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SUMMARY
Barlier tests on Viking tubular spar bocms having shown considerable
scatter and low fatigue strength, & apecial programme cof tests was under-
teken 1a order 1c¢ asceriazin the cause,

Three types of specimen made from Aluminzum Alloy Extruded Tube to
liaterisl Specalication D.T.D.36k, were tested and the results compared,
The types of specamen werc:-

(a) Extruded tube specimens laightly machined on tiie outside = having
transverse holes drilled through the tube, (Taese represented tae
critical secticn of tho Viking reolacement and Valetta spar Hoom).

(b) Plaan extruded tube with the centre portion reduced to ensure
failure in the test section,

(c) Solid polished bar spccimens made from the walls of the extrudea
tubes,

The results showad that the fatipue strength of the plain tube, with
the orimpnal extruded hore, was less than half that of tine polished bar.
Fatiaue cracking started in every tube from an obvious flaw on the inner
surface,
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1 Introduction

The original Viking spar, consisting of two tubular booms (material
Speci.ication D, T.D.364) mounted side by side, hed a fatigue failure in
service originating at one of the transverse holes. In consequence, all
Viking lower spar booms were replaced by Valetta booms which have the sams
outside diameter but greater wall thickness,

Fatigue tests on Viking spar booms made from extruded tube (material
Specification D, 7.D, 364) have indicated a fatigue strengtn greatly inferior
to that of D.T.D. 36k alloy in polished bar form, even when allowance 1s made
for the presence of {transverse holes,

Prev.ous anvestigations into the fatigue strength of Z extrusions to
the same material specification showed that the presence of the unmachined
extruded surface had a marked weakening effect in fatigue, although the
static properties were normal, Spar booms mede from extruded tube, though
machined externally, still have the extruded surface present on the inside.
Although the fatigue crack in the boom which failed in servace originated
at the outer surface of the tube, the fatigue cracking of Viking spar booms
under test almost invariably begins ot the inner surface and spreads cut-
wards, Thus the practical basic fatigue strength of the tube, in the
absence of artificial stress raisers, 1s apparently governed by the inner
surface of the tube. In order that the tubular form of spar may be
assessed 1n comparison with solid mechined spars, it is necessary to
compare this basic fatigue strength with that for polished machined
specimens.

The tests reported below wero designed to this end as follows: three
lengths of Veletta spar extruded tubing were selected at randem from stock,
and from each length the following test specimens were prepared;

1.1 Patigue Specimens

(2) Representative Specimens Extruded tubes having one or four trons-
verse Loles to represent the critical portion of Valetta spar booms.,

(b) Machined on Outer Surface Only Tubes with threaded ends and with
the central portion machined externally to approximately 0.1" wall
thickness so as to induce failure in the middle porticn which was
entirely free from holes or notches, These will be termed 'Necked
Specamens?,

(¢) Machined A1l Over Wohler and Haigh specimens,

1.2 8tatic Control Test Specimens

Two tensile test pieces from each tube.
1.3 Thus comparison was afforded between the fatigue strength of -
the extruded tube representing the actual wing spars
the basic extruded tube
the parent material in polished bar form.

2 Tests on Spor Tubes witn Transverse Holes

2.1 Test Specimens

Two types of specimen were Lsed in this test and are shovm in Fig.1
and Fig,2.
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All the specimens were made by Vickers-Armstrong Lid. from Aluminium
Alloy Extruded Tube to Specification D.T.D.36k., Tne inside dismeter, ac
extruded, was 1,10" and the outside diameter was machined to 2,20",

Specimen Type 1 The eirdht specimens of this type, made from two lengtns
of tube, were nwbered VXAT to VIAL from tube A and VIB1 to VB4 from tube B,
Zach spetimen had four 19/64" dismeter holes spaced 1,50" apart and one -}_"
diameter hole through the tube. The ends of the specimens were threaded to
st adeptors used for fitting the specimens into the testing machine,

Specimens VXA1 and VXAZ had the 19/64" dismeter holes reamed to B/46m
dismetor and sheer brace gusset plates were fitted, using 5/16" dismetar bolta,
as in the aircraft, with a light drive fit,

Speeimen Tvpe 2 The thres specimens of this type nuwbered 4, 5 and 6,
were made from tube similar to that used for the above specimens, Each speci-
men had one 5/16" diameter hole drilled through the tube at the mid-length,
The ends of the tubes were fitted with steel fork-end sleeved Tittings simalar
to taose used on the alrceraft spar booms.

