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DYNAMICAL SIMULATION OF
A VIBRATING CRUSH MACIHINE
Part 1
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Hanor Technology University

§1. INTRODUTION

In this paper dynamics of a vibrating crush machine is considered. The main subjected of
the present work is to build a mechanical model of a vibrating equipement for crushing industrial
makerials.

§2. MECHANICAL MODEL

Let us consider a vibrating crush machine composed of following parts: A platform is moved
in a fixed horizontal plane. The platform can be regarded as a rigid body of mass myp and is driven
by a rotating eccentric vibrator. The debalanc of mass m rotates uniformly at angular velocity w.
A pestle of mass mo moves on the vibrating platform and is put the inside of a motar of mass m;.
The motar moves the inside of a cylinder rigidly connected the vibrating platform {fig. 1)..

The described system may be considered to represent a system of nine degrees of freedom.
The generalized coordinates can be chosen as follows:

Q=2 =y g=0 qg=s, ¢g=p1, g=1>t,
g7 = sz, 4qg =3, 4gg = Oz, '

where

z, y - are the'coordinates of the mass centre of the vibrating platform with respect to a fixed
system of axes Cozy, where C is the position of the mass centre of the vibrating platform at initial
time. ' .

g ~ the angular coordinate of the vibrating platform with respect to an inertia reference system.

$1, 82 - the distances from the mass centres of the vibrating respectively (s; = CCy, 8, = CCg)

g1 - the angle between the straight line jointed two mass centres of the vibrating platform
and the motar and the fixed axis Cyz.

@z - the angle between the straight line jointed two mass centres of the pestle and of the motar
and the fixed axis Cyz.

4y, B2 - the angular coordinates of the pestle and of the motar with respect to an inertia
reference system respeétively.
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§3. DERIVATION OF EQUATIONS OF MOTION

To write the equations of motion of the considered system we can apply the Lagrange’s equa-~
tions of second kind {3]:

d 9T 8T
&Eatj,- - —a"a = Q; + R;. (3.1)

where:

Q: - are the generalixed forces of active forces. ,

R; - the generalixed forces of reaction forces of constraints due to the connections in moving
between-parts of the system. ’ ' '

In view of the plane motion of every part of the system the expression of their kinetic energy
is calenlated by the formmulae:

1
T = SM(E2 +3) + 5. 0%. (3.2)

where

M, J, - are the mass and the moment of inertia about the mass centre of parts of the system
respectively.

Tey Yo - the coordinates of théir mass centres with respect to an inertia reference system.

1 - the angular velocity of every part about the mass centre with respect to an inertia reference
system. ] ‘

Then it is necessary to write the expression (3.2) for every part of the system, i.e. for the
vibrator, the motar, the pestle and the vibrating platform.

For this alm we will express the coordinates of the mass centre of every part of the system in
function of chosen generalized coordinates, '
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In the first let us write the expressions of the coordinates of the mass centre of the debalance
in function of generalized coordinates =, y, 8, $1, 1, 91, %2, @2, f3. We have:

zqg =2+ zocosf —ypsinf + ¢ coswi,

Ya =y + zosinf —yocost + ¢ sinwt,

where: Zg, ¥o - are the coordinates of axis of rotation of the debalanc. Hence:

::i:d?i-—ﬁo sin § é—yo cosﬂé—}—ewcoswt,

Yg =4 Ty cosf é—yg sin # é—|—ewsinwt.’

