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ResiLts are given for fatigue tests on sixq+om Meteor tailplanes, 
treated as reprcsemative small-sc2& xulg system and tested Under a 
variety of loading condi%ions. The object of the investigation ~'12s to 
study the fatigue characteristics of a typ~cxd tiircraf~, structure, in 
px%roular the effects of meanloa& and dzernazing load on the endurance. 
?Ihe effects of preloadi~, periodic overloG&.ng an6 low temperatures were 
also inm3st1gated. 

Endurance curves nre given for cliffereri~ mean Icads; +he results 
m&mate th,at, for d given a.Yternatzng load, tile ec&mnoe is mughly 
mvcrsely proportronal to mean lo&. Substmtial. Inpi-oxments in 
edum.m.e may be obtained by preloa&ing and by perlodw owrioading. 
The en&r~mce at low temperatues 1s kg&x Ghan at room temperature. 
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1 In~roduotion 

Fatigue tests have been made on sixty-one Meteor L tai.lplaJles under 
vwious lodug conditlo~~ as part of a wider progrsme of researoh into 
the fatigue properties of aircraft s7jruCTUres. These Meteor tallplanes 
were cnosen bec;use they were ava.lable off a oont~?uous production line 
rind w3re z convenient size for repetition testing on 3x1 extensive scale. 
They were treated, however, as small so&e specirens of IFTings having two 
spas vylthout belied join;s. The tests hcrvc 110 direct oonnectron vati 
the normit functioning of the tailplaaes as prirt of the Meteor ail%Zefft. 

Fatigue zests under reversed lodiqq at room temperazure and at low 
ter.lperatwes have already been reporzedl,z but for completeness the results 
are also include% in t.hx5 report. 

2 Struotuml Fcacures of t!x Keteor 4 l'ailplnne 

The Meteor 4 tailplane 1s of t~,io spsr lzght alloy construction, with 
daplrragm type ribs end x%th top and bottom slans szcrffened by stringers 
that ,we discontinuous aoross the rxbs. The spax booms are L section 
extrua.ons of I&O material, contmuous across the span, the rear spa.? 
being straight &xxi the front spar cranked. about 6 iriches outboard of the 
root rtttachment points. 

her the inbozrd half o? the ta~lp&nc ?;he skxns ax of o.lum.irii~m 
alloy (DYD 390) dile outboard they we of hxgh -tensile steel (DTD 138). 
2here are ii number of unreinforced aoocss holes In the top and bottom 
skins near the root atachmencs. In most; 02' the fcxigue tests sl;ln 
cracks orlgina%ed at these ou7i outs at a comparatx.vely early stage, 
causing m appreciable increase in spar boom stresses. In an &tempt to 
tlsscss -the effects of these out OUP;S, tests were mode on s2.x tailplanes 
vrxch n~odified skinning in which the out ows were elirmnated. 

A general arrangement of a test specimen is shown ~.n Pig.1. The 
tculpianffiused for the tests were selected In small batches frcm the 
proauct1on line over a p"rLoa of about c. year. 

3 Rax~e of Investig&ion 

The pri.mar.. purpose of the invesxigatlon was to detetinz the 
relative effects of mean wd alterr;zing load on endurance for a typical 
ntr'uotwe. Some tests were also made to invesr;xgate the effects on 
endurance of the follo~xrg:- 

i 

i) Low ?;cmperat.tes 
11) Siiln cut-outs 
iii) Preloading 
iv) Per.iodiio overloading 

4 Loar?lng Conditions 

&oh tailplane was tested under a lo.onding oondjtion in whxoh the 
mean and sii-cernating loads wei~e applied at a sixglc point near each tip. 
The magnitude of the loo&.ng wxs bxed on ?;hc moan sz&tic failing load 
of three tcalplanes wd 1s given 2r1 Tzblcs I ?;o Vi for the va-'10~s tests. 
The loads are expressed as percentages of the land to prodwe a bating 
moment at 11.5 in. fro,,1 the tSlplanc cewxrel~.ne* equal to the mean 

* i.e. posltlon of failure In stzttlc strefigth tests. 
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bendirig moment at failure in static strengthteszs on three teilpl~aes'. 
Shear and bon&-g moment ccrves for both mean and alternating loads are 
given in 2ig.2. Correspondin& s9z.r boom stresses ~3 the beginning of the 
test, calculated from the appiied b-ndizg moments, axe given in Tabb?e VII. 
Exce$ for one series of tests, m which the stress range in the rear spar 
top boom was kept constznt, (?&le IV) the loads were kept the same 
throughwt a. particular test, irrespective of any change in stiffness or 
stress distribution. Exrxnsive shn crating resulted in a considerable 
increase in the spar boom stresses over 211 apprecijble proportion of 
the life. 

