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SUMMARY

Tests on aircraft components and structures are described which
show that pre~loading cen have a marked influence on fatigue behaviour,
Tensile pre-loading may increase the life ~ in one instance o hundredfold
improvement was obtained - and compressive pre~loading may reduce tae

1life, The effect is attributed to residunl stresses and to load

redistributions induced by pre-loading.
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g Introducticon

In a paper published in the Journal of the Institute of Metals in
1946, Forrest? demonstrated that the fatigue strength of certain aluminium
slloy parts could be markedly increased by pre-loading. The implication
that a similar trend might be cbtained generally for aircraft companents
and structures has been investipated at Re.A.B., and the results of tests
are described in the present report. Consideration is given to three types
of specimen: unnotched speoimen, nobched speeimen and & structure.

2 Fxperimental Results

2+ Unnotched Specimens

In fatigue tests carried out by Aluminium Laboratories Ltd. and
quoted by TeedZ, the stretohing of a plain polished bar in the aluminium
glley B.S. L.1 produced a small but progressive reduction in fatigue
strength with increase in stretch, see Table I.

Tests on plain specimens made in clad sheet material to Specificaticn
D.T.D.546 B have confirmed that the fatigue strength is not appreciably
affected by pre-loading, see Appendix I. ’

2s2  Parts with Stress Raiser

Fatigue tests on the effect of pre-loading of simple notched specimens
have been conducted cn the followiag types of specimeni-

Sheet specimen with transverse hole (Append.ix I}
Simple lug with load aprlied to hole (Appendax 1I).

Channel-sectioned part, containing bolts, rivets and open holes
(Appendax I1I).

Circular ana flat bars with transverse hole (Appendix IV).
Circumferential V notch in roumd specimen (Appendix VII)a
Spot welded Joint (Appendix VII).

The detailed resulbs are given in the Appendices, and the general
results show that pre—~loads in tension exceeding a certain amount increase
life, and in compression reduce life. Extruded parts are particularly
sensitive to pre~load - in scme cases the life was increased by ten or
even one hundred times by a tensile pre-load, or reduced to one Twentieth
by 2 canpressive pre—~load.

Specimens made from sheet as distinct fram extruded material were
not so sensitive to pre-loads. This may have been because residual
stresses due to pre~loading tended to fade during the fatigue test, since
the nominal fatigue stresses used were camparatively high. Similar
behaviour showing no effect due to pre-leoading has been reportedli- for
notched specimens made in a very low strength aluminium alloy of 11% bons
per sq in. tensile strength.

2+35 Structural Elements

Tests on chamnel section specimens described in Appendix ITL show
that a substontial increase in endurance ir obtained by tensile pre~loading
vhen redundancy is present due to the attachment of sheet matericnl by rivets
and bolts.

“li'n



The fatigue testing of a number of aircraft joints of different designs
has also shown the advantages of a tensile pre-load, see Appendix V. In all
cases the Joints consisted of an aluminium alloy boom to which was atfached
stecl end fittings by means of bolis in shear.

Tests on Meteor tailplanmes subjected to various degrees of pre~load
have similarly shown an improvement in 1ife, both for the skin and the spar
boan, sec Appendix VI. Very high pre-loads tended to produce buckling on the
campression side of the tailplane and this represented a practical limit to
the amount of load that could reasonsbly be applied.

An improvement in life due to pre-loading (ranging from 43% to 235%
jnorease in life) has been cbioined by Johnstone and Payned for Musteng wings
in vhich comparatively high slternating loads were used in the fatigue tes*s
(+16 to *27% of failing load)e Results are expressed in terms of lood and
not in terms of stress, and so carmot be campared with other data.

3 Conparison of Results

4 vomparison of results for aluminium alloy sheet specimens in plain
and trensverse hole conditions is unnecessary, as the effect of pre-loading
on endurance was comparatively smell or non-existents

For all other types of specimen, as given in Appendices IL to VI, the
results for tensile pre~loading are campared graphicelly in Fige 7, with the
degree of pre-load expressed as a percentage of the 0a1% proof stress of the
material.* Pige 7 chows that with one exception, a consistent and substantial
increase in endurance is cbtained by pre-loadings The exception refers to a
test on a transverse hole specimen, in which flaws were found at the point
of origin of the fatigue crack.

