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Abstract: - Utilization of vibration and wave is a type of the most valued applicable technology developed during
the later part of the 20™ century and still in rapid development now. Since the technology is closely associated
with industrial and agricultural production, can create huge social and economical benefits for our society and
provide excellent service for human beings, it becomes a necessary mechanism in human production and life. The
theory of the vibrating machines has been developed and used widely in this field. In this paper following
problems have been studied.(1)non-linear vibration of the vibrating body with sliding material; (2) the
combination coefficient and damping coefficient of material under sliding condition; (3) nonlinear vibration of a
vibrating body with throwing materials; (4) the combination coefficient and damping coefficient of material under
throwing condition. The conclusion of our research is that vibration can decrease rub and wears between vibrating

body and materials and it is very important to prolong the working life of machines and their parts.
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1 Introduction

In some vibrating machines, depending on the
acceleration of the vibrating body, the material
on the body will move in various motion forms
(such as sliding and throwing etc.). In the
process of motion, the material will invoke
various kinds of nonlinear force, namely,
impact force, dry friction force, and the
sectional inertial force. In order to analyze the
vibrating systems with the nonlinear force, and
investigate the influence of material on the
motion of a vibrating body, the expressions of
various nonlinear forces must be given
preliminarily, then wusing the successive
approximation method [1] in nonlinear theory,
the approximation solution of the system will
be found. On the basis of the above, we may
present the calculation method of the
combination  coefficient ~and  damping
coefficient of the material [2--6]. We will also
discuss the higher-harmonic vibration and the
possible sub-harmonic vibration under the
action of the nonlinear force.

2 Nonlinear vibration systems with

sliding material on vibration body
Fig.1 shows the mechanical model of the

cooling machine with the elastic connecting rod.

Since the selected acceleration is less, the
material only slips, so the material always
keeps contact with the vibrating body in
direction y. Hence the equation of motion of the
vibrating body may be expressed as follows:
m,$+ f$sin’ 5 0
+eF, (X, X,X)cosd + ks =k, (rsinvt —s)
where mj, is the mass of the vibrating body, My
is the mass of the material, fs is the damping
coefficient, other signs are shown in Fig.l.
&, (X, X, X) is the nonlinear force by which the

material acts on the vibrating body [3]:
F,(X,X,X) =
m,§cosd,when®, —2a <P <O, O <D<P,
-m, f(g+3sind),when &, <O<LD_,
m, f(g+8sino),when ®, <O <D,

2)

where f is the sliding friction coefficient
between the material and  vibrating
body, @, (or ®,)and @ (or @,) are the phase

angles of the beginning and ending of the
material slip in the positive or negative
direction.
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Fig. 1 The mechanical model of vibrating cooling
machine with elastic connecting rod
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Fig. 2 Sectional inertial force and the sectional friction force
1. The sectional inertial force; 2. The sectional friction

of the main resonance, the first approximation
solution may be shown as the following [1]:

S=acos(vt+6)=acosy

f,(a,w)=¢F, (-aom’ cosy,—amsiny,acosy)cosd

da fa & 2z . gk rcosé
—=-- f fo(@y)sinydy ———
dt 2m, 2mm @°° m,(w+Vv)a
do £ 2n ek rsiné
—=w-V- f (a,w)cosydy - ———
dt anpaa)-[" o(Bp)cosy dy m, (w+Vv)a
3)

When da/dt=0, d@/dt—-0, we may find the
amplitude a =const, and the phase & =const.

3 The Combination Coefficient and
Damping Coefficient of Material
under Sliding Condition

The combination coefficient and damping
coefficient of material can be found from the
following equations:

force b 5 s
_ 2o Bycos _@,c0s
The vibrating machine, shown as Fig.2, works Ky =sin” 5 m,v’a’ fn = va )
under the near resonance generally, hence we  ypere
will find the approximation solution in the case
mva 1 . : 1. :
a =—"——{——cossin’ D, —{o)— f (%smCD ——sin’ @sinS)(|g" —| o)
T 2 ¢ " vV-a 2 K d (5)
m, v’a . . .
b =—o {—%cos&(CD —%stCD)( o ) - f[%coscb —%sm&(d) —%std))]( o =3
e m V a k q

After expanding the expression of nonlinear
f, (X, X,X)coso
expression, besides the term of first order of the
harmonic wave, there are also higher harmonic

force into Fourier series

wave terms, which cause the system to vibrate
in higher harmonic waves.

We calculate
®,,a,b,K,, f

the values of @, @ 0,

n> Tm» When a=13, 14.5, 16, 17.5mm,
n=33 r/min, and o6 =22" m the slope
angle 1 =43°40". The combination coefficient
of material will be from 0.4 to 0.7 and less than
1, and the damping coefficient of material will
be from 0.25 my v to 0.33 mp v and less than 1
M V.

Due to vibration the combination coefficient
and damping coefficient of material under
sliding condition will be decreased. Then the

rub and wears of the machine’s parts will be
also reduced. It is very important to prolong the
working life of the machines and their parts.

