yu]
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Ananimuuno 3naiioeni dsonacmomui pesicu-
MU pYxy 0BOMACHOU BIOPOMAWUNU 3 NPAMO-
JUHIUHUM NOCMYNANbHUM PYXOM naam@opm i
610p030YyOHUKOM Y 6UAA0L KYb0B020, POJIU-
K06020 a00 Masmnuxo60z0 asmobanancupa.
Iz 3acmocyeannam memoody manozo napame-
mpa 3navideni 3axonu 08ouacmomnux eiopauii
naampopm i ompumano piGHAHHA 0N NOWYKY
yacmom 3acmpsAeanns eawmaicie 6 asmoda-
aancupi. Ouineni eaurunu CKaA008UX, He 8Pa-
X0BAHUX 6 3AKOHAX 0801ACMOMHUX 610pauiil
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deouacmommni eidpauii, pezonancua 6iopoma-
wuna, asmobanancup, 0somacra 6i0pomamiu-
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T u |

Ananumuuecku natidenvt 08yxuacmomiboie
pescumvl 0susNceHus 08YxXmaccHol eudpoma-
WUHBL C NPAMOJUHEUHBIM NOCMYNAMETILHBIM
deusicenuem naampopm u 6udpoeo3dyoumenem
6 8ude Wapoeoz0, PONUK06020 UU MAAMHUKO-
6020 asmoobanancupa. C npumenenuem memo-
da manozo napamempa nHaydenvl 3aKoHvl 08YX-
uacmommuvlx uOpauuii niam@opm u noay1eno
ypasHenue 048 NOUCKA HACMONM 3ACMPEEAHUSL
2py306 ¢ asmoodanancupe. Ouenenot Geauru-
Hbl COCMABNAIOWUX, He YUMEHHBIX 6 3AKOHAX
dsyxuacmomnLx eudbpauil

Kmoueevie caosa: unepuuonnviii eudopo-
6030youmensv, Oeyxuacmomnvle eudpayuu,
pe3onancnas eubpomawmuna, aemooéanam-
cup, dsyxmaccuas eubpomawuna, spdexm
3ommepdenvoa

u] =,

1. Introduction

Among such vibratory machines as screeners, vibratory
tables, vibratory conveyers, vibratory mills etc., the most
promising ones are the multi-frequency, resonance, and
multi-frequency-resonance machines.

Multi-frequency vibratory machines demonstrate better
performance [1], resonance vibratory machines are the most
energy efficient [2], and multi-frequency-resonance vibra-
tory machines combine advantages of both multi-frequency
and resonance vibratory machines [3].

The most effective and easiest technique to excite reso-
nance dual-frequency oscillations is based on the use of a ball,
aroller, or a pendulum auto-balancer as vibration exciter [4].

At present, workability of a new method of excitation
of dual-frequency vibrations for single-mass vibratory ma-
chines with translational rectilinear movement of the vibra-
tory platform has not been theoretically explored.

2. Literature review and problem statement

In [4], it was proposed to use a ball, a roller, or a pen-
dulum auto-balancer for the excitation of dual-frequency
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resonance vibrations in vibratory machines with different
kinematics in the motion of platforms. It is assumed that
this technique is applicable for single-, dual-, and three-mass
vibratory machines.

The technique employs a special motion mode of loads
[5], which occurs at small forces of resistance to the motion
of loads relative to the casing of an auto-balancer. Under this
mode, the loads get together, but, failing to catch up with
the rotor, unto which the auto-balancer is mounted, they get
stuck at one of the resonance frequencies of the vibratory
machine. Because the loads get stuck, slow resonance oscilla-
tions of platforms are excited. That is why the new technique
is based on the Sommerfeld effect [6]. In addition, the unbal-
anced mass is mounted onto the casing of the auto-balancer.
The unbalanced mass rotates synchronously with the rotor.
This enables rapid oscillations of the platforms. Parameters
of dual-frequency vibrations change by changing the rotor
speed, the unbalanced mass, and total mass of loads.

Theoretical substantiation of the feasibility of the new
method for the excitation of dual-frequency vibrations is
important both for the theory of vibratory machines and for
practical application.

In [7], generalized models of single-, dual-, and three-
mass vibratory machines with translational motion of vi-




bratory platforms and a vibration exciter in the form of a
ball, a roller, or a pendulum auto-balancer were developed.
Differential equations for the motion of vibratory machines
were derived. Paper [8] analytically explores operability of
the described technique for a single-mass vibratory machine
with rectilinear translational motion of the platform. The
scientific literature is also reviewed.

