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SWIMALRY

Results are given for fatigue tests on sixty-one Meteor tailplanes,
treoted as repregenvasive smell-scale wing systems and tested under a
variety of loading conditlons. The object of the investigation was %o
study the faligue charascteristics of a Fypiuval airorafs structure, in
particilar the effects of mcan load and elvernating load on the endurance.
The effects of preloading, periodic overloading and low temperatures were
also investigated. ’

Enduronce curves are given for different mean lcads; +he results
indicate that, for a given alvernating load, the endurance is vroughly
inversely proportional to mean load. Substantial amprovements in
endurance may be obtained by prelcading and by peracdic overloading.,
The endurence at low btemperatures is higher than at room temperature.
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1 Insroduction

Fatigus tests have been made on sixty-one Meteor L failplaones under
various loading conditions as part of a wider programae of research into
the fatigue properties of aircraft svructures. These Meteor tazlplanes
were chossn because they were available off a oontinuous preoduction line
and wers a convenlent size for repetition testing on an extensive scale.
They were treated, however, as small scale specimens of wings having two
spars wathout bolted Joints. The tests have no direct connection wath
the normol funcvioning of the tailplenes as port of the Meteor airaraft.

Fatigue veste under reversed loading of room temperature and at low
tenperatures have already been reportedls< but for completeness the resulbs
arc also included in this report.

2 Seructural Foasures of the lieteor 4 Talilplaone

The Meteor 4 tallplane 1s of two sper laght alloy construction, with
diaphragm type ribs and wath top and bottom skains stiflfened by stringers
that are discontinuous across the rabs, The spaxr booms are L section
extrusions of LLO materisl, continuous across the span, the reaxr spar
being straight and the front spar cranked sbout € inches cutboard of the
root wbbackhment points.

7er the irboard half of the tailplanc the skins ere of aluminium
alloy (D7D 390) while outboard they are of high tensile steel (DID 138).
fhere are 2 number of unreinforced aoccess holes in the fop and bottom
skins near the root atcachmencs., In mests of the fatigue tests skin
cracks originated at these ous oubs at 2 comparatively carly stage,
causing an appreclable increase in spar boom stresses. In an aStempt to
asscss the effects of these cut outs, tests were made on six tailplanes
with modified skinming in which the oub outs were eliminated.

A general arrangement of o test specimen is shown in Fig.1. The
tarlplones used for the tests were selected in smail batches from the
production line cver a psrrcd of about &« year,

3 Range of Investigation

The primary purpose of the invesvigation woz to determine the
relative effects of mean and alternaving load on endurance for a typical
structure, Scme fests werc also made to lumvestagate the effects on
endurance of the Lollowang:-

i)  Low vemperabures

11} Skan cus-outs

jzi) Preloading

iv) Periodic overloading

L Loading Conditions

Bach tailplane was tesbed undsr a losading condition in which the
mean and alvernating loads were applied at a single point near each tip.
The magritude of the looding was based on she mran svatic faillang load
of three tcalplanes and 1s given in Tables I wo Vi for the various tests,
The loads are expressed as psrcencages of the load to produse a bending
moment as 11,5 in, froa the tailplane censreline® egqual $o0 the mean

* i.c, pesation of failure an stobtac strength tests.
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bending moment at failure in stabic strengbth tests on three tailplanes1.
Shear and bending moment ctrves for both mean and alternating loads are
given in fig,2. Corresponding spor boom stresses obf the beginning of the
test, oalculated from the sppiied b~ndirg moments, are given in Table VII,
Bxceot for one series of tests, in which the stress rangs in the rear spar
top boom was kept constant, (Table IV) the loads were kept the same
throughout a particular test, irrespective of any change in stiffness or
gtress distribution. Dxtensive skin cracking resuluved in a considerszhble
increase in the spar boom stresses over an apprecicble proportion of

the 1afe.

5 Hethod of Test

Por tests at low alternating loads bthe resonance method wos used,
1oad being applied by means cf a rotabing mass exciter as described in
Ref.1. The mean load was spplied at rib 8, near sach tip, by dead load
suspended through rubber shock absorber cord. The length of rubber cord
was such that the natursl frequency of the meon load systen was sboub
1 C.P.5e, compared with the tailplane frequency of about 12 c.p s.

Strain gauges on the sper booms were used to measure the alvernating load,
the gauges having firss been calibrated by opplyirg dead Joad to the tall-
plane at rid 8. .\ gencrol view of a tallplane under tesc, showing the
method of applying the mean load 1s given in Fig.13.

