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§1. INTRODUCTION

In dynamics of multibody system the principle of compatibility could be used setting equations
of motion in the form of system of differential-algebraic equations. Due to the fact that the
constraint conditions are added to the system in the way arbitrary, the method enables to study
the motion of the system in various variants with direct computing of reaction forces.

Application of the method in design of a vibration sieve of grinding machine brings goods
results in simulating process. As known, in technology of vibration grinding it’s necessary to realize
the kinematical conditions between rollers and sieve. But it’s only possible if the reaction forces
as well as other kinetical quantities are known. So as shown below the principle of compatibility
and algorithms for realizing on computers are very suitable tools for solution of such technical
application

§2. PRINCIPLE OF COMPATIBILITY AND COMPUTER PROGRAM

Let’s study motion of mechanical system with n Lagrangian coordinates g. The ¢ constraint
conditions of the system could be written in a matrix form:

gg+g0=0 (2.1)

. where resp. go are matrices of dimension of s x n resp. s x 1 and they are assumed to be functions

of ¢, g and 4.
As shown in {3] equation of motion of system could be written in a matrix form:

'%(ﬂ)_@;Q+R | (2.2)

where T is kinetic energy of the system, Q is matrix n x 1 of generallized forces and R is matrix
n % 1 of reaction forces of constraints.
Additionaly we have s another equations from constraint conditions:

GR + Gn =0 . (23)

where G is of dimension 5 X n and Gy of ¢ x 1. These matrices are calculated when the Inverse
matrix of inertia matrix. Christoffel coefficients and potential energy of system are known.

In order to define uniquely 2n unknowns we should have another (n — s) equations. They
could be found from the criteria of ideality of constraint (2.1). These equations have a form:

DTR =0 (2.4)
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where D is coefficient matrix of dimension n X (n — 2). For an automatic generation of equations
" on computer we should have the matrix D uniquely defined in [2} an algorithm for deriving [ is
shown.

So complete system of equations {2.2), {2.3), (2.4) is prepared for defining 2n unknowns ¢
‘and R Generation and solution of the system on computers require application of some results
“of nurherlcal mathematics. Among them we should note: solution on nonlinear algebraic system
of equatlons solution of. differential-algebraic equations by implicit Runge-Kutta methods |1, 5],
solutlon of underdetermined linear a.lgebra.lc system of equations by Huang algorithm [2, 6| etc.

"As a result of theorétical research one program code was written in Fortran-77. This was
tested in many applications on 286-, 386- and 486- based personal computers and showed good:
results. In the next section we will use this technique of approaching to the design of vibration
sieve of the grinding ‘machine.

§3. APPLICATION IN SIMULATING MOTION OF VIBRATION SIEVE

Let’s simulate t.:h'e'motion'of rollers in the vibration sieve of the grindihg machine.

The vibration sieve is modeled by one desk which could be move verticaly; horizontaly and
rotate around its mass center. So three Lagrangian coordinates could present ite motion: z, y, 4.

Similarly we have 3 other coordinates: s {relative motion of roller mass center on the sieve) u
(dlstance of roller mass center from the swve) and p (angle of roller rota,tlon} for defining relative
motion of roller.

Forced V1brat10n of 2-body system is realized by rotation of the excentricity with angular

- frequency The system is suppoet.ed by system of springs and da.mpers as shown in Flg 1.

Fug. 1

For this dynamical system with 6 coordinates z, y, #, 2, u, ¢ we will have 2 constraint
conditions [4].
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- geometrical: u =const or #=0 (3.1)
- kinemaiical: s=rp or §=rp=20 3.2
Using principle of compatibility, described above, we could compute directly the quantities:
T,y 9,5 ¢, pand Ry, Ry, Ry, R,, Ry, R.
It’s easy to show that reaction force R, and R, will be normal and tangential component of

contact force between the roller and the sieve. So the kinematical condition would be satisfied if
it pailed:

R |
Feg<s (3.3)

For deriving equation (2.2) we should know the kinetical energy and generalized forces. Here,

we put down these expressions directly:

