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TOYAL AIRCRAFT F.!YMBLISH&ZWI - 

Investigation of the Fatqx of Atirudec? Tubula? Booms 

Earlier tests on Viking tubular spar booms having shown considerable 
scatter and low fatl&ue stren&h, a speciti progrmme of tests was under- 
t&en 10 order to ascertan the cause. 

Three types of specimen made from Aluninrum Alloy Extruded Tube to 
Katerisl Specxfxatlon D.T.D.364, were tested and tile results compared. 
T'ne types of spxmen mere:- 

(4 Extruded tube syecmens ll&tly machmed on the outmde - having 
transverse holes iLrilled through the tube. (Tiiese represented tae 
crituxl sectxn cf t!is VikinS replacement and Valetta spar 5oo;n). 

b) Plam extruded tube mth the centre portlon reduced to ensure 
faxlure m the test section. 

(0) Solid polished b<ar specimens made frw the walls of the extrxfleu 
tubes. 

The rewlts showed that the fatlpe strength of the plan tube, with 
the origud extruded bore, was less than half that of tna p~l~s.h~d bar. 
&xt-Lwe craclung stsrted ln every tube from an devious flax on the inner 
surface. 
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1 Introduction 

The original Viking spar, consisting of two tubular booms (material 
SpeciLloation D.T.D.364) mounted side by side, had a fatigue fal1ur.e in 
service originating at one of the transverse holes. In consequence, all 
Viking lower spar booms were replaced by Valetta booms which have the same 
outside diameter but greater wall thickness. 

Fatigue tests on Viking spar booms made from extruded tube (material 
Specifxation D.T.D.36!+) have indxated a fatigue strength greatly inferior 
to that of D.T.D.364 alloy in polished bar form, even when allowance 1s made 
for the presence of transverse holes. 

PrevLous znvestigatlons into the fatigue strength of Z extrusions to 
the same material speclficatlon showed that the presence of the unmachined 
extruded surface had a marked weakening effect in fatigue, although the 
static properties were nolmdl. Spar booms m&e from extruded tube, though 
machined externally, still have the extruded surface present on the mslde. 
Although the fatxgue cracK in the boom which falled in service originated 
at the outer surface of the tube, the fatxgue cracking of Viking spar booms 

under test almost invariably begins at the inner surface and spreads out- 
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 m com>axxon with solid machlncd spars, it is necessary to 
compare this basic fatigue strength with that for pollshed macnined 
specunens. 

Tne tests reported below wez designed to this end as follo?s: three 
lengths of Valet& spar extruded tubing mere selected at randcm from stock, 
and from each length the follovsing test specimens xere prepared: 

1.1 Fatigue Specimens 

(a) Representative Specimens Extruded tubes hating one or four trzns- 
verse Loles to represent the critical portlon of Valetta spar booms. 

(h) Machined on Cuter Surface Only 
I~-, 

__.~..._...~. ___ - . . . - -  ._._~ Tubes with threaded ends and tith 
the central portion ms .chined externally to approtitely 0.1" wall 
i;hickness so as to induce failure in the middle portion which YES 
entirely free from Loles or notches. These vsill be termed 'Necked 
Specimens'. 

(c) wined All Over WCthler and Haigh specimens. 

1.2 Static Control Test Specimens 

Two tensile test pieces from each tube. 

1.3 Thus comparison was afforded between the fatigue streruth of - 

the extruded tube representiw the actual wing spars 

the basic extruded tube 

the parent matorlal in polished bar form. 

2 Tests on Spar Tubes witn Transverse Eoles 

2.1 Test Specimens 

Two types of specimen were ued m this test and are shovrfi in Fig.1 
and Fig.2. 
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AL1 the specimens ware made by Vickers-Armstrong Ltd. from A.Lwni~Lmt 
Alloy Extruded Tube to Specification a.T.~.364. Tne inside diameter, as 
extruded, was 1.10" end the sutside diameter was machined to 2.20". 