The camperison is simplified by using ratiocs of endurance for pre-loaded
and non pre-loaded parts, as shown in Fige 8+ In spite of the scatter that is
present due to the widely different conditions used in individual tests, the
peneral trond in results shows that a pre-load equivalent to 80% or more of
the 0s1% proof stress produccs a substantial inorease in endursnce. The upper
1imit of the pre-load stress al which the increase is dbtained has been
established for the loaded lug case described in Appendix IT, emd from this it
appears that the improvement is cobtained up to the point vhere static fallure
intervenes. This is confirmed by the very high prior loads used by Templin,
ag described in para 2.2.

L Discussion

The effect of pre-loading is twofold ~ it produces residusl stresses
due to differential plastic straining actions, and it alters the load distri-
buticn amongst the redundant members of o structure. Both can effect the
subsequent fatigue behaviour, principally because there is a change in the
mean stress distributions At stress concentrations, the residval campressive
stresses induced by tensile pre-loading should be beneficial in fatigue, and
for compressive pre-loading, the residual tensile stresses should e harmful.

An extreme example of pre~lcading arises in a strucbure or component
which has been subjected to a static test to destruction and is then repaired
and tested in fatipue. Results from the fatigue test are likely to be

# The following values of the 0.1% proof stress have been assumed

DisTeDe 36-J'A. - 33 tesede
D.TDo 3614]3 = 28 tesele
D.TeDe 683 - 30 teSeds
RR 77 =~ 30 teseie (Appendix IV)
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dangerously misleading as they may show & much greater endurance - and
hence a greater estimated safe life = than would be cbtained from a
structure not given the static test. Also the position of fabtigue failure
might be quite different for the two cazes. The feotigue test is thus
valueless, and the policy of attempting to econanise by using a single
specimen for both static and fatigue tests cammot be recammended.

One peculiar cutcome of the effect of pre~load is that a cauponent
of smaller section but otherwise similar to enother one may actually be
the stronger in fatigue if the smeller coamponent has received the tencfits
of a tensile pre~load. Such a result might even be cbtained if both cam-
ponents were subjected to the same pre~lcad. This might arise when the
pre~load produced a stress of less than 60% of the 0.1% proof stress in
the larger component and of 80~100% of the proof stress in the sraller
ones Thus, the general effect of a tensile pre~load is to increase the
fatigue strength of the initially weaker components whilst leaving the
stronger mes wmaffecteds This levelling out of fatigue strengths makes
it essential to execute careful interpretations emd assessments of results
ocn canponents that have been pre-loaded.

The plastic distortion accompanying pre-loadaing also requires careful
considerations Pre-loads may correspand to = stress of less then the 0.1%
nroof stress, so that the genersl distortion is smell, but there may be
local highly stressed regions with relatavely large disvortions. Thus
circular holes tend to hecanc alongated, particularly when lcad is applicd
at the hole, and this may cause slackness in cormected merberss Also
permanent buckling may occur in stiuctures.

With the loaded lug tests described in Appendix I, the subscquent
reaming of holes stretched by pre~leading did not have any deleterious
effeect on fatigue strengthe. 1% would appear that distartion cen be over—
case by machining, provided that the machining operation itself does not
remove or introduce residusl stresses.

Although residual stresses approaching the proof stress cem be induced
by pre—loading, the possibility of stresses being relieved in the subsequent
fatigue test must be considereds Rellef would ococur when the sum of the
residuzl and fatigue stresses at any point exceeds the dynamic yield cri-
terion of the material used, and this may happen during the first lcading
cycle of the fatigue “bes't6. Logs of residual stress, and therefore a
reduction in effect on life, is most likely to be cbtained if fatigue
stresses are high, or if the material has a low yield strength.

5 Conclusions

The results of fatigue tests on a variety of aluminium alloy specimens
have shown that the effect of pre-loading on life depends on the type cf
specimen, the proof stress of the material, and the magnitude of pre~load
and fatigue loads. Vith plain specimens, pre~loading has a comparatively
swall or non-existent influence on lifes Simple sheet specimens containing
a transverse hole give some increase in life for tensile pre-loading, but
the increase diminishes with increase in the fatigue test loads. With morc
ccaplicated designs embodying the use of sheet material, a greater improve=
ment in life due to tensile pre-loading is cbtained, =nd this has beca
demonstrated by tests an Meteor tailplanes,

truded aluminium alley parts and structures are more semsitive to
’E;hc effect of a pre-load than simple sheet specimens. A tensile pre-losd
increases lafe, the increase rapidly becaming greater with incresse in
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pre=loed. Thus a fivefold increase may be expected for a pre-load equivalent
to 80% of the proof stress, but for a pre=load to 100% the life may be
increased by as much as ane hundred times. On the other hand, campressive
pre~loading hes the reverse effect, and the life may be reduced fo only one-
tenth the value if the pre-~load is of sufficient intemnsity.
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APPENDIX 1

