5T A.05.02

ESTIMATION OF ENDURANCE OF PIN JOINTS

1. NOTATION

1.1 General Notation

D width of plate m in
d hole diameter m in
E Young’s modulus of plate material Nfm  Ibflin?
5 E, Young’s modulus of pin material N/m? Ibf/in?
[a)
n 2 02
1:; from fpin + Gfpl N/m Ibf/in
©
‘g fp 0.2 per cent proof strength of plate material N/m? Ibf/in?
(S)
§ fpin average stress on net cross-sectional area of plate induced bN/m2 Ibf/in?
2 load on pin
)
g fpI average stress on net cross-sectional area of plate in additionNtm? Ibf/in?
= that induced by load on pin
(8]
S f, tensile strength of plate material N/m? Ibf/in?
-‘_é’ K{ geometric stress concentration factor based on net
% cross-sectional area
S . . L ,
b q’ maximum shear stress on transverse diameter of hole in Joth/m2 Ibf/in?
) with interference
>
o % maximum shear stress on transverse diameter of hole due toN/m? Ibf/in?
interference alon obtained from Item No. is
2 terf | btained from Item No. 710dnd
a equivalent tag of that Item)
wl
S, alternating stress on net cross-sectional area of plate N/m? Ibf/in?
Sh mean stress on net cross-sectional area of plate N/m? Ibf/in?
Smax maximum stress on net cross-sectional area of plate N/m? Ibf/in?
Shin minimum stress on net cross-sectional area of plate N/m? Ibf/in?
o} proportion of plate load treated as equivalent pin load
€ excess of pin diameter over hole diameter m in
V| Poisson’s ratio of pin material

Data Item No. 71011 “Stresses due to interference-fit pins and bushes in plates, strips or lugs”.
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1.2

2.1

2.2

Notation for Simple Notched or Plain Specimens or Joints Without Interference

q maximum shear stress on transverse diameter of hole in joinlN/m2 Ibf/in?
with push-fit pin, or at root of notch in simple specimen

S equivalent alternating stress N/m? Ibf/in?

S equivalent mean stress N/m? Ibf/in?

S ax equivalent maximum stress N/m? Ibf/in?

S in equivalent minimum stress N/m? Ibf/in?

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

NOTES
General

This Data Item gives a method of estimating the endurance of pin joints from fatigue data on other types
of specimen. The method depends on the equivalence of the maximum shear stresses at the origin of failur
in the pin joint and the other types of specimen.

The use of maximum shear stresses is dictated by the combined stress system induced by the interference-
pin. Under combined stresses fatigue endurance is more closely related to the maximum shear stress tha
to the maximum tensile stress.

The pin joints to which this Data Item can be applied may have one or more pins with or without interference
fits. It applies only to joints in which failure occurs at or near the transverse diameter of the hole, which is
usually the case for unclamped joints of conventional geometry.

The figures in this Data Item give the maximum shear stresses in joints of varying geometry due to the
applied loads. In Figurk q'/q, is plotted againdt, ,{qy  for arangeddd, for joints with interference.

The straight (broken) lines in that figure are asymptotes to the curves; the slopes of those lines give the
value ofg/f,omfor a particular value af/D whengq, = 0. However, Figuizgivesg/f,,mdirectly for joints

without interference. Figurg givesa againgt/D for plates loaded independently of the pin.

All the curves in this Item are based on the results of photoelastic investigations. They are strictly valid
only for elastic stresses, so use of the curves for valugs of  much in exceds isfifof recommended.

Equivalent Stresses
The maximum shear stresses in a pin joint with interference, corresponding to the maximum and minimum

stresses of the fatigue cycle, may be evaluated using the curves of this Data Item and Item No. 71011. Thes
maximum shear stresses may then be expressed as an equivalent loading cycle on another type of specime
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The maximum shear stresses in a simple notched specimen are

K S, K S
(q)max: t Zmax ; (Q)mm = : 2mln . (21)

For an unnotched specimek; =1.0

The equivalent loading cycle on a simple notched specimen producing the same values of maximum shea
stressq’ as in the pin joint with interference is therefore

- — Z(q')max; S' ) — Z(q,)min E
K{ min K{ D
or B (2.2)
@ @min . @™ @i T
L T

HereS,, iselastic. I, (elastic)®,  excedgthen plastic flow will occur and the trug,, = fp—Sél.

The equivalent loading cycle on a geometrically similar joitthoutinterference is

f f
% = —ggq— (q')max_(q')minJ ; gn = —;OE (q')max+ (q')mmJ ' (23) E

It is also possible to estimate the endurance of the joint with push-fit pins from data on simple spfecimens
noting that for such a joint

K = f_z_q_ (2.4)

The resulting curves may be compared with the experimental scatter bands in Data Item No. 80007 for lugs
without interference.

INTERPRETATION OF RESULTS

If the endurance of a pin joint with interference is estimated from fatigue data on unnotched specimens,
the estimate will generally be in good agreement with experimental results for endurances up tdabout 10
cycles. For endurances higher than this the agreement is not so good because the estimation of enduran
from unnotched specimens, under equivalent stresses, ignores the effect of fretting in the joint. Nevertheless
the values ofy/f,om,derived from photoelastic data are inherently slightly low, when used as fatigue strength
reduction factors, and therefore the equivalent stresses calculated will be overestimated, compensating t
some extent for fretting. At low stress levels the analysis will indicate a long life for the joint, but the
occurrence of fretting may prevent its achievement.

If the endurance of a pin joint with interference is estimated from fatigue data on notched specimens that
are comparable with the joint to be designed the estimate will usually be high compared with experimental
data, because the reduction in endurance resulting from fretting is not taken into account.
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If the endurance of a pin joint with interference is estimated from fatigue data on joints without interference
the result obtained will depend on the degree of clearance, size of the joint, and material on which the
experimental data have been based. For instance Refefaoesl0 have shown that an increase in
endurance can be obtained by using clearance-fit pins. In this case failure usually occurs away from the
section of highest nominal stress. This is because clearance in the hole due to a loose-fit pin preclude:
contact with consequent fretting damage at this highly stressed region of the joint. In other cases, see, fol
example, Derivatio, endurances of joints with clearance-fit pins may be no different from those with
push-fit pins. The size of the lug is also important. It has been shown in Item No. 80007 that the small joints
have longer endurances than the large ones.

It should be remembered that the suggested interpretations of the estimates of endurance given by this Iter
depend entirely on laboratory fatigue tests for their justification. In normal practice the influence of

corrosion is more significant than in short-term tests, so the advantages to be gained from the use of
interference must be set against the risk of cracking due to the combined effects of corrosion and the stres
due to interference. The fatigue performance of an individual joint depends on factors additional to those

8 included in the analysis in this Item, for example, manufacturing and assembly processes. The Item can
ok therefore only give a general indication of the effects of various design changes on the fatigue endurance
S of a joint.
=
o
(S)
5 4. EXAMPLE
I
fé’ It is required to estimate the endurance of the joint shown below.
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The joint is to be made of L65 aluminium alloy bar with mechanical properties:

E = 10.5x161bf/in?,

f, = 72000 Ibf/irf
and f, = 63000 Ibffirf
giving fy/fy = 0.875.

The joint is assembled with steel bolts wétfd =0.003, havingE, = 28 x 16 Ibfin? andv, =0.25.

The mean axial load on the joint is 5400 Ibf; a convenient range of alternating load will be considered.
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