DYNAMICS OF A BUSH-SHAFT SYSTEM WITH AN ACCOUNT OF

TRIBOLOGIC PROCESSES
I Awrejeewicz, Yu. Pyryev
Technical University of Lodz, Lodz, Poland
E-mail: awrejcew@p.lodz.pl, jupvrjew@p.lodz.pl

In this paper, both method of analysis and model of contact bush-shaft svstems
exhibiting heat gencration and wear due to friction, are presented [1-3]. From the
mathematical point of view, the considered problem is reduced to analysis of ordinary
differential equations governing velocities change of the contacting bodies, and to the integral
Volterra type equation governing centact pressure behaviour. The latter one is derived with a
help of Laplace transformation. The following theoretical background has been used during
analysis: perturbation methods, Melnikov techniques [4], Laplace transformations, theory of

integral equations and various variants of numerical analysis.

L. Introduction. It should be emphasized that in bibliography devoted to this research,
either tribological processes occurring on the contact surfaces are not accounted, or inertial
effects are neglected. In other words, both mentioned processes are treated separately. In this
work both elements of complex contact behaviowr are simultaneously included into
consideration, which allows for a proper modelling of the real contact system dynamics.
Analytical and numerical analyses are carried out in a wide aspect through investigation of
various types of nonlinearities, dampings and excitations applied to the analysed system. A
Duffing type e¢lastic nonlinearity, a nonlinear density of the frictional energy stream, a
nonlinear friction dependence versus wvelocity and a nonlinear contact temperature

characteristic. as well as nonlinear character of a wear are accounted, among others.

2. The analyzed system and mathematical problem formulation, Consider
thermoelastic contact of a solid isotropic circular shaft (cylinder) of radius R, with a
cylindrical tube-like rigid bush of external radius £, , which is fitted to the cylinder according
to the expression Uy, (¢). The internal bush radius is: & -U, (U,/R, <<1) (Fig. 1). The

bush is linked with the housing by springs and the damper with viscous cocfficient c¢.
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ance with @; =, +{, sine't. We assume that between bush and shaft dry friction
s defined by the function F,(V, ), where ¥, is a relative velocity between the two given
¥V, =QR - R,. B, denotes the mass moment of inertia. We assume also that in
ceordance with the Amontos assumption the friction force reads: F, = f(V,)N(¢) (f(V,) is
Kinetic friction coefficient).

iction force /, yields heat generated by [riction on the contact surface R = Ry, and

" of the bush occurs. Observe that the frictional work is transformed to heat energy.

shaft temperature, denoted by j(#,1), be initially equal to 7,,. It is further assumed

following non-dimensional equation:
P(2)+ 2h4(2) ~9(2) + b9 (1) =£F (@, ~ §) plr), 0 <7 <o, M)

¢ initial condition @(0) = @°, @(0) =", where the non-dimensional contact pressure is

(7)=hy () =" (7)+ 25 [G, (2 ~ ) F (@) ~ §) p(E Ny - $)IE @)
Q



The bush wear " (r) and the shaft temperature @(r,7) are defined through the following

equations
i
¥ (r)=k" ﬂaq—gb(r)]p(r)dr, O<z<t,, 3y
0
Or.0) =1 [Gyr,7 ~ EYF (@, = ) p(E) @, — 9)dE @)
0
where:

{0.5,10 5 i, 20} e
Bi&y o wld(Bit+ul)

(6,).6,0,0)}= : )

i, (m=123..) are the roots of characteristic equation BiJ{u) - /(1) =0

In equations (1)-(5) the following non-dimensional quantities are introduced:

t R P 5T _ur a2}
T=—,F=—", D= ,9-“:‘——, T tr), =, pe it
- R Py T p(r) =g (t.7), = z,