SJpimen n$p& The eight qeoimens of this type, made from two lengths 
of tube, were nzunbered VT.&1 to VX& from tube A and VXBI to VX& from tube B. 
&ch specmen had four 19/6&" diameter holes spaced 1.50" apart and one &' 
diameter hole throu& the tube. The ends of the specimens were threaded to 
suit adaptors used for fitting the specimens into the testing maohine. 

Specimens VU1 and KU2 had. the Is)/@+" diameter holes reamed to T/16" 
diemetcr and shcnr brace gusset plates were fitted, using 5/16" dismetsr bolts, 
as in the aircraft, with a light drive fit. 

Specimen Ty-pe 2 The three specimens of this type numbered. r;, 5 and 6, 
were made from tube simtisr to that used for the above specimens. Each specs- 
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 fittings simxlar 
to tnose used on the aircraft spar bows. 

2.2 Meethod of Testing --- 

The ,specur.ens wert tested in a 60 ton Sohenck Fatigue Testing Machine 
usingtne screwed end adaptors or fork-end fittings as used for the Viking 
sqoecimens. 

2.3 Loadinn tinditions 

The applied test loads for the various specimens were as follows:- 

Specimen VU!+ 16.5 + 4.98 tons 

Specinens VXA3, Bl and Bl+ - 16.5 2 4.23 tons 

Specimens VXB2 and S3 15.4 f 4.0 tons 

S;leomcns VU: and A2 15.4 ?: 4.65 tons 

Specimens 4, 5 and 6 f6.5 + 4.98 tons 

Speczmens VXAI and A2 were preloaded to 31.0 tons, i.e. twice the lgload. 

The noixnal stresses of the specimens at a section through the 
tube at a 5/16" diameter hole are shown on Table I. 

2.4 Test Eesults 

The results of the tests are shown on Table I and are shown plotted on 
Fig.7. 

All the fractures in the tubes were due to fatigue cracks which had 
started bt the surface of the unmachined bore. 

3 Tests on Veletta Spar Tuoe 'Necked Specimens 

Three lerqths of Nmxinx.um Alloy Extruded Tube to Specifioation D.T.D. 
364 were select& from the stocx held by Vickers-Armstrong Ltd. A part or 
each lengih of a.ube was used in the making of control specimens and the 
rcmamdor was used iu the making of the 'necked' specimens described below. 
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3.1 Test Specimens 

A general view of the specimens IS shove on F1g.3. ‘Ze ends were 
screwed. to stit the fatigue testing machine adaptors, the central portion 
was nesked to a diameter of 1.33". Tne orqinal extruded bore of the tube, 
1.10" dumeter, was left uronaohined. The cross sectional are2 of the necked 
portron was 0.4.4 sq in. 

Note: These specmens were left plain, i.e. the tubes weL'e not drilled. 

3.2 Method of Testinq 

The s;~ecmens were tested m a 20 ton AverJ-Schenck Patlgue Testing 
Bkchne . 

3.3 Loading; Conditions 

The mean loads applied to all the specimens produced nominal mean 
sirezses of 20,000 lb/sq ~1. across the necked portion of the spewmen. The 
alternetingloads, for each ~specunen, were vatted to give results suitable 
for an S-N curve, 

3.1, _ Te65 Results 

The results of the tests are shown on Table II and are shown plotted 
on Fig.?. 

Specimx~s No.3 and No.4 remaxned Llnbroken after withstanding 20 
million cycles at alternating stresses of ?: 6,000 and + 8,000 lb/s in. 
They acre retested, later, at an alternating stress of + 16,000 lb 4 sq in., 
the new speci;nen nmbers being 7 and 8; the endurance was about the same as 
that of specimen No.1 which had not been tested previously. 

Three of the specimens fractured in the mGldl.e of the necked parallel 
length, two failed at the end of the parallel length and one f&led at both 
the arCi and the middle. 

On close exammattlon of the specimens it was found that the cracks had 
started at flaws in the bore of the tube, having the appearance of long- 
tua-Lnd cavltits. The interior of the cavities had a vemJ irregtiar surface. 
Enlarged photographs of one of these flaws can be seen in Figs. No. 4 and 5. 