2,2 Method cof Testing

The specimens were tested in a 60 ton Schenck Fatigue Testing Machine
using the screwed end adsptors or fork—end fittings as used for the Viking
gpecimens,

2.5 Loading Conditions

The applied test loads for the various specimens were as followsi-

Specamen VXAl - 16.5 * 4,98 tons
Specimens VXA3, B) and Bl - 16.5 £ L.28 tons
Specimens VXB2 and B3 - 154 X 4.0 tons
Specamens VEA! and A2 - 15.4 * 4,65 tons
Specimens 4, 5 and 6 - 16.5 * 4,98 tons

Specamens VEA] and A2 were preloaded to 31,0 tons, i.e. twaice the 1g load.

The nominal stresses of the specimensg at a section through the
tube &t a 5/16" diameter hole are shown on Teble I.

2., Test Results

The results of the tests are shown on Table I and are shown plotted on

M1 the fractures in the tubes were due to fatipue cracks which had
started &b the surface of the unmachined tbore.

3 Tests on Valetta Spar Tube "Necked' Specimens

Threz lengths of Alwminium Alloy Extruded Tube to Specification D.T.D.
36l wers selectcd from the stocx held by Vickers-Armstrong Ltd. 4 part of
each length of wibe was used in the making of control specimens and the
renamder wags uscd in the maxing of the 'necked' specimens descraibed below,



%1 Test Specimens

A peneral visw of the specimens s shown on Fig.3, The ends were
screwed to suit the fatigue testing machine adaptors, the central portion
was necked to a diamever of 1.33"., Tne oraginal extruded bore of the tube,
1.10" diameter, was left wmachined, The cross sectional area of the necked

rortion was O.44 sq in.

Note: These specimens were left plain, i.e, the tubes wel'e not drilled,

3.2 Method eof Testing

The syecimens were tested in a 20 ton Avery-Schenck Fatipue Testing
Machine,

3.3  Loading Conditions

The mean loads applied to all the specimens produced nomineal mean
stregses of 20,000 1b/sq .n. across the necked portion of the speciumen, The
alterneting loads, for esach specimen, were variced to give results suitable
for an 5=N curve,

3 Tes* Results

The results of the tests are shown on Table II and are shovm plotted
cn Fig, 7.

Bpecimsng No.3 and No.l remained unbrokcen affer withatanding 20
m1llion cycles at alternating stresses of % 6,000 eand £ 8,000 1b/sq 1n.
They were retested, later, a2t an slternating stress of * 16,000 1b/sq in,,
che new specimen numbers being 7 and 8; the endurance was about the same as
that of speclmen No.1 which hed not been tested previously.

Three of the specimens fractured in the middle of the necked paraliel
length, two failed at the end of the parallel length and one faxled at both
the end and the middle.

On diose examinataon of the specimens it was found that the cracks had
atarted at flaws in the bore ol the tube, having the appearance of longi-
tudingl cavities., The interior of 1he cavities had a very irregpular surface.
Enlarged photographs of one of these flaws can be seen in Frgs., No. L and 5.

L Control Tests on Small Specimens made from Spar Tube

Control test specimens were mads Trom three lengths of tube as
descraibed previously.