Fatigie Tests on DJT.D.546 B Atuminivm Allgy Sheet Specimens

Specimens in 16 sew.g. clad sheet to Specification D.TWD.546 B were
made with their longitudinal axes in the direction of rolling. DBoth plain
and transverse hole specimens to the general dimensions showmn in Fige
werce tested in an R«A.E. fluctuating fension fatigue machine. The edges
of the plain specimens were polished by hend, and the holes of the notched
specimens were drilled to 0,116 ine dismeter, reamed to % in., chamfered
and Tinally polished by hand with CO0 grade crocus papers

The tensile strength of the sheet was found to be 2847 tons per
g8g ine The pre-load was applied in & tensile testing machine, with the
maxirum load held for 1 minute.

A1l fatigue tests were carried out at the same naminal stress of
10+ 5 tons per sq. in. across the smallest secvions The individual results
are given in Table IZX,

Tests by Metallurgy Depurtmens

Specinens cut longitudinelly frca DeTwDe546 B sheet material were
made with a resmed § ine. diameter hole in a test porsion of 05 in. width,
the general proportions being similar to those shown in Fige 1« The cormers
of the hale were left sgquare, with all burrs carefully removeds The results
comparing tensile pre~loaded with non pre~loaded specimens for a repeated
axial load type of tost in a Haigh machine (2000 cycles per minute) are
given in Table ITT.






APPENDIX TT

Fatigue Tests on lugs

ReloEs Tes‘bs

Direct-stress endursnce tests werc carried out on a mumber of pin-
loaded lugs, scme of which had been pre~loaded in tension for one manute.

Fig. 2 gives the essential dimensions of the specimen and shors the
results obtsined. The specimens were fully mechined fram extruded, D.T.D.
364 B bar, 2 in X £ in. The holes were 0.752 in. diameter and gave a
clearance of 0.002 in. between the high tensile steel pin and the hole.
The holes, which had a reamed finish, were given a 1/22 in. chamfer.

The elongation of the holes caused by stretching the specimen was
very marked in cases of high pre~loading (Table IV). As this would produce
an undesirable slackness between mating menbers, the effect of removing
cold-worked material by machining the hole circular after the pre-loading
operation was investigated. Specimens 12 and 3 were treated in this mamner,
the procedure being as follows:-

1  The holes were drilled and reamed, C.020 in. (approx-) undersize.

2 The specimens were pre-loaded, and the load removed after one mimite.

3  The holes were reamed to the full diemeter of 0.752 in.

The endurance tests were then carried out as for the other specimens.
The mean and alternating stresses adopted for the endurance tests were
6% 242 ton/in.Z, based on the net section at the hole. In cases where
failure did not occour after a minimmn of 10 million cycles had beern car
pleted, the alternating strese and, in certain instances the mean stress,
were increased.

Table IV gives the pre~load stress, fatigue stressecs, and endurance
for each specimen. Also included arc the stretch (measured in terms of
the elongation of the hole) and increase in thickness of the specimen due
to bearing pressure.

Saaumders-Roe Tests

Similar tests on lugs have been made by Saunders-Roe Ltd. for the
Ministry of Supply3, with the object of ascertaining the effect of
alternating stress on endurence of pre-loaded and non pre-loaded specimens.
The pre~load was applied for 5 minutes, and was of the same magnitude Tor
oll specimens, equivalent to a tensile stress of 19.65 toms per sq in. at
the hole section, or 60% of the 041% proof stress. In the subsequent
fatigue test a tensile mean stress of 7.15 tons per sq ine. was used.

The 1lug specimens were machined fram D.T.D,683 aluminium alloy
extrusions to the dimensions shown in Fige 3. The holes were Jjig bored
end all burrs and sharp edges were removed, but no chemfering or radiusing
was carricd oub. Loading pins were made from B.S. 5.98 bar to a diameter
of 07490 to 0.7495 ine. Two static tests on lug specimens gave nominal
stresses of 37a7 and 38.4 tons per sq in.