5 Xethod of Test - 

For tests at lar altcrnatiy loa& the reson~oe method WLS Wad, 
loadbeing applied by means rf a rotating mars exciter es described in 
Ref.1. Tie mean load was zpglied at rib 8, near eaohtip, by dezui load 
suspended through rcbbcr shock absorber cord. The length of rubber oOrd 
was such th<%t tne natwxl frequency of the mea 10x3 system w&s about 
1 c.p.b., oompared wixh the tailplane frequency of about 12 c.p s. 
Str&in gauges on the spar booms were used to measure the alternating load, 
the gauges having first been calibrated by applyirg dead load to the tail- 
plane at rib 8. 2, gencrd view oi‘ a tcilplane under test, shoyving the 
method of applying the mean load LS given in Fig.13. 

For tests xc alternating l~~zds greater r;han 3% of the swtic 
fazlmg load the tailpl,ane W"U.J 0 mounted inverted in a test fxue 3nd load 
was applied xc rib 8. The minimum load (i.e. mean 10~3 minus C?lternating 
lo,ad) wzs first apalled through a shot-b% loaded 1za.k and lever system. 
2~ repeated up load, mrymg frcxx zero to the maximum (i.e. mearl plus 
alternating), via6 then applied 3y means of a. pnerL-r,o.t~o jack ooraeoted 
through levers end vire cables to the toilplane. The jack was controlled 
by electrical relays operated by the pouAor of ?^ spring balance Used to 
measure the load on the tulplane. ;. general xi.ew of a tmlplane in the 
test rig is given In Fig.%+ (taken ,AXer failure of the specimen). 

6 Results of Tesr;s -- 

6.1 Enr?wx.nu~ 

The results of each series of tests are g:lven in Ta.blc.5 I to VI and 
Figs.3 to 9, In which the endurance of we tailplaxe is given ns the number 
or load cycles to produce failure of one spar boom. In most cases exzen- 
sive slun crackirig developed Et an early aage, somammes starting at only 
about l/IO of the tot& life, with the result that for en aupreoiable 
proportion of the life t& spCer stresses ;t the point of f&ure were 
znoreased by as much as 4C$ dove the stresses given in Table VII. 

6.2 Skin cracks 

The effect of slun oraokmg on spar stresses is illusr;rated in FQs.10 
ana 11. In Flg.10 the effective w%dth of skin, expressed &s a proporr;ion 
of the distance betw-ecn the spars, is plotzed agzinst number of cycles; 
o-rrespondmg chmges in spar boom stress arc given in Fig.11. The actual 
skia fallires ad their relation to the 13.na.l spar boom failure are shown 
in Fig.15. The uxrease in stress applies to both mean ad alternating stress 
in the boons. Most of the maJcr skier. failures ari@nated from unreinforced 
out cuts, although some originated from rivet holes. Skin cracks in the 
compression surface originated from local buokJzing of the skin mhere stringers 
were discontinuous across ribs. 
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1n 311 at.ttemd to ~SSBSS the effects of the skm cd-outs, tests were 
done on six il:odi&ed tai.lpLanes in vhich the s&t-outs were e1uG.nat.d. 
The results mzre sG3.l dfected by major skin cracks, however, which 
W~eloped either at the l&p jam t on tde ttilplane otntreline or from 
the corner of the skin at the re,xc of rib 2, as s‘hoxn m Fig.'6. 

The ci'fect of ?;he skin cut-outs on the endiu-awe is &.soussed 
further in pxa. 7.4 below. 

6.3 Rivet failures 

Eivet f?=dues often OCC~~C~ at the cii~rdvrise lap joint between 
the steel ‘and zlu;.limum slioy skins at rib 5. iAt later stages Some 
failure of &An to spar boom rivets occurred, usujily after skdn cracks 
had 6eveloptd. Typical rivet ff:ilures maybe seefi in Fig.15. 