In this paper, we examine operability of the technique for
a dual-mass vibratory machine with rectilinear translational
motion of platforms.

The relevance of undertaking present research is also
related to the fact that dual-mass vibratory machines have
a number of advantages over single-mass machines. In the
dual-mass vibratory machines:

— frequencies of platforms’ oscillations are less depen-
dent on load mass [9];

— excitation of anti-resonance oscillations is possible,
at which platforms’ oscillations are not transmitted to the
foundation [10];

— resonance motion modes have larger areas of existence
and stability [11];

— there is a possibility for the excitation of combined
(poly-frequency) resonance oscillations of platforms with
eigenfrequencies of the vibratory machine’s oscillations [12];

— anti-resonance operating mode of the vibratory ma-
chine can be implemented over a wide range of parameters
[13], it is less dependent on load mass [14], etc.

3. The aim and objectives of the study

The aim of present research is to study analytically the
dual-frequency modes of motion of vibration platforms of a
dual-mass vibratory machine with translational rectilinear
motion of vibratory platforms, excited by a passive auto-bal-
ancer. It is necessary in order to substantiate the applica-
bility of the new technique for vibration excitation in the
dual-mass vibratory machines.

To accomplish the set goal, the following tasks must be
solved:

— it is required, under condition that the loads get stuck,
to find an approximated solution to differential equations of
motion of the vibratory machine, and to estimate magnitudes
of unaccounted (discarded) components of the solution;

— to obtain an equation to search for the frequencies at
which loads get stuck, and to perform its general analysis.

4. Research methods

We apply differential equations of motion of a sin-
gle-mass vibratory machine with translational rectilinear
motion of vibratory platforms and a vibration exciter in the
form of a ball, a roller, or a pendulum auto-balancer [9].

To search for the approximate solution to the system of
differential equations of motion and frequencies at which
loads get stuck, we employ perturbation methods and the
elements of theory of nonlinear oscillations [15].

4. 1. Description of a generalized model of the vibra-
tory machine

A generalized model of the dual-mass vibratory machine
is shown in Fig. 1 [9]. A vibratory machine is composed of
two platforms with mass M; and M,. Each platform is sup-

ported by external elastic-viscous supports with coefficients
of rigidity &; and viscosity b;, /i=1, 2/. The platforms are con-
nected by the inner elastic-viscous support with coefficients
of rigidity k12 and viscosity bys.

b c

Fig. 1. Generalized model of the dual-mass vibratory
machine: @ — kinematics of platform’s motion (the schematic
is rotated at angle a); b — kinematics of motion of the
unbalanced mass and a ball or a roller; ¢ — kinematics of
motion of the unbalanced mass and a pendulum

The platforms can move only in a rectilinear translation-
al way due to the static guides. Direction of the platforms’
motion forms angle a to the vertical. Coordinates yq, 5 of
the platforms are counted from positions of the static equi-
librium of the platforms.

Aball, aroller (Fig. 1, b), or a pendulum (Fig. 1, ¢) passive
auto-balancer is placed on the second platform.

The casing of the auto-balancer rotates around the
shaft — point K with a constant angular speed ®.

The point unbalanced mass p is rigidly connected to the
casing of the auto-balancer. It is located at distance P from
point K. Two mutually perpendicular axes X, Y originate
from point K and form the right-side coordinate system. The
X axis is parallel to the platforms; the Y axis is parallel to the
direction of platforms’ motion. Location of the unbalanced
mass relative to the casing determines angle w¢, where ¢ is
the time. The angle is counted from the X axis to the section
that originates from point K and ends in the unbalanced mass.

The auto-balancer is composed of N identical loads. The
mass of one load is m. The center of load’s masses can move
along circle with radius R centered at point K (Fig. 1, b, ¢).
Position of load number j relative to the casing is determined
by angle ¢;, /j=1,N /. The angle is counted from the X axis
to the section that originates from point K and ends in the
center of masses of load number j. Load motion relative to
the casing of the auto-balancer is prevented by the viscous
resistance force with a module of

Fy=byo =b,R|¢/-0| /j=1N/,

where by is the coefficient of viscous resistance force;



"
0" =R[¢/- o]

is the speed module of motion of the center of masses of
load number j relative to the casing of the auto-balancer,
with a dash behind the magnitude denoting time deriva-
tive ¢.

