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ENDURANCE OF ALUMINIUM ALLOY LUGSWITH STEEL INTERFERENCE-FIT

PINS OR BUSHES

1 NOTATION

Both Sl and British units are quoted but any coherent system of units may be used.

a distance from centre of hole to end of lug (see Sketch 2.1) m in
d pin or bush external diameter m in
. d internal diameter of bush m in

o)
[a
0 d, diameter of holein lug m in
3]
E f maximum tensile stress acting around boundary of hole, caused N/m? bffin?
S by interference alone
g f, 0.2 per cent proof stress of lug material N/m? bffin?
3 f, tensile strength of lug material N/m? bf/in?
5
g Ky elastic stress concentration factor of lug with pin-fit < 0.1 per
L cent clearance, based on net area (see Section 3.1)
= N endurance
=
£ P applied tensile load N lof
<
Q.
S S nominal stress acting on net cross-sectional area of lug N/m? Ibf/in?
2 (excluding bush) = P/(W—d)t
(%]
w t thickness of lug m in

w width of lug m in

Suffixes

a indicates nominal aternating valuesin loading cycle

m indicates nominal mean value in loading cycle

max, min indicate maximum and minimum values in loading cycle

respectively
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2. NOTES

The results of about 800 constant amplitude fatigue tests on aluminium alloy lugs have been analysed.
These lugs were either loaded by steel interference-fit pins, or contained steel interference-fit bushes that
were loaded by steel clearance-fit pins. The test data and endurance curves are presented in terms of the
parameters K, S, /f, against N for various values of K, S /f, . Thisform of presentation for the fatigue
endurance curves has been used so that a direct comparison of endurance data can be made with those
obtained from fatigue tests on al uminium alloy lugs contai ning push-fit pinsand presented in ESDU 80007

W
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| Steel bush
with solid”_ !

HH¢HH pin or solid
P

pin only

HH#H#HHH

a. Square b. Round c. Tapered

Sketch 2.1 Lug geometriesfor which data are available

All the tests were conducted at room temperature. The types of lug tested and descriptions of their end
shapes are illustrated in Sketch 2.1. The lugs were loaded axially and, since there was no clamping, all the
loading was transferred through the pin. The lugs were not subjected to bending loads but, where they had
at/d ratio greater than 0.5, an estimate of the effect of pin bending was included in the calculation of K,
(see Section 3.1). The lugs tested were manufactured from either Al-Cu-Mg or Al-Zn-Mg aloys. For the
purposes of this Data Item material s have been grouped according to their ratios of 0.2 per cent proof stress
to tensile strength, fp/ft . The ranges of fp/ft covered are as follows.

ESDU Copyright material. For current status contact ESDU.

Solution treated and artificially aged alloys 0.84< fp/ft <091
Solution treated and cold worked aloys (2024-T3) 0.66< fp/ft <0.80
Solution treated and naturally aged alloys (other than 2024-T3) 0.72< fp/ft <0.75

To indicate size effect the data have been sub-divided into three convenient groups based upon either pin
or bush external diameter d. The effect of size on the fatigue strength of lugs is influenced by other
parameters, but d isthe most sensitive dimension. The data have been grouped asshown in Table 2.1. (Note
that there are no data available for small specimens containing bushes.)

" ESDU 80007 “Endurance of aluminium alloy lugs with nominally push-fit pins (tensile mean stress)”.
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TABLE 2.1
Soecimen d/w t/d Approximate
size group min max _ _ number of
_ _ min | max | min | max _
mm in mm in specimens
Large pin 19.05| 0.75 |31.75| 1.25 | 033 | 056 | 0.25 | 1.0 160
Medium pin unbushed| 9.53 | 0.375|15.88|0.625| 0.19 | 05 | 025 | 1.71 240
Small pin 478 10.188| 794 0313|025 | 05 | 05 | 10 180
Large pin } bushed 19.05| 0.75 | 320 | 1.26 | 034 | 05 | 0.16 | 1.27 180
Medium pin 100 | 039 | 150 | 059 | 033 | 045 | 05 | 0.6 40

ESDU Copyright material. For current status contact ESDU.

Theinterference-fit” between pinand lug ranged from 0.25to 0.8 per cent and between bush and lug ranged
from 0.08to 1.0 per cent. Tables6.1to 6.5 give acomprehensivelisting of al thelug specimens considered.
Throughout the text, and on the figures of this Item, the lugs with interference-fit pins are described as
“unbushed specimens’ and the lugs containing bushes are described as ‘ bushed specimens'.

