun 79), 

The p\llloh ii adj1.11ted to produoe a alight bend on each atrob 
and the part 11 aOftd torward a amall amoW1t after each atrob, 
with the rHult that the aeriea ot aall beDda tend to blend 
together to produce a 1mooth contour. In moat cuea a nuaber 

•• of phaae1, with p•riodlc checldng of the coot01.1r with templt\te, 
. are required 'l;O produa. the tor111ed part. 

EQUIPMENT 

Fipre 80 illustrate, typical pow.r brake di•• aa u1ed for the 
forming teat,. Slotted or 1011.d bar• were used tor puncbea 
operating with a bottom die with hinged bearing platea. 

'In practice it•• aot1.1ally po11ible and g•aerally deainble 
to operate innrted with the 10-oalled bottca die attached to 
the ram and the punch in place at the bottom. 

All tonaing teat■ wre ~rtorad on a 10-toot Chicago paw.r 

braa. 
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TISTSt UPP!R SURFAC! PA.JEL 

For r.aaonA that will be dilcuaaed lllter, only preliminary 
tonning tuta wre conducted. The at&ndard teat specimen• 
were approxiraatel7 12 inch.-, wid• and 36 inchea long, and in­
eor-porated the typical web thieloll!tas, stiffener configuration 
and web reinforcement border nea l" the edgu (Fi~re 81). 

One part wu •chined in tM O temper, heat tNated and torrned 
in the W temper. Bonnr, in general, the power brake bending 
o~ration 11 not effective for removing diatortion that result• 
from heat treatment, and it is, therefore, conaid-,red desirable 
practice to do the machining And torml~ either in the W or T 
temper. Since W temper plate was not an1lable, all other teat 
pa~• were machined and forme:1 in the T temper. 

TEST no. 1 

Senral fol"!Aint; technique• were tx?lored, start ing nth a 
solid unnotched punch making contact on the top of the 

stiffener only. Thia waa foll0119d by experiment, with a 
recessed pwtch designed to make aimultaneo~s contact on 
atittonor &nd akin. · Views ot the formi~ process are 

1hown in _Figun• 82 and 83. 

Due to discontin~ties in the section, it na neeeasary to 
change punches at places where the crosa aectiou or the 

part changed when t'onning with notched pwiehea. The ta-

.. _,_ ________ ' . 
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perecl tra.nlition ngion could aotually not be tranraed at 
all. It•• neceaaary to torm up to such a region with one 
punch and then alcip the tran.aitioo and continue fr011 there 
with another punoh. 

The reaulta ot the teat•-, be aUlllllariaed aa follows: 
(a) Both local and general tranaver•• curn.tures re• 

sulted (Figui-. M). All the non-at1ftened_ r•• 

glona tended to ~ depreaaed Nlathe to the 

web aurtaoe oppoaite the atiftenera. Thia di•• 
tortion waa reduced by the uae of reoeased or 

notched pu.nchea, but not elimi11&ted, and occurred 
in both the 1' and T temper par:-ts, Somewhat leas 

diatortion ot thia type nay have resulted in the 

'If temper. H onnr, thh difference ns not veey 
aignificant and waa obaoured by _diato:--tion re• 

aulting from heat treatment. 

(b) Small but noticeable discontinuities in contour 

rea\ll.ted at all the ohordwiae diacontinuitiea or 

■tiffener run•l)l,lt■ and ch•~•• in web thiclme••• 
The•• dhcontinuitiea resulted troa (1) the re• 
latinly abrupt c~ea in 1titfne11 or the aeo• 

tiOA to bending, and (2) the tact that no adequate 
teohniq,ae h&a been found tor tormiDg the tra.n•l• 

tion region•, where stiffener height• &llll/or web 

thickne•••• taper. 
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(o) Dittiou!ty with cracking ot the web at tillet1 

adjaoent to the 1·l':it'fener1 wa1 tound to be trou• 

blesome when terming in the T temper. For thil 

rea1on, it waa necea1ary to uae notched punches 

that would bear on .both atit'fener and web. It 

waa turthennore nece11ary to relie•e the punc~ 

•.urfacea 10 that they would not coritact the 

tillet aNaa • 
• 

The following general oonoluaion1 on upper panel tonidng 
.. ,.. drawn troaa the teat ruulta and from put experlence 

with the pOftr brake toming methods 

(a) Tooline coats are low which makes the method at­

tr•ctin for pr~totyp• work prOTided the Naults 

are acceptable otherwise, 

(b) Power bra.ce ror-,fd~ i ■ not nll adapted to fonn• 

ing the reterenoe wing panel type part, Th• 

dit'fioultiea experienced are generally traceable 

to the large ratio betqen 1t1rr~ner height and 

ftb thictn.11 encoun~ered in thia part. 

