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1 Intreoduction

In order to provide infcrmation on the fatigue strength ol a typical
struciure, an exuersive test programme has been initiated on Meteor 4
tailplanes, These are regarded a8 being gererally representative ol a
two spar light alloy wing, but without the severe load or stress soncen-
trations which cccur at wing spar Jo.nts.

This Fowort gives the resalts of fatlgas tests on six tailplanes undor
sumple reversed loading ranging from +10% to +30% of the static failing
load,  4n anproximate method s suggested Tor correcting the results to
take account of tne consiicrable chaage in stress distribution caused by
extensrve cracking ol the 1uterspar sking,

Other tosts, under darferint loading conditions, will be reported
separately.

T

2 Structural Freatures of the Heteor 4 Tailplane

The Moteer 4 tailpline, soown dlagrammatically in Fige 1, 18 of two
spar light allcy construction, with diaphragm typs ribs and waith top and
bettom skins stirf ned by stringors which are discontinuous at the riba.
The gpar booms cre L aection extrusicns wn [A0 materisel, continuous
along the span. The front spar booms re cranked back at about 6 1in,
outboard of the root ati:ichrment points,

Thers are Cour tailplane root attachment points, twe on ecach spar,
Ench attachment point camprises 2 saingle bolt pessing through the spar
web 2ot about 5 in from the ta.lplene centre line. The spar webs arc
icecally reinforeced with chonnel 3cction stiffeners and steel doubler plates,

Over the ainboard half o.' the $ailplane, the skains are of aluminium
alloy (D.T.D.390) whilc outbo~rd they ars of high tensile steel {D,7.D,138).
Thare are a mwber of unrcanlorced acccss holes cut in the top and bottom
gkins near ihe root attachments, It was found that these holes caused
early skin eracking 1a the fatiguc tests, which led to ~n aprrecizble
increasc in spar boom SLrosSses,

3 Preliminery Static Strength Tests

Stotic strongth tests were mnde on threo tairlplanes to determine
the mean fa1ling load on whicn to basc the Iatiguc tests. Fach specamen
failed by ccmpréssion of the ra~y spar top boom between ribs 2 and 3,
approxamately 11,5 in. from the centre line,

A summary of the results ol the threes tests 1s grven in Table I,
Strain gauge readings taksa during the static tests were used to ostimate
the propeortions of the total bending momenLt carried by each spar and by
the skin, The spar boom strosses werc thon calculated from Engincers!
sinple bending theoory. Compr.s8slve stressss are based on the groos
arca ol she boom and part of the wibj; tunsale stresses are based on the
net arca, allowanc: being made for rivet holes ete.

4 Loadirg Cenditions for Fatigue Tosts

Lol Lioad Distribution

For a conventional wing the sparwise loazd distrabution in flight would
be approximately proportioral to tnc chord and, an an ideal case, the spars
would be tapered to give uniform otress along the span,
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In Fig, 2, approximite spanwise distribution curves of airect
stress for the Meteor toilplane rre given for varicus loading conditions,
The stresses ars based on gross soar boom areas (1.6, without allowance
for rivet holes) and were calculaied from the bending momont curves
apvpropriats to each loading condition.

With a dxstributed lood preoportionsl te the chord, the spar stresses
reach 2 maximum ot the point whare failure occurred inths static strength
tests, but fall away rapidly with distance aloag the span, due to the
small amount of taper cn thoe spar booms, A sirgle load near the tip,
however, whil: st11l givang maxinum stress ot the point of static
fallure, gives a much closcr approximation to the condition of unaform
stress distrabution in an idecl wing. Thais tyoe of loading is closely
representsd by vibrataing tne ttalplonc 2t Lts natural freguency with a
relatively heavy mass neor thoe tip,

