
1953 INSPECTION 

Structures - 1 

Some Struetu.nJ. Effects Of Ae~c 'BeatinS 

By 

L. F. VO&'t41tent "W . J . &tdOrf.'1 Jr,, , W.. l),, Deveikis1 and i. • Kon1M 

• 
The surte.ce tempemtu:r. ·o'f an airplane or m!eaU. fl.Yins at superacinie 

speeds am bctcano very high u a result Of the friction Of the au:rrouna.2ns 

air. For 8ltru!IP).f)1 the eldl'l teaperature wotUd ueeed lOOO°r 4urin8 a night 

in tbe at:re:toapbet'e o.t fOUJ" times the speed Of' sound. Consequentl,y, i:f 

wperson.io eircmft are to be bu1lt successt"Yl.111 the structural probleme 

tbat arue from h1sb temperatures nwst be recognized and sol"lTed. 

The moot vell-mawn a-:t.ructural ef'teet of high t.9D1Perature is to reduce 

tlJ8 bd1C &trf>Db-+th Of Wi.teria,1.$. ~ore I tbe Structural analla!S and 

dee:tsn of auperaon1e airemft Jl'lUSt 'be based on accurate information concern1ns 

the h1sb t«nperatut'e strength eba.raoteristiea of the materials uaed. However, 

the pose1ble troubl.e&o. ef'tecta o£ high ~ture do not end there - end 

1n this t&lk I vill d.i£Jo:usa tvo .less obvii:ms probl.ema that can arise fl-om the 

high tenq>eraturos ~ted bJ aer~e beating. Ob.• C>f thee~ probl.ems 

stem from the 'fact that at elevated temperature ~t stractw:'o.l material.$ 

tend to ~P - that is, imder the action of a coosteint load, tbe •ter:tal 

.. suttera Cle:f'QnJ&tions tbnt contlnually ine;ree$e over a period of time. (furn 

to first chart.) Thie ebart slwWa a t:pical. time h1ator1 of' deformation Of 

.. a. specimen er•eping ur1der cQ!lStant load at elevated tfn.lap.-ature. this diatance 

.. (point) represenw the initial deformation or. the specimen that occur& imediat~ly 

upon load application; .as you can see, the deflections tllat grow v1th time 

as & nsult ot creep can increase well beyond the initial detlectton, and 

will e~entwl.ll.1 result in fail.ure., These add1t1Qlla.l defl.ect1QIW (point) ere 
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~t aD4 will remeJn in the terial or structure tter the Mg 

tempemture ar.id tbe load are removed. In terms at afro:taft tructure 1 

th.ta J1981UJ, tor uample1 that the ua•ful litet1111 of airplane · ght be 

lJ.mted bJ" cc•saive dillt.o:rtion o:r 1ta wi:lg8 after continued fl t t 

•• el.evated ~tve. ~ on tlJe temperature end load, tl:Ie ore p 

.litetittD Of a structure am ery between thousands ot hol.tt1l en Ju.st few 

llM.allMVllMIJ; dea.i.sDJn' uw.st be sure that this lifetime l.imi tlon does not 

occur before tbe doa11"e4 eerv1ce life Of the aircraft 1 over, hetber it 

ie en expea.aable gui.tsJ mssile or a piloted f1Ghter J.tule. 

Until recentl.1 oat resecrch vork in c.reffP bas been conoemed Vitb. 

veot tionn or tbe creep propwtl.ea of artous term.la. For ouch vork 

, eucl\ as tbi• (hold spec en ), 82.°e adequat • B'1'll v 1 · 

re caaplete, 'bu!l't;..u.p atrcra.ft atructural speeimeDS ia 

nece&atU7 • for tbia urpose we l3a • just completed astHa~ cf this t'u.mac 

(wtJ.k over and tou.ch tu:maee witb pointer) which ia t;s\pabl• ot ccOlll.Odatillg 

Eg;Jec:lmens up to 8 feet lOtiS ana nllinfl ining temperature e. high & ~. 

ire An now ~ ting t.be ~ce i'or t purpose of cbeeklDS it perf'o:rme.nc 

cba'r cteria 1 with a t79ical teat upecilleb. in plac • For the t w 

alum!:num furnace 

MA be aub.jected to loadinS - m temperature 

1n the f'urnec ia 400°F and the load on each end ot the beam !a 4200 pounds. 