4, Tegt Specimens

Bach tube was cut into three lengths, the maximum number of test
pleccs being obtained from each, ILocation of the test pieces, Wehler, Haigh
and Static Tensilc, is shown on Fig, No,6&, this pattern being identicel for
each tube. S3tandard size Wohler test piecss were used, 0,3125" diameter at
the test section, sub-standerd daigh test pieces were used with a diameter
of 0,15" along a geuge length of 0.5"., Standard test pireces were uscd for
the tensile tasts,

b.2 Method of Testang

The reversed bending tests were made in Wohler mashines operating at
2000 cycles/minute and the fluctueting tension tests in Haagh electromagnetic
machines operating at 6000 cyclos/manute.
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4.3 Loading Conditions

The ncminol mean stress for the Halgh fluctuating tension tests was
25,000 1b/sg in.

L.k Tesgt Resulis

The results for the three tests are ghown on Tables III, IV and V, and
the Baigh test results are shown plotted on Fag, lo.7,

Prom both the Wohler and the Haigh test results it appears that Tube
No.1 hes a higher intrinsic fatigue strength than Tubes No.2 and 3.

e tensile test results andicate a variation in the ultimate tensile
gtrengths along and round each tube,

Tho 0.1 proof stress was below B85 ultimate atress with one except.on

(86.37%) .

a5 Discussion of Results

From the results shown plotted on Fig.7, 1t can be seen that disregarding
the effect of mean stress the fatigue strength of the polished bar specimens
18 2,25 times greater thaa taat orf the undrilled tube specimens with the
original extruded bore, It 1s also L.5 times greaver than that of the tube
specuneng wath the transverse holes.

The thecretical stress concentration for a trarsverse hole in & tube is
not known exactly, but it is reasonablc to suppose that 1t doss not exceed 3.
On experience of tests with sumilar material, with smooth machined surfaces
21l over, ths fatigue strength reduction factor would not be expected to
excead 2,7, Thus the actual fatigue strength reduction factor of L.5 must be
attributed to a great extent to the condation of the wmachined bore of the
tube,

At the aireraft spar boom joint, the bore of the tube 1s skummed out.
The increased basie futigue strength resulting fromn the locel removal of flaws
may account for the experimental fact that on the average the joints of the
Viking brome have a longer life than the basic tube at the shear brace
conriection holes,

& Conclusions

The presence of tho unmachained extruded surface of the bore in the tubos,
a3 uscd for the 'Wiking' and 'Valetta' spar booms, has a marked adverse effect
on the basic Tatipue strength of the tube. The fallures of the necked speci-
mens snow thet tne flaws occurring at the imncr service are a source of fatigue,
Scatzer in the endurance of tubular spar booms 18 probably largely due to the
chances of such flaws ococurring at the side of a trancverse hole, where the
local stress 18 high due to the presence of the hole, The Valetta tubes are
wilikely to be better in thas respect than the originel Viking ones, their sole
merst as a replacoment boeing a reduction in nominal stresses from the incresased
cross sectional area,



TABLE T

Patipgue Test Results of Tubular Specimens with Transverse foles

] No. of 5/16" Dia.
Specimen | Pransverse Holes | lominal Mean Stress | Nominal Alsernating | Endurance Remarks
No. in Specimen 1n/8q in. Stress * 1b/sq i, | Cycles )
VXA L 13,730 L, 150 879,000 |Practur.i through
7 dja. hole,
TELD b 13,730 4,150 1,459,800
VXAS i 44,700 3,840 1,385,900
VXA, A 11,700 4,430 405,600
VXB1 L 11,700 3,840 1,083,000
VIR & 13,730 3,570 1,529,700
TXB3 i 13,730 3,570 1,966,100 | Fractured at screwed
U/s end.
VXBY A 14,700 3,840 1,411,500
i 1 15,000 4,510 1,218,200 | Fractursd at end
/B fitting inner sleave.
5 1 15,000 4,510 956,400
5 1 15,000 | I, 510 3,188,400 | Fractured =5 end
i ! U/B fitting lug.

L-nole spoeimens were of screwed end type,
Unbroken in test length

U/B.

Single hole specimens were of forked

end sleeved Joint type.