For tests ot elternating loads greater than 30% of the static
Tealing load the tailplane wos mounted inverted in a test frome and load
was applied av rib 8. The minimum load (i.e. mean lood minus alternating
load) was first applied through a shot-bop loaded link ond lever system.
« repeased up lead, wvarying from zcro to the moximum (i.e. mean plus
alternating), was then opplied by means of a pneumatic Jjack cornected
through levers and vire csbles to the tailplane. The jack was controlled
by electricel reloys operated by the pointur of o spring balance used to
measure the load on the tmlplane. .. general view of a taulplane in the
test rig is given in Fig,4 (taken ofter failure of the specimen) .

6 Results of Tests

6.1 Induronce

The results of each series of tests are given in Tobles I to VI and
Tigs.3 to 9, 1n which the endurance of tne tailplare is given as the number
ol load aycles to produce failure of cne spar boom, In most cases exten-
sive skin cracking developed at an eoarly stage, sometimes sbarting at only
about 1/10 of the tobtal life, with the result that for an apprecicble
proportion of the life the spar stresses ot the point of failure were
increased by as much as LU above the stresses given in Table VII.

6.2 Skin cracks

The effect of skin cracking cn spar stresses is illustrated in Figs.10
and 11. In Fig.10 the efTechive width of sldn, expressed zs o prororvicn
of the distance betwecn the spors, is plotted agoinst number of cycles;
a-rresponding changes in spar hoom stress arc given in Fig.11. The actusl
skln farlures cnd their relaticn to the fanal spar boom failure are shown
in Fig.15. The increase in stress applies to both mean and alternating stress
ir the booms. Moss of the majgor skirn failures originsted from unreinforced
cut cuts, although some originated from rivet holes. Skin cracks in the
compression sirface criginated from local buckling of the skin where stringers
were disconbinuocus across ribs.



In an attempt to assess the effects of the skan cut-outs, tests were
done on six nmodified tailplanes in which the cub-ouls were eliminated.
The results were still oifected by mojor skin cracks, however, which
developed either at the lip Jjoint on tue tailplone centreline or from
the acrner of the skin ot the rear of rib 2, as shown in Fig.t6é.

The effect of the skin cut-outs on the endurance iz discussed
further in pora. 7.4 below.

6.3 FRivet fallures

Divet fealures often occurred at the chordwise lap Jjoint hetween
the stecl and alwuiium elloy skins at rib 5. &b loter stages some
feilure of skin to spar boom rivets cccurred, usually efter skin oracks
had developed. Typrcal rivet fiilures moy be seen in Fig.1b.

5.4  Spar boom failures

In the majority of ccses the final spar boom failure occurrcd
through rivet holes in the top (tcnsion) boom of the front or rear
spar near the root, Typical follures ars shbown in Fig.17. Therc was
seme variation in the pesiftlon of failure, as indicated in Tobles T to
Vi. In most cases, spar foilure ocowrred on the side which had the more
extensive skin cracking, i.c. the side on which the spar boom stresses
became kigher, but in some coses follure occurred on the less lghly
stressed side. Some froilures, particularly those in the front spar,
occurred where the boom hed been formed durdng menufocture and -vere
probably influsnced by residunl stresses, since the nominal stress at the
point of failure was as low aos 70% of the masdimun siress in the rezr spar.

T™wo tailplanes Tailed near the skain Lap Joint at rib 5 instead of
near the roct, one of them being associated with exvensive rivet faliures
along the skin joint, the other with a skan crack adjacent to the skin
joint, One of the high elternating load tezlplanes (lo.h43, Table I)
farled by compression of the front spar boom affcr only 3 lozd gycles.
The failure appeored o be due primarily Lo shear failure of ravets
attaching the skin %o the boom, thus alilowing the boom to fail by
instability. With on: ftallplane the boom failurc originated fLrom the
inner corner of the flange at a point where tlisre was no geometrical
gtress concentration, This failure is shown in Fag.48. . similar
failure occurred in one of the tailplancs tesced under reversed loading
at low tempera‘cure‘?.