s reault of the high temp mture eno. the load on the beam, the defleetions 

of the have cont!nuousl: increarU.ng. On this chart•• are 

·U ticell,r re~ tl1e ere p def'lec:ti time ps.sse • te the 
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tnical curve aboWn on the chert for iaple apttcim.en. \ • viU nov raise 

tbe val.la of the furnace so that :rou ma:; eee tha specimen in pla.ce. (When 

fUme.ce 1a up, po111t out specillen, su,-pport, load, end aurva.ture. ) Of' cou:rae, 

in a creep teat in which research data is bei.Dg obtained, the f'urnac ould 

ret11&:1n cl.osed tor the duration of tbe teat. (After furaaoe lowered, walk 

e'WQ3'; pawae. ) 

In contrast to the ettecta of lone; ti. bee.tinS Just shown, other 

etirelJ ditterent •ff•ct ot ~raw.re occure whm p<>rtions of aircraft 

etru.eture are crubJected to v•%7 :rapid bee.ting. s JDan1 of 7ou know, aircraft 

Vinaa aDd te1l.e, unlees they are properlf d.esignec1.1 can flutter at high spe 

and the reeultiag violent vib.ration could deatrey the aircraft. hetber an 

tdrplano will flutter depends atl'00Bl3 on its v1bre.t1cn obaracteristics, 

which 1n turn depend on the stifi'nesa roperties of th& structure. Aer~c 

beating now enters the picture becaus• such heatinS senerallJ produces non­

unlf'orm temperature cUstrfbutions 1n the at:ructure, these non-uniform 

temperatures ca'llle thermal atreeaes, and tbe thermal atreseea so roduced D'l8l" 

change the ettective et1ftnesa. 

(Walk over to iDf1 specimen) 

Thi atmpllt:ted .mod.•l of del Ying irplan• or mia•1le, na.t at room 

temperature, will be vibrated 'b7 a mechaa1eal shaker in81de the fuselage. The 

a.baking f'requeoc7 1a abown :ln eyclea per ad.nute on thi• dial. On revolution 

Of the pointer .represent• 1000 eyel.88 er minute. At a freque.e1 of' 1425 CTClea 

per minute the tructure will be excited in a natural mode of vibrati<m and 

will reapond. v1th large oecillations. (Wait vhil model 1& vibrated 3 to 5 

seconds. ) Bow1 the •baking frequency :ts being Ted.uced to 1200 cycles per 
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minute and,, p you see, the violent oecillittiona of the vms ba:v• 

cliaappeared. (Tu:rn next ohart into place. ) Bert, ve will cnate a non­

uniform temperature d.1atribut1on b,- radiatina heat into the leadinS edge 

ot the wing. W• will obtain a ~ture distribution cross ch v:lng 

11.ke thia - peslting up at the lee.dins edge - fJlld a resultant t.hermal stress 

dietribu.tion 1n the plane of each wing something like this - c()mpreas:ton 

near the lead1ns and trailing edgff end teruu.on !n between. The efteot ot 

such a temperature distribution on etittneaa vill be 4~ ted by 

showing hav the natural frequenc1 ot vibration Of thiS del wing is rt!duced 

by teaq)erature. Thia reduction in th& natural frequency will be evidenced 

by the vio1ent J:MPOl'lS• of' the wigg to the shaking force of 1200 cycles per 

utinute,. which you now aH las.a negligible effect et room tempemture • 
... 

The heating el...,_ta w1U now be turned Clll - and s they tart getting 

bot, 1ou see the v1ng reapoo.din,g t its new~ acquired tural. .frequency of 

1200 c7clee/Jlin. (Wait while w1ng vibrates ruut until vibrator fa shut otf 

e.ompl.•telJ. ) 

In a taahicn snaloeous to the sudclen inception or oscillation TOU lJave 

j'Wlt v1ti:waae4, an actual a.iremrt dee1ped to be :flutter free only t nornal 

teraperat\U.'tla might euddelily begin to riutter vhen subjected to pid heating 

1n flight . 
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Demonstration of the Effect of Heating on the Vibrational Characteristics 
of a Model 
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Structures - 2 

trength of Multiweb Wing Structures 

• alter Rosen, elvin nderson, and P.ichard A. Pi-ide 

<be o the act1"1iit1es t this LabOratory ts the determination Of taoton 

which control the strength o:f 1reraft ratruetures. During the paat 1ear an 

uteus1ve experiment.el end theoretical 1.n.Vestlgation -. been tlade of 

t111eb wing construction. s art of th1B program strength teata have 

oh Of thee 

beatll8 :may be tl:louSht of a.a portion of the rime.17 atructure of e -wing. 