(c) Part, tormd by this method are lacking in aero­

dy.D&lllic 1moothrut11. 

(d) Powr bralce tcrraing ii a slow proceu and the re­

sult• are largely dependent upon the skill and 

oa~ exerciaed by the operator. For theae rea• 

sons the Mthod 1a not a good production •thod. 
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TISTI t LIW)llO !DOI PA1'EL 

The t•ohnique and •thod of pow.r brake fonung, •• applied to 

the leading edge part, •• generally slllilar to that or power 

br&lce tonilag ot the upper 1urtaoe panel alreadJ di1ou11ed. 

The main dlftennce1 in the forming problem resulted from the 

the following faot,, 

. (a) The contiguration or the cro11 Hotion waa diffeNot. 

The ratio betw.eo at1ffener height and akin thio~•• 

waa •lightly lonr which •• a taTorable dltterenc•• 

To ottaet thia difference, the apaoing between atif• 

tor diatcrtlon ot th• inteneniDl; web, 

(b) The contour oul'fttUN waa greater tor the leading edge 

part, particularly in the Ticinity or the leadinc e~•• 

For tbeae reuon1, pOW9r brake tormi~ ot a leading edge part 

w,.1 conaidered a moN difficult operation thu the upper aur• 

TEST NO. 2 

A 1tandard teat apeoimen •• aeleoted for the preliminaey 

in-.eatigatioo. The die■ uaei were 11milar to thoae ahown 

in Figure 80, 

The technique employed wa1 aimil'lr to that u1td for tonldnc 
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the upper ■urfaoe panels. The reault■ weN approxlmately 

tlM ■ame a■ obtained in bumping uprer panels and it was 

not round pouible to oomplet~ly 1'onD the entering edt;e by 

thia 111ethocl due to e~u1pment interrl'rence1 and a lack ot 
acoe11ibill~ •• the fonning neared completion. Sevenl 
part• •re fonn.d in the O ta:,er u1lng bUIDping u a pre• 

tormir:ig ntiaod for final tomh1g by the cmpreu1 on 111ethod. 

Such a part!• 1hown in Figur, 86. Bumping produced aur­
t1oieDtly adequate fonning to ~•rmit the part, to be plao«KI . 
in the oomprea11on 41~. 

All other bumping teats -qre confined to teat parts in the 

T temper, none of which could be succe■at'ully coapleted due 

to cracking of the s'lrin adjacent to the 1titrener1 • 

Cc>uc lu■iona I The eonclua; ona that '"" dra1m from the attempts 
to form the upper 1urtace panel by bumping al10 apply generally 
to fonning of the leading edge panel. SUJl'tlllari1ing. briefly, 

While power brake fol'llling might have some value for prototype 

tonrlng of a few parta due to the lO'lf coat of the tooline that 

ii re qulred, it does not offer e. eatht'Aotory production tomitig 

method. Tellt1 were discontinued after the above preliminary in• 

veatlgation. 
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Lockheed Aircraft Corp., Burbank,-Caiif. (Report 
No. M-100) 

FORMING MACHINED INTEGRALLY STIFFENED 
WING SKJN PANELS - AND APPENDIX - FINAL RE­
PORT - VOLUMES I AND U, by R. B. Scott. 19 June 
'50, 53 pp. incl. photos, dlagrs. UNCLASSIFIED 

-An investigation with the purpose of developing the pro -
duction methods and the tooling necessary for forming 
the contours of machined integrally stiffened wing skin 
panels applicable to the F-90 fighter is reported. The 
techniques studied were: stretch forming, compresslor. 
forming, rubber forming, die forming, roll forming, 

(over) 

DIVISION: Production (36) 
SECTION: Fabrication Processes and Methods (8) 
DISTRIBUTION: Coples obtainable from CA.DO. 

1. Production methods 
2. Wings 
I. Scott, R. B. 
D. USAF Contr. No. 

AF33-038-11 '18 
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and bumping.' It was found that upper and lower lnte-:­
grally stiffened panels could be formed to precision 
contours~ by means of stretch forming. Leading edge 
integrally stHfened panels were contoured by combina­
tion stretch and compression forming. The success of 

• either method ls dependent upon the develapment of 
specialized tooling and techniques .. 
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