The effects of antifretting compounds on fatigue endurance were not considered but in many of the tests
the pins or busheswere lightly greased prior to assembly. Some of the test specimens contained bushesand
pins that were cadmium plated, particularly those made from corrosion resistant (stainless) steels. In two
of the derivations tapered bushes were inserted in the specimens, see Table 6.4 for details.

PRESENTATION OF DATA

Thefatigue test data are presented on Figures 1 to 14 in terms of the type of aloy, specimen size, whether
bushed or unbushed and degree of interference-fit. Endurance curves are drawn through the datain terms
of K, S,/f; and, where possible, the mean stress parameter K, S,/ f,. On somefiguresit was not possible
to draw curves for constant values of K, S,/f, but it was possible to draw a curve for a constant value of
R (inal such cases R =0).

On each figure the non-dimensional interference-fit stress parameter f/f; for the range of interference-fits
considered is given. The value of f was calculated using either the method given in Appendix A of this
Item, for unbushed specimens, or from ESDU 710117, for bushed specimens. For the types of specimens
and materials available the values of the ratio f/f, are proportional to the degree of interference fit. For the
unbushed specimens f/f, is approximately equal to the percentage fit and for the bushed specimens (which
arerelatively thin) f/f, is approximately equal to half the percentage fit. The circumferential tensile stress
caused by the pin or bush interference around the boundary of the hole increases the local tensile mean
stress but more importantly reduces the fatigue alternating stress* at the point of maximum stress on the
transverse diameter of the hole, point A on Sketch 2.1. This reduction in alternating stress together with
the reduction of fretting damage between the pin or bush and the lug produces an increase in fatigue
endurance compared with data obtained for lugs with push-fit pins. Where possible each figure shows the
corresponding range of endurance curves for lugs with push-fit pins (shown dashed and obtained from
ESDU 80007) so that a comparison of fatigue endurance may be made between lugs with interference-fit
pins and lugs with push-fit pins.

" The percentage interference is defined by the expression [1—d, /d] x 100.
T ESDU 71011 “ Stresses due to interference-fit pins and bushesin plates, strips or lugs”.

* See Appendix B for explanation.
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On most figures the interference-fit pin lugs have longer endurances than the corresponding push-fit pin
lugs. It should be noted, however, that thisincreasein endurance may not be solargeif thelugsare subjected
to variable amplitude loading.

Note that the values for the various ranges of mean stress are denoted by different symbols on the figures.
These symbols identify the source (derivation) from which the data have been obtained. The data are
presented in this way because of the very large amount of scatter in the test results compared with the
corresponding push-fit pin data given in ESDU 80007.

31 Calculation of Stress Concentration Factor, Ky

Solutions for the stress concentration factor at the edge of aloaded holein alug with interference-fit pins
or bushes are not known. Therefore, in this Item, the elastic stress concentration factors given in
ESDU 81006 have been used to giveavalueof K that correctsfor geometry rather than stress, but enables
adirect comparison with the fatigue endurance for lugs with push-fit pins to be made. The vaues of K,
quoted are calculated for a pin-clearance of less than 0.1 per cent. For the square-ended lugs values of K,
may be obtained directly from the figures and for round-ended lugs values of K; may be obtained using the
formulaand method presented in ESDU 81006. An additional multiplying factor (which takesinto account
the effect of pin bending) is also obtained from ESDU 81006 and is applied to the nomina stress
concentration factor if thet/d ratio of the component is greater than 0.5.

4, DISCUSSION OF RESULTS
4.1 Solution Treated and Artificially Aged Alloys (0.84 < fp/ft <0.91)