7 Discussion of Tesy Results

7.1 Bffect of Mean Load

In Pig.h alternating load is plotted against msan load for faliure
in a given number of cycles, based on the endurance curves of Fig.23.
Fig.) agrees fairly well with the resudts of Australian tests on Mustang
wings.j In Fig.12(a) the curves of constant endurance have been replotted
in terms of the ratio of fatigue strength zt & particular mean load to
the fatigue strength at zero mean load, Tatigue strengbh being defined as
the alterpatang load that will cause failure in a given number of cycles
at 2 particuler mean load. It will be secen that the Tatigue scrength
drops of f very rapidly ac¢ small valucs of mean load,

In Fig.12(b) the effect of mean load on endurance under a particular

alvernating load is shown. Over most of vhe range the endurance iz roughly
inversely proportional to the mean load,

-6 -



7.2 Scatter

Tests on six tallplanes under a loading of 10% £ 10% of the static
failing load gave a standard deviation oa log endursnce of 0.166, that is
a multiplying facter of 41.47. This 1s equivalent to a coefficient of
variation of about 10% on favaiguc strength. Of the six tailplsnes, three
failed in the rear spar and three in the front spar (where the nominal
stress was only eboub 70% of that in the recr)., There 1s thus some
seabter in position of fallure vhich mey have reduced the scatter on
endurancs.

7.3 Effects of low tempcratures

The effects of low teaperatures have been dealt with in a previous
report2 but the results ars given agsin in Fig.5, There appears to be a
significant increase in endwonce with reduction of temperature, the
endurance at ~609C being cboubt twice that at room temperacure. It is
interesting %0 note that 2t -60°C there appears to be a tendency for
geveral independent ocracks vo develop in the spar booms before final
failure.

7.4 Effects of =xin cut-outs

The presence cof shkin cut-outs has an appreciasble effect on the
endurance because of the increase in spar boom siresses resulting from
major skin falures originasting from the cut-ocuts. Tests on tailplanes
with modified skirmning (Fig.6) were inconclueive, since major skin cracks
stil1 developed sufficlentiy close to the final gpar boom failure to have
an eilect on the spar boom stresses. Tests on standard vallplanes in
which tne range of stress an the rear spar tension boom was kept constant
were insufficient ain nunber to be conclusive, but they indicaved an
inerease in cndurance of becvween three and four tames for a mean load of
o5% of the statioc failivmg load. (Fig.7).

7.5 Effect of preloading

A single overload applied in the same sense as the mean load gives
en appreciablé increase in endurance under a fatigue loading of 25% % ?.5%
of the static failing lcad as shown by Fig.8, the inarease heing abcud
four times for & preload of 75% of the static failing load. This effect
nay be partly due to delay in the development of skin cracks.

The effect of ven overloads applied before the fatigue test appears
t0 be to give a further slight increase in endurance, but this conclusion
ig based on only cne test result and can therefore be only tentative,

7.6 Effect of Periodic Overloading

The effect of perisdic overloading is o give a marked increaseé in
endurance under a fatigue loading of 254 + 7.5% of the static failing load
as shown by Pig.9. An overlcasd of 50% of the stavic failing loed, applied
periodically as indicased in Table VI, increases the endurance about five
5.mes, compared with about 1% times for a single preload. Again, this
innrease mey be partly due to delay in the imtiation and slower propagation
of the skin cracks.

3 Conclusions
Fatigue tests on a number of tailplanes under a variety of different

arbitrary loading conditions give some indication of the fatigue behaviour
of a simple structure. The effect of skin cracks developing from unreinforced

-7 -



oui~-cuts 18 to increase the spar boom stresses sppreciably over a
considerable proportion of sach test. It might bte argued, therefcore,
that the results given are pessimistic if applied to a structure where
such cracks, 1f they developed at all, would be repaired in service. On
the other hand, all test loads were based on the static failing load cf
vhe tailplane; static farlure occurred by instability of the compression
booms of the spars and at the poant of failure in the favigue tests bthe
tension booms only developed about 85% of their specificstion Wltimate
tensile strength. From this point of view tho fawvigue test results might
be considerei cpbimisrtic, In Ref'.1 an attemnt was mads %o oorrect for
these effects and il seems reasonable to assume that the two effects
cancel sach other out to a large oxvent., The vest results may therefore
bs taken tu be representative of the beheviour of a typicar structure
under fatigue loading,

The tests have confarmed that the fatigue life of a structure is
appreclably affected by both mesn and alvernating load, by the application
of overleads both beforc and during the fatigue test and, to a lesser
extent, by temperature.
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TABLG T

Tests with various mesn ana slternsating loads (Fig.3)
. Mean Alvernasing | No. of coycles
Tai:x.lplane Load Load to failure of Position of Spar Beom Failure
Number g of g.p.L.% % of S.F.L.* spar boom