6.4 spar boom failures 

In the majority of cases the final spar boom failure occurred 
through rivet holes in the top (tension) boom of The front or rear 
spar ne.ir the root. Typical f,ailurcs are sbo~n in Pig.17. Therz ~a.5 
some vCwiation in t;he posltiiln of failure, as mc'lcatted in Tzbles I to 
VI. In most oases, spat- failure occu~ed on the side which ha&the more 
extensive skin cracking, i.e. the side on which the spar beam stresses 
becam Pigher, 3ut in some wses fnilure occurrc~2 on the less highly 
strosse& side. Some fzilvses , pmt~oulmly those in the front spar, 
occurred where the boom hsdbecn formed during nsnuf~cture and '7ere 
probably influenced by rcs~ud stresses, since the normnal stress &t the 
point of fnllure was as low 2s 7C$ of the maximu stress in the resr spar. 

Two tailplmes fsded near the skin lap joint fit rib 5 instead of 
near the root, one of them being associated with ex?;ensive rivet fdYU?es 
along the skin Joint, -ch~ other w+itl; a shn crack djacent to the skin 
joint. One of the high zlternating load teAplanes (Ho.43, Table I) 
fade& bg nompression of the front spsr boom after ordy 3 loeci oycles. 
5% f'ailLlre appeared so be due prim&wily Co shear failure of rx.Vet.9 
attachmg the ski:l to the boom, thus ellovnng the boom ts fail by 
2.nsteblllty. Tit11 on- tsilplane ~!~e boom fadurc originated from the 
inner corner of the flrtnge at a point where there was no geometricall 
stress conccncration. This fs2Arce 3.s shorvn in Flg.18. 2, sitilar 
failure occurred is one of the tsilplanus tested sunder reversed loeding 
at low temperature . 

7 Discussion, of TesT Results 

In Pig.4 alternatuxg load is plotted against mean load for fsiiure 
in a given number of cycles, based on the &kmnce curves of Big.3. 
Fi.g.lk 3qree~ fairly well with the results of Australrm tests on Idustang 
wi.~S. In Pig.lS(a) the curves 01 conscant endurance have been replotted 
in terms of the ratxo of fstigue strength at a particular mean load 'co 
the fatigue strength at zero meenload, fatigue strength being defined as 
the diternetln;: load that will cause failure in a given number of cycles 
at a pTsrziculdx moan loa2. It -till bz seen tilac the fatigue strength 
&ops off very rapidly iic small values of mean load. 

In Pig.lZ(b) the effect of mean load on endurance under a particular 
alternating load is shown. Ovtr most of the range the enduranoe is roughly 
inversely proportional to the mean load. 
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7.2 Scatter 

Tests on slxttilplanes under a loading of 1% f 1% of the static 
failing load gave a standard dviati9n 0~1 lo& endurance of 0.366, tLat is 
amultiplying factcr of 4.47. This 1s eqLl.iv&xt to a. coefflcicnt of 

Variation of about 1% on fazz.guo strength. Of the six tailplanes, three 
failed in the rear spar and three in the front spar (where the nominal 
stress was only &bout 7% of thr2f; in the rear). There 1s thus some 
scatter in position of failure r-hich m.qr have reduced the scatmr on 
endurance. 

7.3 Effects of low tempcrstures 

The effects of low tc.xperaturos have been deal% with in a previous 
report2 but the results are given ag,?ln in Fig.5. There appears to be a 
significant increase in endx~~~~e with redwtctlon of temperature, the 
endurance a% -60°C being &out twice that at room temperazure. IT 1s 
interesting to note thai; xt -60°C there appears to be a tendency for 
several. m&pi-dent cracks T;O dovelop in the spar booms before Penal 
failure. 

7.4 Effects of skin cut-outs 

The presence of skin cut-outs iws an appreciable efs*ect on the 
endurance becaiise of the increase in spar boom stresses resulting from 
major skin fEillures ori inatu& from the cut-otits. 