For the present series of fatigue tests each tallplane was vibrated
by an exciter mounted near the tip. The exciter usesd for the lower
ranges of loafang weighed 35 1b and that ased for the higher ranges
97 1b, Corresponding shear and bending mement curves, for unit bending
moment at the scction whore failure occurred in the static tests, are
given in Fig, 3. These curves arce based on «n estimated structure weight
distribution and on necsured displacements (see Fig, 4).  Under the
test conditions the ratio of shear stress in the webs te dirsct stress in
the spar booms 18 low, but this is considered unimportant, 28 1t 1e likely
that fatigue failures on such o stracture will usually be associated with
bending,

4,2 Range of Loading

Tests ware mads on s1X tallplanes under verious alternating loads,
In «ach test the msan load was nopreoxamately mero, although in facu there
was a small mean load duc to the weight of the tailplane and test rag.

The alternating lood =nd meon load for each test are given in Table IZT.
The loads arec expressed as perceontages of the equivalent load that would
produce a bendirg moment at 11.5 in, {rom the tailplone centreline™
equal to the mean bending moment at failure ain the static strength tests.
Corresponding alternating siresses in the spar booms at the beginning of
the test, caleculnted from tne applied bending moment, are gaven in Toble III.

The clternating load was kept the same throughout each test,
irrespective of any change in stiffness or stress distribution,

5 Method of Test

Each tailplanc was attached to o stecl anchorage structure by the
root attachment bolts and was vibrated 1n flexure c¢losc to 1ts naturcl
freguency, Strein gauges on th. spar booms and skin were used to
measure the applied bonding menent ond to check the distrabution of
direct stress betweon skin and spars nsar the root.

The ampiitude of vibrotion wos ndjusted to give strain gauge readings
corresponding to the required rangs of banding moment, The test was

continued untzl faalure of oue of the spar booms occurred.

The methed of test 15 glien in more d-tall in Appendax I.

El Position of failurc in strtic sirength tests,

‘)-I".



6 Miscussion of Test Results

6,1  Skin Cracks and Thew Effcct on Spar Boom Stresses

Cracking of the intorsier ssins started at an early stage
{usually at sbout 1/16 of the tot.L Lifc of the tailplans). At first
the eracks cpread slowly out later spruad more rapldly untal they
reached o boundary such as o riv.c uolc or the cdge of thoe sheet. In
many cascs complete failure of oo intercp.r skin occurred. As 2 regult
of the skin cracks, the spir been stressces lnor.oascd, by an amount depending
on the pesition and extont of She oracks.

The develovment of typieool okin cracks 1e 1llustrated in Fig. 5,
in which the effoctive width of skin, cx.resscd as a proportion of tho
distance betwwen spars, 1s plotted against nurber of cycles. Corrus=
ponding changes i1n spar boon strestcs (deduced from strain gauge rcadings)
are shown in Fag. 6. Typical skin failures are shown in Figs. 8 and 3.
Most of the skin failures or.g.unnbed cither at unreinforced access holos
in top or bottom skin near the root, nr at cracks associated with local
bending of the skin under compr.usive load whers stringers wers discoh~
tinuous across ribs,

6,2 Rivet Failures

Ravet failures often cccurr.d at an warly stage along the chordwise
lap joint between the steel and aluminium alley ckins ot rib 5, At later
stages soms failurcs of skin o spar beom rivets occurred, usually ~fter
skin cracks had apooared

Typreal rivet fazlurcs mey bo scon in Figs. 8 to 10,

6.3  Spar Failure

Bach test was continued unvil complete f1ilure ol a spar beoom occurrwd.
The results are given in Table II ~nd are plotted in Pig. 7 (curve 1),
Typreal fazlures are 1liustrated o Fig. Ll All the failures appoared
to start from rivet holes 1a btae spar [lange. 1t will be noted that in
two tests, Tailure occurred an tes Tront gevar, although the nomanal stross
was only about 708 of that in the roar spar. It 15 probable that failure
of the front spar was due [rgely to residual strasses assoclated with the
cranking of the boom during ranultchire,

7 Corrected Indurance Curves

In order to interpret the rusults in terms of endurance curves for a
typical structurs, 1t 18 nocossary to consider what the endurance would have
boen (a) 1f oxtensive skan crockirg had not occurred and (b) if the tension
boom of the rear spar had developed 1ts full strength an the static strength
tests.