Let us write expression (3.2) for the debalanc. Tdking sinf ~ 0; cosf ~ 1 and neglecting
infinitesimals of higher orders than second ome, the kinetic energy of the debalanc will have the

form:

1 g a1 g1 L g
To = 5mo (&% + %) + 5’”06292 + EJOWZ + mgzoyb — myozf—
— mpew sinwt £ + myew coswt ¥+ moew(yo sinwt + zp cos wt]é.

where ¢ is the eccentricity of the debalanc (e = OG), .IQ‘- the moment of inertia of the debalanc

about its mass centre. . . .
Denoting by z;, y1 the coordinates of the mass centre of the motar, we have:

%1 =T+ s1cospy, Y =y +sysing;.
Therefore: ‘
$p = &+ §; cospy — 818Ny B3
#1 = y+ §1sin¢p1 + 55 cos g P

Writing the expression (3.2) for the motar, we obtain:

T = —z—ml(m:2 + 92 + s? + s?(p? + 2cosy £5; — 281 8in g O+

. . .. 1_ .
+ 281 sin? ) y8; + 251 cos 1 ye1) + EJIB%,

where Ji is the moment of inertia of the motar about its mass centre,
The coordinates of the mass centre of the pestle can be expressed in function of generalized

coordinate as follows:

Tg = & T §)1 COS Py + 82 COS Py

Yo =y + 81 8in ¢y + so8in g

Differentiating with respect to time gives:

Fg = & + §1 COS ] — 81 8IN {1 1 + 82 COS oy — 8250 Py Do

Y2 = ysinoy + 51 0051 1 + Sy 8in g + 82 €08 Paida

34

o e, |
i




The kinetic energy of the peste will be now:

To=ma[a” +97 + G+ o8t + 8 + i+
+ 2cos p1Ed; — 281 singpy 1 + 2 cos pazis — 289 sin ppEpa+

+ 2sin 1981 — 2871 cos p1 Y91 + 2sin pgysz; —~ 237 80 sz‘{—"‘2+

+ 231 sin(pa — ©1) @182 + 25159 cos(pz — lpl]sOﬂPz] + J262

where J; is the moment of inertia of the motar about its mass centre.
In the next let us concern to the kinetic energy of the vibrating platform, which has the form:

1 oy
7 T = -im(a:z _'_yZ} + %JQQ,

where J is the moment of inertia of the vibrating platform about its.mass centre.
At last, the kinetic of energy of the considered system will be:

TITQ +T1+T2+_T3.

which is expressed in function of generalized coordinates and generalized velocities as follows:

1 .
T:z(mo+m+m1+mg)x + (mg+m+m1+m2)y + = [J—i—mge )92+

1 . L . .
+ —Z—Jlﬁf + 5.]29% + iJowz - moyozﬂ + mo.’,t.'gye_ — mgew sinwt T+

+ g £ cos wty + rhgew (Yo sin wt -+ 2o coswi)d + i(ml + ma)él+

1 i
{m1 +mg)stet + 2m232<pg + 2m232 (ma—+ mz) sin @1 ys1—

- (m; + mg) sin @151 59 + (my + ma) sin @ P8y + mg cos padiz— -

— Mg sin 51591 + Mg sin Eo sz + Mg €S Y2539 + ma cos{pz — P1)d12—
- més_g sin(ipg — ©1)8162 + mgsin(pz — p1)s19132 + (my -+ ma)si cospy 1Y+

my cos{ipz — ©1)818201Pa. -

Let us now calculate the generalized forces of active forces. For this aim we will write the

expression of the potential energy and the dissipative function.
The potential ¢nergy of the considered system is of the form:

. :
U= —cz(x - 0% + —cy(y — 2.8)% .

where ¢;, ¢, are the spring coeflicients; ey Yo = the coordinates of the jOlIlt of the spring to the

vibrating platform.
The dissipative function will be: - ‘

. :
¢ = Sbald — y)? + *5 ol — mp6)°

where by, b, - are the damping coefficients;
%y, ¥p - the coordinates of the joint of the damper to the vibrating platform.
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It is easy to calculate the generalized forces of active forces. They are:

Qs = —ca(z — ¥:8) — by (2 — w6),
Qy = —cy(y +28) - by (9 + z86),
Qo = 2 (T — yeb)y, ~ bo (5 — yp ) —
— cy(y -+ @el) 2, — byl — zp6) 7,
Qo1 = Qoz = Qs, = Qs, = Q,, = Qu, =0.