7 
Tes-cs on talplanes 

mth modified skiruiirg Fig.6) were inconclusiw, since major skin cracks 
still developed sufficiemly dose to the fuKt spar boom failure to have 
an el‘feot on the spar boom stresses. Tests on standa-d tailplanes in 
which tne range of stress In the rear spar tension boom was kept constant 
were insufficient lr, number 'co be conclusive, but they indica%ed an 
increase in endurance of bevveen three and four times for a mean load of 
S!$ of the static faill.?g load. (Fxg.7). 

7.5 Effect of preloaclu!g 

A single ovwlo&d applied ln the same sense as t;he mean load gives 
an appreoiabie increase 1n endurance under a fatigue loading of Z.$ ? 7.5% 
of the static failxng load as sho%n by Fig.8, the increase being abcut 
four tames for a preload of 757; of the static fs~-l~ng load. This effect 
my be partly due to del<ay in the development of skin cracks. 

The effect of ten owrloads applied before the fatigue test appears 
to be LCO give a further slight uxrtdse in endurawe, but this conclusion 
is based on only one test result and can. therefore be only tentative. 

7.6 Effect of Periodic Overloading 

The effect of 2enodio overloading is zo give a marked increase In 
endurance under a faiLgue loading of Z$ + 7.!$ of tile static failing load 
as shown by Fig.9. An overload of 5% of the s-caz~o failing load, applied 
periodically as ~ndicar;ed in Table VI, increases r;he endurance about five 
;,qes, compared wiyi~;h about 14 times for a single preload. &in, ths 
il;sx-ease mqy be partly dae to dela,y in the mliziation and slower propagation 
of the skin cracks. 

8 Conclusions 

Fatigue tests on a number of talplanes under a variety of different 
arbitrary loading -,onditlons give some indxatior, of the fnzigue behaviour 
of a sqle structure. The effect of skin cracks developing from unreznforced 
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out-outs 1s to increase the spar boom stresses appreciably OWL a 
considerable >roportzon of ebch test. It might be argued, therefore, 
that the results given are pessimisxio if a+@ied to a strwture where 
sUoh cracks, if they deveiqed at XLl, would be rep&-ed ~.n service. On 
the other hand, all test loads were based on the static faxhng load cf 
7a.e tailplane; statlo fzllwe occurredby instabG.ity of the compression 
booms of <he spars and at the poznt of fztilure m the f'azigue tests the 
tensron booms only developed about 8% of their speclflcatlon ultimate 
wnsile strength. From t'his point of view the fa-&gue test results tilight 
be oonsiderei optimisric. In Ref .I an attern@ was made to correct for 
these effects ad it seems reasonable to assume That zhe two effects 
oancol eaoh other out to a large extent. The zest results may therefore 
be taken tu be representative of the behs-ciour of a typlca~ structure 
under fatigue loading. 

The test5 have oonfz.rmed thar; the fatigue life of a struoture is 
appreoiably affected by both meax and sl?;ernar;ing load, by the applioation 
of overloads both beforc and during the fatigue test and, to a lesser 
extent, by temperature. 
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‘; 5 
6” 

::: 
17 
26 
27 

20 
21 
28 

3’: 
32 
I? 
22 

16 
18 

xax. load 103 
Max. load 99 
MELX. load. 98 

0.8 ttl0 
0.8 210.5 
2.5 220 
2.5 120 
2.5 230 
2.5 230 
2.5 260 

7.5 
7.5 
7.5 

10 
10 
IO 
10 
10 
10 
10 
10 

15 
15 

?I1 
211.5 
+i_l.j 

210 
210 
210 
210 
$10 
210 
5'12 
f.20 

- 
210 
218 

No. of cycles 
to failurirs of 

spar boon 

1 
1 
1 

3.jjo j’ 
0.315 n 
0.323 fr 
0.054 I’ 
0,065 v 

1,150 

1.100 x 106 
G.811 " 
0.065 N 

- 
0.547 It 
1.150 !l 
0.577 'I 
0.880 It 
1.382 u 
0.763 ' 
0.543 " 
0.110 " 

0.642 1' 
a.075 " 

Position of Spar Bum Faiiure 

(St&tic sZrength tests. &npression 

t 
failure of rear spar top boom about 
11.5 in. from cedtre zlne. 