Endurance curves for solution treated and artificially aged materials are presented on Figures 1 to 5, for
large and medium unbushed specimens, and on Figures 8 and 9 for small unbushed specimens, with pins
having interference fits in the range 0.34 to 0.8 per cent. Endurance curves for bushed specimens are
presented on Figures 11, 12 (large) and 14 (medium) with interferencefitsin the range 0.08 to 1.0 per cent.
Where possible smooth curves have been drawn by eyethrough the logarithmic mean of thedatafor various
ranges of the mean stress parameter K, S,/ f,. Whereit was not possible to draw curves through values of
K; S,/ f; mean curves have been drawn through the R = 0 data, see Figures 2 and 14. It can be seen from
the figures that the large and medium size specimens, made from Al-Cu-Mg alloys, with interference-fit
pins have longer fatigue endurances, for given stress levels (at values of K.S /f,<1.0), than the
corresponding large and medium size specimens with push-fit pins. This increase in fatigue endurance
between interference-fit pins and push-fit pinsis not reflected, however, at values of K,S /f,>1.0 and for
the small specimen data, where in both instances there is very little difference in fatigue endurance for the
two levels of pin fit. The trends of the data are that the higher the degree of interference fit the longer the
fatigue endurance for any given stress level. On Figure 2 the data show that there is an optimum
interference fit of about 0.7 per cent, because the specimens with 0.8 per cent interference-fit pins appear
to have shorter fatigue endurances than those with 0.57 and 0.75 per cent interference (R = 0 curve). Note
that the interference stressratio f/f; for the 0.8 per cent interference-fit pinsis very high at 0.88.

ESDU Copyright material. For current status contact ESDU.

Figures 11, 12 and 14 present endurance curves for bushed specimens where some of the bushes have been
cadmium plated. On Figure 11 the specimens containing cadmium plated bushes have very much shorter
fatigue endurances than specimens containing plain bushes. On Figure 14, however, the difference in
endurance between specimens containing plain bushes and those contai ning cadmium plated bushesismuch
smaller although the trend is that specimens with cadmium plated bushes have shorter endurances. Similar
trends are shown on Figure 12, although there are only eight test results for specimens that have cadmium
plated bushes. Figure 15 compares the endurance curves for the artificially aged alloys for the three pin or

" ESDU 81006 “ Stress concentration factors. Axially loaded lugs with clearance-fit pins’.
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bush sizes, at two valuesof K, S /f.. At K, S,/ f, intheregion of 0.6, the medium unbushed specimens
have the longest endurances for given values of K, S, /f, and the Al-Zn-Mg alloy specimens with large
pins have the shortest endurances. The scatter between the groups of specimens at this approximate value
of K, S,/ f; isvery large. At higher values of K, S,/ f;, in the region of 1.4 to 1.5, the effect of pin size
on fatigue endurance is less pronounced and in this instance small pin specimens have the longest
endurances.

4.2 Solution Treated and Naturally Aged Alloys (0.72 < fp/ft < 0.75)

Figures 7 and 10 present data, at R = 0, for medium and small unbushed specimens for the naturally aged
aloys for three values of interference fit. The data show that small specimens with 0.66 per cent
interference-fit pinshavelonger endurancesthan those with 0.25 per cent interference-fit pins. Themedium
specimenswith 0.4 per cent interference have an endurance curve that lies between the two small specimen
endurance curves. Both figures show, that at endurances greater than 4 x 10° cycles, specimens with
interference-fit pins have longer endurances than specimens with push-fit pins.

43 Solution Treated and Cold Worked Alloys (2024-T 3) (0.66 < fp/ft <0.8)
Figures 6 and 13 present data, at R = 0, for medium unbushed specimens and large bushed specimens for
the 2024-T3 alloys. The large bushed specimens have shorter endurances than the medium unbushed
specimens at endurances less than 107 cycles. As before, the interference-fit pin specimens have longer -
endurances than the specimens with push-fit pins. :
5. DERIVATION AND REFERENCE

51 Derivation

This section lists selected sources that have assisted in the preparation of this Item.

1 FISHER, W.A.P. Improvements in the fatigue strength of joints by the use of interference
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TABLES

ESDU Copyright material. For current status contact ESDU.

Tables 6.1 to 6.5 give details of all the lug specimens used.

TABLE 6.1 Lug Parameters, Large Unbushed Specimens—19.05 mm (0.75in) <d<31.8 mm (1.25in)