1 Max. load 103 1 (Static strength tests. Compression

2 Max, load 99 1 %i‘ailure of’ rear spar too boom sboub

3 Max. load 98 1 11.5 in, from centre line.

N 0.8 +10 6.40 > 1{)6 Port rear too 5.7 in. from

7 0.8 +1G,5 3,330 * Pors rear bostom 6,7 in. ™

5 Zs5 20 0.3145 " 3thd, rear top 6.7 in. " "

8 2.5 120 0,323 " Port front top M5 an, "

6 2.5 +20 005, M Port reax top 6.7 in, " M
10 2.5 *+30 0.065 " Stbd. front top 85 in, # M
Sh. 2.5 50 1,150 Port wear top 6.7 in. " OO
17 7.5 £11 1.100 x 10° | Port front top  40.0 1n. from §
26 7.5 11,5 0.841 " Stbd. rear top 6.7 in, " ™
f 75 +£145 0.065 Pors front top 1.0 iy " "
20 10 +10 G547 H Sthd. resr top 6.7 in, " "
21 10 *10 115G " Sthd. front top 9.5 in, " "
28 10 10 0.577 " Stbd. front top 9.7 in. * "
30 10 +10 0,880 " Port rear top %3 a1n, " "
31 10 +10 1,382 ¢ Port frons top 8.5 1n, " f
32 10 10 0.763 " Stbd. rear top 6,7 1n, " "
19 10 42 0.5L3 " Port Tront top 9.5 1p, " "
22 10 20 0.110 " Port rear top 6.7 in. " "
16 15 10 O.64h2 M Stbd, rear top 6.7 an. " "
18 15 +18 0.075 " Stbd. rear top 6,7 2n, % "

/Table I Contd.
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TABLE I {Contd.)

. }Mean Alternating | No. of cycles
Tailplang Lead Load to failure of Position of 3par Boom Failure
Laber o o g P.L.Y % of 8.F.L.* spar boom

12 * 25 6 1.036 x 10° | stba. rear top 5.8 in. from §,

M ® 25 10 0,286 " Stbd. rear top H.8 in. " i

9 * 25 19 4.G30 " 2%bd. Tear top 12.5 an. " H

33 25 3.5 26.863 " Stbd. rear top 9.5 2n., " n

30, o5 +h 4,100 " Stbd. rear top 6.7 in. " M

15 25 +6 14443 " Stbd. rear top 6.7 in, " M
13 25 +40 0.38, " Port front top 9.5 in., " O

1 25 +20 0.029 " Stbd. rear top 6.7 in, " M

37 o5 +30 3009 Port rear top 6.7 in. " 0

29 25 +40 819 Port rear top 6.7 in. " "

41 25 +55 181 Stbd, rear top 6,7 in, ™® ™

43 25 65 3 Compression failure of Stbd. front

bottom about 11.5 in. from §

55 25 +65 20, Stbd. top Effggf‘ 12:2 o from §,
57 50 *3.5 2.587 x 106 Port rear top 5.8 in. from §

29 50 +8,5 73.100 " Stbd, real}tOP 6,7 in, " "

= L} 1

56 50 + 25 0.0401 " Port top tiﬁ;ﬁt ﬂg:? ;ﬁo n "
+ 5.F.L. = equivalent static locad %o pive a bending moment at 11,5 in., from § equal fto mean

bending moment at failure an static strength tests

(t

with inereased vorsion, on mean load only
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TABLE IT

Pests at low temperatures (Fig.5)
] . N Alternating Fo. of cycles
Tdem%) era;ur: Tl,?l 1}:1;1?11& szﬁnSLg“% + Load to LTavlure of Posaticn of spar beom failure
wng tes HRer 7 EeHe e of 8.R.LLT spar boom
~309¢ 2, 2.5 £16.5 10116 x 08 Sibd. front top  42.1 in. from
Stbd. resr top 1e1 din. M
~30°C 23 2.5 +23 0,374, " Port rear top 12,2 ipn. " "
-30% 25 2.5 +28 0,440 " Stbd. front top  10.8 in. " ¥
-60°G 40 2.5 £19 1,056 " Stbd, front and rear top (4 cracks)
-60°¢ 36 2.5 26,5 Cui71 i Port and Stbd, front and rear top
(3 cracks)
-60°¢ 38 2¢5 +26.5 0.233 " Port rear top 5.8 in. from §
TARLE IIT
Tests on modified tailplanes®* (inverted for test) (Fip.5)
Ted 1plane Mean Mternating No.ﬂo? cycles o _
Nurber Load load %o Tailure of Pcgition of spar boom failure
% of S.F.L.F |4 of S,F.L,7T spar boon