Port rear top 6.7 in. from 
Pox-c rear bottom 6.7 in. " 8 
Stbd. rear top 6.7 in. If I' 
Port front top 11.5 3.n. " " 
Port rear. top 6.7 in. I' ') 
Stbd. front top 8.5 in. " " 
Port L‘ea top G.7 in. " " 

Port front top 
Stbd. rear top 

$.7" "IL from g 
. In. " " 

Port front top 11.0 in. I) ' 
- 
Stbd. rear top 6.7 in. " " 
Stbd. frone top 9.5 In. )t It 
Stbd. front top 9.7 in. tt " 
Port rear top 3.3 In. n N 
Port fron7; top 8.5 x.11. " " 
Stbd. rear top 6 .; In. " " 
Port front mp 9.5 In. It tl 
Port sear top 6.7 in. " " 
_--- 
Stb?. rear top 6.7 32. " " 
Stbd. rear top 6.7 In. " ta 

/sble I coda. 



T&LE I (Contd.) 

4 
P&m 

Tailpl~l 
Alternating No. of CyClCS 

Load Load to failure of Posltion of Spar 3oomFail.ui-e 
number b 

+ of S.P.L. P of S.F.L.' spar boom 

12 *a ~6 1.036 x IO6 Stbd. rear top 
11 

5.8 in. from g 
025 210 0,266 " Stbd. rear top 5.8 in. 'I 0 
*25 +19 0.030 If Ctbd. rear top 

3: 
17.5 2.n. o " 

2.5 23.5 26.863 !' Stbd. 37831‘ top 
34 

9.5 I.*. " It 
25 +1i. 4.100 " Stbd. -rear top 6.7 in. (' " 

15 a +6 1.413 fl Stbd. rear top 6.7 in. " * 
13 25 110 0.384 0 Port front top 9.5 in. It " 

25 +20 o.ozg " stm. rear top 6.7 in. " " 
ii; 25 230 3009 Port rear top 6.7 in. 'I n 

25 +40 819 Port rear top 6.7 in. " " 
:: 25 255 181 Stbd. rear top 6.7 in. *' I1 
43 25 ?65 3 Compression failure of Stbd. front 

bottom about 11.5 in. from g 

55 25 565 204 Stbd. top [z;zt ';I; 2:: fFm $ 

57 k3.5 2.587 x IO6 Port rear top 5.8 in. from $ 
2.9 :: i8.5 0,100 " Stbd. rear tbp 6.7 in. 1, 11 

/,frord 
+z: 

10.8 in. 0 v 

u 

0.0101 '8 p0z-t top (rear 6.7 in. ' )1 
--". .__-__- 

+ S.F.L. = equivalent sxatlc Soad to give a bending moment at 11.5 in. from a equal to man 
bending moment at failure xn static strength tests 

* zz with increased torsion, on mean load only 



l * . I 

T;larn II -- 

Tc.,st s at low Tmqmratures (Fig.5) 

Temucrat m-e Tailplane Mean Load 
during test Hudber 

-30% & 

-30% 
-30% z 

IJO. OS cycles 
to falwe OS 

spzr boon 

1.1'i6 x lo6 

0.374 " 
0.140 fl 

1.056 u 
0.171 fl 

0.233 " 
: 

Posxtion of spar bcom i"ai11.1.~ 

SYbd. front top 12.1 in. from 
staa. rezr top 1.1 in. )t f 

port rear top 12.2 in. " " 
Sbd. front top 10.8 in. " I' 

Stbd. front and rear top (4 cracks 
Port a.& Stbd. front end rear to? 

(3 cracks) 
P3x-t rear top 5.8 in. from fl 

!!BLE IE 
Tests on modifiedtailpl.mes* (inverted for test) (Pig.5) 

I 
TSilplSJE Mea Alternating No. of cycles 

fi'tier LO3.d 1oaa to failure of 
$ of S.F.L.+ $ of S,F,L.+ spar boon 

50 2.5 z11.5 4.312 x IO6 
$7 2.5 2.5 120 +20 0.276 0.434 rr " 

- _- 

:z 25 2.5 210 26 0.652 2.157 '1 n 
48 25 $20 0.061 fl 

Pcsition of spCm boom failure 

Port rear bot'mm, Q+.O in. from E, 
Stbd.front bottom 9.5 in. ' ' 
Sdbd. front bottm 13.0 "n. ' " 

Stbd. rear bottom 0.5 in. u It 
Stbd. front bottom 0.5 in. ' ' 
port rs.lr b&tom 11.0 in. " " 

* Skin Gut-outs mxe omitted, so avoiding some of r;he stress concentrations in the skin. 
+ Base& on mean static failing lo& (S.F.I,.) of three standard tailplanes 



7xmI.3 Iv -- 

Trsts with constant strcss~in ~-ear spar boom at rib ? (Fig.7) -- 

* This necessitates raknirg the load as skin cracks develop. Values of ;.an md 
dwrnating loads &%-en are those at the beginning of the test. 

