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duee The Unbalanced Rotor With the Dynamically Self Regulating

Abstract: The system analysed consists from the rotor which may rotate on the case suspensed by elastic elements to the
immovable basis. The case of the passive vibroexciter is attached by a rotational link to the rotor.
Approximately by the analytical method the steady state regimes are determined. For the regimes which it is easier to

€

1 INTRODUCTION

The unbalanced system with passive vibroexciter the
case of which is attached to the rotor by a rotational link is
analysed. Various steady state regimes may exist in this
system. This problem has something in common with the
dynamics of similar systems investigated earlier [1-3].But
in the systems of analysed type some easily implementable
specific regimes may exist.

The purpose of this work is to determine the specific
qualities of the system in case of simple synchronous
regimes, to determine the conditions of their existence and

2 INVESTIGATION
The system analysed consists of the basis 1, the
unbalanced rotor 2, the case 3 of the self regulating system

with the mass 4. The case 1 is attached to the immovable
basis by the elastic members with the coefficients of the

stiffness C'_ and C', . The mass 4 is attached to the case 3

by an elastic member with the coefficient of stiffness C. .
The coordinates of the corresponding points are denoted

Ol(x" y)’ A(Imy».) and B(xssyg)

First of all the expressions of the kinetic and potential
energies and of the dissipative function of the system are

T:0,5{r71(,i'2 +_\'f2)-+-11('p2 +[20't2 +2my +mg)r-¢

iy . 2 . i
(= Fsing+ _vcoscp]+mB{z“ 2ol ¢ L

(zcosa—zasina)+2y(zsina + zdcosa) +

s of
System
s are
their
5. A K. Ragulskis ', L. Ragulskis *
! Kaunas University of Technology, Lithuania
* Universitas Vytauti Magni, Lithuania
implement the conditions of existence and stability are determined.
Keywords: an unbalanced rotor, a passive vibroexciter, the conditions of existence and stability.
NOTATION
A and B the amplitude of harmonic vibrations.of
_ the case of the system according to the
'rll_\'lgg axis OX and OY respectively
2l the
= The CsiCuiCay the coefficients of stiffness and viscous
Jmm: ' friction of elastic dissipative elements
H. H. . H:,
I the moment of inertia about the relative
free axis of rotation of the member
ket m the mass
web T -
- D the eigenfrequency m
P the disbalance stability.
1 the Xy the coordinates of the case of the
case system
scted . i
ekl z the deviation of the mass of the passive
_— exc1tf3r from the relative axis
reed rotation
7 the statical position of this mass
nomn- ’
n of a the angle of rotation of the case of the
ssed passive exciter wit respect to the axis
e in 0X
€ a dummy small parameter at the end of by
mﬁd calculations assumed equal to one
" the
st @ the angle of rotation of the rotor
w the frequency of excitation of the case
of the system
Hble Q the frequency of the case of the passive obtained
KOB, exciter
vIL = the sign of averaging with respect to
g ging p
time, for example &
Ma-
X _ d
dr
nat
: d
Ponts
da

The Journal was received on 1 August 2000 and was accepted for
publication on 30 August 2000.
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THE UNBALANCED ROTOR WITH THE DYNAMICALLY SELF REGULATING SYSTEM. K.RAGULSKIS, L. RAGULSKIS

+ 2rgb[:7 sin(a - @)+ zd cos(a - o) D
II :O,5|_c_‘.:f2 -ﬁ-cr‘,,‘.’2 +c(z-z )J (2)
D:O,SQJIJ{'2+H",};‘2+H::'2) G

where

m=nygy+ny+mg
I =1y+ (mA +r?13)r2

mp— the mass of the member 1, m, — the mass of the
member 2 and the reduced mass of the member 3, nmp —
the mass of the member 4 concentrated at point B, I,— the

moment of inertia of the member 2 about the point O,

Cy.Cy.C., Hy,H, H . — the corresponding coefficients of

stiffness and viscous friction, z,— the possition of statical

equilibrium.
y A .
(7.
i
0 : el

Fig. 1. The model of the system

On the basis of (1) — (3) the differential equations of
motion are obtained

mi+H x+cx=X

my+H y+c,y=Y

I+ H./mg +(p2—d2)z:Z

ILa+A=0
[l('wé +d =0 (4)
where

X =(my +mp )r({[}sin @+ ¢° cos (p)—

" and in this way similarly, where Qs Wps ans

—mp |6 - 262 Jos o~ (st + 226 )sin o
Y = ~(m +mp)rjeos g~ o7sin o -
~1ig [( — zaz}m o + (26 + 2éd)cosaJ
Z = —Xcoso — ysino — rk’asin(oa —9)-¢? cos(cxg Lp)J
A =mpz{zd +2:6+ rl{;’) cos(a — @) + ¢~ sin(o (p)J—
— ¥sino + ycosol}
@ =(my +mp)r(-¥sing+ ycoso)+

+mBK‘:’—:-dz)sin(a_Lp)+(zéi+22d)cos(0t—cp)J (5)

Further the steady state regimes are analysed in the case
when

x=Acoswt, v=Bsinor (6)
a=Qr+a (7

by taking into account that cand ¢ perform small
oscillation about their stationary positions, that is

A=teA
DO =cd (8)
where € — a dummy small parameter at the end of

calculations assumed equal to one. Then the steady state
regimes are sought with the help of the power series with
respect to €, namely: .

w
FAR
-

&

P T =Ty + €0 + 87T . 9)

are periodic

function of time z.