4. 2. Differential equation of motion of the dual-mass
vibratory machine [9]
Differential equations of platform 1 and 2.

My/+by, +ky, +
+byy (Y] = y5) + Ry (Y, — y,) =0,

M,y +byy; + Ry, + b, (Y5 — y)) +
+ky, (Y, _?/1)+S;'= Sd(l)2 sin t, 1)

where M,; =M, +Nm+p.
Equation of loads’ motion:
KkmR7 +by, R(¢) — )+
+mg cos(0; — o) +my;cosd; =0, /i=1LN /. 2)

where for a ball, a roller, and a pendulum, respectively,

7 3
K=—, K=—,
5 2
k=1+J./(mR?), 3

and /¢ is the principal central axial moment of the pendu-
lum’s inertia.

We shall note that the form of differential equations of
motion (1) and (2) does not depend on the type of an au-
to-balancer.

The sum of projections of all forces that impact the foun-
dation

R, =ky,+by| +ky,+bys;. %)

At antiresonance R, ~ 0.

5. Research results

5. 1. Reducing equations of motion to the dimension-
less form
Let us introduce dimensionless variables and time

o=y /(Y), v,=Y,/ Y,
s, =8./5, Sy=5y/§, T=0t, )

where 7, p, §, @ are the characteristic scales, which will
be selected later.

Then

d- ddv _d- d _,d"

—_—=——=0— — = —, 6
d drdt dv d " av ©

equations of motion (1) and (2) will also take the form
M1d)zgpi)1 +b,0ypo, +k ypo, +
+b,09(p?, —0,) + ky,§(pv, —0,) =0,

Mzzd)zgijz +b,000, + k,go, — by, 0y (po, —0,) —

. o @
—ky,j(po, —v,) +5@°5, = S, 0’ sin—T,
: ®

KmR* @’} + by, R*®(¢, -0 / )+

+mRgcos(, —00)+ mR®* i, cos¢, =0, /j=LN/. (7)

Where a dot above the magnitude denotes derivative
from t.

We shall divide equations 1 and 2 by M,;®’7, and equa-
tion 3 — by x¥mR*®”, and obtain

k
+—22(pd, —0,) +—L2 v, —0,)=0,
M6 (P09, —9,) Mzzd)z (po, —v,)
.. b k b ..
Z}24'1\42 ) M2~2 ) M12~(pv1_vz)_
ZE(’O 220‘) 2%
= 2
Y 0 —0,)4——5 =—2d® sin—,
]‘422~Z (b= M,y Y Mzza)zg a

cos(q)].—()c)+iéjzcos¢j:()y /j=LN/. 8
KR

+ ~ 2
KR®

We shall introduce new dimensionless parameters and
characteristic scale:

h - b1 h — b12 }Ll — bZ p — MZE
YoMe P 2M,@ 2M,,6 M’
n= g) .1; = > ) €= l = S
® M, KR xRM,;
n= Mk1~ 20 n122 = Mk12~ 2 ", MkQG)z ’
1 2% 2%
8B: bW — bW — bWRMZZ Szi o= g . (9)
Kkm@' exkm®d  Sm®d 5’ KR®?

Then equations (8) will take the form:
0y +2ho, + "127)1 +2h,(p9, —,) + ”122(901 -0,)=0,

8, +2h,0, + ny0, — 2k, (pd, ~9,) ~

—n5,(po, —v,) +5, = 8n’ sinnr,

&, +eB(b, —n)+ocos(9; —0)+ et cosd,; =0,

/i=LN/. (10)
Let
- - k,
§=NmR, &= 1)
MZZ
Then
N N .
s, =—Zcos¢j, sy——Zsmq)], n, =1,
= =



Mzz KMzz

bWMZZ d p_P

= 6= = . 12
b Nm’®’ NmR NmR (12)

In this case, the form of equations (10) will be preserved.
Transform R:

— Y
r,=———2—=nv,+2h0,+ny0,+2h,0,.

