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SZCZEGOLNE PRZYPADKI STYKU WEWNETRZNEGO ELEMENTOW
CYLINDRYCZNYCH 0 POROWNYWALNYCH SREDNICH

PARTICULAR CASES OF INNER CONTACT CYLINDERS
HAVING COMPARABLE DIAMETERS

W artykule podjeto problem styku wewnetrznego elementow cylindrycznych o porownywalnych
Srednicach z malymi odchytkami od ksztaltu kolowego. Przedstawiono wyniki przyblizonego
rozwiqzania rownania podstawowego opisujqcego styk dwuobszarowy, oraz rozwazano wspot-
prace elementow z bledami owalnosci oraz graniastosci potrdjnej i poczwornej. Rozwiqzania
numeryczne przedstawione zostaly w postaci wykresow.

Wszystkie znane badania dotyczqce wspolpracy elementow cylindrycznych nie uwzgledniajq
w swoich rozwiqzaniach wpltywu matych odchylek od ksztattu kolowego takich np. jak eliptycz-
nos¢, owalnosé i graniastos¢. Odchylki te majq istotny wplyw na wielkos¢ i rozkiad naciskow
stykowych. Ich ocena ilosciowa ma duze znaczenie praktyczne.

Stowa kluczowe: elementy cylindryczne, styk dwuobszarowy, eliptycznosé, owalnosé

The paper presented inner contact of cylinders having comparable in case of small out-of-
roundness. There are presented results of asymptotic solutions, by collocation method the basic
equation describing contact problem. The particular cases contact problem and deviations from

circular shape, like bi-ared contact and joints with lobing elements were carried out. Numerical

calculation were presented in graphical way.

All well-known solutions of cylindrical joints do not take into account small deviations from
circular shape, like elipticity, lobing, ovality and so forth. The deviation of element conteurs
has an effect on magnitude and distribution of the contact pressures. Therefore quantitive
estimation of the effect is very important for practical reasons.

Keywords: mechanical contact, cylindrical elements, bi-area contact, lobing elements

1. Introduction

All well-known solutions of cylindrical joints do
not take into account small deviations from circular
shape, like elipticity, lobing, ovality and so forth.
The deviation of element conteurs has an effect on
magnitude and distribution of the contact pressures.
Therefore quantitative estimation of the effect is very
important for practical reasons. In the presented artic-
le, authors’ original results were presented. Quotation
of earlier known solutions [1, 2, 3] were limited to
indispensable minimum.

2. Basic equation of the problem

Interaction of the elements, of contours L, and L,
(Fig. 1), in contact is caused by static forces &, T and
couple of forces having moment M. Problem consists
on determing distribution pressures contact p(a,d) and

the contact zone limited by the angles o, and 8 ..

Fig.1. Scheme of the cylindrical joint for elements with
small out — of — roundness
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Equation obtained for p(a,d) in [3] takes the form:
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where: f, (o), fky(a) - parameters describing deviation of contour L, (hole, k=1) and L (disk, k=2) from given principal
circles; f, (a)=x,’(a, 8)-x,(@). f, (@) =y,(@,8)-y (@), x,", y," - parametric equations of elements out — for displacements

of round contours before strain.
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G — shear modulus, k=3-4v - for plane state of strain,
k=(3-v)/(1+v) - for plane state of stress, v - Poisson
ratio,

p'(6,8)=dp(6,6)/d6;
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f— coefficient of sliding friction.

3. Bi-area contact of cylinders with elipticity

We assume that elements are made of the same
material (G,=G,=G, v,=v,) and in the contact zone
/= 0. Contact mating of elements in the joint is deter-
mined only by force N, hence a ;= f, ;. Semi-axes of
elliptic elements (Fig. 1) are equal:

a=R, b=R,, a,=R,, b,=R,
and a1>b], a2>b2

Elements radii are similar, i.e. R =R =R, but radial
clearance e=R -R >0.

Particular cases of cylinder deviations of their
joints, two areas of contact may appear. Fig. 2 shows
such a case with symmetric distribution of contact
areas S and S, in relation to pressing force N. Contact
of the disk 2 with the hole 1 at first takes place in
points P, and P, situated under the angle 24.

Fig. 2. Scheme of bi-area contact in the cylindrical joint

Calculations of the contact pressures and their

e () (/)
distribution in the contact zones @m <a < B

or 5, (_arfg ‘<o <Py J) are carried out according to
(1), where the limits of integration correspond with
the limits of contact zones, and N is substituted by
N’=0,5N/cosi. An angle 1 is determined from cotan-
gency condition of element contours 1 and 2 points
P, and P,. In the case of ellipses, in co-ordinates xOy,
these conditions take the form:

