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STRESSES DUE TO INTERFERENCE-FIT PINS AND BUSHES IN PLATES, STRIPS
OR LUGS

1. INTRODUCTION

This Item presents data on the elastic stresses arising in flat plates, bars, strips or lugs from the insertion ©
a circular interference-fit pin or bush of similar or different material. Se8ti@als with solid pins, Section
4 deals with bushes and Secttoaeals with the juxtaposition of two identical interference-fit pins or bushes.

The data are based upon two-dimensional analyses and therefore only give the average stress through tt
thickness of the plate or strip. Local deviations away from the average value are unlikely to be significant
except perhaps where taper pins are used.

The data apply strictly to isotropic materials that obey Hooke's law, but may be used without significant
error for most engineering materials. If during loading of the assembly the limit of proportionality of one
(or both) of the materials is exceeded the residual stresses due to the interference-fit will be reduced. |t
should be noted that the degree of interference will be considerably reduced if significant creep takes place

If the interference-fit pin or bush is additionally held, for example by means of a taper pin or a screw inserted
from the side or inserted parallel to the centre line on the interface, the stress distribution will alter and the
data of this Item will not be applicable.

Throughout this Item the term “bars or strips” applies to bodies having solid rectangular sections.

2. NOTATION

c distance between centres of adjacent pins or bushes m in

d diameter of unfilled hole m in

d, internal diameter of bush m in

e e/d m/m in/in

E Young’s modulus of lug, bar or strip or plate material Ri/m  Ibflin®

E, Young’s modulus of pin or bush material N/'m  Ibffin?

f maximum tensile stress acting around boundary of hole, causédm? Ibf/in?
by interference

fy maximum tensile stress acting around boundary of single hol&/m? Ibf/in?
in infinite plate, caused by interference

k shape factor (for bushes only, see Sectijon

p interface pressure Nfm  Ibflin?
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q maximum shear stress at boundary of hole, caused by N/m? Ibf/in?
interference

wW width of lug, bar or strip or plate m in

€ interference of pin or bush with hole (pin or bush diameter is m in
d+¢)

Vv Poisson’s ratio of lug, bar or strip or plate material

v, Poisson’s ratio of pin or bush material

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

3. SOLID CIRCULAR INTERFERENCE-FIT PINS IN BARS OR STRIPS OR PLATES

For the case of an interference-fit pinin a circular hole in an infinite plate, tat+s0, the circumferential
tensile stress, radial compressive and shear stresses are equal in magnitude and constant around the hc
For a plate of finite width the stress varies around the hole and the maximum value depewdd/upon

Figurel showsy/Eeplotted againsE(1-v,)/E, for various valuesddV and Figure2 shows/Eeplotted
againstE(1-v,)/E, for various values @M. At points B marked on the diagram accompanying Figure

1 the tensile streds, the shear stregpand the interface pressyseapproach the values for a pin in an
infinite plate. The maximum tensile and shear stresses occur at the points A although the shear stress i
only slightly above its value at points B. The interface pressure is at a minimum at points A and a maximum
at points B. An estimate of the interface pressure at B is givghH®y= [1—(d/W) ]g/Ee

The figures are constructed for= 0.3 . Variatiorvof  within the range 0.25 to 0.35 does not significantly
alter the maximum stress. However, for significantly different values of it may be advisable to calculate
the stresses from the following formulae which were used to construct the curves.

q _ 1

Ee
[E(l—vl)
2+

0d 5
e il
f g %
and E?a E‘%{l—%ﬁ%].

These formulae relate to a pin in a ring but they represent the conditions of a pin in a strip or lug with
reasonable accuracy provided tbéw is less than about 0.8.

4. INTERFERENCE-FIT BUSHES IN LUGS, BARS OR STRIPS OR PLATES

Figure3 gives the maximum tensile stress and the interface pressure in a lug, bar or strip or plate resulting
from the insertion of an interference-fit bush.
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The maximum tensile stress occurs at the points A marked on the diagrams accompanyirgy Higare
maximum shear stress is given by ©)/2. The chain dotted lines of Figu8éndicate the order in which
the curves should be used and relate to Example 2 in Sé&ction

The form of the end of a bushed lug, or the proximity of a plate edge to a bushed hole in a plate, affects the
interface pressure and the maximum stress. Fijprevides a correction /W for this effect for the
four common geometries illustrated with the figure.

Figure3 has been constructed for= v, = 0.3 . Variatiormof veor  within the range 0.25 to 0.35 does
not significantly alter the maximum stress. However, for significantly different values of v ,and the
following expressions, from which the curves were constructed, can be used.

b _ 1
Ee X [1+ (di/d)> ]
[1+(kd/W) } sv+ BTV
1 (kdw)? E, |1~ (di/d)
and f-Lp {—-—-—(——-—2—1+ dlwz]
Ee Eel1_(d/w)?

TWO ADJACENT IDENTICAL INTERFERENCE-FIT PINS OR BUSHES IN A FLAT PLATE

When two identical interference-fit pins or bushes in a wide flat plate are close to each other the maximum
tensile stresbis increased. Figuggivesf/f, plotted against/d for various ratios oE/E,. The value of
f, should be taken from Figueatd/W = 0 for pins or from Figur8 atd/W = O for bushes.

The maximum stress occurs on the boundary of each hole at the points A in the diagram with Higere
effects of the proximity of the holes dies away rapidly around the boundary of each hole. At points B values
of f/f, are below 1.0 and at points D they return to within ak&ut per cent of 1.0.

The data apply strictly to infinite plates. However, provided that the edge of the plate is more than a distance
of about 8/2 from the edges of both holes the data are sufficiently accurate.
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7.

EXAMPLES

1. Itis required to find the maximum circumferential tensile stress at the boundaries of two adjacent equal
diameter holes in a wide plate when the holes are filled by identical interference-fit pins. The material
properties and dimensions are,

plate: material properties E = 69 000 MN/nfandv = 0.3
diameter of holes d= 22.00 mm
distance between hole centers ¢ = 35.20 mm,

pins: material properties E, = 190 000 MN/nd andv, = 0.24
diameter d+¢e = 22.05 mm.
Then,
E(1-v)) -
17 _ 69000(1—-0.24 _ 0276
E, 190 000
and, using Figure 2 at/W = O,fO/Ee = 0.635.
Hence,
3
i o= 0.635x 69000x 0.05x 10~ _ 99.6 MN/m?2
22.00x 103
Now,:—; = %g——cz)—g =16 andEE—I = 16;0000000 = 0.363; therefore, from Figure 3/f, = 1.44

giving f = 1.44x 99.6 = 143 MN/m?.

2. It is required to find the maximum circumferential tensile stress and the maximum shear stress in an
aluminium square-ended lug, caused by the interference-fit of a steel bush. The material properties anc
dimensions are,

lug:  material properties E = 10 x 16 Ibfin? andv = 0.34
diameter of hole d=1.0in
width of lug W= 15in,

bush: material properties E, = 30 x 18 Ibf/in andv, = 0.29
outside diameter of bush d+¢ = 1.005in
inside diameter of bush di = 0.9in.

The values ofv an#, are within the quoted range so that Rigtae be used. The following ratios
are required.

d - 0667, - = 0.9andE = 0.333.
W d E,

From Figured, using the curve for a square-ended kdjyv = 0.60. Then, from Figur® entering with
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