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SUMMARY 

Al 2% Cu alloy lug specimens of five different geometries chosen to 

represent a range of static strength values, were fatigue tested under constant 

amplitude loading at ambient temperature. It is shown that the mode of failure 

was the same in all lug fatigue tests by contrast with the variable mode of 

failure expected in static tests. A comparison of the fatigue strengths of the 

lugs shows some correlation with Kt , the net stress concentration factor. 

* Replaces RAE Technical Report 75045 - ARC 36 216 
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1 INTRODUCTION 

The single pin joint or lug is an important and common element in aircraft 

design. The design of a lug1 for static strength must consider shear, bearing 

and tensile strengths, and the critical stress and mode of failure will depend 

on the ratios of tension to shear stress and bearing to shear stress. 

The purpose of this Report is to examine the fatigue strengths of lugs of 

differing geometry designed by BAC Ltd. (Filton Division) to give a range of 

ratios of tension to shear stress and bearing to shear stress and hence a range 

of static strength values. The tests of aluminium alloy lugs of five different 

geometries were carried out by Hawker Siddeley Aviation Ltd. under Mintech 

contract. It is shown that the mode of fatigue failure was the same for all lug 

geometries; this contrasts with the variable mode of failure which would be 

expected in static tests. The fatigue strengths of the different lugs are com- 

pared and it is shown that there is some correlation with Kt , the net stress 

concentration factor. 

2 MATERIAL AND SPECIMENS 

The material used for all specimens was a fully heat treated Al 2% Cu 

alloy to specification CM 003 (RR 58) in the form of 3 inch thick plate. The 

chemical composition and tensile properties as stated by the manufacturer are 

given in Table 1. 

Lug specimens (see Fig.1) were extracted with the grain of the material in 

the transverse direction from different depths in the plate; no specimens were 

within 0.25 inch of the surface, the region of relatively coarse grain. After 

manufacture the specimens were anodised to the requirements of BAC MP 1002 2 and 

finally the holes were reamed to ensure metallic contact between the pins and 

bores. Axial loading was applied by round steel pins of clearance fit and all 

test sections were dry during testing. 

Five different geometries of lugs were manufactured as illustrated in Fig.2. 

3 FATIGUE ,TESTS AND RESULTS 

All tests were at room temperature under constant amplitude loadirr: in 

fluctuating tension with a small fixed minimum load to minimise disturbance to 

the seating of the pins in the lug holes during test. Three specimens of each 

type were tested at four levels of alternating stress to failure or to lives of 

about 6 x IO6 cycles. 
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Table 2 gives details of the fatigue stress and number of cycles to 
failure for each test and Fig.3 is a S-N plot showing curves of log mean 
endurance - all stresses quoted are based on the net cross sectional area. 

The different lug geometries designated 0, A, B, C, D in Fig.2 were 
chosen to provide a range of values for the ratios of tension to shear stress 

and bearing to shear stress, a/c and 2a/d respectively. From simple considera- 
tions of the tensile and shear strengths of the material: it would be expected 

that lugs of type 0, B, C and D would fail statically by double shear through 
the end of the lug and that lug type A would fail in the tension mode across the 
net section. In fatigue all specimens failed through the net sections along a 
line normal to the applied load. 

4 COMPARISON OF FATIGUE STRENGTHS 

Fig.3 presents S-N curves of mean endurance for each of the five lug 
geometries studied. It is seen that over the whole endurance range lug A has 
superior fatigue strength to the other four lug types which are all of similar 
performance. 

To understand the significance of this result it is helpful to consider 
the fatigue strengths of the different lugs in relation to their net stress 
concentration factors (Kt), quoted in Fig.2. These values were derived from 
Fig.4 which shows the ESDU presentation of KB , the bearing stress concentra- 
tion factor 4 . It is seen in Fig.5 that although correlation between fatigue 
strength and net stress concentration factor is not particularly good, it seems 
to explain adequately the superiority of the type A lug, 

5 CONCLUSIONS 

Al 2% Cu alloy lugs of five different geometries giving a range of static 
strengths were fatigue tested under constant amplitude loading to compare their 
fatigue performances. The following conclusions were drawn: 

(1) The mode of fatigue failure was across the net section for all lug 
geometries, whereas it would be expected that under static loading four of the 
five lug types would fail in double shear. 

( 4 The only significant effect on fatigue strength of varying the geometry 
of the lug appeared to be associated with the stress concentration on the net 

section. 
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Table 1 

CHEMICAL COMPOSITION AND STATIC STRENGTH OF CM 003 MATERIAL 
AS STATED BY MANUFACTURER 

Chemical composition: 

Element Cu Mn Mg Fe Si Zn Ti Ni Al 

Percentage by weight 2 . 5 0 . 1 1 . 4 1 . 0 0 . 2 0 . 1 0.03 1.2 Remainder 

Transverse tensile properties: 
0.2% proof stress 60 000 lb/in 2 

UTS 65 400 lb/in2 
Elongation 7% 



Table 2 

FATIGUE TEST RESULTS 

Identification 

Identification 

Identification 

Identification 

o-12 Identification D59 D60 D61 0.840 
Endurance 0.831 0.825 0.866 

O-8 Identification D62 D63 D64 2.42 
Endurance 1.45 3.04 3.20 

UB = unbroken 
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Specimen Dimension 
geometry 
ident. No a 

0 0~467 
A O-467 
8 O-660 
C 0 l 467 
0 o-320 I 

Dimension 
0 

O-959 
O-750 
I*200 
I*155 

0*9lO 

Dimension 
C 

o-292 
O-188 
0.413 
O-390 
0*268 

1 All dimensions in inches and tolerances unless otherwise stated -I O-001 

2 Holes are on centre-line of specimen within O*OOl and Qdges of holes 
ore carefully chamfered 0*02 

3 All edges of specimens are chamfered O-02 
4 Surface finish I5 p inches (centre-line average) 

5 Specimens are onodised to BAC MP1002 (Reference 3) ) followed by final 
reaming of holes 

Fig. I Lug specimen 
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2a 
d 

d 
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0*391 
O-500 
0.313 
O-325 
0.412 

D 

Fig.2 Diagrams of the five lug geometries tested 



Geometry ‘C’ -Y 

X 0 0*49 O-391 
0 A O-62 0*500 
0 0 O-55 o-St3 
+ C O-40 0.325 
c, D O-35 O-412 

Material :- CM003 plate . q~ulllrbl y u 

\A\. A \ 

Constant omplituda fatigue loading ( 

d . 

R’JO) 

I I I 

IO4 IO5 IO6 

Endurance - CyClQS 

Fig.3 Variation of fatigue endurance with lug geomutry 
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KB= the bearing cross section stress 
concentration factor 

f ,,,,.,x =moximum stress in bar = Kg f,,f 

n 

(After ESDU - Ref.4) 

Fig. 4 Standord curves for evaluating theoretical stress concentration factors from 
ESDU data sheet 65004 
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