4 Control Tests on S&L1 Specimens made from Soar Tube 

Control test specimens were made from three lengths of tube as 
described previously. 

4.1 Test Specvnens 

Each tube was cut into three lengths, the maximw number of test 
pieces being obtained from each. Location of the test pieces, WZhler, Iizlgh 
and Static Tensile, is shown on Fig. No.6, this pattern being identical for 
each tube. Standard size Tbhler test pieces were used, 0.3125" diameter at 
the test section, sub-stenndard Yiaigh test pieces were used with a diameter 
of 0.15" along a gauge length of 0.5". Standard test pleccs were used for 
the tensile tests. 

4.2 Method of Testin& 

The reversed bending tests mere made in W&l.er mwhines operating at 
2000 cycles/minute and the fluctuating tension tests in Ha;rgh electromagnetic 
machines operating at 6000 c@.&mmute. 
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4.3 Loading Conditions 

The ncminjl mean strSsS for the Hsi& fluctuatrng tension tests was 
25,000 lb/sq ir.. 

The results for the three tests are shown on Tables III, IV and V, and 
the Hai& test results are shown plotted on Fig. No.7. 

Frcm both the W&l.er a3ld the Hal&x test results it appears that Tube 
No.1 has a higher intrinsic fatigue stren@h than Tubes No.2 EU?L 3. 

L'iie tensile test remilts indicate a vsriatlon in the ultimate tensile 
Strengths along and round eech tube. 

The 0.1 Jo l>roof stress waS below 8510 ultmate stress with one except.-on 
(86.~0). 

5 IXscussion of Stesults 

From the results shown plotted on Fig.7, It can be seen that disre&,arding 
the effect of mcsn str&,sS the fatigue strength of the polished bar specimens 
1s 2.25 tllnes @eater thall tnat 01' the undrilled tube specimens vilth the 
orig33d extruded bore. It IS ~3.~0 4.5 times cryeater than that of the tube 
specwens with Lhe transverse holes. 

The thecretlcsl st?esS concentre.tion for a tracsverse hole 111 a tube is 
ngt known exactly, but it is reasonable to suppose that It does not exceed 3. 
On experience of tests with smllar material, with smooth machined surfaces 
all over, the fatigue strength reduction factor woul& not be expected to 
e~3eed 2.7. Tnus the actual fati,&e strength reduction factor of 4.5 must be 
attributed to a ,grsat extent to the cond.Ltnon of the machined box-6 of the 
tube, 

At the arcraft s>;ar boom joint, the bore of the tube 1s skznmed out. 
The increased basx fatigue strength resultmp from the local. removal of flaws 
may account for the experlmentd. fact that on the average the Joints of the 
Vdcingbcoms have a longer life than the basic tube at the shear brace 
connection holes. 

6 Conclusions 

The presence of thz unmachmed extruded Surface of the bore w the tubos, 
as used for the 'Viking' and. 'Valetta' spar booms, has a marked adverse effect 
on the basx fatigue strength of the tube. The failures of the necked specs- 
mens snow that tne flaws occurring at the inner servxe are a source of fatigue, 
Scatter in the edurance of tubular spar booms 1s prob.sbly lsrgcly due to the 
changes of such flaws occurring at the side of a trsnxerse hole, where the 
locsl st;L'ess 1s :.I& &x to the presence of the hole, The Vsletta tubes are 
unlikely to be better in thrs respect than the orlgxnal Viking ones, their Sole 
merzt as a replacement b\:lng a reduction in nominal stresses from the increased 
cross sectional area. 
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Ko. of 5/l@’ ma, 
%==n Transverse ii&es i%mmd %ean Stress NominaJ. A~.x~~.ting End.u.r~ce 

lb/sq in. Stress ?: lb/sq in. %narks 
in specmen Cycles 

I I 

vxkl 4 13,730 4,150 879,000 3-?xctur,S throu~ 
2' dia. hole. 