6 
I Tailplme 

Mean Alternating 
Prcload 

No. of times No. of cy~-les- 
Load 

NLZiibW 
Load Pm1 clad to fai.1u.r~ of' 

7 0 of S.F.L.+ $ of S.E'.L.+ $ sf S.F.L.+ Applied spar Soon 

2" 25 3 k7.2 27.5 627 I 1 1.8zjj 1.288 x IO6 " 

42 i ;; 
1 

25 57.5 1 fl 1 1 3.500 

6n 75 T7.5 40 10 1.110 - 
-- 

* Estinated endurance for +7.$ S.F.L. = 1.220 x IO6 cycles, 
+ Based on mean static failing 10~2 (S.F.L.) of three tailplanes 

Position of' spar boon f&lure 

Port rear top, 6.0 in. from Q, 
Stbd. rear top, 6.7 in. ' ' 

Stbd. rear top, 6.7 in. ' ' 

Stbd. rear top, 6.8 in. ' " 
- 



Tests tith -periodically applied cwerloadds -- (Fig.9) 

Fmry 20,000 cydes to 500,000 cycles 
Then " 50,000 11 " 1,000,000 " 

1, 1, 100,000 " It 2,000,000 n 
tt 1, 6>0,000 n u fa~~irce 

overload ' tofaiure of Foztion of spar boon fa.iLure 
$ of S.F.L.' -. 

port rear top, 6.7 in. from $ 
Port rear tap, 6.0 in. u fl 
Port front top, 9.8 IA. n (( 

+ Based on mean static failmng lad (S.F.L.) of three tadplanes. 



mE3Ii3 VII I- 

Escimatte& spx boom stresses at bm 

Distance from ~zilplane cc;r;tre-Lne - in. 

Stress in front spar tension boom 
(on net area) - lb/in' 

Stress in rear spar texwion boom 
(cn net 232x3~3) - lb/in2 

6%5 

37o(u.) 

5oo(xrcA) 

11.5 
-- 

3;o(wJ 

5lO(Wi) I 
40.6 

j6O(itiA,! 

560(bb'i) 

Note For tailplanes 9, 11 and ?2, in which 'the mecan lo&d was ap@uzd to the 
zr elevator hinges, the mean stress was increased by aboul; lC$ in the rear 
spar end decreasedby &out 2C$ in the front spar near the tailpiiane root 
attachments . 

NC.2078 - CP.258 - X3 - Prtnted in Oreat. Brita?n 14 - 



RIB 1 2 3 4 5 6 7 8 

- 

- 

- 

----- 

---------.-___ 

-----+--- 

EXCITER 

0 
d REAR’SPAR I - 

POSITION OF MEAN LOAD 
FOR TAILPLANES 9, I I Or I2 

-0SITION OF MEAN LOAD 
FOR ALL OTHER TESTS 

I II 

1 4- A 

t 
AIRCRAFT L 

\ 
AL ALLOY SKIN STEEL SKIN 

SECTION AA SHOWING STRAIN GAUGE 
POSITIONS (G) SIMILAR POSITIONS ON 

PORT SIDE. 

FlG.1. GENERAL ARRANGEMENT OF TEST SPECIMEN. 



I.0 - 

(VIBRATION LOADING) 
-.- BM. & SHEAR DUE TO MEAN LOAD AND TO 

5 
,wO,6 

H 

z 
ii 
5 

0.4 

In 

0 20 30 40 50 60 70 80 
DISTANCE FROM TAILPLANE (& -IN , 

FIG.~. SHEAR AND BENDING MOMENT CURVES (UNIT B.M. AT 
II-5 IN. FROM &.) 
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100 100 

FATIGUE LDADING 25% 2 73SF.L. FATIGUE LOADING 25% 2 73SF.L. 