4 Nonlinear Vibration System with
Throwing Material on Vibrating Body

Fig.3 shows the mechanical model of self -
synchronous vibrating machines usually moves
in the forma of throwing. Hence, when we
build up the vibrating equations, these
nonlinear forces of material should be
considered. They consist of sectional inertial
force, impact force and sectional friction force
etc. So the vibrating equations in the direction y
and X of the vibrating body are expressed as
follows:
my+fy+ky+eF (V,y,y)=F, sinosin®,

m X+ f X+k x+e&F (X, X,X) =F, cosdsin D,

where &F (V,y,y) and & (X, X,X) are
nonlinear force in the direction y and X of the
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material. It may be expressed as follows:

0, when O, <D<®,,

eF,(V,Y,y)= m,(y+9g), when @,-2a+AD<D<D,
M, (Vo — V,)/At, when @, <O, +AD
0, when @, <P <D, (6)
m,X,when @} <®O<D, j=1,2,3,-
£F (%,%,X) = .
+f(g+-y )m,,when @), <D<PJ,
—fm, (¥, = ¥,)/At,when @, <D <D, +AD
®, and @, are the angles of jumping da, -fa, reu, ()4
- ] ,
beginning and jumping ending, respectively. dt Am, Y
. . d
They are phas§ angle§ of the V1brat1ns‘c,I quy, vy — 0, +£B,(,)+ )
when the material begins to leave the vibrating t .
body and drops on it again, yn and Y, are, ; :ﬁ, A, = Fosino, cosa, (8)
. . . a
respectively, the instantaneous  vertical Mo K, —(g VV2‘ +m v?)
velocities of the material on the vibrating body, /
C . . . f,+eb,(4,V)
when the material is dropping on the vibrating a, = arctg -
body, At is the impact time of the dropping ky = ( 1 Vyzl +myv?)
terial, A® =vAt, At i hort : ’
material, vat, 15 verty  shoft, 50 Ajy and Byy in Eq. 8 may be found form the
4 — 0. following equations:
y=a,cosy, + A sin(Vvt—a, ) +eu, (@, )+, 1 e e '
U D A = [ Fua.v,®,)siny,dddy,
X=a, cosy, + A4, sin(Mt -, ) +eu, (a,,y, ,vt)+---, 4 @0 90 (9)

where ax, and y, may be defined from the

following equations:

2
m,v’a

1
b, =

T

[ eF, (5. y)sinddd =
0 T

+(@sin®; —cos®, +cosD,)sinD, },

Fig. 3 The mechanical model of vibrating screen

~{[-
v

—l 2n 2n
Bly(ay):mj‘0 J.O Fa(@,,v,, @, )cosy, dPdy,

aiy and by; may be calculated from the
following formulas:

Dy
®,-2n

2g cos @ ——l(d) —lsin 20)]
a, 2 2
0=0,-0,

(10)

Now we assume that the friction coefficient in
direction X is much larger, after the material is
dropped on the vibrations body; its velocity in
direction X equals the velocity of vibrating body,
the material will not slip. At that time the
impact force in direction X of the material may
be calculated by the principle of the impact, the
Fourier coefticient will be:

1% m v’c, . 1
a :;J.gFm(y’ y)sin ®dd = mn x [—EsinZCD o 2 H(—cos®, +cosd,)cos D, ]
0
m,v:4, 1 o,

1 (2= G oo s
b,, =—j ek, (X,X)sin®dd =
T Y0

: -[—E((D —sin20)

o) 2n T(=cOsD, +cos®,)sin D, |
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5 The Combination Coefficient and
Damping Coefficient of Material

under Throwing Condition
The combination coefficient K, and the
damping coefficient fy, of the material can be
calculated from the following equations:

K, =K, sin® 6+ K_, cos’ &

f, = f,,sin’ 6+ f, cos’ &

a a
—=— Koy = y21 (11)
m. V-4, m, V-4,
_ by _gby
my > mx
VA, VA,

Now taking the throwing exponent D=2.25, 2.5,
2.75, 3.00 for example, we only consider that
the friction is much larger, and the slip may be
omitted. Thus, according to [3] and the
formulas obtained above, we may calculate
?,,?,,a,,a,,b, K., f When D=2.25,

29 Py Px1oMx1o "t mo Tme

Kn=0.14<<1, fy=0.165m_v , when D=2.5,
Kn=0.09<<1, fy=0.18 m v , when D=2.75,
Kn=0.041<<1, f,=0.177m_ v, when D=3.00,
Kn=0<<1, fp=0.165m_v.

Due to vibration the combination coefficient
and damping coefficient of material under
throwing condition will be decreased obviously.
Then the rub and wears of the machine’s parts
will be also reduced. It is very important to
prolong the working life of the machines and
their parts.

6 Conclusions
The combination coefficient will be decreased
with the increasing of the amplitude, so the
vibrating equation considering the nonlinear
force of material has nonlinear character.
The combination coefficient under sliding
condition The combination coefficient K, of
material will be from 0.7 to 0.4<1, and the
damping coefficient fy, of material will be from
0.33 mp v to 0.25mpy v
The combination coefficient under throwing
condition Kp<0.3<1 (D<3) and Kn<0<<I
(D=3~3.3) and the damping coefficient of
the materials fy=0.177m_v ~165m_v.
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Due to vibration the combination coefficient
and damping coefficient of material under
sliding and throwing condition will be
decreased obviously. Then the rub and wears of
the machine’s parts will be also reduced. It is
very important to prolong the working life of
the machines and their parts.
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