13)
M,,®°F

At antiresonance 7, ~0.
5. 2. Transformation of equations of loads’ motion

We shall add equations of loads’ motion from (10) and
obtain

27:14)/ +8BZ;‘V:1(¢J' —n)+

N .o N
+sz:1 cos(9; —oc)+£v22j:1 cos¢, =0. (14)
We shall introduce a mean angle for consideration

1 N
— 15
0= NZ - (15)
Conduct transformations
2; cos(p; —o) = Zj\; (cosd, coso—sing; sino) =
=cos (xz;;cos ¢; —sin ocz;_\;sin 9=
=N(s,coso—s, sina). (16)

Then, considering (15), (16), equation (14) will take the
form

0+ep(o—n)+
+0(s, cosa—s, sina)+ed,s, =0. A7)
This equation will be used to search for the frequencies
at which loads get stuck.
In the research that follows, the influence of gravity forc-
es is not taken into consideration (¢ =0).

5. 3. Dual-frequency motion mode at zero approxi-
mation

At €=0, the last N equations in the system (10) take
the form:

$,=0, /j=1,N/. (18)
From these equations, we find
0 =Q1+y, Q,y,-const, /j=1N/. (19)
Then
¢("):tii9.+iiw.:9t+\y. (20)
NS NET

Hence, we shall find

=iigw ‘Vzii“’j' (21)

N4& N4<

Since the balls or rollers are located on one track, then:

Q,=Q /j=1N/

1Y 1Y
s.=— ) cos.=— ) cos(Q1+ =
; NZ 0= NZ (Qu+y))=

=—2(cosQTcoswf —sinQtsiny )=
N3 ’
N

_ cos Q1
N 208

j=1

—i —i sin(Qt+wy ;)=

2
2

=ﬁ2(sin£21:coswj +cosQusiny;) =

Jj=1

N
st‘CZ (22)
j=1

We shall demand that
s, =Acos(Qt+7,)=

= A(cosQtcosy, —sinQtsiny,);

s, =Asin(Qt+7,)=

= A(sinQtcosy, +cosQtsiny,). (23)

Then

Acosy,

1.
— ) siny ,
N2,

N 2 N 2
AZ:% ZCOS\UJ +(Zsin\yj ,
N “~ . = .
N . N
tgy, =Zs1nwj/2coswj.
= =

From (23), we find §, = —AQ*sin(Qt+7). Then the first
two equations in system (10) will take the form

1 N
=—>» cosy., Asiny,=
¥ ; v, Yo

(24)

3y +2h3, + n1201 +2hy,(pd, = 0,) + an(pZH -0,)=0,

. . 9
U, +2h,0, + 1,0,

2
(I

=2hy,(p3, —0,) =

-v,)= AQ*sin(Q1+7,)+8n’sinnt. (25)

We shall find a particular solution to system (25). Let us
consider auxiliary system

0y +2ho, + ”1201 +2hy, (pD; = 0,) + n122(97)1 -0,)=0,

.. . 9
U, +2h,0, + 1,0,

2
=1, (po,

= 2hy, (p3, —0,) =

-9,)= Fg’sin(qr). (26)

We search for a particular solution to this system in the
form of

o (T,q) = D(q,F)sin(qt)+ E(q, F)cos(qr),

0y(1,9) = K(q, F)sin(qt) + L(q, F) cos(qr).



Substitute (27) in (26) and collect coefficients be-
fore sin(gt), cos(gt). We shall obtain the following sys-
tem of equations for the search D(q,F), E(q,F), K(q,F),

L(g,F):

ay(q)  ap(q)  ap(@)  a (@) D(q)
—ap(q)  ay(@) -a,(q) ay(q) | E(q) _
pap(q) pay(q) an(q)  ay(q) || K(g)
-pa,(q) payz(q) —a,(q) ayp(@) )\ L(q)
0
= 0 28
b(q.F) | @9
0
where
a,(q)= n12 +pn122 _qzy a,(q)=
==2q(h +ph,), a;= _n122? a,,(q)=2qh,,,
ay,(q)= "zz +nfz -q, a,(q)=
=-2q(h, +h,), b,(q,F)=Fq’. (29)

We shall introduce determinants

a,,(q) a,(q@)  ap(q)  a,(q)
| man(@)  ay(@) —a,(q) as(q)|
Alg)= =
pas(q)  pay(q) ayu(q)  ay(q)
—pay(q) pay(q) —ay,(q) ayu(q)

={a,(9)as,(q) - p[afs(Q) - ai(@)] —a,(q)ay, (@Y +
+[2pa13(q)a14(q)—a12(q)a33(q)—a11(q)a34(q)]2,

0 ay,(q)  ap(q)  a,(q)
0 a(q) -a (@) ay(q)