Equations of motion of the considered system in the form (3.1} will be written as follows:

M3 — moygb + (my + mz) cos o151 — (my + ma)sy sin 11 + mo cos 28a+
+ mg sin o2z — 2{my + my) sin 1811 — (my + ma)sy cos 17 — Zmg sin p2éada—

— Mg8g COS P33 + ce(z — Yef) + bo( — y;,f;} = mgew? coswt + Rz,

My + moﬂiog 4+ (my 4 mg) sin gy §; + [y + ma) sy cos 1P + g sin pads+
+ mgsg cos P2z + 2(my + ma) cos 15101 — My + mg)s sin 1 BT + 2mg cos Padapr —

— 1713 57 SIn 902962 +ey(y — b)) + by(y — mbé) = prigew? sinwt + Ry,

—~moyod + mozoy + {Jo + mez)ﬂu_: moew® {zp sinwt — yp cos wt) + Ha,

Jify = Ry1;  Joby = Ryg;

(g + mg) cos 1% + (my + m2) sin cplﬁ + {my + mg)51 + ma cos(pn — p1)Fa—
— {my +mp)s % — mysy sin{pg — ©1)P2 + (M + ma) cos 1 §p1—
— Mz 82 COS(Cpg - tpl)g'og ~ 2ma Siil((pg - @1)5.028.2 = R,

™mg €os P32 % + Mg sin@od + ma cos(pz — w1)§; + masin{pz — p1)s1H1t
+ 2my sinfps — ©1)3191 — Mg cos(pz — ©1)s167 — MasaPs = Raa,

— (my + mg)sysingF + (my + mg)sy cos i+ (my + mo)sl@i+
+ ma sin(ps — p1)s18; + 2(my + ma)s16191 +mas1sa cos{ps ~ 1) P2+
+ 2mg cos(ps — p1)s15392 — masgsinfpz — p1)s195 = Rer,

— My sin a2 + My sy co8 2§ — Masy sin(pa — p1)§1 + ma cos(ws — ©1)e15201 -+
+ mzsgég + 2mgsq COS((pg — lpl)é']_gf?]_ — mz sin(<p2 — 501)3132@% + 2m232.§2¢'2 = Rpg,
where: M = mg +m1 -+ my + m.
The written equations will describe the motion of thé considered system if the generalized
forces of reaction forces are determined.
However, the last quantities will be calculated when the shape of constraints between the parts
of the system is described. In the other words; it is necessary to simulate the connections between
parts of the system in moving process, example, if the parts of the system doesn’t make the contact

of each other all constraint reactions are equal to zero. Due to the aim of crush technology the
parts of the system must make the contact of each other.
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CONCLUSIONS

The contact of the parts in crush process can be to realize in different ways. For describing
the contact conditions we can notice two of following situations:

1. The ¢rush process.- In such a case the parts of the system (the pestle, the motar and the
crush materials) roll nosliding one another {the case of bilateral constraints).

2. The collision process. In this process the parts of the system will collide each cther.

In accordance with the occurred processes, the constraints will be described in different ways,
in which we will solve a problem of usual mechanical motion or the one of impact {the case of
unilateral constraints). )

The simulation of above mentioned processess will be discussed in the next paper.

This publication is completed with financial support from the National Basis Research Pro-
gram in Natural Sciences.
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MO PHONG PONG LUC CUA MAY NGHIEN RUNG
(Phin 1)

Trong bai bdo niy téc gid khio st déng lwe cda mady nghién rung phing, xiy dung mé hinh
co hoc, phwong trinh chuyén d§ng vi cdc nhin xét 48 mb phdng dong luc ciacde qué trinh nghidn
rung: qua trinh chuy@n ddng co hoc thdng thudng (khi d6 cic lién k&t 13 1ién k& hai phia) va qud
trinh va dap (khi d4 cac lién két 13 Lién két mdt phia).
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