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Abstract

The dynamical behavior of a Plate subjected to parametric and
external excitations forces is investigated. The method of multiple
time scale perturbation technique is applied to solve the non-linear
differential equations describing the system up to the second order
approximation. Resonance cases at this approximation are obtained
and studied numerically to determine the worst resonance case. The
effects of different parameters are studied. Stability of the steady
state solution for the selected resonance case and frequency
response equation are studied via Matlab 8.0 and Maple 16.
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1. Introduction
Chaos is one of the most exciting topics in the field of physical
sciences. Researchers have determined the behavior of vibrations
and control of both vibrations and chaos for various vibrating
systems. Many ideas and approaches for controlling chaos have
been proposed in the past twenty years [1-5].
Oueni et al. [6] studied a non-linear active vibration absorber
coupled with the plant through user-defined cubic nonlinearities.
Tondl et al. [7] studied a dynamic absorber, which can move in the
transverse or longitudinal direction, which attached to an excited
simple pendulum. Nayfeh et al. [8] discussed dynamics of
machining using quadratic and cubic stiffness of machine tools,

which accounts for the regenerative effects.
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Zhang [9] analyzed the global bifurcations and chaotic dynamics of

a parametrically excited, simply supported rectangular thin plate.
The method of multiple scales is used to obtain the averaged
equations in the presence of 1:1 internal resonance and primary
parametric resonance. Zhang et al. [10] investigated the local and
global bifurcations of a parametrically and externally excited simply
supported rectangular thin plate subjected to transversal and inplane
excitation simultaneously.

Belhaq et al. [11] investigated the control of chaos of one-
degree-of-freedom system with both quadratic and cubic
nonlinearities subjected to combined parametric and external
excitations. Glabisz [12] studied the stability of one-degree-of-
freedom system under velocity and acceleration dependent non-
conservative forces. Eissa and Amer [13] controlled the vibration of
a second order system simulating the first mode of a cantilever beam
subjected to primary and sub-harmonic resonance using cubic
velocity feedback. El-Bassiouny [14] made an investigation on the
control of the vibration of the crankshaft in internal combustion
engines subjected to both external and parametric excitations via an
elastomeric absorber having both quadratic and cubic stiffness
nonlinearities.

Gao and Chen [15] studied active vibration control for a Bilinear
system with nonlinear velocity time-delayed feedback. Yingli et al.
[16] studied dynamic effects of delayed feedback control on
nonlinear vibration floating raft systems. Amer et al. [17] studied
vibration control of three degree of freedom parametrically excited
cantilever beam. Samira et al [18] studied stability and control of
non-linear dynamical system subjected to multi external force with
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velocity feedback. Samira et al [19] studied amplitude reduction of
parametric resonance by velocity feedback control.

The objective of this work is to study dynamical behavior of a
plate subject to parametric and external excitation forces under state
feedback active control. The method of multiple scale perturbation
technique is applied to obtain the solution up to the second order
approximation.

2. Mathematical Analysis:
The equation of the dynamical behavior of a plate subject to

parametric and external excitation forces is given by:

X +euX + X +eBXy +B,y " +ey Xy’ +2eyXyy +ey,yy ° =ef X cosOt +R, Q)
V +eu,y +@ly +eBX’+ey, Xy =&f ,cosQt +R, (2
where R, =-eG&, R, =—¢G,¥&, and x,y are the vibration

amplitudes of the composite laminated rectangular thin plate for the
first-order and the second-order modes, respectively, 4 and u, the

modal damping coefficients, @, and @, the linear natural
frequencies of the thin Plate, and Q the excitation frequencies. f,
and f, the excitation forces, 3, 7,, (i =1,2,3, j=12,34) are
non-linear coefficients, and G,, G, are gain coefficients. We seek

a second order uniform expansion for the solutions of equation (1)
and (2) in the form:

X (t,8) =X (To.T,) + X, (To, T, ) +°%, (To,T,)+O(¢%) (3)
y (t "9) =Yo (TO’T1)+‘9y1(To’T1)+5ZYZ (TO’T1)+O (53) (4)
where T, =&"t ,(n=0,1,2)
and the time derivatives became