50 2.5 *11.5 L,.312 % 106 Port rear bottom, 44.0 in. from ¢

49 2.5 120 Q.276 " Stbd.front bottom 9.5 in, " ¥

51 2e5 20 G334, T Stbd. front botton 13,0 in. " "

L7 25 x5 2.457 Stbd. resr bottom 6,5 dn. W

46 25 *10 0,652 " Stbd. front bottom 0.5 in. © "

48 25 +20 0.061 " Port rear bottom 11,0 in, " "

*

Sicin cut-outs were omibtbed, so avoiding some of vhe stress concentrabtions in the skin,
+ DBased on mean static failing load (S.F.L.) of threc standard tailplanes

/Pable IV
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T#BILE IV

Tests with constant stross renge in rear spar boom at rib 2* (Pig.7)
< Mean Alternating No, of cycles
Tailple
e Load Load to failure of | Position of spar boom failure
% of 8.¥.5,1{% of S.F.ILT spar boom
L5 25 =10 0.725 x 108 Port rcar vop, 6.0 in. from §
53 25 +10 3.436 0" Port front top, 9.5 in. " M
ha 25 +20 0.098 " Stbd. rear top, 6.7 in, " "
]

This necessitates reducing the load as skin cracks develop, Volues of i.an and
aleernating loads given are those af the beginning of the test.
TARLE V
Tests with preloads applied to the tailplanes (Fin,B)
] Mean Alternsting No. of times No. of cy-sles
Tallplane Load Load Preload = Preload to failure of | Position of spar boom failure
Nuaiber % of S.F.L.*| % of s.F.L.7 % of 8.F.L, Applied spar boom
35% 25 £7.2 50 1 1,288 x 106  |Port rear top, 6.0 in. from §,
Ly 25 7.5 66.7 1 1.825 " S8thd. rear top, #,7 in, " "
2 -
50 1
1.2 25 17.5 E 75 4 % 3.500 " Stbd. resr top, 6.7 in. " "
60 5 +7.5 40 10 1,410 Stbd, rear top, 6.8 in, " "

* Estimated endurance for *7,5%% S.F.L.

= 1,220 x 10° cycles.

+ Based on mean static failing load (8.F.L.) of three tailplanes
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Tegts with pericdically applied overloads

TABLE VI

(Fig.9)

This table gives results of Tuatigue fests on tailplianes which were given overloads af the beginning
of and during the fatigue tcst ab the following inbervals:-

Tvery 20,000 cycles to 500,000 cycles

7.5

Then i 56,000 " T 4,000,000 "
" 400,000 " voo2,000,000 "
mow 650,000 " " Paalure
\ Mean Alternating Periodic No,., of cycles
Ta:tlplane Lioad Load Overload to faziure of | Fosition of spar boom fallure
N er % of 8.F.L.Y% of S.F.L.T {4 of S, F.L.T spar boom
59 25 +7.5 L0 1738 x 106 Port rear top, 6.7 in. from q,
X ) 7.5 45 1,762 " Port rear top, 6.0 zn. " "
58 25 50 4166 M Port front top, 9.8 zn. " "

+ DBased on

mean stetlc failing load (8.F.L.) of threc tailplanes.




TABLE VII

Estimoted spur bocm stresses ab beganmaing of test

Stresses are expressed in terms of vhe nean load M
load

and altvernabing

A, expressed os a persentoge of the meen svatic failing load.

Distance from Tailplane centre-line = in. 6.5 11,5 50,6
Stress in front spar tension boom

{on net area) — 1b/in® 370{M£h) | 350(ML) | 360(ath)
Stress in rear spar tersion boom
(cn net area) - 1b/in? 500(M+4) 540(M+A) 560(MtA)

Note For tailplanes 9, 11 and 12

s 1n which the mean load was applied to the

outer elevator hinges, the mean stress wes inoreased by about 10% in the rear
spar end decreased by about 20% in the front spar near the tailplane root
attachments.

KC.2078 - CP.258 = K3 - Printed wn Great Sritacn 1 -
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FIG. 8. EFFECT OF PRELOADING ON ENDURANCE (TABLE Y.)
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“FIG.I6. SKIN CRACK ON MODIFIED TAILPLANE
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