EFFECT OF SURFACE TEXTURE AND INTERFERENCE
ON STATICALLY LOADED SHRINK FITTED JOINTS

e BY

b €
AsT.Abdou, M.S5C., HloD.I' M.H.F-Koura, H.Sc., Fh.D.

& I.M.Elewa, M.ScH&

AB3TRACT

This paper analyses the effects of interference and surface
roughness on the strength of statically loaded shrink fitted joi-
nts. In carrying out the experimental work, specimens with diff=-
erent degrees of surface roughness were prepared. Palr of the
same degree of roughress but with different emount of interfere-

. nces were formed., Theoretical model was suggested apd ilmperical
gquations based on the experimental results were deduced.

NOWENCLATUEE:
Ra Centre line averagge um
. R¢ Pegk to valley height um
Lc Ratio of the thickness of asperities of the texture at
certain depth to the sample length.
A, Actual area of contact oo
5 Diametral interference um
d Nominal diameter of the joint mm
D Qutside diameter of the joint mm
L rngagement length mm
P Axial load on the Jjoint kp
T Torsional torque on the joint Kp.m
Mg  Stetic coefficient of friction
E Young's Modulus of the material kp/mma
14 Shear strength of the material kp/mn®
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INTRODUCTION

The different factors thut affect the holding load of shrink
fitted joints may be summarized asi-

1- The mechanical propertles; namely the ultimate tensille
strength and Toung's Modulus of the material of the
components;

2- The geometrical dimensions of the Jjoints;

3= The values of interterence in the Jjolntsj

4~ The plastic deformation of the surface asperities due to
ageing of the joint; and

5= The surface texture of the mating surfaces.

The effects of the mechanical properties of the materiasl,
geometrical dimensions and the values of interferences are fully
demonestrated 1n Lame's equation for cylinders subjected to uniform
internal or externsl pressure and in the work of Conway (1) whb
showed that the interference required to give a specified radiual
pressure 1s inversily proportional to the Young's modulus of the
material. The ssme results were given by Willson (2) who concluded
that improvement in the holding load of the joint was obtained when
using materials witb highor yielding point and higher ultimate
tensile strength.

Trock (2) who carried out experiments verifying Lame's equgtion

showed that the radial pressure is a function of the factor—?i:gg—-
j-e., the peomctrical dimension of the Jjoint, and that the pr:gsgre
could be plotted zainst it as a straight line on the log-log paper.
Effect of ageing was also examined by the same auther. His results
suggest tnat ggeing reduces the holding load elmost drestically,.
However, reygarding the surface texturs it is perhaps the single most
important varigble that determines the magnitude of the frictional
force between surfuces as it has a great influence in determining
the nature and extent of the contact between solids. 1Its signific-~
ance on friction is fully appreciated by several researches such as
Fowden and Tabor (4), bMoore (5) and others (6, 7).
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Tn this field of shrink fitted joints, recent works by
Tsuskizoe (8) presented results demonstrating the effects of
surface texture on the holding load of the joints, However,
no quantitative relations were introduced.

Similar work was conducted by El-Khatib (9) dbut agsin
analysing such effect theoretically was not fully established.

It is then the aim of this work 1s %o establish experime-
ntally the relation between the surface roughness and the
holding load both in tension and torsion for statically losaded
shrink fitted joints and to suggest the poasible parameters
that form a base of & model to sclve such problem theoretically.

EXPERIMENTAL PROCEDURE

Pairs, Fig. (1), each consists of & shaft and hub made of
steel 37 of almost the same surface finish were grouped to form
joints of different nominal diameters of 20, 25 and 30 mm with
different interferences ranzes from 10 to about 140 um, The
specimen dimensions were choosen such that the area sre the game
for the three sets.

The ceometrical errors, nasmely the out of roundness, ont of
straightness and tesperness along the length of engagement were
checked and determined, The effect of such errors on the theore-
tical interferences were considered to determine the actual wvalue
of interference for each joint. The roughness of each psrt was
mecasured and a record of each profile was obtained on a porfilo-
graph model 5,815 FORGTER while the explorins pick up treaverses
over the specimen. The cut off length used was 2.5 mm with =
sampling length of 4 mm. As "Ra" is the parsmeter believed to
have direct relation with the vslues of interference, it will be
the system used here,

Each pair was, then shrink fitted after heasting the hub: to
600 + 10°C. This temperature 1is below the critical temperature
of the material used but is high enough to emsure expansion nf
the hub by an amount greater than the sum of the values of the
interfersnces and pesk to valley of the asgperities used in thias
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investigation. Alighmment between the two parts of the joints
was secured during the assembly through the use of a special
fixture, This was carried out to minimize any deterioration that
may exist to the assperities during fitting.

