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3. 



With n dilstxxbuted 1oc.d proportloxl to the chord, the spar stresses 

reach 3 maximum at the pant ;V~~L-IJ f~lure occurred i~tnz static strength 
tests, but fall away rapidly with dlstanc> aloag thz span, due to the 
small amount of taper on thl; spar bows, A L;lPgb loan Ilear the t1p, 
however, vihll- stdl g~vsn~ m~xuwm strsss at the pant of st3tio 
fnAre, gives a much oloc;~~ approxuatx,n to th;: condltlon of unlfor?n 
stress dutrzbution III an ~decl wxg. This tyoe of londlng 1s closely 
repbmx~ted by vibrating tne tulplanu >t Its n?tural frequacy with a 
relntlwly heavy mass n‘zr the top. 

P'or the presmt series of fntlgue tests each tzalplane was vlbrntcd 
by an exciter mounted near the tip. The exciter use13 for the lower 
ranges of lx&n& welghed 35 lb end that ~sod for the higher rznges 
97 lb. Corresponding shexr and bundxng mom-at curves, for unit bendlng 
moment at thu scctlon y;h-here fnilure occurred ln the static tests, Rre 
given m Fig. 3. These curves ?.z'L bzsed on 'in estrmzted structure weight 
distribution and on nz~sured 6xplacemznts (s& F1& 4). Urdcr the 
test condltux-,s the ratlo of sh.;ar stress xn the r=bbs to du-wzt stress in 
the spar booms 1s low, but this is considered unmportant, 3s It 16 lrkcly 
that fatque failures on such n strxturt? wrll usually bz nssoaated nlth 
bending, 

4.2 Rangeof 

Tests were made on 93.x tallplants unda- v<Pnous 31tcrrl2tmg loads. 
In each test the rn-cn load was 1oproxuxitely zero, r;ithough XI facx thcra 
was a sm311 me--n load dw to thi; vraght of the tnllplnne 2nd test rig. 

The alternatmg lozd end mcnn lnnd for each t est are given m Table II. - 
The loads are expressed hs percentages of the aqulvalent load that would 
produce a bandxg moaent at 11.5 -m. from the tailplae cactre1u-e” 
equal to the mean bendug moment at failure xi the statrc strength tests. 
Corresponding altormang s:resscs IX the spar booms at the beglung of 
the test, calculc.ted from tne applied bending moment, are given in Table III. 

The -1ternatzng lo-d was kept tne sane throughout each test, 
uxespectlve of any change 1n stu7fness or stress dlstrioutlon. 

5 Method of Test 

Each tazLplane was attachtid to n stezl anchorage structure by the 
root attxhmcnt bolts 2nd was v-ibrated in fltx~re closi to Its natural 
frzquency. str2m gauges oc th, sp:p,r booms end skin we~‘i: used to 
measure the npplux? bindlng monent 2nd to cheek the dlstrlbuelon of 
dweot stress between skin znd spars nar,r the root. 

n Posltum of fzllurc in st-.tJc swtngth tests. 
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of the static fznlmg load of ",h, tallplcne. The tensile sqrungth was based 
on the SFSX.flCE,tlOn muurmnn ultuxtz strength of 27 tons/m' for L&O 
mtcrra1. The cnlculnted tenslli: scresu xt f,?llure JA the statlo strzngth 
tests was only 22.5 tar+?. It Will be seen that curve 3 11es %-dry 
close to the origmnl curve 1. 

8 Effective Stress Conccntrztmn in Xear Spm Boom at Pout of Fnlurc 

An approxlmtion to the tfPcctlvi stress canccntratlon m th- rear 
spar boom at tbo pomt of failure can bti md, by comparing the corructiJd 
enduracce curve (based or, the tasllc strength of the boom) with the 
endurance CUrYe for reversed z.xxJ loadmg on pollshed test puxes. The 
effectlvc f>tLgue stress concentr?tlon factor LS given by the rat&o of 
clternatmg stress m pallshea bcr test to ~Jtarnatl?g stress in tmlplnnc 
npx- for rar1ure 111 a given number of cycleqthe stress xn each cast: bang 
based on 'he net are:3. Thcrc I.5 lrttle enstmg data on the fatlgz 
strength of L&O mterml, but then Z.PY a lasgz number of tzst remits 
for her~oan 1&3-T mterml. This has ? hqher ultlmmte strangth thm 
L&C b&t the ratm of fztlgue r,trength to ult1w.G strmgth 1s about the 
sme . Endurmce m.lues for r<wrsbd xcml strc3s, expnssed 33 il 
percentngi of the ultmte stragth, ha.w betr, extrapolated from curves 
glvm m. Ref. 2 and me plotted u. %g. 7. 

The effectme strl;ss 
from about 35 at lo7 cycles 

conctntmtion factor of the spar boom xnrms 
(cm responding to +8.@ ultmmte m the mar 

spar) to just undsr 2 at 105 cycles (~26$ ultl%tc m the rear spar). 

9 Conclusions 

Fatiguuc tests on six Metcn r i+ tzllplanes at approxmately zero me3n 
load show tlmt, -a&x- zlterrztmg lmds betwan +lO$ and +3G$ of the 
static fa111ng loCx5, the cndurzncti vanes from 5 x lo6 to-O.06 x lo6 cycltis, 
for complete fhllure of a spar boo:n. Fnilur, usually occurs x the rmr 
spar, but somitunes m the front spa-. Sk~.n cr=ckzng and nvt-t farlures 
occur at an apprecrnbly lovicr nwibcr of cycles then ars ragurec: to produce 
failure of either q&r. 

If the alternating load 1s axpressed 2s a percentage of the clculated 
tensile strength of the r-3a.r spcr msteztd of the zane perctmtage of the 
static strengtn of the complete tzalplnnc, the endurance 1s roughly halved. 

