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The mechanical system, which has four  degrees
of freedom, and its vibration caused by nonlinear
friction, has been analysed. The coefficient of fri-
ction is dependent on both the relestive velocity
between the moving tape and the mass friction ele-
ment (which has one degree of freedom) and of the
changes of normal force (which is caused by the mo-
tion of the other body with three degrees of fre-
edom).

Calculated analysis was made for three groups of
parameters using digital simulation of the analog-
-machine method. Using parameters derived from the
experiment stand, the system of differential ordi-
nary nonlinear equations has been solved using an
approximate method. The comparison between the expe-
rimental research and the two calculating methods
has given similar results,

1. INTRODUCTION

1987

The model, with four degrees of freedom used for the analysis, is

presented in Fig. 1. The motion of body 1 through the vertical
which connects two bodies causes the changes of normal force

rigidity
pressing
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the mass object 2 to the tape. The result of this is a change

of friz=-

tional force between the tape and the body 2. The frichtional iorce de-

pends not only on the relative velocity of the mass object 2 and

the

velocity of the tape but on the changes of normal forces which press

this mass to the tape. The character of nonlinear dependence is

given

in Fig. 2. The dependence of friction coefficient u from relative velo-
city is presented in Fig. 3. The character of this dependence is appro-

ximated by using polynomial as follows
{u(w) = M, SBOW - oW + (Swj,

where: Hor @ 3 = constant coefficients,
w - the relative velocity.
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Fig. 1. Scheme of model stand

1 - body with three degrees of freedom, 2 - body with

one degree of freedom, 3 - moving tape with velocity

Voo 4 - rigidities connecting two bodies, 5 - rigidi-
ties connecting body 1 with frame

This model which is taken in to consideration contains the

teristic signs of the general model which has been presented in

author s paper [2].
The equation of motion in the general model is as follows

ME]*' Kq :Q(q’c’i)’

where: M matrix of mass my and moments of inertia Ii’
K - matrix of stiffness L
Q(q, §4) - nonlinear force,
q =~ vector of generalized co-ordinates.

(1)

charac-
the

(2)
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Jg + 3y eee + Iy = 3, (3)
Y, Y Y, u
_R“‘-'j;'l-Rz'i-... +—R-—EI-=R—O-, (4)
1 2 N
U31 U:12 UJN
U =-R_ﬁ_+R toeee (5)
° 1 2 N
Przy doborze jednakowych wartosci opornikdw Rys Ry eee Rys Ry uzyskuje
si¢ algebraiczne sumowanie napiecd
Uy = - (u:J +Ug 4 ae. o+ Uy ). (6)
1 2 N

W celu jednoczesnego sumowania i odejmowania sygnaldw napigciowych moz-
na wykorzystac¢ réwniez wejécie nieodwracajace wzmacniacza (rys. 3).
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Rys. 3. Schemat ukladu dodajacego i odejmujacego
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W tym ukladzie, przy doborze jednakowych opornikéw Ry R2 oraz R,=

= R napigecie wyjsciowe begdzie

R ( 2R, ( Re
U = = == (U + U ) + (1 + (U
o R1 31 32 R1 R3 + 2?6 33

Zaktadajac ponadto Ry = Ry = R, =R, = R. =R
jest roéwne

4!

(3]

+

u34). (7)

napiecie wyjsciowe Uy

u_ = (u. =+ ug ) - (u. + u_ ). (8)

Na rysunku 4 jest przedstawiony uklad pozwalajacy wyznaczyé sygnaty x,
y 1 @. Zostal on zbudowany na trzech wzmacniaczach operacyjnych typu
MAA 502. 0gélny widok ukladu pomiarowego przedstawia rys. 5.



108 J. Awrejcewicz, B. Jagietllo

R

R
R
L%NyZ‘ | E:}———gi*+ - (JV
Ehﬁ@ g!kk R ) E;ut% RD

Rys. 4. Schemat uktadu przeliczajacego

Rys. 5. Uklad pomiarowy

1 - bryia sztywna wykonujaca ruch piaski, 2 -~ trzy czujniki piezoelek-
tryczne KD 12, 3 - miernik drgan SM 231, 4 - uklad przeliczajacy sygnaly
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Do nastawienia wspdiczynnikéw A, B, £ i D, wystepujacych wréwnaniach
(2), stuza potencjometry Ra (podwéjny) oraz Rgr Rg i Ry Jezeli napiegcia
Uyr Uy i U3 sa proporcjonalne do sygnaiéw Xqr Yqr Yoo to napiecia Ux'
Uy. U_w tym samym stosunku proporcjonalno$éci odwzorowuja szukane syg-

@
naty x, y. ¢.

LITERATURA

[1J] Awrejcewicz 3J.: Analiza drgar’h samowzbudnych ukledéw me-
chanicznych z uwzglednieniem wpiywu sprzezerlt wywolanych tarciem nie-
liniowym. Praca doktorska Pt, +t6dz 1981.

[2) Nadachowski M., Kulka Z.: Anaslogowe uktady sca-
lone. WKit, Warszawa 1979,

AHAJIOTOBAA 3JEKTPAYECKAH CUCTEMA
LA ONPEIEJEHNA TNEPEMFIEHAA LUEETPA MACC:H
I BPAIEHNAA BOKPYT HEI'O KECTKOTO TEIA

KpaTroe conmepsscsuye

B crarpe NPEeACTABICHO CTDOEHNME 3JSKIUHUYECHOodl cucTewE, ¥
BO3iOXHOCTH ONPENEIUTH NBUXEHWE XRECTKOTO TEN4 YEPE3 HOOPAIHAIH

MEUEHYA €€ 118HTpa LaCChH ¥ BDAUEHHA BOKDYI (270, OUTHAI: C ; 13
siefasnil, TONMyueHHHNS C TPEX NUON3BOIBEO B3RTHY TOUSK ®ECTxCcro 727a (xo-
TODOT'0 ABVXEHI2 NJIOCK0E) TePSYNCIeED B 2A=KTULHYSCHOI CICTeile Ha CLTia-
JIt' COOTBETCTE2IEHE ABUEGHID USHTPS YACCH 17 [DREURHUF EQUDVD 1570,

ANALOG ELECTRIC SYSTEM FOR DETERMINATION
0F THE DISPLACEMENTS OF SGLID IN PLAIN MOTTON

In the paper a method of determination {example: a flat material sy~
stem) of the motion of the msss centre of the sysrem &nd fthe resvolutiorn

round it nas been presented 07 the basis of the displacements cf the
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three optionally chosen points of the sclid. The electric system has
been built, making the conversion of the displacements of these points
to the dosplacements characterizing motion of the mass centre of the sy-
stem and the revolution round it possible.
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