Tension tests were carried out on a 30 T universal tension
machine; hydraulically operated. The load was applied steadilly
and was recorded to an accuracy of 0.01 T. 8imilarly, torsion
tests were carried out on a 200 kp.m. universal torsion machine
with an accuracy of ¢+ 1%.

RESULES_ARD_LIscUSSION

The different results obtained for the change in the holding
load due to the variation of the surface roughness are given in
Mg, & for the different sizes. A4lso, the change in the holding
load due to the variation of the mean interference for the diffe-
rent slzes ure shown in Fig. 7.

From the curves it can be seen that the atrength of the joint
increases as the mean value of interference ) increases end as the
surface roughness Ra decreacses keeping other parsmeters constant.

For 20 mm joints the increase in the holding load was of high
rate as tho interference increasea to a value of about 20 - 30 ym;
then with much slower rate beyond this value. Such limit increases
as the size of the jolint increases. 6e.g. for 25 mm Jjoints this

value is between 80 - 90 pm and between 100 - llO‘ym for 30 mm
jolints.

Similarly, the results obtained for the change in the torsional
torque with the centre line averege, and the mean interference, are
shown in Figs. 4 and 5, respectively. The torsional torque, in
both, increases as the mean interference increases znd decreases as
the centre line average of the surface roughness increases.
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In fitting a theoretical model to determine the holding load,
-the stregses developed in the shrink fitted Joints are assumed to
be due to either the shearing of asperities of the peaks of the
surfaces or due to the radial pressure developed between the
mating surfaces.

In general, shearing of usperities is assumed to teke place,
only when the value of interference is less than twice the values
of the peak to valley heights of the asperities of the mating
surfaces as illustrated in Flg. 6. On the other hand as the inter-
ference gets greater than twice the values of the pesak to valley
the holding load due to the radlal pressure will be only conside-
red.

— ] . —

To determine the stress dve to the shearing of asperities,
the actual area of contact between the mating parts 1is first
" found. This can be determined by several methods (10, 11); how-
ever the one used here is through obtaining the ratio of contact
from the beering area curves. The holdirg load is then, given by:-

4,.C
TediLil o T

P

it

Stresges_due_to_radisl pressure

The radisl pressure "pn developed between a s0lid smooth
shaft and a smooth hub may be given by (12).

- = £ 2
Psf2—e"_q - d2 )
2 d D

The holding load is then given by:-

P=T‘-doLa}lsoP

Where_ps is the ststic coefficlent of friction, and it 1s o
function of the surface roughness. The relation used here which
relates the two parsmeters is obtained from the work given by
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Ghobrial and Zzghlool (13) in which they presented results for
steel surfaces having different machining operations. Although
the properties of the used steel in the present investigation
may be slightly different from that used by Ghobrisl but the
lgter claimed that recent work on contact between dry surfaces
shows that it is influenced mainly by the nature of the upper-
most part of the surfaces. In general the relation used taking
the mutusl spproach as 0,0107 is:

", —4 )
ps = 0.1286 + 10 [15 6 + 60 Log (0. G/Ra)]

wheres_ps is the initial asperity angle und is given by:
tan @ = Rt/ (3.12 R, + 15.1)

0; is the standerd deviation of the peak distribution
G 1is the depth smoothness

Figs. 7 and 8 show the theoretical computed values for the
axial holding load of the joints for two values of interferences,
10 and 501um; while Fig. 9 gives those for torsion for B‘pm
interference only in order to avoid confusion.

Bach set contains two curves obtalned from the agbove theor-
etical equations and also the corresponding experimentgl one;
the conditons are the same within each set.

The position and the trend of the experimental curves for
the holding load were found to follow that of the theorstical
curves deduced from the shearing action of the asperities of the
mating surfsces. This suggest that the power of tne shrinkege
fitted joint is malnly due to the shearing action of the intor-
locked asperities, This is valid till 3 <i Rth + Rts .

However as ~5 gets greater than this conditon, the conclusion
is not valid any more and the load may be, then, estimated from
the friction equetion. For torsional torque curves, this was
also found true but for small values of interferences only.

In general the diffocrence between the experimental results and
the corresponding theoretical resulta obtained from the shear
equation in the case of torsion ia atributed to the error in
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estimating the actual area of contact from the bearing area

curves, as this was computed from traces taken on relatively
smooth surfaces while the stylus travels along the lay on a

curved surfaces. This difference diminishes as the surfaces
get rougher,

CONCLUSION

From all the foregoing it may be concluded that the strength
of the shrink -~ fitted joints either in temsion or toreion is
mainly affccted by the depree of surface roughness, It increases
as the value of Ra decreases. For small interferences i.e.

b
-??-<: Rts + Rth' the theoretical model that appear to fit is that

due to the shearing of asperities. However it is recommended to
verify it further using a model such as the finite element tech-
nique taking its element the paremeters considered hers.
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