A (q,F)= =
(a.F) ba(q) pa(q) au(q)  ay,(q)
0 Pay(q) —a,(q) ay(q)

= b:s(qu)<a13 (9){p[aﬁ%(Q)+ 0124(Q)] -
—ay,(@)az(q)+ a,(q)as (@)} -
—a14(q)[a11(q)a34(q)+a12(q)a33(q)]>,

a,(q) 0 as(q)  a,(q)

—a,,(q) 0 -a,,(q) a,(q)
A, (q,F)= =
OO @ b@F) an@  ay@

—-pa,(q) 0 —a3,(q)  as(q)
=by(q,F)(a,, (iplai(q)+af, ()] +
+a,(@)as(q) — a,,(q)as (q)} -
—a13(q)[a11(q)a3/1(q)+a12(q)a33(q)]>,

a,,(q) a,,(q) 0 a,(q)

-a,(q) a,(q) 0 a(q)
A (q,F)= =
(@5 pay(q) pa(q@) by(q.F) ay(q)

—pa,(q) pa(q) 0 as(q)

= b:a(qu)<P{a11(61)[af4(6]) _aﬁa(Q)] -
=2a,,(q)a;(q)a, (@)} +ay (@] a] (@) +al, (D)),

a,(q)  ay(q@) as(q) 0
—a,(q)  ay(q) —a,(q) 0 |
pay(q) pa(q) ay(q) by(qF)
—pay(q) pay(q) —a,(q) 0
:bs(q,F)<p{a12(Q)[“123(Q)_afd(Q)]—

-2a, (), (D), (D)} + a5 ()]} (@) +aly(9)])-

Aq.F)=

(30)
Then

D(q,F)=A(q,F)/ A(g),

E(q,F)=A7,(q,F)/ Mq),

K(q,F)=47y(q,F)/ Mq),

L(q,F)=A7,(q,F)/ M) 31

Dual-frequency mode of the platforms’ motion at zero
approximation (¢=0) takes the form

0,(1)=D(Q, A)sin(Qt+7,)+
+E(,A)cos(Qt+7,)+
+D(n,d)sin(nt) + E(n,8) cos(nr),

02(1) = K(Q,A)SiD(QT+ 'YO)+
+L(Q, A)cos(Qt+7,)+ K(n,8)sin(nt)+

+L(n,8)cos(nr). (32)

In it, the value of constant parameter Q, which determines
the frequency at which loads get stuck, was not defined.

3. 4. Condition for existence of the dual-frequency
modes of motion

We search for the mean angle at steady motion in the
first approximation. Assume that

0=Qt+vy,+ey,, (33)

where Q=const, and v is the periodic function. Then, with
accuracy to the magnitudes of first-order smallness inclusive

b=Q+ey,, O=¢f,,
s, = Acos(Qr+7,)—ey,sin(Qt+7,).
At the same accuracy, equation (17) takes the form
ey, +ef(Q—n)+ev,Acos(Qt+7,)=0,
hence, we find
¥, =—-B(Q—-n)—ed,Acos(Qr+7,). (34)

At zero approximation, vy takes the form (32). Find the
second derivative

7,(1) = —Q*[K(Q,A)sin(Qt+7y,) +

+L(Q,A)cos(Qt+7,)] -

—n’[K(n,8)sin(nt)+ L(n,8)cos(nt)].

Substituting it in (34), we shall obtain



¥, =—B(Q—n)+{Q’[K(Q A)sin(Qt+7,)+
+L(Q,A)cos(Qt+7v,)]+

+n*[K (n,8)sin(nt)+ L(n,8) cos(nt)]} x
xcos(Qt+7,)=0.

(35

The right-hand side of this equation includes a constant
that generates the secular component:
—BQ-n)+Q*L(Q,A)/2=0. (36)

If this constant is equal to zero, then v is the periodic
function.

With respect to (31), condition (36) takes the form

P(Q,n) = 2B(n - Q)A(Q) + QA (Q, A)=0. (37)

Equation (37) is the polynomial of degree 9 relative to Q.
Its real roots determine frequencies at which loads can get
stuck. The quantity of frequencies at which loads get stuck
depends on the rotor speed.

We shall note that in the first approximation corrections
to vy, vg will equal to the order of €. For actual vibratory
machines €<1/50, and, therefore, the correction will not
exceed 2 % of the dual-frequency mode of motion already
found. That is why a given correction is not determined in
subsequent calculations.