VzLz 4 j3,730 4,350 1,459,soo 

vxnj 4 14,700 3,840 1,35,900 

vxw, 4 14,700 4,430 405,GOO 

VXBI 4 24,700 3,840 1,083,000 

m2 4 13,730 I 3,570 1,529,700 

=3 4 13,730 3,570 1,966,100 Fracturea at screwed 
U/B ma. 

J-+-L 15 14,700 15:ooo 000 3,840 4,510 4,510 1,218,~00 1,4~1,500 956,400 Fractured at end 
U/B fitting mner sleeve. 

1 



Fatime Results for '%xked' Tube Specmens 

E$mmnen Tube 
' Alterrating I 

Endurance Ranarks 
No. No. I 

Stress 
2 lb/m in. Cycles ) 

1 3 lG,OOO ,6,900 
, 

2 2 lO,OO@ 318,600 1 

3 3 6,000 20,000,OOO Unbroken 

( 4 1 I 1 8,000 20,000,OOO Unbroken 

5 1 / 9,000 163,000 

6 2 9,000 142,000 
7 3 16,000 66,600 No.3 +ecn. 

re-tested. 

8 1 16,000 70,600 No.4 Specn. 
re-tested. 

1vka.n stress for all specimens = 20,OC'O lb/q in. 

TABLE III 

%hler Fatime Test Results 

r 
l'ube 
No. 

1 

Alternating 
Stress 

26,700 
29,000 
24,600 
22,500 
33,700 
23,500 
38,100 
40,200 

26,900 
24,600 
23,200 
22,5OC 
47,j 00 
40,200 
31,400 
35,900 

26,800 
22,700 
24,700 
21,700 
40,200 
46,000 
35,900 
31,500 

T 

-I 
t 

~ 

Endurance 
Cycles 

13,111,000 
6,029,000 

24,991,000 
51,921,OOO 

1,810,000 
39,889,000 

100,000 
114,000 

4,7o$O00 
20,923,000 
29,767,OOO 
66,998,OOO 

~;cl~ 
879:oOO 
?62,000 

2,421,OOO 
32,111,000 

8,309,000 
4&,133,000 

110,000 
38,000 
%OOO 

610,000 

?- c Remarks 

Unbroken 

Unbroken 
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T ,;a;r v 2 

Tensile Test Results 
* -- 
‘% '*L&be 1 :: 2 
2 tk?A Tl T2 T3 T4 T5 T-6 Tl T2 T3 T4 T5 T6 Tl ; T4 T5 T6 .r< T2 i’3 
h, 
'2 Diameter ins. 0.337 0.337 0.3375 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 
2 P.L. tons/sq in. $7.0 18.0 14.0 16.9 17.0 ( 14.0 17.0 17.1 47.9 17.0 15.2 17.9 '7.0 18.0 17.0 16.1 / 17.0 17.0 
2 e 0.1~6 P.S. tons/sq in. 30.2 26.6 28.5 29.2 23.1 26.1 29.9 28.0 29.7 20.8 28.7 27.7 31.0 31.0 28.5 30.1 29.1 / 29.6 
7 ir 0.2$ P.S. mm/sq m. 31.0 27.7 29.8 30.1 29.1 29.2 31.0 2Y.3 30.5 30.1 29.0 29.2 32.0 32.3 29.7 31.0 30.21 30.8 
; 
L> 0.90 P.S. tons/sq in. 31.a 28.6 30.6 31.0 30.1 30.2 
p 1 
-I .A ntmate- 
Y, 0 stress tom/sq in. 35.9 33.1 35.4 36.2 35.0 35.1 - 36.3 35.4 36.1 3 

2 I 6 l.b/sq in. %, 'E' x 10 10.5 10.4 10.4 10.7 10.5 10.4 10.2 10.3 10.4 10.1 10.1 
': ._ -- 
.- ' mong. on 4 JA y3 12 11 12 16 12 12 12 12 