Deei@l da:ta have been obtained whicb show how the strength or such 'beems 1s: 

afteeted by changes in eny o:r the jor dimension.a . 

e or the interesting results of this work is the discovery of tba 

e:rtect Vhlch smO.ll c.bnnges in tJae 301nt details ha-ve on the bebavior of these 

'beeJ,ns. ~he design of Joints is often decided by shop praotioe and convenience; 

however, v ~ve found tlla,t the ettect of Joint conatruct!on oo beam behavior 

is o. Jor importance. Two general types at web-akin Joints are 1lluatrated 

on tlUa chart. Ber• thb web me.terinl is l.»mt to fo1'm. nn attachment :flange 

with a round corner. This second type of ak:tri-web ~oint 1• f'abr-eated from 

an extrusion which has a aqua.re comer here and sme..U fillet he:re. 

The diftereooe ill bella•ior of beams Wilt Vith tiles• two tn>• or Joint 

construction will be illu.Jtra.ted with a. motion picture. The bee.ma will be 

loaded to fail.urf> in bending b;y the testing machine 1ih:lch 10tJ. aee 'be1'oad and 

to the risht of thia chart. (Start motion . picture . ) 

The beam specimen. is 1ooated here in tl1e center ot the pioture. Loads., 
are applied by the loading unit an the right and are aeaeured by the we!gh:tng 
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unit an the left. Tbe next acene will abOw n more dete.1le4 View ot the 

beaa prior to toting. 

Tbe sur!'ac& v1aible ia the compl'98s1on akin of the '*-• :Black •tripes 
• 

have been painted. cm. the akin midway between webs to help ehow the 4!atortions 

of the ek1n as failure approaches. 

The firat failure sequence will be for a beam w.1th round cornered webs 

end will bltgin Just before the loading buckles the 8lt1n. hen buckl1n8 

oce'Ura a tn• of ald.n diatort1c.m will take place Which shows up as a sort 

of' washboard pattern. (l.n4icate bT band aot1on. ) 

Bote thee• blaek atripetJ vn tbe skin between webe; and tbe llnea along 

the vebs fOJMd bJ' the rotr'UdiJlG rivet heada. These linea will ve up d 

down tQSether vllm the beem bucklea. The buckles u• developins now alld grow 

more diatinct us the loading approaches failure. Failu:re vill occur here 

with a au44en downward snap Of the ald.n . fh.1.s ta:t.lure aequeoce will be repeated. 

We see here that the tl.exfbility f the round cornerecl eb8 permits 

akin distort1Ql'l8 that ca:rr, acroae the webs and extend over the full width 

of the oompreeaion eurf'ace. 

The nut beatl 1a eimU.ar to the f1rat Cll8 except that the vebS are 

sqU£:U'8 cornered utruaioos. The tirat scene Yill ahoV the pecilaeo 1th the 

akin in a buckle4 cond1t1a.n. ote that vith equare cornered v•bs the rivet 

lines rua1n straigb.t while ~ the painted atril*l n tbe skin between 

webe are wave,. Here, tbe improved stiffness of the equare-e'Orn81"ed vebs 

bu confined the skin dietortione to tbe regions betvec webs . 1'b.eee 

d1:etort1ona grow with loading unt:tl violent failure occurs over this central 
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l'96ioo. Thia fa1lux-. aequcce will aleo be repeated. These Vire& a.re part 

o... the strain gage inatrumentati<.X\. 

WfJ :ba.ve seen how che.nginB the Joint construction frot1 :flexible, round.­

come.red weba to stiti', square-cornered wees cbanges tbe buckle p ttern. 

low let us look at. the failinS loa.de associated with t.bese two types c;t 

joint construction. this .chart.are \)resented the failinS loadS for 

these four beams which have the same weight and moment of inert e. They 

" 	 differ on4'" in the detail ot Joillina he -webs to the ell:1n. The di:N'erencea 

taa1 be too S.U 1'o.r -rou. to see here, but the 3¢1.nt deta.11 or oh beam has 

been -snif1ed on the chart. Three of the beam have round ce>rnered webs 

v the. variation in the bend rad1ua indicated - ra.d1:t of 6 times the web 

thickness, 4 times the web thiclmesa tmd 2 ti:meS the web thickness ver& uaea.. 

