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Annotation. This paper dedicated for that investigation of stability of stationary
vibrations of plate with hysteresis type characteristics and dynamic absorber with elastic
characteristics under white noise excitations. Hysteresis type characteristics of plate is
according to Pisorenko-Boginich’s hypothesis®.

Results and discussion. Mathematical model of vibrations of plate with hysteresis type

characteristics and dynamic absorber with elastic characteristics is received as following?:

X + (61 + jeasign(w))pfeXie — diclio Xz = —duWo;
(1)
uikojél‘k + 5(:'2 + n2x2 - _Wo,
where x;, = displacement of (ik) point of plate; x, = displacement of dynamic
absorber; j2 = —1;¢€ =1—(co+TPn; — (T, + T3)vs; €, = (co + T3 +

(T + T)vas i = Ti({xika)); Tz = To(Xika)); T3 = T3((Xika))s 11 =
M ((Xika))i M2 = M2 ((Xika)); VI = V1 ((Kika))i V2 = V2 ((Kika)); Thy s V

statistical linearization coefficients;

3D ¢ g il |
Tl 2|k10hp|k hz—;ChX'ka 2'1(| 3) [.U lk(a 2 11 oy, ) y(azz‘azz ))dXdy],
6D(1 1) <

o dyohp; Z o 2'2(l +3)% fuu OX 0y

(0533 ‘ass

T, = ZD(,lohﬂ) jj L)axdy; ¢ (i,=0...r) and k (i,=0..,s,) parameters
2ik S

depend on material of plate and they are investigated from experiment!;
8Zuik 62uik . azu azulk . 82uik . : > in

o, =——" tH— i Qp= “+u , O,=—7- , M = Poisson’s ratlo;
OX oy oy’ ox’ Oxoy
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Eh’

D = ——— - cylindrical stiffness; E = Young’s module; x;;, = Xk (t) = amplitude
12— )

: . . d,
of x;; (xika)= Mathematical expectations of amplitude of x;,; d, =—*; d,, :L;

d2ik phdZik
p = density of plate; h= width of plate; d,, = [[u,dxdy; d,, = [Juzdxdy; u, =u,(x,y)

= natural vibration form of x;.; u,, =u,(X,,Yy,) = quantities of at a point (x,,Y,)

dynamic absorber situated of natural vibration form of x;;; p;;, = natural frequency of
plate; n = \/% = natural frequency of dynamic absorber; ¢, m = stiffness and mass of

dynamic absorber; W, = écoswt = acceleration of foundation; ¢ = maximum quantity
of W,; w = frequency of system.

It is known us that, a lot of cases characters of random vibrations are learned by
Ito’s equations®®. We will get solutions of system of differential equations (1) as
following:

X = O (£)eT9t + & (H)e @,
(2)

Xy = 0 (0)el + &, (t)e ¢,
where g, (t) = oy, Ei(t) = &k, 0,(t) = 0y, &, () = &,, are amplitudes of x;;, and X,
they are counted slowly changing functions;
We will count derivatives of solutions (2) and put in (1). After doing that it is

possible to get system of normal type differential equations.

Oik = ij)bl ((0? = pii (€1 + j€2))bioy + (w? — piic(€1 — j€2)) by &ipee ™ +
. +dzicttioby (02 + §,672°Y) — bydy Woe™7¢Y);
ik = _%((wz — pi (€1 +j€2))0ye™ 't + (w® — pi (€1 — je2)) ik +
+dsiUin (02698 + &) — dy Woe“Y); 3
gy = %((wz — b3)(0, + &6 + uyopi (€1 + j€2) 0y +
. oD (61 — j€2)Exe ™It — bWoe™1¢t);
& = _2]7((0)2 — b3) (022" + &) + uo (€1 + j€)Diowe™t +
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+UioPi (€1 — j€3) & — byWoel®h),
=n’+u’d

where b =n*d, +u,,d,,; b, =1-u,d

ik ?

b,

k0™ 3ik *

Ito’s system of differential equations® can be written as following by using

stochastic averaging method from (3).

1
2jw

4
) 1
dojy =5— ((wz — i (& +]€2)) Oi + d3ixUio02)dt + WZ Y1 dw,, (t);
=1

4
—1 1
A = 5 (@ = Ph(er = Je2)ue + datinof2)dt + 7 > Va1 dwiy (0 (4)
Jjw 4w —

2jw

1 1 <
40, = 5 (% — b3)0 + UapfeE + E)o0)dE + 75 Vay dwy (1)
=1

4
1 1
dé, = — 2w ((w* = b3)&; + ugopii (61 — jE2) i) dt + WZ Var dwy (2),

=1
where w,, (t) = Weiner’s process and it has (w,(t)) = (W,(t)) =0 property;

Y Vil Yai=1 Va1 121 V3 2di=1 Yar are investigated from following matrix®-®;

0 diZkWa
2
. dizkzwa 0
lyy'Il =
0
dikaWa 0

2
W, = amplitude of W, (t).

0

digb,Wq
2
dixb, Wq
2
0 b2W,
2
b3W,
2

: ()

Stability problem of solution of Ito’s differential equations are learned’ for
mechanical systems with hysteresis characteristics. According to [7] we will calculate

mathematical expectations of (4).
doy) 1
at  2j
d(Sik) _
dt

d{a3) _
dt
d(¢2)

dt

2jw

o ((w? = piic(e1 + je))01k) + daihino(02));
o (@~ PR ) + dantio (62D

((w? = b3)(02) + wikoPii (€1 + j€2)(00));

(6)

1
= —%((wz — b3)(§2) + uiopiic (€1 — j€2)urc))-

We can see from (6) that stability of vibrations of this system is not depend on

spectral density of acceleration of foundation. If excitations are parametric, stability of
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vibrations will be depend on  spectral density of acceleration of foundation.
Characteristic equations of (6) will be as fellowing:

+219) 4 1)

1 .
/1(1)1’2 = 4]—(1)(2(1)2 — b3 - E]_pizk - Ezpizk]) +

4w ;
(7)

1 ) 5 . iA(l*) _]A(l**)

AW, = Yo (—2w? + by + €10f, — €205j) + 1o )

where
_ 2 2 2 2
/1(1*) — K1 s + K1 s + K1« : /'1(1**) — Sign(Kl*) K15« + K sx + Kl*;
2 2

(8)

_ 2 2 2.