The individual reasults are given in Table V and are plotted in Fig. 3.
The curves indicate that an improvement in life of 2 to 3 times is cbtained
for alternating stresses bolow b tons per sg ine. due to pre-loading. The
improvement rapidly diminishes for greater alternating stresses, due to the

syproach of peak stress in the fatigue %est (mean plus alternating stress
to the pre~load stress.

- 40 -



APPFNDIX TIT

Fatigue Tests on Channel~Scctioned Parts

Five channel-sectioned boom specimens machined from extruded material
to Specification D.T.D.363 A were pre-loaded to different amounts for one
minute and tested in fatigue at a loading ecuivalent to stresses of 7.09 %
2.72 +tons per sg¢ ine at the minimm section. A photograph of a fractured
specimen is shown in Fig. 4. TLoad was applied to the specimen ends through
7/8" Qiameter shear pins which had not been subjected to pre-load.

Three specimens fractured at a hole or holes in the middle portion
of the chammel. Tailure of an attachment pin in the two other specimens
coused premature failure of the lug ends. The results of the endurance
tests together with the pre-load stresses applied to each specimen are
given below.

Heminal Stress | Corresponding
in Pre~Loading [Percentage of | Endurance
Operation Static Cycles Remarks
tons per sqin. Strength

0 0 82,200 |Mean endurance of 8 specimens
16.74 37«2 68,500
20,10 a6 62,100
2425 53.9 343,100
26.75 5944 422,700  [Failure of attechment pin
26.75 59, L 265,500 |Failure of attachment pin







APPENDIX IV

Fatigue Tests on Transverse Hole Specimens

Round Bars -nith a Central Transverse Hole

Tatigue tests in direct stress were mede on round bar specimens
containing & transverse hole. OFf 11 specimens, b were pre~loaded far one
minute in tension, 4 pre~loaded in compressicn, and the remaining 2
specimens were fatigue tested without being pre~loaded.

Fige. 6 gives the essential dimensions of the specimen. Buckling due
to the high conpressive loads was satisfactorily avolded by meking the
specimen comparatively short and robusts A 2% ine dismeter bar of aluminium
2lloy RR.77 (D.T.D.683) was used to make the specimens. The 3/16 in. dia-
meter hole was drilled and reamed, the sharp edges of the latter being
removed with the axd of V00 grade emery paper stretched over a conically

shaped bar.

A1l pre~loads were applied to the specimens in a 10 *10 ton Avery-
Schenck pulsator. The fatigue tests were made at nominal stresses of
9 £ 3.5 tons per sq ine at the net section through the transverse hole.
The results of the tests are given in Table VI and shown plotted in Fige 6.

Flat Bars waith a Central Transverse Hole

Addational dazta on the effect of campressive pre-~loading was obtained
fran tests on flat bars with a central trangverse hole, made in material to
Specification D.T.D.364 B. The dimensioms at the hole section were 0,9 in.
x 0,3 in., with the reamed hole of -}; in. diameter. DBurrs at edges of the
hole were removed with fine emery paper. The results obtained for different
degrees of campressive pre~load are given in Table VII.

_12-






APPENDIX V

Fatigue Tests on Wing Joints

A11 the joints described in this sppendix relate to parts identical
in design with those used in certain aircraft, but adapted for testing
purposes by duplicetion of the Joint at eachk end of the specimen. Load
was applied through a single pin to sach cnd fitting.

Type & The specimens consisted of a channel section boam in alumnium
alloy D.T.D.683, to which was attached on inside and cutside of chammel,
steel fittings by means of multiple bolts in shear. The nominal stresscs
at the point of failure of the channel in the fatiffue test were 536 £ 1.97
tons per sq ine

Mean endurance of three specimens without pre-load = 145,000 cycles.

Endurance of one specimen after subjecting to a pre-load eguivalent
to 19.5 tens per sg in. = 2,370,000 cycles.

Type B The specimens consisted of a T section boom in aluminium alloy
D.T.D.633, to vhich was attached a forked stecl fitting by means of multiple
bolts in double shear. The nominal stresses at the point of failure of the
boam in the fatigue test were 7.82 * 2.37 tons per =q in.