The development of skin erncking resulted in a considerable increasec
in spar boom strosses for o given "cad. Assuming that the cumulative
damage rule halds ygeod, 1t 15 possible to estamate what the endurance would
have been 1t the alternating stress in the spars nad remained constant.
Using the method poven in appendis IT, 4 corrceted <ndurance curve has
been derived for the roar soar and is shown in Fig. 7 (curve 2). Also
plotted on this curve us the rosult of o provicus test,® 1in which the
altermating stress in the roars wpar was £ept constant throughout,

Curve 3 an Fig., 7 i1s obtained by plotting the corrected vndurance
curve in terms of the calculated tunsile strength of the renr spar instead

5.



of the static failing load of <he tailplene, The tensile strength was based
on the specification mimumum ultimats strength of 27 tons/lnZ for LALO
material, The enlculated tensile stress at failure an the static strength
tests was ordy 22.5 tons/lng. It waill be seen that curve 3 liwes vary

close to the original curve 1.

*

8 Effective Stress Concentraticon in Xcar Spar Boom at Point of Failurc

An approxaimation to thz o«ffuctive stress concentration in the rear
spar boom ot the point of failurs can be mado by comparing the corrveted
endurance curve (based on the tensile strength of the boom) with the
endurance curve for reversced axinl loading on polished test pieces. The
effective fatigue stress concentration factor is given by the ratio of
alternmting stress in polished bar tost to n~lternating stress in tailpleonc
gpar for faxzlure in a given numbor of cyclesg, the stress 1n each case belng
pased on “he net area, There 1s lattle exaisting data on the fatigus
strength of L4C material, but there are a large number of test results
for American 145-T material, This has ~ higher ultamate strength thon
L40 bat the ratio of fatigue strength to ultimate strength is cbout the
same,  Endurance valucs [or revers.d 2xlal stress, oxpressed os a
percentage of the ultimate strength, have been sxirapolated from curves
given in Ref. 2 and nre plotted in Fig. /.

The effective_stress concentration factor of the spar boom varies
from sbout 3% at 10 cycles {corresponding to +8.2% Wltimate 1n the rear
spar) to just under 2 at 102 cyeles (+26% vltumate in the rear spar),

9 Conelusicns

Fatiguc tests on six Metcor 4 tollplanes at approximately zero mean
load show that, under alterratiag londs vetween +10% and 308 of the
static failing losd, the cndurznce varics from 5 x 10° tc 0,06 x 10° cycles,
for complete farlurc of a spar boom, Failur. usually cccurs 1irn the roar
gpar, but somctimes in the front spar, Skin ecracking and ravet failures
cccur at an appreciably lowor nuidber of cycles than are requarcd to produce
failure of either spar.

If the alternating load 18 expressed os a percentage of the calculated
tensile strength of the rear spar instend of the same perceéntage of the
static strengtn of the complete tairlplanc, the endurance 18 roughly halved.

The endurance would probably boe nearly dcoubled, however, 1 extensive
skin ecrncking did not cceur. Thzs skin cracking xs mainly duc to

{a)  Stress concentrations at accoess holes in the skain,
(v)  Local bending of the skin asscciated with aiscontinuocus
stringers,

The offective fotigue stress concentration factor in the rear spar
boom at the point of failure vzries fror ahout 3% for 107 cyeles at an
alternating stress of +8,2% ultumate to Jjust under 2 for 10/ cycles at
+267% ultimate. -
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APRDIZ T

Mheshod of Test

1 Mounting of Tuot Spocimon

gteel channel sectzons were belted through the webs to the front
face of the front opar and the rosr fice of the roar spar, uslng the
holes providcd for the attachment of the tailplane tc the fin. Than
washers wore 1nserted botwe.n ch: oteol chonnels and the spar webs oo
that no lateral supvort was giv n to bhe gpars by the steel channcls.
The latter were bolted to an anchorage rip which was attached either o
o small test frame or to a concrete plinth with erbedded stecl rails.