80 80 
2 2 
!3 !3 

2” 2” 
2 2 60 60 

z z 

u u 
G G 

7.5% SEL.ALT. LOAD fip WITH A SlN&LE PRELOAD 7.5% SEL.ALT. LOAD fip WITH A SlN&LE PRELOAD 

k 40 k 40 
x x WITH PRELOAO APPLIED TEN TIMES WITH PRELOAO APPLIED TEN TIMES 

ki ki 
MEAN PLUS MEAN PLUS 

ALTERNATING U#iD ALTERNATING U#iD 
N N 
I I 

2 2 *O *O -1 -1 
2 2 
CL CL 

0 0 
500 500 1,000 1,000 1,500 1,500 2,000 2,000 ?,500 ?,500 3,000 3,000 WQo WQo 4J 4J 

No. OF CYCLES No. OF CYCLES TO FAILURE X I@ TO FAILURE X I@ 

0 

FIG. 8. EFFECT 0~ PRELOAD~NG 0~ ENI~URAKE (TAELEE) 

+ c 5 



I. *, 

FATIGUE LOADING 25% f- 74% SFL. 

z 
i 
is MEAN PLUS 

;30 
ALTERNATING LGAD 

E 

% 
El 
9 
O IO 
u 

8 
z 

k! 
E;EIRIR; 000 

!i? 
No.OF CYCLES AT WHICH OVERLOADS WERE APPLIED 

0 
IWI I I I I I I I I I I I I I I I I I I I 

500 1,000 1,500 2,000 2,500 3,000 3500 4poo 4.500 

No. OF CYCLES TO FAILURE x 10T3 

FIG. 9. EFFECT 0F PERIODIC OVERLOADING ON ENDURANCE (TABLE=.) 



i-0 

g/L 
0.5 

I I 
PORT & STBD BOTTOM 

- 
\ STBD TOP 

. 

\.L 
PORT TOP 

0 O-2 O-6 0.8 I.0 

< = EFFECTIVE WIDTH OF SKIN AFTER n CYCLES 
L = DISTANCE BETWEEN SPARS. 
N : NO OF CYCLES TO FAILURE OF SPAR BOOM 

FIG. IO. DEVELOPMENT OF SKIN CRACKS 
AT RIB 2. (TAILPLANE No. 22.) 

02 0.4 O-6 0.8 1-O 
nfN 

f : SPAR BOOM STRESS AFTER n CYCLES. 
f. : SPAR BOOM STRESS AT BEGINNING OF TEST. 

FIG. II. VARIATION OF SPAR BOOM 
STRESSES WITH NO. OF CYCLES AT RIB 2. 

(TAILPLANE No. 22 ) 



tv 
% 

FIG. I2.(a &b). 

I I I I 

A = ALTERNATING LOAD TO CAUSE FAILURE A7 
MEAN LOAD M 

A ‘,: ALTERNATING LOAD TO CAUSE FAILURE AT 
ZERO MEAN LOAD 

I I I 
10 20 30 40 50 
MEAN LOAD M - % OF STATIC FAILING LOAD 

EFFECT ON FATIGUE STRENGTH. 
I 1 I 

1 N: ENDURANCE AT MEAN LOAD M 
1 N,: ENDURANCE AT ZERO NEAti 
I I 

I 

I L 

1 
‘IN’ ALTERNA-I G LOAD 

; OF STATIC FAILING LO, 
IO 

.OAD 

10% OF SFL 
20% OF SFL 
15%OFSFL 

’ I I 

- 

(b) EFFECT ON ENDURANCE. 

FIG.12 (a&b) EFFECTS OF MEAN LOAD ON 
FATIGUE STRENGTH AND ENDURANCE. 
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FIG.16. SKIN CRACK ON ,MODlFlED TAILPLANE 



REAR SPAR, 5.5 in, FROM &@AILPLANE ~0.iiI 

FRONT SPAR. 9.5 in. FROM (TAILPLANE hi3) 

FIG.17. TYPICAL SPAR BOOM FRACTURES 



EXTERNAL APPEARANCE OF FAILURE 

FlG.18. FRACTURE OF REAR SPAR TOP BOOM iTAlLPLANE No.9) 
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