2
P eR; ,k“':‘p‘KWR‘ ’yz(l—ry)E;alkf" ;'=arR‘,'rc::£?w. E):"a',
28,1, U, A 1=2v), 4 b R}

Oy = @'ta, hy(7) = hy (L7), Flay~6)= FVule - ),
b =ksRE /33 + 1y + R)R (o /1) 3R 1))+ 3R 117 )1k 62 By,

where

vooBo Bk (b _ Y 0 ki Toate  p o mEL
' ]\' R n’ Rz ay (1+V1}Ri (l—Zvl)

and /; is the un-stretched spring length, 7, is the length of the compressed spring for @, =0,
(k. >0), E is the elasticity modulus, v, is the Poisson coefficient, ¢, is the coefficient of
thermal expansion of Ll_u: shaft, &y is heat transfer coefficient, g, is thermal diffusivity, 4 is
the heat transfer coefficient, ¢, () is the angle of bush rotation, X" is the wear coefficient, 5

is denotes the part of heat energy associated with wear 7 e[0,1], /. is time of contact

(O<r<t,, P(t)=>0).
Notice that the stated problem is modeled by the both nonlinear differential equation (1)
and integral equation (2) governing rotational velocity ¢(r) and contact pressure p(r).

Temperature and wear is defined through equations (4) and (3).

3. Melnikov’s method. A particular case of our problem is further studied (3 =0,
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). The dependence of kinematic friction on relative velocity is approximated through
tion F(y)=Fysgn(y)—ay+ Ay . In this case The Melnikov function reads (see [2,4])

== [30O[Fssen(@,)~ 0w, + fa} -y Ol = 1(zy)+ I (xy), ©

—it
16 @,(0) = @, + ¢ sin(wy (1 +70)) = yo (1)

J(rp) =20 +2¢ ;v A% 4 B? sin(@y Ty + @) +

647 (1320 cos® @yt + Ly $in? @y — 20,11y sinmyTy cos T, )+

3
2,3;3(— Li30€08" @yTy — 31y 8in® @7y coswuzo),

A=(a-3w] )0 ~3Bln. B=680.1yy, €= fligy—(a—h =380y,

: / 2k 2 8 70y (2 - ay’)
=arctan{ A/ B), Iy ==, Lhyo =—, lin = s dogy = (1 o )
P (A4 By, Iy e =gl =y e = G /2)
ey 7eeoy, cosh(ay /2) o

L : O T I . .|
4 J2bcosh(moy/2)” "7 N2b(1~2cosh(zay)) ' N2b cosh(mmy)

" _ 7wy (205 ~1)+ sinh(7o,) " oy (1~ 20} )+ sinh(ze,)
4 3bsinh(, ) "R 3bsinh(7e, )

mﬁ(11+10w5—m3){ (1—:@0) (3~imo) (m%] [3+smoJ
= — + ks 5
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3 1—iew 3a(l—i
Lizg = S%{co{”( 4‘”0)J+cot( ( ;wﬁ)]m

a3=iwy) ) (1 -3iay,) [ _T'(z)
com( 5 ) co{ ; }J wiz)= o)

2 sinh(z)
- L..__,__, oy
¥ol) b cosh?(r) 7
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0

quation (6) the term /() is defined by the formula

i B 3 . ; » ‘
Irg)=—Fy [ yo)sgn(w, )dr :ch\/;Zig{—(g‘sﬁé‘—ﬂ, (8)

A, are the roots of the equation

@, (1, = @, + & sinfwg(r, +70))= Yo lt,) =0, (9)
(1) = £ cos{ag (1 +74)) = xo (£) + bx3 (1) .

[fthe Melnikov function (6) changes sign, then chaos may ocecur.

5, Conclusions. This paper extends analysis carried out in reference [2]. In contrary to
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the previous results, a novel mechanism of contact between bush and shaft is proposed, a
viscous damping is added, and an influence of tribologic factors as well as chaotic dynamics is |
analyzed. The analytical formula of the Mielnikov function of the investigated system has
been first formulated, and then numerical analysis of non-linear phenomena is carried out.

It has been shown that (owing to wear) chaos vanishes, since there is a lack of contact
between both bodies. Owing to heat generation through friction, either chaos vanishes or
thermal instability appears. ‘
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