The fourth beam bas a quare cornered web. ftlEI curve ahows the large variation 

in failiog strength of s1m1lar bea1118 obtained by vary.ins tb& comer radius. 

CbanSinS :from round cornered web or 6t radius, wh!ch ta typical of 

current ot1ce 'for high stt'«lgth um:tnu.m U.oya, to e. square cornered. web 

1ncr..... 'the •trel'JSth of' the ~ by 6-3 1$X'e&nt. The strell6th increa.ae 

produced b7 cbanging thia detail is equivalent to that which would be 

achieved by the addition Of 2 re round cornered vebe to thi beam. 
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EFFECT OF CORNER RADIUS 

ON FAILING STRENGTH 


s-7 ~ 17 
CORNE~ 2~11 :t)lRADIU~ ' 

50~000 • 

FAILING 
STRENGTH, 
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~ • 

25,000 
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~tiaUe J'aUure at mp Streu 

Mm7 tau... of' •olda• aD4 atructuree ba'M ..._ caWMI bl repeated 

appl.icat1aa Of a laal vl&ioll, U appl.184 caq cace, coul4 be CUT1e4 with 

~ aatev. wa \J'PI or tailve n.rta 'bl' ~ • •1a1aroeoop1c 

crack at aa. cr1t1aal looatica. v!Wn a ·part 8*11. t1l1a «aok t.1'lll fll'0"8 

v1th euceesatw led applioat1aaa until traotwre occura. SuCJl fail11'N9 are 

calle4 tatipe tail.,.... 

('l'u:rD. Cbart) 

Ti. renlte of 1'atipe tests of la'bol'atoq apeoiw are ..u.,. 

pl.o"9cl .. C'UrYM ~ fatSp.e ~ ....... D8'ber' ot 1084 qclee to 

fa111rre. Aa au voaJ4 -..ot, tla9 lavar tM atreu tlll peate tb9 m'blr 

ot etc* Ht\dn4 to 'PJ'Ol1;taoe failure. ft.19 OVTe ~- teeta of al\81m 

alloJ' apaoi-, UD WAI one, sul>~ to repeaW tm.Ue loa48. 

ot wore 41rect 1atereet to tm clesiSMr ta 1Dtorat1ca cm...-. OOllpl.1­

caW Mat>- ocata11l1ag c11acCQtlma1t1• allOh ae are a.laoet ~ pru•t 1n 

pn.ct1oal part.a. Tlli• .,.cm. 18 t;n1oal ot Oil• ttpt ldd.oll 1• uae4 to 

.-. repz.._t tP"O"• or Ua0<»11;11m1t1ee 1D -.cMnecl parta. llt'PIP tb9 nat1o 

( ·~ ot wa speoiMD 1• abov.t t.111 .a- aa t.111 atat1o atrmgt.11 ot a plain 

speG1am VitJl the 1tW CD'098 •c"t1Cll1 it8 atratg1;h ill fatipe 18 dftRi~ 

re4uoel aa Uolta b7 Wa lOHr C\11'ft. (Att.aoll part Of' cvne and. DotcM4 

specim& to c!lart.) 

ID t.111 put, aoet 1Dwat1pt1m11 1A tats,su.e ha.Te ..._ ccnc--4 with 

the tatipe p;tqMti t.1• Of 'PON al:tJecW to ...,_,. 1aa4 qcJ.ea (to1At to 
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proper 1'981an ot claart) . One reooo. tor tbia 18 tat ill mc>at ca.H8 tbe 

part to be 4-1&1'*1 1• reqUired to baYe a wq J.ans, Qr P"ferabl.1, an 

unl 1m.1tecl 111"•· llith. -.cll1_., which JOU vill ... on 7our rigkt as JOU 

" 1-ve w.a lNilAUns, ve naff been~ We aspect ot tJle tatipe pro'blea 

tor .......i :J9U'8• In~ 'buil41Dg, complete villg aiz'ucturea ot c;...Ja.6 

a.trplaaae are be1ag IR&b.teotei to fat1SU teata . ThltM f\\l.l •ca.le teat 

; reaulta vill be COIT9late4 Yitli tbe intoratioa 8'lilled m labo.ratort teats 

cm a1Jlple apeoi.n.e. Allot Wa vork 2*I bee. conoetratea. on enabl.1ala1ac 

tbl tatipe ·~ tor li'f• peater tlleD 1001 000 ~. (lm\icate an 

cllart. ) 