: ; f d a t
flgure | g, | Maeia ‘ aw | ud K, | Percentage | gy, 5 | Derivation
umoer @ MN/m? Ibf/in? mm in mm in mm in mm in Interierence ape
R 0.35 0.35
0.91 DTD 364 494 71700 | 19.05 | 0.75 38.1 15 | 5715 | 225 19.05 075 | 033 1.0 361 to to Square 1
0.46 0.46
X 432 62720 0.39 0.39
1 0.91 DTD 364 19.05 | 0.75 44.45 175 | 4953 | 1.95 8.89 0.35 0.38 0.47 2.85 to to
494 71680 0.43 0.43 s 4
uare
. 432 62720 0.40 0.40
0.91 DTD 364 19.05 | 0.75 38.1 15 | 5715 | 225 19.05 075 | 033 1.0 3.61 to to
494 71680 0.47 0.47
X 519 75260 0.37 0.35
0.91 L65 254 1.0 38.1 15 5715 | 2.25 19.05 0.75 0.44 0.75 2.83 to to Square 5
521 75600 0.44 0.42
1 19.05 | 0.75 038 | 033 2.77 0.40 0.41
0.90 L71 478 69400 76.2 3.0 50.8 2.0 6.35 0.25 0.40 0.44 Square 15
land2 254 1.0 050 | 025 2.35 0.80 0.88
0.60 0.55
19.05 | 0.75 0.33 1.0 3.63 to to
0.80 0.74
0.57 053
091" Les 519 75260 | 22.23 | 0875 38.1 15 | 5715 | 225 19.05 075 | 039 | 086 313 to to
. 521 75600 0.75 0.70
0.66 0.64
2 25.4 1.0 044 | 075 2.83 to to
0.72 0.69 Square 5
0.57 0.55
25.4 1.0 044 | 075 2.83 to to
0.64 0.61
0.62 0.61
091" Les 519 75260 | 2858 | 1.125 38.1 15 | 5715 | 225 19.05 075 | 050 | 0.67 2.60 to to
. 521 75600 0.68 0.67
057 057
3175 | 1.25 056 | 0.60 2.40 to to
0.67 0.67
0.36 0.31
. 541 78400
3 0.89 DTD 363 587 85120 | 19.05 | 0.75 44.45 175 | 4953 | 195 8.89 035 | 038 | 047 | 285 OtZS ot26 Square 4
NOTES
(a) Thefollowing material specifications have been superseded:
DTD 364 isnow BSL168
BSL65isnow BSL168 Al-Cu-Mg dlloys.
BSL7lisnow BSL157
DTD 363 isnow DTD 5064 and DTD 5124 Al-Zn-Mg aloys.

Values of fp are minimum values obtained from standard specifications.
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TABLE 6.2 Lug Parameters, Medium Unbushed Specimens—9.5 mm (0.375in) <d<15.9 mm (0.6225 in)

BSL71isnow BSL157
(b) Pin cadmium plated

(a) Some of the material specifications have been superseded:
24ST is an early designation of the 2024 Al-Cu-Mg alloy. The mechanical properties quoted for this material suggest that the alloy was in the naturally aged condition (T4).

BSL65isnow BSL168

} Al-Cu-Mg dloys.

; ; f d a W t
t
,\'l: s ENL Material dw | vd | K .Pterﬁe”tage f/f, Sl';”g Derivation
um @ MN/m2| 1bffin2 | mm | in | mm | in | mm | in mm in interterence ape
519 | 75260 0.34 0.30
4 |o91| L65 1112|0438 381 | 15 |57.15| 225 | 19.05 | 0.75 | 019 | .71 | 6.76 to to |Square| 5
521 | 75600 0.59 053
0.44
953 |0.375| 2858 [ 1.125 | 19.05| 0.75 | 239 |0.094| 050 | 0.25 | 2.35 087
4 0.40 020
and | 000 | L71 478 | 69400 | 127 | 050 | 762 | 30 | 508 | 20 | 635 | 025 | 0.25 | 0.50 | 3.67 and 0go | Swae| 15
5 0.80 '
15.88|0.625| 47.63 | 1.875|31.75| 1.25 | 396 |0.156| 050 | 025 | 2.35 8'3‘71
0.21 0.24" | Tapered
100 |0.394| 11.3 |0.445| 246 [0969| 56 | 022 | 041 | 056 | 3.37 to to and
066t R \ 031 0.36 | round 11
6 |7 |2024-T3(b)| 441" | 64000 and
0.26 0.29 12
100 |0.394| 150 | 059 | 300 [1.181| 56 | 022 | 033|056 | 350 to to | Round
0.33 0.37
30 |0.118 0.30
075 | 24ST 438 | 63530 | 10.0 |0.394| 20.0 |0.787 | 30.0 | 1.181 0.33 3.35 0.40 045 |Square| 2
7 60 |0.236 0.60
0.74 | 2024-T4 | 593 | 86000 | 12.7 | 0.50 | 15.88 | 0.625|31.75| 1.25 | 127 | 050 | 040 | 1.0 | 348 0.42 036 | Round 8
NOTES

Values of f; are minimum values obtained from standard specifications.

+
Values of fp

are minimum values obtained from standard specifications.
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