(‘rn ’“D )2 4 ,I"r:j - ]
a’ b ®
fo, %oy
b a;
b]: a’
—=(x,+A)= —x 3)
ay by

where: 4 - distance between points O, and O,, x,
», - co-ordinates of contact point of contours.
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Quantities 4, x,y, are expressed by equations:
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In considered case, there possible cases of bi-area

contact are possible:
1) elements 1 and 2 are elliptic,
2) element 1 is elliptic and element 2 is circular,
3) element 1 is circular and element 2 is elliptic.
Equation for the contact pressures p(d,d) takes
the form:

72
fctg—p' 9 S)d@ =§cos?xfp(fx,5)cos&d&+
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where: d =a +A.0<a £2£, 0 =6 +A.y, SG <y,

=4 =058 -a )y, ”A»+95(ﬁ;1” )
[),{a):co.s ‘o, D, (@) =sin"a

For specified cases of contacts:
1)e,=2(0,+9,), €,=-(0,+9,), (0,%0,)<¢, a,<b,
2)e, =25, &,=-6,0,<¢, R<b,
3)e,=20, &,=-0,9,<¢, a,<R,.

Contact semi-angle ¥ =0,5(ﬂ5§) —aoé)) is

determined from equilibrium condition:
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Fig.3. Plots of variations of the maximal contact pressures (uni- and bi-area contact): 1-6,=0, 2-6,=0.05mm, 6,=0.05mm,

3-6,=0.1mm, 4-6,=0.2mm, 5-6,=0.3mm
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Fig.4. Plots of variations of the contact semi-angle (uni-and bi-area contact)
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where: Zo = 1—7)‘1;7) = /tg2g+l R

A2 =0,57 [d2(4-D)+6(1-D)]:d) = g

Equation (6) is solved using approximate
collocation method and distribution of the contact
pressures p(c,8) is chosen in the following form

[2]:

P(@,5)=(C,+Cotg’ %) tgzaL;—tgz% ()

where: C, C,- collocations coefficients.
The following data were used in calculations:
N =0.1 MN; ¢ = 0.4 mm; R = 0.1 m; (Fig. 3 and 4).

In Fig. 3 and 4 are showed the maximal contact
pressure p(0, 8) and the contact areas y or a (for
uniarea contact) according to 6 and mutual orientation
of elliptic contour axes. The lines on the left axis of
ordinates correspond with orientation of ellipses axes
showed in Fig. 1 — uniarea contact, whereas lines on
the right correspond with mutual orientation of elliptic
contours. The chart breaks off when 8 = 6,=0.1mm for
that orientation of ellipse axes (Fig. 1) and does not
occur when 0.1mm=>6>0. The chart appears again for
areas orientation showed in Fig. 1 (long axes of elliptic
contours are perpendicular), but as the bi-area contact.
Line 3 (Fig. 4) attains a minimum for 6,=0.1mmand
then grows to infinity (theoretically) because A—>n/2
and N’ —oo.

Plots — Fig. 4. show the angles a,,and y of uniarea
and bi-area contact, respectively, according to §,. One
can notice that for line 3, when p(0,J) reaches minimal
value, the angle y attains a maximum. It is predictable
because applied N’ acts on the larger area.

Fig. 5. Joints of lobing elements oriented symmetrically (0, <e, 6 < 52) a) the oval disk in the oval hole, b) the trilobing disk in
the trilobing hole, c) the tetralobing disk in the tetralobing hole
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Fig.6. Plots of relative variations of the maximal pressures
for the joints showed in Fig. 5
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Fig.7. Plots of relative variations of the contact area joints
showed in Fig. 5
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It can be said that character of charts change of the
contact semi-angles y is converse to charts p(0,6) and
minimal value of p(0,d) corresponds with maximal
value of y.

4. Joints with lobing

Let us consider a number of element joints with
the same lobing and the same orientation (Fig. 5).
Computational results are presented in the gra-

phical way (Fig.6), where zones of p variation for
showed computational schemes are denoted by 2,
Q,, and Q, and boundary curves for other are deno-
ted by D’, D” and D"”. Solid lines correspond with
scheme 1 dashed with scheme 2 and dot-and-dash
with scheme 3.

Where:
- scheme 1:
9, <e, 6,<9,, D,=1+3 cos2a, D,=1- 3cos2a;

6. References

- scheme 2:
8,<¢ §,<4,, D =1+8 cos3a; D,=1- 8cos20;
- scheme 3:
8,<¢ 8, <4, D =1+15 cosda; D,=1- 15co0s20.

1— 72
Plots point out that more complex lobing causes an
increase in the pressures at equal 3, i 0,. The greater
value of ,, the greater variation of the pressures occur
when 3, i 3, are comparable.
Comparable values of changes of the contact areas
for schemes 1,2,3 (Fig.5) are presented in Fig.7.

5. Conclusions

The plots in Fig.3 show variations of the maximal
contact pressures for uni-and bi-area contact. Plots on
Fig.4 show contact semi-angle o, or y (semi-and bi-
area contact) according to ¢, and mutual orientation of
elliptic contour axes. On plots — Fig.4 we can notice
that, when contact pressure p(0,0) reaches minimal
value, the angle y attains a maximum.
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