Estimation of the magnitudes of discarded (unaccount-
ed) components shows that despite strong asymmetry of
supports, the platforms execute almost perfect dual-frequen-
cy oscillations.

5. 5. Analysis of equation for the search for a frequen-
cy at which loads get stuck
We shall substitute (29) in (30) and obtain

A, (Q,A)==-2AQ ph,(4h5,Q° + 1) +
+h,[(n} — Q%) +4R*Q% |+

+hy[(n} +pnp, — Q) +4Q% (b +phy, )]}
(30) and (38) show that:

(38)

VQ<0-A,(QA)>0,
VQ>0-A,(QA)<0, VQ-A(Q)>0.
That is why
VQ<0-P(Qn)>0,VQ2n-P(Qn)<0,

and:

— all real roots of the polynomial (37) are in the open
interval (0, n);

—V n>0 at least one real positive root exists, Q, €(0,n),
is the frequency, at which loads get stuck.

If the resistance forces in supports do not exist (A, fa,
h2:0)

AMq)=[(n{ +pny, —q*)(n; +nj, —q*) —pny, . (39)

Two different twofold roots of this equation

1
4, =3Jnf 2+ (1 pynd, 3 [n2 — 2 — (14 Py, [+ dprly (40)

determine natural frequencies of oscillations of the system at
loads that are motionless relative to the auto-balancer.
Note that

[ —n; —(1+p)ny, | +4pny, =

=[n +n;+(1+p)n)]" -

~4(n’n; +ninl, +pninl,)>0.

That is why these frequencies always exist and 0<g;<gs.

Equation (37) always has at least one root Q, close to
n. Using the method of expansion of polynomial roots by
the powers of small parameter [15], it is possible to obtain
that at low or very high rotor speeds there is only one root;
in this case:

Vn:0<n<<l Q =

~n— AR’ phﬂ’lfz ""]112”14 +h2(”12 + p”122)2

B(nin, +nin;, +pn,n;,)”

)

Vnss1 Q- B0 (41)
B+ A(hy+hy)

In the case of low rotor speeds, this is the single frequen-
cy at which loads get stuck.

In the case of a rapidly rotating rotor, there can exist
other frequencies at which loads get stuck.

In the absence of resistance forces in supports, summand
2B(n—-Q)A(Q) has five real positive roots: g1, q1, g2, g2, n. If
there are forces of viscous resistance in supports

VQe(0,n) 2B(n-Q)AQ)>0, Q’A,(Q,A)<0.

That is why, in the case of small viscous resistance forces
in supports, other frequencies at which loads get stuck:

— are close to the eigenfrequencies of vibratory machine’s
oscillations;

— occur in pairs in the vicinity of each eigenfrequency;

—one frequency at which loads get stuck from the pair
is slightly lower than the corresponding eigenfrequency of
vibratory machine’s oscillations; while the other is slightly
higher.

That is why, at small viscous resistance forces in the sup-
ports of a vibratory machine, an increase in the rotor speed
leads to a sequential growth in the number of frequencies
at which loads get stuck. In this case, the quantity of such
frequencies is: 1 — for n<gq,; 3 — for ne(q,,q,); 1,5 — for
n>gq,. Here, q,,q, are some characteristic rotor speeds, such
that ¢, <q; <q,<q,. Magnitudes of these characteristic
speeds were not determined.

Arbitrary viscous resistance forces in the supports may
interfere with the emergence of new frequencies at which
loads get stuck. That is why, in the most general case, the
quantity of such frequencies can amount to: 1 — for n<gy;
1 or 3 — for ne(qy, g»); 1, 3, or 5 — for n>q,.

6. Discussion of results of studying dual-frequency
motion modes of the dual-mass vibratory machines

The theoretical study conducted allowed us to
establish that a dual-mass vibratory machine with
rectilinear translational motion of platforms and a
vibration exciter in the form of a passive auto-balancer
always possesses steady-state operation modes that



are close to dual-frequency regimes. During these motions,
loads in the auto-balancer create constant imbalance, cannot
catch up with the rotor, and get stuck at a certain frequency.
In this way, loads serve as the first vibration exciter, induc-
ing vibrations with the frequency at which loads get stuck.
The second vibration exciter is formed by the unbalanced
mass on the casing of the auto-balancer. The mass rotates at
the rotor speed and excites faster vibrations.