The endurance would probably bL nearly Ambled, however, If extensive 
skin crackmg tild not occw. This skin cmckmg L.S mmly due to 

(a) Stress concentratzons at Access hola m the skm. 

(b) Local bendmg of the skxn nssocxted w-lth a~scontumous 
strmgers. 

The e.lfoctxve fr_tlgue stress concantmtxm factor m the rear spar 
boom at the poznt of failure v:rxs fro,? a-Tout 34 for 107 c-clcs at an 

5 alternating stress of +8.2$ ultumtc to just under 2 for 10 cycles at 
+26$ ultraate. 

- 
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A-'PWDIX I 

I'ittho,d oC Test - 



Measurements were also m3de nt various pants along the span, using 
pencxls attached to the tailplan~, XI order to deterrmne the mode of 
vlbratlon. The resultant mode 1s plotted in Fig. 4. It ~111 be noted 
that the dd'ferancc ux exciter weight appears to have little effect on 
the shape. 

9. 



(2) 

3 corrmtea curve 



From (1) and. (2) 

q n2 N 
-*ii-‘=l Nl 1 N 

and 

(3) 

N2 = n2 + ??- x nl 
N 

(4) 

Values of Nl and N2 for each toet result are plotted in Curve 2 
on F'lg. 7. 
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$&BILE III 

Estrmated Spar Boom Stresses "t 3egmnmg of Test 

Alternating 
Load 

$ of S.F.L. 

Alimmtmng stress* lb/id 

At 11.5 an. from E At Rib 2(7 =n. from@ 

4 $0 

7 $0.5 

5 220 

R 520 

6 230 

10 230 

/ 
F.S. R. s. F. S. H. s. 

23500 25100 $700 +iOOG 

23700 25400 53900 25300 

27000 +10200 27400 - +10000 I 

27000 +10200 57400 $\)OOO 

+10500 $5300 +11100 gJ000 

$0500 i25300 ~11100 +15000 - 1 
I I I / i 
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LOAD i TOTAL CAORD 

@ SINGLE LOAD AT RIB 8 I I 

@I VIBRATION AT NATURAL FREQUENCY WITH 
A 97 LB MA55 AT RIB 6 

5 5 6 6 7 7 8 8 TIP TIP 

I I 40 40 50 50 60 60 70 70 80 80 s s 

DISTANCE FROM TAILPLANE c - IN 

FIG.2. APPROXIMATE SPANWISF DISTRIBUTION OF DIRECT STRESS IN SPAR BOOMS 
UNIT 5TRE55 AT II 5 IN. FROM u 
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FIG. 3. SHEAR AND BENDING MOMENT CURVES 
QNIT B.M AT II 5 IN FROM g) 



I I I I I I 
X WITH 36LB EXCITER ON RIB 8 X WITH 36LB EXCITER ON RIB 8 
. WITH 97LB EXCITER ON RIB 8 l WITH 97LB EXCITER ON RIB 8 

0.8 0.8 

5 

ii 

% 
04 

Y 

5 
ii 
cf 0.2 

I RIB RIB NO 2 NO 2 

20 30 4 
DISTANCE F 

t 

6 7 8 

50 50 60 60 70 70 I I 

FIG 4. RELATIVE 
OM &-IN 

DISPLACEMENTS. 

TIP 

i-4 IO 



IO FIG5&6 
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f? = EFFECTIVE WIOTH OF SKIN AFTER -n CYCLES 
L = DISTANCE BETWEEN SPARS 
N = NC2 OF CYCLES TO FAILURE OF SPAR BOOM 

FIGS. DEVELOPMENT OF SKIN CRACKS AT RIB 2 
(TAILPLANE NG 83 

0 02 04 j+ 06 0,8 I.0 

f = SPAR BOOM STRESS AFTER -?I CYCLES 
fo = SPAR BOOM STRESS AT BEGlNNINfj OF TEST 

FIG.6 VARIATION OF SPAR BOOM STRESSES 
WITH No OF CYCLES AT RIB 2. 

(TAILPLANE ~9 6) 
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@ 0 CORRECTED TO CON5TANT ALTERNATING sTREE.5 IN 
REAR SPAR AT s5 IN FROM t 

-- 
Qk 

1 
@ x CORRECTED CURVE EXPRESsED IN TERMS 

iliT 
OF AN ULTIMATE STREBS OF 27 TONS/IN’ 

;g CD POLISIiED BAR AXIAL LOADING TESTS ON 
66 14 S-T MATERIAL @ERO MEAN LOAD) 

fo’ lo+ IV 

)WINCj TO PRIOR FAILURE OF FRONT ‘32 

I I IllIll I I 1 
IO’ 

NO OF cvctxs TO FAILURE 

FIG.7 ENDURANCE CURVES FOR METEOR 4 TAILPLANE UNDER REVERSED 
LOADING. 



TAILPLANE No.6 

TAILPLANE No.6 

C. CRACKS ORIGINATING FROM HOLES IN SKIN 
5. CRACKS ORIGINATING FROM DISCONTIN’JOUS STRINGERS 
R. RIVET FAILURES 

FlG.8. TYPICAL SKIN FAILURES- UPPER SURFACE 



TAILPLANE No.6 

TAILPLANE No.10 

C. CRACKS ORIGINATING FROM HOL 
5. CRACKS ORIGINATING FROM DISCONTINUOUS STRINGERS 
R. RIVET FAILURES 

FIG.9. TYPICAL SKIN FAILIIRES- LAKER SURFACE 





a. REAR SPAR FAILURE AT RIB ‘2 b. FRACTURED FACES OF FRONT SPAR FAILURE AT 8.5 in. FROM & 

FIG.ll. TYPICAL SPAR BOOM FAILURES 
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