A tezlplone ragged for test 18 shown in ¥ige 1Z,

2 dethod of Excitation

For all tosts, a double rotating out of balance mass oxelter,
gilving 1 simpile normonic vertiesl [cree, wos holted between the spars
at rib 8 on onc side of the tnilplans, with on oqual dead weight on the
ather side, Far tailplencs 4 cail 7 nn sxciter weilghing 35 1b was used,
giving a frequency of vibration ~f zbout 18 e.p.s. For the other tail-
plancs a largor cxelter was wotd, Tais weighed 97 1b and gave o frequency
of zbout 12 ¢.p.s.

3 Stroin Gouses

Electrical resistance stroin gauges of the Braitish Thermostat 200 ohn
type were copented to gpar bocing onl skin eithoer at 5.5 inoor ot 11,0 in.
from the taillplane centre lane, as indicented in Fig, 1. The pgauges werc
used primaraly to measurs the noplied headiny moment in the fatigue tosts,
but alsc to dctermine tho spproxinntc distribution of diresct stress
between spars oand skin. In onc test (tailplanc Mo. 5} gauges were also
cemented teo the skan at various soetions aloag the span to cheex the
bending moment distribution {sue ¥Yig. 3).

The gauges formod one or morc arms of o Vheatstone's bridge circuit
and were used 1n conjunction wath o Tinsley Ytrain Bridge and Sclector
Switch. Ir gome of gos, dummy unstrained goages, mounted on similar
materizl, were connected inleo the bridpe circurt to compensate for changos
in resistance due to tonperature variztion. In other cnses, dummy ghugcs
were qispenscd with and the active pauges wers connceted in pairs (c.g.
rear spar top and bottom boom) to lorm adjrcent arms of the bridge.

Changes of resistance were measured on a cathode ray oscilloscope
connected across the bridge, Undcer dynemc leadaing, the gouge signols
gove a slnusordal trace on tLhe screen, the height of the wave being
proportional to the total changc of resistance, A rotary chopping switch,
in series with tnc ecscilloscod., wan uscd to interrupt the gouge signal
0 guve & contlmuously visible roforence line on the screen.

At voricus othges tarougncat ooch Gest, the gauges were calibrated
statically hy z2pplyin. dead lond to the tnilplane to cover the required

rang. of bending momeat.

L Displecemonts

In exch test the Lip amplitade wos measured by neons of small tapered
scalus nttacned to each tip, o tat whon the tailplene was vibrating, the
point where the imnpge of the unpur odpe of the acale crossed that of the
lower edge gave a darcet readins of the totel amplitude,

8.



Measurements were also made at various polnts along the span, using
pencils attached to the tailplanc, in order to determane the mode of
vibration. The resultant mode 18 plotted in Fig, kL. It will be noted

that the dafferencc in exciter weight appears to have little effect on
the shape,
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APPENDIX IT

Derivaotion of Corrected Endurance Curves
lor Ruar Spar

1 Notation

The follewirg rotatlon 1n uscedi-

fq = initial clternating stresg 1n rearspar,

f > = final " 1 " " ]

Ny = endurance under constant alternating stress of

N‘2 o " 1] 1" tt n r f2

Ty = No. of cycles actually applied at alternating
stress 0

1, = Vo, of ecveles cctunlly applisd ot altsrnating
stresy fg

N =m + &y = total mumber of cycles to failurs ain actual
tarlpl-ne test, with initial alternating stress
1.