Endurance of specimen without pre-load = 87,000 cycles.

Endurance after pre~load equivalent to 19.0 tons per sq in.
13,000 cycles.

u

Endurance after pre~load equivalent to 25,0 tons per sq in.
375,000 cycles.

]

Type C The specimens consisted of booms in aluminium alloy D.T.D.364,
rectangular in secotion with 2 web extension on one side. Steel straps were
attached to the boam by multiple bolts in double shear. The nominal
stresses near the point of failure of the boom in the fatigue test were
635 * 1485 tone per sq ins The specimens were tested at the College of
Aerconauties, Cranfield.

Mean endurance of threc specimens without pre-load = 580,000 ¢ycles.

Indurance of specimen after pre~load equivalent to 13.5 tons per
gq ine = 46,000 cycles.

Endurance of specimen after pre-load equivalent to 14.8 tons per
9q in. = 1,790,000 cycles.

-~ 13~






APPENDIX VI

Tatigue Tests on Meteor L Tallplanes

A series of fetigue tests has been corried out at the Royal Aircra
Eatoblishment on Mebeor 4 tailplanes under several different conditions of
loading. The first report of this work describing the general methed of
test 1o given in Ref. 7. The tailplane is reprosentative of a typical two
spar structure, with the spars of angle section extrusions in B.S3. 2 L 40
material and the sltin over the cenbral portion of clad aluminium alloy to
D.JT.D.390.

The tailplones were supported at the attachment points near the
centre, and were vibrated near rescnant frequency in bending by means of
an out of balance mass exciter, as shown in Figs 5. The pre-loading was
applied by bending the tailplenc, and in the subsequent fatigue test the
lozds applied were 2565 & 7.5% of tne ctatic failing load of the tailplanc.
The results arc shown in the following teble:-

Effoct of Pre-Load on the Fatisue Strength of Meteor Tailplancs

! HNC;L.‘;?S: é ei?azzsiid & Cycles to Failure, '106
S.F«Le* | 04%% Proof Stress™ Fu(‘;’;agi']z? ﬁlgcggiﬁm Spar Failure
C 0 042 0,85
50 53 0.3 129
667, 70 1,0 1,825
50, 75 23, 79 2,5 3450

Notet=  Result for zsro pre~load has becn obtained from an endurance curve.
The endurance for 56% pre~lcad has been corrected for a loading of 25 +7.5%
S.F.Ls, instead of 25 * 7,205 8.F.L. as actually used in the test.

* Based on mean statio failing load of threce tailplanes. Theso faiiuvres
were on campression side of tailplane. 100% S.F.L. is approxamately equiva-
lent to 228 tons per =g in. at points of fatigue fairlure.

+ Minimum specification 0.15% procof stress for spar boam material

= 21 tons per sq ine In all cases the nominal stress in the spar boom at
1145 zne from the centre line of the tairlplane is expressed as a percentages
of this proof stress.






APPENDIX VIT

Fatigue tests on (a) circumferentially notched specimens,
and (13) apot welded Jjoints

Circumnfzrentinlly notched specimens

Torrcst! has ascertained the effect of a tensule pre-load ~n speci-
mens containing a circumferential notch and tested in rotating bendinge
The materisl used was B.3.6 L.1, end & circumferential notch of 45°
included angle, 0.04 in. depth and Ce01 in. root radius was machkined s»
as to give a minimum diameter of 0,32 in. The following fatigue strengths
were obtained for failure in 50 millicn cycles:-

1]

Fatigue strength of plain test piecces 10 tons per =4 in.

1]

Fatigue streagth of nobched test pieces 3.5 to . tons per sg 1n.

Fatigue sbrength of notched test pieces
given an axial pre-load of 25 tons per
80 1N

I}

8 tons per sq in,

Forrest's findinss have been confirmed by Termlin (discussicn in
Ref. )) for specimens made in the alurinium alioy 75816 (zine addition),
heving @ tensile strength of 37.5 tons per sg ine and a 0.2 proof stress
of 22«4 Gons per sq in. A 60° circumferential notch of 0.0002 in. root
radivs and 0,075 ine depth was machined in specimens of 0.48 ine. full
diameters The epecimens were tested in rotating bending and gave the
following results:-

Neominal Streoss at Notched Section Due Fatipue Strength at 107
to Axaal Pre-Load, tons per sq in. Uyveles, tons per ga ine

e 25435

F37e5 937

=375 .79

The fetigue strength of plain specimens not subjected to a pre-load
was #13.2 tons per sq ins The notched specimens had a grealer tensile
strength then the plain specimens, so making it pessible to apply the
very high pre-lcad used.