Kix = 2(b3 — €1Pjx — 2d3;U ikO)EzpikJ

_ 2\2 2.4 2 2 2
K1 = (b3 — €1D(3)° — €3Dj5  + 4d3iU” ikoPik €1-

Solutions of (6) will be following according to received (7):

(o) = (CSpY Rt +(CiR) e

(€)= DDy ekt 4 (DD 2, 9)
(0,) = (C(l)) oAVt 4 (C(Z)) e/l(l)t
(&) = (D) el + (DD e,

where
+ /'l* 2 + _ /‘l** 2
(C(l)) — 3lkulk0 (C(l)) _ \/(Ezplk ) (Elplk 3 ) .
210 + ZZO /Zlo + Zz_o
2 _ 2 2 + 2 _ b, — 1** 2
<C(2)> _ 3lkulk0 (C(Z)) _ \/(Ezplk ) (Elplk 3 ) .
Zs0 + Zao Vz3 + 74 ,
2. — A% + (€1,p% — bz + 1**)?
(D(l)) _ \/(EZPLI( ) (Elplk 3 ) -(D(l)) plkulkm/el + 62
/22, + 72 ’ W ’
50 60 50 60
2+ )2 + (e1p%, — bs + 17)? 3
(D(2)> _ \/(Ezplk ) (€1Pk 3 ) (D(Z)) plkulko 61 n 62

4\/ Zgo + Z§0 , \/ Z70 + Zso
210 = (605 + )% — (E1Pi2k — b; — /1**) — 4d3 ufo; 220 = —Z(EZPiZk +
* %k k E3 EE3 2
A )(E1Pi2k — b3 — 4 )izso = (Ezpizk — A )2 - (€1Pi2k —b;— A ) - 4d§ikui2k0;z40 =
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_2(€2pi2k - /1*)(61291'21( — b3 — /1**);250 = (€205 — A)* — (€1pi2k, — b; + A**)Z -
ApjiUico (€ — €3); 260 = —Z(EZPiZk - A*)(Elpizk — bz + /1**) + 861 €21 Uikos Z70 =
(Ezpizk + %)% — (€1Pi2k —bs + /1**)2 - 4P?kui2ko(€12 - €§)i280 = —Z(EZPizk +
X*)(€1pfic — bs + A7) + 8e1 ;i Ufro-

It is known us averaged square quantity of generalized coordinates gives stationary
vibrations of mechanical systems®. Averaged square quantity of (2) is content following
condition:

(Xfea) = Howdolir o, (10)
where (g;, ), and (&;x ), are quantities of (o;;,) and (&) whent = 0.
Averaged square quantity of x;;, will be following according to (9) and (10):
(xFia) = 4((CL0) +(CIPNUDR) + (D). (11)

Roots of characteristic equations (7) should be negative sign® for stationary
vibrations of our system being stable. According to this fact we can write following:

—€,p%+109 < 0. (12)

€, Is positive function which has characteristic of losing the energy of material of

plate, x,, k.. are positive sign always for small (x;;,). They give A1*) > 0. We can say

that second inequality of (12) is exist always. The first inequality of (12) is counted
condition of stability for our problem.

A0 < e,p? . (13)

Simplifying (13) gives following:

€2° P dzicUiio > 0. (14)

Analysis and calculations. We will analize and calculate received results for steal plate
45-mark?*:
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. h=0.00lm;a=b = 0.19m;E = 2.08-
1] 10" N/m?;G = 0.8+ 101 N/m?; u = 0.3;p =
'/ 7810kg/m3xo = a/2;yo = b/2;(i = k =
Diup(x,y) =ui1(x,y) = sin%sin%; diik =
di1p =4+ 0.19%/1% ;dyy = dyyy = 0.19% /45, =
142.717x4 14 + 22660477 x%,, — 1.74149 -
102x3, ,;m, = 60.57097x114 + 9617405x%,, —
27.389243 - 10"1x3, ,;v; = 0.613245x;,, —
62.7862x%, + 4240.29x3, 5; v, = 0.26027x114 —

26.6473x%, + 1799.635x3, ,; p11 = 847.48 ¢ L.

0 00001 00002 04003
y

Fig.-1. Changing of 2 and 2A* functions according to natural
frequency of plate.

We can see the changing of A(1*) function (6, 5, 4 lines) and A(**) function (3, 2, 1
lines) according to natural frequency (847, 947, 1147) of plate in Fig.-1. Received results
depend on that A and 2(***) should be positive sign as showen Fig.-1. As a result of the
fact, the vibration is always stable.

If A1) and A(**9) functions are unknown sign we can not separate the real and
abstract parts of roots of chatacteristic equation (7). It brings that stability problem can not
be solved by Silvestre’s criteria.

We can say that additionally, if natural frequency of plate is increase, quantity of
A% and 229 will be also increasing. It gives that A**) and 2A(1**) are always positive
sign.
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