TASLE 1T

Fatipue Regults for 'Necked'! Tube Specimens

Alterrating

Speﬁ;men Tube Stress Endurance Remarks
No. No. | & lb/sq in. Cycles
1 3 16,000 36,900
2 2 10,000 318,600
3 3 6,000 20,000,000 | Unbroken
L 1 3,000 20,000,000 | Unbroken
5 1 9,000 163,000
5 2 9,000 142,000
7 3 16,000 66,600 § No.3 8pecn,
re-tested.
8 1 16,000 70,600 | No.k Bpecn.,
| re-tested,

Mean stress for &ll specimens =

20,000 1b/sq in.

TABLE TTL
Wohler FPatiguec Test Results
Mternating | f
. ernating
{ube Stress Endurance Remarks
No. * 1b/eq in. Cycles
26,700 13,111,000
29,000 6,029,000
24,600 24,991,000
1 22,500 51,921,000 | Unbroken
33,700 1,810,000
23,500 39,889,000
38,100 100,000
40,200 114,000
26,900 4,700,000
25,600 20,923,000
23,200 29,767,000
2 22,50C 66,598,000 Trnbroken
47,100 49,000
40,200 89,000¢
31,400 879,000
35,900 162,000
26,800 2,421,000
22,700 32,111,000
24,700 8, 302,000
3 21,700 4,132,000
40,200 116,000
46,000 38,000
35,300 8l.,000
31,500 610,000




od - Ex mEED 8LDT gy

Tajui

WD JUedl, ue

—-OL—-

TLBLE ¥

Tensile Test Results

uibe 1 2 3
i Harl: ™ T2 T3 T4 T TE ™ T2 T3 T T5 T6 79 T2 73 I T Th TS
Diemeter ins. |0.337 |0.557 [0, 3375 [0.253 [0, 3575 |0. 3575 | 0. 357]0. 386 0. 357 |0. 357 [0. 357 [0. 356 0. 357 0. 356 |0. 3565 |0. 3565 |0. 357 |0. 3565
P.L. bons/sq in.{ 17.01 18.0f 14.0 16.9| 17.0 14,0 17.00 17,1 17.9} 17.0 15.2( 17,9 17,0 18.0} 17.0 16.1 17.01 17.0
0,14 F,.S. tons/sq in. ] 30.2 26.,6] 28,5 | 29,21 23,1 26.1 29.9( 23.0jf 29.7 258.8] 28.7| 27.71 31.01 31,01} 28,5 3.1 29,11 29,6
0.%%6 P.8. wons/sq an.| 31,0 27.7} 29.8 | 30.1{ 29.1 | 29.2 | 31.0{ 29.3] 30.5| 30.1| 29.8| 23,2} 32.0| 32.1| 29.7 | 31,0 | 30.2{ 30.8
0,5% P.3. tons/sq in. ! 31,81 28,6] 30.6 31.0] 30.1 30.2 32,11 306,51 3.4 31.0] 30.5] 30.21 33.01 32.9] 30.9 31,8 3.1 1.7
LLUAMATS  yons/sq dn. | 35.91 33.1{ 35.. | 36.2| 35.0 | 35.1 | 36.3| 35.4| 36.1] 35.81 35.7| 35.5i 35.9] 36.4| 35.5 | 36.2 | 35.1 36.1
w406 Ib/5q dn. | 10.5] 10.41 10,6 | 10.7] 10.5 | 10.4 | 10.2] 10.3 | 10.4| 10.1] 10.1 10.1] 10.21 10.51 10.6 | 10,4 { 16,51 10,4
Flong, on 4 vA % 12 11 12 16 12 i2 12 12 12 11 12 iz 12 11 10 14 11 14
0.15¢ P.S. 5% of TULt, 84 1 B0.31 80.6 80.6!f 80,3 | 80.1 82.5; 79.2% 82.3% 80,5 80,5 /8.1 86.3{ 85.2"' 80.3 '@ 83.1 83 &2 B