Despite the strong asymmetry of supports, the auto-bal-
ancer excites almost perfect dual-frequency vibrations of
platforms. Deviations from the dual-frequency law are pro-
portional to the ratio of loads’ mass to the mass of the entire
machine. That is why they do not exceed 2 % for actual
machines.

A dual-frequency vibratory machine has its own two
oscillation frequencies — q1, g2 (q1<q2). Loads can get stuck
only at speeds close to: the eigenfrequencies of vibratory ma-
chine’s oscillations; the rotor rotation frequency.

A vibratory machine has always one, and only one, fre-
quency at which loads get stuck, which is slightly lower than
the rotor speed.

In the case of small viscous resistance forces in the sup-
ports, an increase in the rotor speed of vibratory machine
leads to an increase in the quantity of frequencies at which
loads get stuck, first to 3, then to 5. In this case, new frequen-
cies at which loads get stuck:

— occur in pairs in the vicinity of each eigenfrequency of
the vibratory machine’s oscillations;

— one of the frequencies is slightly lower, while the other
is slightly higher, than the eigenfrequency of vibratory ma-
chine’s oscillations.

Arbitrary viscous resistance forces in the supports may
interfere with the emergence of new frequencies at which
loads get stuck. That is why, in the most general case, the
quantity of such frequencies can reach: 1 — for n<q; 1 or 3 —
for ne(qy, q2); 1, 3, or 5 — for n>q,.

Thus, at small viscous resistance forces in the supports,
a dual-mass vibratory machine has more dual-frequency mo-
tion modes than the single-mass machine [10]. In this case,
the dual-frequency motion modes in the dual-mass vibratory
machine do not disappear at an increase in the rotor speed.
This opens up new possibilities for designing vibratory ma-
chines with different dynamic characteristics.

We shall note that the stability of different dual-fre-
quency motion modes and dynamic properties of the vi-
bratory machine under these motions were not explored.
It should be noted that differential equations of motion for
the vibratory machine have solutions that correspond to
the onset of auto-balancing. These solutions also remained
unexplored.

The obtained results (the laws of platform motion, equa-
tion for finding the frequencies at which loads get stuck,

etc.) could be applied both for analytical research and for
a computational experiment. In the future, it is planned to
investigate dynamic properties of the vibratory machine
under a dual-frequency motion mode by employing a compu-
tational experiment.

7. Conclusions

1. A dual-mass vibratory machine with rectilinear trans-
lational motion of platforms and a vibration exciter in the
form of a passive auto-balancer always has steady-state mo-
tion modes that are close to dual-frequency regimes. Under
these motions, loads in the auto-balancer create constant
imbalance, cannot catch up with the rotor, and get stuck
at a certain frequency. In this way, loads serve as the first
vibration exciter, inducing vibrations with the frequency at
which loads get stuck. The second vibration exciter is formed
by the unbalanced mass on the casing of the auto-balancer.
The mass rotates at rotor speed and excites faster vibrations
of this frequency.

Despite the strong asymmetry of supports, the auto-bal-
ancer excites almost perfect dual-frequency vibrations of
the platforms. Deviations from the dual-frequency law are
proportional to the ratio of loads’ mass to the mass of the en-
tire machine. That is why they do not exceed 2 % for actual
machines.

2. A dual-frequency vibratory machine has two eigenfre-
quencies of oscillations. Loads can get stuck only at speeds
close to eigenfrequencies of the vibratory machine’s oscilla-
tions, or to the rotor rotation frequency.

A vibratory machine has always one, and only one, fre-
quency at which loads get stuck, which is slightly lower than
the rotor speed.

At low rotor speeds, there is only one frequency at which
loads get stuck.

In the case of small viscous resistance forces in the
supports, at an increase in the rotor speed, the quantity of
frequencies at which loads get stuck in a vibratory machine
increases, first to 3, then to 5. In this case, new frequencies
at which loads get stuck:

— occur in pairs in the vicinity of each eigenfrequency of
the vibratory machine’s oscillations;

— one of the frequencies is slightly lower, while the other
is slightly higher, than the eigenfrequency of vibratory ma-
chine’s oscillations.

Arbitrary viscous resistance forces in the supports may
interfere with the emergence of new frequencies at which
loads get stuck. That is why, in the most general case, the
quantity of such frequencies can be 1, 3, or 5, depending on
the rotor speed and the magnitudes of viscous resistance
forces in supports.
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