e = total no, of ecycles to fallure if initiald

altsrnating stresss hed been fp instead of 7.
2 Assumptions
(1) The stress changes suddenly from £ to £,

{12} It 1s =ssumed thot tuo owmelative demage rule holds good.
Thizs may be expressed as follows:-

L2 (1)
ML My

(111) Between the limuts £, and f,, the mean slope of the corrected
endurance curve 1s thi. same ag the mean slope of the uncerrected
curve, when pleotted on a log-scale,

This gives

= = (2)

3 Corrected Curve

From strain gauge readings taken during the tailplane tests, the
value of fz/fl cen be deduced, .i€ice Trom Pig. 7, Curve 1, the value of

%t can be asterummned,

10,



From (1) and (2)

Hence

and

Values of N, and N

on ¥ig.e 7.

1

2

n

for

1'12 i
AT

I
e

112 = —_ X

each test

13,

m

result are plotted in Curve 2
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TARLE I

hesulls of Static Strepeth Tests

T -
Tistimated Dlr ot Jtress ia Spaxr Boom Il
Tails g ing B, vt Failuce (1y/an?)
> <.
plane Ty U lat Taslure | gy mop | RS, 2.8, T RS,
i B — ,
No. (1b =n ) {comeres - | Bolta. (conr(,x a- Dettan
Py I3
| sion) | (teusiun) 1o (tension)
1 8L G5 365,000 4ly 00 L2, 500 50,000 52,000
350104
2 365712 352,000 L2500 K100 50,000 5C,000
3| 366707 343,000 12,000 L L0500 57,500 49,500
i
Mean 300,000 L3000 1L, L00 53,500 5,500
Amnd el
T .
: Strosees given are nasoman 2lrossoes s poom al point of failure,
.o 1L.5 inm, frow cantreline, Cowressive stresots are pased o gross
arsa; tensile stresscs on nel area
Al IT
tegidls ol Yatimie Tests
T 7
taal Alternat ing IRy N .
LA eerial Load ' Lowg |:0. of cyclos Fosation of
] — - T ) " »
plens g o, I ) . bo fariuce of | gooy 3ogm Failure
To. el 85 WILT o Y LLT Apar boom
b 8L CH 10 0,3 5.k % 107 Port rear top at
366580 rio 2, 5,7 in,
from g
7 3665674 +10.5 0,0 3,33 = 10”7 Peort roar bottom
| at rib 2
y
1 -
- - G
5 356711 +2U L2.5 C,315 x 10 Sthd rcar too at
rib 2
£
8 366752 +20 2.5 0,325 = 1” Tort Tront top
1.5 in, from g
.
& 1366682 230 2.5 0,054 = 10° Part rear top at j
ribh 2
o~
10 366752 +30 2,5 C.065 x 107 Stod Tront Hop
3.5 1. from g
| ! 1
-2 S.F L. = cquavaleat atatic Load that woald give a bending mameni of

365,000 1b.1n, at 11,5 an, trom controline, 1.2, mean bhending moment af
fdvlbrﬂ rn static strengih toasto



T4BLE IIL

Estumated Spar Boom Stresses ot Beginning of Test

Ta11- Alternating Alternating stress™ lb/in2
plj&ilje % O?O?F‘L‘ At 11,5 in, from ¢ | At Rib 2(7 in. fromg)
F.S. R.5. 7.8, R, S,

b +10 +3500 +5100 +3700 +5000
7 +10.5 +3700 +5400 +3900 +5300
g +20 +7000 +10200 +7400 +10000
8 +20 +7000 +10200 +7400 +10000
6 +30 +10500 +15500 +11100 +15000

10 +30 +10500 +15300 +11100 +15000

¥*

holes stec),

¥t,2078.0P88.K3.

Maximum stress in boom, based on net area (1.e, allowing for rivet

13,

Branted 1n Orect Britain,

No stress concentration factor included.
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