TARLE IV

Haigh Fatipue Test Resultz

{ N v g
Tube Aiéiiﬁlilng Enduranc? Renarizs
%o, + 1b/sq in. Uyoles
i ] !
i t
I 48,000 115,610,500 | Urroken
18,500 103,372,000 Uribroken
18,750 71,833,000
20,000 216,000
1 15,000 24,3, 000
22,000 2,879,000
20,000 286,000
21,000 2,117,000
£%,000 265,000
19,000 513,000
18,500 323,000
18,000 592,000
17,000 766, 006
2 16,000 17,908,000
15,500 105,052,000 Tnbroken
21,000 285,000
2%, 000 230,000
26,000 130,000
15,000 250,000
18,000 2,360,400
15,000 13,475,000
3 17,000 12,318, 000
15,000 617,000
15, 500 10,823,000
14,000 101,025,000 Tnbroken
47,200 2,515,000
Mean scress Tor all egperimens = 25,000 ib/sq an.,
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Tensile Test Results
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Mibe 1 2 3

] HMark ™ T2 T3 T T5 TE iy T2 T3 Ty 15 T6 ™ T2 13 [ Th. 75 TS

Dismeter ins. |0.337]0.337 [0. 3575 0,253 0, 3375 |0, 3375 ] 0. 357]0. 356 [0, 357 0. 357 0. 357 0. 356 [0. 357 (0. 356 (0. 3565 |0. 3565 0. 357 [0, 3565
P.1. tons/sq in.| 17.0] 18.0} 14.0 | 16.9| 17.0 | 1.0 17.00 17,41 17,91 17.01 15,21 17.5| 17,04 18.0| 17.0 | 16.1 17.01 17,0
0.1% E.S. tong/sq in. | 30.2| 26.6| 28,5 | 29.21 23.1 | 26.1 | 29.9] 23.0] 29.7{ 28.8]| 28.7{ 27.7| 31.0| 31.0] 28.5 | 30.1 | 29.1! 29.6
0.2% P.S. tons/sq in.| 31.0{ 27.7) 29.8 | 30.1| 29.1 | 29.2 | 31.0| 29.3 30.5] 30.1| 29.8| 29.2| 32.0| 32.1] 29.7 | 3.0 | 30.2} 30.8
0.5% P.3. tons/sq in.| 31,81 28.6] 30.6 | 31.0] 30.1 | 30.2 | 32.1| 30.5] 31.4] 31.0] 30.5| 30.2] 33.0} %2.9] 30.9 | 31.8 | 31.1| 31.7
LS gons/sq in. | 35.9] 33.1] 354 | 36.2] 35.0 | 5.1 | 36.3| 35.4 ] 36.1] 35.8] 35.7] 35.5] 5.9 36.4| 35.5 | 36.2 | 35.1 36.1
®! ‘<'§O6 l'D/qu in. i 10.5% 1041 10,k | 10,7] 10.5 10.4: 10,21 10.3 1 10,4 ] 10,1 | 10.1 | 161§ 10.21 10.51 10.5 10.4 10,61 104
Flong, on 4 VA % 12 11 12 16 12 12 12 12 12 11 12 12 12 11 10 11 11 11

0.1 P.S. 7o of Tit, | 8k | 8031 80,6 | 80.6, 80,3 | 80.1 | 82.5( 79.2| 82.3] 80.5| 80.5| 78,1 86,3 85.2 80.5 | €3.1 | 83 | @




FIG.1,2&3

G TYPE 1 SPECIMENS OF $PAR TUBES WITH TRANSVERSE HOLES
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FIG.1.

2. SHOWING TYPE 2 SPECIMENS OF SPAR TUBES WITH TRANSVERSE HOLES
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a. ENLARGED VIEW OF FLAW. THE WALL OF THE TUBE
HAS BEEN CUT AWAY FOR CLARITY

x5

b. ENLARGED VIEW OF FATIGUE AREA SHOWING ORIGIN
OF CRACK AT EXTRUDED INNER SURFACE

" FIG4. FLAW AND FATIGUE AREA.
SPAR TUBE NECKED SPECIMENS
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5. ENLARGED VIEW SHOWING FLAW ON

AR TUBE NECKED SPECIMENS

iINNER SURFACE OF TUBE
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