Case 1.

©=wr

In this case by taking into account (4-9) the following
differential equation is obtained for z

Zp + (pz -Qz):(, = pzzs —Xcoso— ysino +

+ro’cos[(Q-o)+a] (10)

From it follows
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THE UNBALANCED ROTOR WITH THE DYNAMICALLY SELF REGULATING SYSTEM. K. RAGULSKIS, L. RAGULSKIS

P’ . 0,50%(A + B)+ro?

[)2 o pg —0? —(Q—(JJ)2
0,50 (A - B)

pF =i —(Q+m)2

cos[(Q - m)! + E]+

2H=

cos[(Q+a) +d] (1)

and

(P)J Ay = AI(p:ml =Ayp [(Q - (D)f +Q, (.Q + (.0))’ + 0,
a=Qt+a

IJ* AQ-o0)+2T, 2Q+ o)+, 200 + 2, 201, 20t +&|  (12)

is a periodic function of the indicated arguments.
By limiting the analysis with the quasilinear case it is

obtained that the average value of A is equal to zero only -

at

Q=0,0=0,0=-0 (13)
(5) - i

Case 1.1.
case

Q=0 (14)
(6) From (12) it is obtained
(7 Ap = leﬂnt =

a=0t+a
small 4(2r - '
ma = g 0,125 (2:7+A+7BXA B)sin e (15)
p-—20° .

The stationary values are at Ay =0, that is
(2) oy =nm
d of &y =(n+05)m (16)
state
with The conditions of stability are

Geos2a >0 (17)
)

where
- 4fn . _
odic G 2050 (2:7+A+Bi)(A B) i)
p- =207
In the case when
‘ G>0 (19)

xying

o; are stable regimes and ©, are unstabile ones.
When G <0 the stable and unstable regimes interchange,
that is ¢ are unstable o, and are stable.

Case 1.2

Q=0 (20)

From (12) it is obtained

2
Ay =mp %(Zr +A+ B)[pzss sin @ +
p

+0,250%(2r + A+ B)sin 2a J:O (21)

and the condition of stability is
2
mp -—02’—50-)7(21‘ + A+ B)[pzzs cost +
pT-0

+0,50°(2r + A+ B)cos 2E}> 0 (22)

and the condition of stability with respect to z is

"

PP -0’ >0 (23)

From the latter relationships it followes that the
rotational mations may exist also when

:}‘:0

-5

or one of them is equal to zero.
When z; =0 in the steady state regime in the interval

@ (0, 2n) there are four stationary values of T .

G =nn
T, = ()1 + O,S)TI (24)
When =z, #0 in separate cases in the interval

ae (O, 211) there may be only two stationary values of o .

Case 1.3.
Q=-0 (25)
From (12) it is obtained
A= 0,5!1!?!‘2 (A B)[ 2 A
0=Mmp———|A-B)|pTIsma+
pZ =
+0,250%(A - B)sin 2aJ= 0 (26)

In this case the equation is analogous to the case 1.2,
but insread of the member 2r + A + B there is a member
A-B.

Case 2.
©0=0 (27)

In this case by taking into account (4-9) the following
differential equation is obtained for z,
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2o+ (,32 -Q’-}O = p?z; — Fcos(Qr + @) sin(Qr + @)

From it follows

p* 0502 (A+B) g
Z= 2%+ cosfQ2—-o )k +o|+
7ot T gty l@-er+al
0,50%(A-B) il
cos||Q+of+a (28)
pz—Qz—(UH-Q)Z [( (D)f ]
Case 2.1.
Q=0 (29)

From (28) it is obtained

01250*(42 - B2

-
pP-o’

KO = f?IB

sin2a =0 (30)

The conditions of stability are

0502(42 - 2 3
nig mj cos2a >0

p-o°
pP—0’>0 (31)

The stationary values of o are
o) =nm

T, =(n+ 0,5).

When A*>B’

o are stable regimes

C, are unstable ones.

When A*<B’ the @ and ®, according to the stability

interchange, that is o are unstable @, .

Case 2.2.
Q=w

Here

0,250%(A +B) & )
3 .7 EF

Ao = nig 5 IgSint +
p

-

+0,507(A+ Bin 2&] =0

and

oA, 0.250°(A+ B
0 =mpg ( 5 )[ZPZ
o p?—w?

ZgCOST +
+ mQ(A + B)cos 26]

Case 2.3.

Q=-n

Here

- 250°(A-B it
Ay =”139L2)EP255 sin@ +

p’-o

+0,50%(A - B)in 28] =0
and

Ao _

npg 0’250)2(142_3)%,02:5 coso +
+0*(A-B)os 20|

Case 3.

x=y=0,0=0,a=0r+0

According to (4-9)

o+ (03 —mz):o = p?'-zs +ro? cos Oy .
12§+mB:@5(,co + 70 sin o )z 0

From it follows

T 3 B e o
« Ay =ngrzo~sino =0
A

AN _
i | mBrzmz cosa >0
da
The regimes

o) =2nm
are stable at

p2 —0?>0
and in this case

are unstable ones.
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3 CONCLUSIONS

It is determined that the unbalanced rotor witch the
passive vibroexciter on an elastic foundation in case of the
steady state regimes has specific qualities.

The conditions of existence and stability of the
stationary motions of the case of the passive vibroexciter
about the positions of equal librinum and of the
synchronous rotational motions are determined. The
obtained analytical inequalities reveal the specific qualities
of the system.
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