I 0.1:~ P.S. ib of cit. I 84 ! 80.31 80.6 ! 80.6, 80.3 / 80.1 1 02.5, 79.2 / 



----l- la,000 
18,500 
18,750 
20,000 

1 1y,ooo 
22,coo 
?O,OOO 
21,000 
23,000 

-- 
I 

i 

19,000 
15,500 
18,COO 
17;000 

2 16,000 
15,500 
21,000 
23,000 
26,OOC 

17,GOO 254,000 
1c,ooo Z,$@,G30 
15,000 13,475,000 

3 17,000 12,~18,GOG 
16,000 61,7,000 
'fJ,5ii0 10,823,000 
IL+, 000 101,028,000 Uribroken 
:7,300 2,515,000 

Ilj.hlo,joo 
103,372,OOO 

71,s33,000 
216,000 
24q000 

2,87?,000 
286,000 

2,117,OGO 
265,000 

I 

513,000 
323,000 
592,000 
766,000 

17,90R,000 
105,052,000 

295,000 
330,000 
1~0,000 

I 
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Tensile Test Results --- 
* -- 

2 TL&x! 1 2 

2 
- 

%.rk Tl T2 r3 T4 m T6 Tl T2 r3 ' T4 '25 T6 Tl 1'2 r3 3 T4 / T5 / T6 - 
.:: 
2 Diameter I 
.z ins. 0.337 0.337 0.3375 0.253 0.3375 0.3375 0.357 0.356 0.35710,357 0.357 0.356 0.357 0.326 0.3565 0.3565'0.357 0.3565 

5 
I P.L. tons/sq in. 27.0 18.0 14.0 j6.9 17.0 14.0 17.0 17.1 17.9 17.0 15.2 47.9 '7.0 18.0 17.0 16.1 17.01 17.0 

? 
, 

0.1p E.S. tox/sq in. 30.2 26.6 28.5 27.2 23.1 26.1 29.9 28.0 29.7 28.8 28.7 27.7 31.0 31.0 28.5 30.1 29.1 / 2y.6 
c iJ. O.Z?$ P.S. ton~/sq in. 31.0 27.7 29.8 30.1 29.1 29.2 31.0 23.3 30.5 30.1 29.8 29.2 32.0 32.1 2Y.7 31.0 30.2i 30.8 r x 
"= 0.5% P.S. tons/sq in. 31.8 28.6 30.5 31.0 30.1 30.2 j2.1 30.5 3q.4 31.0 30.5 30.21 33.0 T2.9 30.9 j 31.1 31.7 
;: I 

31.8 

vs. 2 iztlinatte 
io 0 stress tons/sq in. 35.9 33.1 35.4 ' 36.2 35.0 35s1 1 36.3 35.4 36.1 35.8 35.7 35.51 35.9! 36.4 35.5 1 %.2 i35.1 

: I _ 'E' Y 10 6 
u lb/sq in. 10.5 10.4 10.4 10.7 10.5 IO.4 10.2 10.3 10.4 10.1 10.1 lO.l/ 10.2 10.5, IO.5 10.4. 
;; 

%long. on 4 JA p 12 11 12 J-,2 12 12 12 12 j 11 12 1% 1 12 11 10 'I 

I 
0.1;c P.S. >b of at. 84, 80.3 80.6/ 80.61 80.3 ; 80.1 1 82.5 79.2/ 82.3 80.5 80.5 1 78.1 1 86.31 85,2' 80.; j 83-l 1 83 i 32 1 



ING TYPE I SPECIMENS OF SPARTUEES WITH T ANSVERSE HOLES 

ING TYPE 2 SPECIMENS ES WITH TRANSV~KSE HOLES 

FlG.3. ECKED SPECIMEN WIT 



x3 
. ENLARGED VIEW OF FLAW. THE WALL OF THE TU 

HAS BEEN CUT AWAY FOR CLARITY 

~~~ARG~~ VIEW OF FATIGUE AREA SHOWING ORIGIN X5 
ACK AT EXTRUDED INNER SURFACE 
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FIG. 6. 
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