Spot welded Joints

Forrest has also chown that spot welded joints can be given an
increased fatigue strength by a tensile pre-locade Joints containing a
single spot weld were made in 20 gauge clad sheet to D.T.D.5)6 A, and
without pre~lced gave a fatigue strength of 60 * 30 1b per specimen for
Tailure in 20 mallion cycles, whereas specimens given a ore~load egual
to two-thirds of the static strength had a fatigue strength of 9C % 45 1b
per specimens







TABLE I

Effect of Pre-Loadinge on the Fatigue Strength of

B.S. L,1 Plain Specimens Tested in Rotating Bending (Teed?)

Fatigue Strength for Failure

in 50 x 10¥Y Cycles,
tons per sq in.
Stretch Produced by Pre-~Load, % 3 6 9
| Then overstrained

(4) Immediately after quenching and then | +12.0 | #14.5 | 11,0 | £i1.0
allewed to age before ftest

(B) 1 hour after quenching and then +12,0 1 #41.8 | #41.3 | #10.5
allewad to age before test

(C) After heat irestment and ageing 2,01 2,0 | #1145 | #2105

TABLE TT

Regults of Fabigue Tests on Sheet Specimens (Appendix I)

Type Ncﬁgﬁiieiﬁiis° Cycles to Failure | Geometrio Mean
of Pre~Loading in Individyal Tests | Cyeoles t06
Specimen £osere 106 | Failure 10
Plain 0 04237, G304, C.305 0.280
18 Cu31h
20 0.265
22 0.370
21, 0291
26 0.271
28 0e396
With 0 0.03630.048;0,063;0,085;0.,097 0,062
transverse 18 O.11L
hole 20 0.035, 0,047, 0.105 0.056
22 0,052, 0.077, 0.118 0.078
2, 0,048, 0.080, 0.117 0.077
26 0,078, 0.092, 0,130 0,098
28 0,034, 04125 0,065

TABLE TTT

Results of Repeated Load Fatipgue Tests on Sheet

Specimens (Appendix I)

Nominal Stress ! Fatigue Stresses

Geanetric Mean

Applied in Pre- Cycles to Failure Cycles to
Loading 5 t e Se ic + eSeln A In'dlvj‘dual TeSts Fallure
0 6,70 * 6.70 31,850;333,117535,C50 335,320
26,8 6,70 * 6,70 88,667 111,000 105,100
114,833
0 8493 £ 8493 9,567; 9,800;40,733 10,020
2648 8.9% * 8.93 15,230;17,600;47,800 16,540
0 11416 11,16 3,500; 3,967; 4,033 3,817
26.8 11.16  11.16 4,500; 5,267; 5,750 5,185
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TABIE TV

Results of Faticue Tests on Loeded Lugs (Appendix 17)

Static Strength of Twg =

31.8 tons per =g

1Tl

-lL -

Nominal Stress ab Dismetral Stretch Increase in Thickness at ]
Number Hele Section Due o at Hole Due to Ind of Hole Due to Fatigue Stre:%;ses Cycles to Pailure
of Pre-Load Pre-Load Bearing Pressure at Hole Section (millions)
Specimen tons per =q in. in, in. tons per sq in.
Hole 1 Hole 2 Hcole 1 Hole 2
1 O - - - - 600 i 2.2 0.082
3 4] - - - - 6.0 * 2.2 0.108
2 0 bt - - - 600 * 2-2 0-135
6 18.0 - - - - 6a0 2,2 0161,
L 22,11 0.004* 0.004, 0.003% 0,004 6.0 * 2.2 0.198
1 2L4.0 - 0.007 0.006% - 6.0 * 2.2 0.999
8 25.0 0.020 0.023 0.019 0.02), (6.0 £ 2,2 14070
(6.0 % 3.0 10.537
(6.0 % 1.0 0.168
5 25,9 0.016* 0.012 0.014* 0.008R ( 6.0 * 2.2 11,630
( 6.0 % 3.0 0.113
9 27425 0.009% 0.0} 0.008%* 0,005R 6.0 = 2,2 0.816
10 28.15 0.020 0.028 0.013R G.027* 6.0 t 2,2 13.52
11 29.0 0.026 0.052 0.012R 0.010R 56.0 ¥ 2.2 13.630
6.0 % 3.5 1.120
8.0 * 3.7 0.370
Effect of reaming holes after pre-loading
12 28,0 0.G05+ 0.033+ - i - 6.0 % 2,2 7790
13 28.0 0 0 0.008 0,010 6.0 £ 2,2 14,070
5.0 * 1,0 1.050
‘ 7.5 * 4.0 2,45
U Unbroken *  Pailure occurred at this hole +  Subsequent reaming did not clean up holes