~are caaea, boirftft',, vi.re otMr tactan _.it o.eoee11U7 or 

4Hinl»le to ... part.a r~ h1sbR •tr••••· Ou ex&llllP1- ot nch a part 

.. 	 1• tae ·aiJ'or&ft lap41ng sear wh.1cll 18 loa4ed. bla.rtl.¥ ~once per tligbt, 

1• never uel while tm a~ 1• 1n Ute a.tr aD4 7et OC1Dtr11Mtea aubetant~ 

to ti. u1SJd; ot tile d.Jrcnft structure. f1ta deetp ot t.be lan41118 Pal' ~ 

1Df'1n1te lit. VOUla appear to be not c:ml1' ~, wt vOlllcl 1neur 

proh.1b1t1u wight 'P'D&lt1•. In W. aD4 ot1l8s' •1111.lar oaaea ti. tatipe 

beJlaT1or at hip atrea1ea 1• an iJllportel1t oona14e:rat1on. 

Tl'llll Labontor,r 1• C\11'1"C~ -..aec\ 1D r8MBrOh ¥biol\ 1• 1ntea4.ed to 

till tb.18 eaP (po1Dt) 1D ll:ncWl.edp ot tat1p.e bell&Tior. 'f.arq renlta of 

'Ulla work are rtrP'J"8Mlltet\ 'b7 We »art ot tba curve. (Attach 11 111a1na part 

ot l.onr Olll'T• to claart. ) Xt 1a cne of ....,. tl1IOb CIU."9ee vldola. wt. be o'btaJAerl 

to p1A an un4tn'81:an41DS ot tatipe W!aTior 1A tlut h1sh •treu ftAP• 

hti&U tail.ane occur at ao t• qcle9 m ti. h1&A •t'reN l"llD8tt tbat 

ve caa 4-CUtrate tor 70Q ju.at !low nch a fatigue failure takell plac•· 
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\ e have teated plain apec1!Dlh8 like this one under tena100 loads 

Val7inS repeated.11 between %ero and about 90 :perect of tbe st.a.tie etrensth 

and nte.bli•bed that failure ocoure 1n eboUt 231000 c1clee, as in41cated 

" 'b1' this point on the upper curve. Thie notcbed specimen has the same 

miJlimu.m croaa-c..eection as the unnotcbed ~!men end .baa e.bOut tbrt same 

static strength. A specimen a1nnle.r to this will be tested at 90 percent 

or its static strength and it will last onl1" 30 or 40 e301es, as shown b1 

thia po:tnt on t~ lover curve. 

A light and lens qstem will proJect an :1:1Daae of' tbe middle portion of 

the notched specimen on the screen. If you. w1ll tccuo ,.our attention on 

the e.reas ct tllo S'peeimm jut inside the baaea of the notches you 11111 

notice f'iret a 4ligb.t def'ormation or the surface, then the initiation ua 

propagation ~a crack, and. f':tJlal~ tbe fract\lre Of tbe specimen. Each 

cycle Of lOad appllcat1m will eauae e. email but visfble motion of tl\e 

specill:aeQ. illt8ge on the acreen. la1 the ~moves upward, load 1s belnS 

applied.. The vertical lillefl in tbe im8ge are refleet:iQDS :trom fl.Ile 

lcmaitudinal scratci.a left 'When the specilD.eJl vae pol.iabed.. T'has& scratches 

ore vers •hallow 8nd are m. the 4.irection of' the load, tn.tef'ore d.o not 

4 in:fluence the :fatigu.e f'a1lure . 

(Wait Vllil• fatigue test iS de. ) 

You have vitneeaed a fatigue wet Of a notched specimen loaded repeatea.13 
1 

:trl ten.ion from 0 to 90 percent of the eta.tic at:reogtlt. ot the spec1119n. 

1racture took plae• 1n ----cycles. 

Th1a oo.n.cl.u.clee the progra111 in the structures research laboratory. Plee.ae 

follow ;aur sroup leader to the bus. 
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EFFECT OF A SHARP NOTCH ON 

FATIGUE STRENGTH 
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EFFECT OF A SHARP NOTCH ON 

FATIGUE STRENGTH 
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EFFECT OF A SHARP NOTCH ON 
FATIGUE STRENGTH 
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Setup Used f0r Demonstration of High-Stress, L'J w-Cycle Fatigue 
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Image of Notched Specimen Projected During Demonstration of High­

Stress, Low-Cycle Fatigue 