1 B 1 .
T = 'Z—(mg +my + mz)ﬂtz -+ i(mg + m; + mg)y2+
1 o .
+ E{Jg + J1 + J2 + mo b + 2moe(yo sin wt — zg cos wt) + mag (s + u?)|97+

1 1 1 ) )
+ —2-1'1'1.25;‘2 + Emgi,;z - -2~J2<;'>2 + [mg{yo cosf — zgsin 8 + esin(wt + 6))-+

+ mgs{cos 6 — usin 0)[2f + mg sin B25 + my cos 50—
— [ {0 cos 8 -+ yo sin 0 - e cos{wi + 8)} + my(siné + ucos 8)]yf+
+ g cos 852 — ma sin 894 + Jaf + moew sin{wt + 6) + moew cos{wt + 8) y+

, .1 . .

+ [Jo + moe(yo sin wt — zg cos wt)]wd + Efowz + mgsfit — moubs (3.4}
Qo = —cu(T+ yesind +bcosh —b) — by[E+ (ypcos 6 — bsin 8)6] (3.4a)
Qy = —cyly— zesind +acosf —a) — b,jg+ (zbc059+asin6‘)é] ' (3.4b)
Qo = —myglyo cosf — zosind + esin(wt + 6)| — moglscosd — usind — bsind)—

—cgf — co(T+ Yo sind + bcosf — b — og){y. cos § — bsin )+
+¢y(y — zcsin b + acos 6 — a){z; cosf + asin ) —
—cyly— z.sinf +acost — a){z,cosf + asind)—

— byf — bzl + (yp cosd — bsin 9)9}(% cos — bsin §)+

+ by (9 — (=4 cos § + asin 8)6(z cos § + asin §) ‘ {3.4c)
Q, = —mqgsinf (3.44)
Q. = wmgg‘cosﬂ ' {3.4¢)
Q, = 0. (3.46)

In these expression there are some symbols denoting parameters of vibrating model: the
weights myqg, my, mg, moments of inertia Jy, J;, J; and some dimensions of model: zy, yo, Z., %o,
Ty, Yb, @, b.

The simulating on the computers enables to choose the parameters and working conditions,
e.g. radius of roller, weight of the sieve and roller, amplitude of vibration forces, working frequency,
parameters of springs and dampers ete.

In order to control the conditions (3.1}, (3.2) we can, for example, choose these parameters:
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my = 400kg, J; = 200kgm?
ma = 0.5kg, J»=0.25-10"%kgm?, r=0.1m
mo = 1.27kg, Jy = 0.127-10"%kgm?, ¢ =0.01m

e =5 10°N/m, ¢, =5 10°'N/m, co=5 10*Nm/rad
by = 10°Ns/m, b, =10°Ns/m, by =10*Nsm/rad

w = 280rad/s -

The influence of # to the violation of both (3.1} and (3.2} depends on the set of parameters. In

general we should note that values of § is small and the constraint condition (3.1) could be violated
more easily than condition (3.2). So recommended approaching is “optimization in small”, that
means iterative process of optimization, based on the set of parameters, choosen in advance.

CONCLUSION

The principle of compatibility in combination with good algarithimns, i1s convenient for studying
the motion of mechanical systems. The obtained results are valuable not only for theoretical
research but they could be used directly for technical applications as shown in the case of grinding
machine. )

This publication is completed with financial support from the National Basic Research Pro-
gram in Natural Sciences. ‘ :
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NGHIEN CUU ANH HUONG CUA DAO PONG NGHIENG
DEN SU LAM VIEC cUA MAY SANG RUNG

Trén co s& sit dung nguyén Iy phit hop, viéc thém bét cdc ditu kién lisn két dwoe thuwe hién
dé dang, nhe dé ¢4 thé mb phéng cic ché 43 lam vide cila cic hé co hoc. Bii bo di sir dung tinh
chit nay dé trinh bay phwong phip va mdt s6 két qua nghién ciru, da tinh todn trén mdy tinh khi
khio s4t dnh hudng cia géc xoay nghidng cda bin rung miy mai rung.
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