R Lateral restraint inadvertently applied to specimen during pre-loading




TADLE V

Results of Fatipue Tests on loaded Lugs Carried Outb
by Saunders=Roe, Ltd. (Appendax IT)

Nomingl mean stress at hole section during fatigue test

= 7415 tons per sq in.

i Oycles to Failure
Nominal Alternsting Stress | Cyoles to Failure | 19.65 tons per sqe ine
at Hole Section No Pre~Load Pre-Load Stress at |
* tons per sq in. millions Eole Section
millions
6.92 0,0108
6410 0.0090
6425 0.0092 0,012
6e25 0,0106 -
6.25 0,0126 ~
5e36 0.0177 00,0257
Lo 7 0,0257 0,0562
3457 00,0353 0.06822
3.57 - 04136
3612 0.0305 0,147
268 0.0563 -
2423 0,100 0,202
2e23 - 0.23%6
12785 0.126 0,452
14785 0.126 0. 491
14785 C.127 Cu513
14785 0,165 -
1e3L 04188 0.5,7
1e34h - 0.643
147115 0.522 0.740%
1415 - 3672
0-895 2.07 -
G.850 158 -
0-?60 3095 -

¥ Specimen retested to give failure at other hole, in 41.20 million cycles

- -



TABLE VI

Resuwlts of Fafisue Tests on Round Bars iath
a Trangverse Hole (Appendix IV)

Tensile strength of material (by test) = 35.8 tons per sq in.
Specification tensile strength of material = 3540 tons per sq 1n.

30.0 tons per =q in.

0+1% proof stress (specification and by test)

1

Net arsa of cross-section through hole 04389 tons per sq in.

tresses at hole section applied an fatigue tests = 9 £ 3.5 tons per sqg in.

Nominal Stress Naminal Pre~Load Stress Oveles +
Nurber of at Hole Section as a Percentage of %‘rc-es ©
Specimen Due to Pre~Lcad the Specifiocation ailure )
tons per sq in. 0+1% Proof Strezs (millions
2 O - 0.181
3 24.25 (tension) 80.9 0u 472
L 27.05 (tenzion) 9042 0,781
5 30.90 (tension) 103.0 3433
6 33.20 (tension) 11046 8421
7 33,48 (tension) 11146 0.186
8 7.72 {compressian) 25.75 0,165
9 12485 (compressaon) 42.9 Q066
10 21.00 (compresslon) 701 0,050
11 P 27.05 (com_presmon) 90,2 C.05L

Examination of the fracture in this specimen showed a number of flaws at
the edge of the transverse hole, in the neighbourhood of the start of the
fatigue creck.
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Results of Fatipue Tests on Flat Bars with

TABLE VIT

a Transverse Hele (Avpendix V)

s

Nominal Compressive

Cyecles to Failure

Mp—

. v
Geometric Mean

Stress in Pre- Fatigge Stresses in Indavidyal Cyeles t06
Loading, tes.i. *Seds Tests 10 Failure 10
0 9+ 3.5 6,055 6416w 12490 7.7 {u)
10 9 £3.5  11.96; 11.6u o8 (u)
20 9+ 3.5  [0.1433;0.192%;0,201; 032
0.71230.917u
0 10.5 * 3,75  [0.09%;0.095;0,108 0.98
20 1045 * 3475 10.078;0,4102;0,120 0.99

Specimen did net fail in test sectiom

¥t.,3078,0P232.83 - Printed wn freat Britain.

Specimen previously run for 12,100,000 cycles without pre-losd
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FIG.4&5
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FIG.5. FATIGUE TEST ON METEOR 4 TAILPLANE [APPENDIX 86}
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