2
g—tz D,+é&D, +... , :t—zz DZ+2¢D,D, +&°DE +...,
()

where and ¢ is small a perturbation parameter and 0<e<<1,T,
Is the fast time scale, T,is the slow time scales. Substituting
equations (3), (4) and (5) into equations (1) and (2) and equating the
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coefficients of same power of & in both sides, we obtain the
following set of ordinary differential equations:

Order &°:

(D02+a)12)xo =0

(6)

(DO2 +a)22)y0 =0

(7)

Order &*-

(D02 +a)12)X1 :_2D0D1Xo — DXy = ADX,DyY, _ﬂz(Doyo)2 _71)(0(Doyo)2

=273Y 4DoXoDoY o = 74Y o (DoY 0)2 +f,X,€0sQT ) -G, (Doxo)3

(8)

(D02 +w22)y1 =-2D,D,Y, ~ 14,D0Y ¢ = Bi(DoX )’ = 15Y o(DoXo)” +f, cOS QT
3

G (DoYs)

(9)

Order &*-

(D02 +a)f)x2 =-Dx,—2D,D,x, —2D,Dx, — 4D,X, — 1D X, — BDX,D,Y,
—BD XDy, = BD.X,Dyy,=BDXx,Dyy,—28,D,y¥ DY, —28,D,y Doy,
—2yXDgY oD,y —27:X,DoY Doy, _71X1(DOYO)2 =273y \DoXoDyY g
=273 0D oXoDoY1 =273y oDiXoDgY o =275y {DX1DgY o = 273Y 1D X DY o
~274Y DoY 0D1¥ 6 = 274Y 0DoY 0Do¥1 = 74¥1 (Do )* +1.x, Cos QT
~3G, (DX, )’ DX = 3G, (DgX, )’ DX,

(10)

(D5 +@})y, =Dy, —2D4D,y,—2D,D,y, — 1,D;Y , — 1,D0Y1 —28DX DX,

2
—2B:D X DXy =27,y 4D X D1X o =27, (DX DX, _72y1(DoXo)

_362 (Doyo)2 DlyO _:{;2 (I:)oyo)2 Doyl

(11)

The general solution of equations (6) and (7) is given by
Xo(To,T1) = Ag(Ty)exp(i @T ) + A, (T,) exp(—i o)

(12)
Yoo, Ty) =Bo(T)exp(i T ) + By (T,) exp(—i @,T )
(13)
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where A,,B;, are unknown functions in T, at this level of
approximation and can be determined by elimination the secular
terms from the next order of perturbation. Substituting equations
(12) and (13) into equations (8), (9) yields

(D¢ +af )x, = (-2 @D,A, — i 3A, — 27,0;A, B,B,—3i o’A; AG,)exp(i T o)
+B,02 BZ exp(2i o, ) + fo,w,A, B, exp(i (o, + @,)T,) — Boyo,A, B,
-exp(i (@, — @,)T,) + (1,05 Ag Bo+ 230,0,A, Bg) exp(i (e, + 20,)T )

+(71w22A0 §§_ 2y,0,0,A, ES) exp(i (o, —2w,)T,) + 7’46"22 Bg exp(3i w,T,)

+G,i 0’AL exp(3i o ;) - 7,0 BB exp(i oT ;) + %AO exp(i (o, +Q)T,)

+%1A0 exp(i (o, — Q)T ) — B,0? B,B,+cc

(14)

(D§ +@} )y, = (-2i ,D, By~ i , By~ 3i 03B B,G,— 2 ,A A, By)

exp(i ;T ,) + B,?AZ exp(2i oT ;) +G,i @B exp(3i o,T )
+72a)12AOZBO exp(i o, + w,)T ) + yza)leoz Eo exp(i (2o, —w,)T,)

+ %2 exp(i QT,) - By’ A A, +cC (15)

The general solutions of equations (14) and (15) are:
X,(To,T)=AT)exp(i o ,)+E, exp(2i o,T ) +E, exp(i (@, + ®,)T,)

+E;exp(i (0, —,)T,) + E, exp(i (&, + 20,)T,) + Es exp(i (&, — 20,)T,)
+E,expBia,T,)+E,expBiaoT,)+Egexp(i o, )+ E,exp(i (o, + Q)T,)

+E, exp(i (o, —Q)T,)+E,, +cC

(16)

Y. (To,T,) =B, (T)exp(i o1 ) + E,, exp(2i o ;) + E,; exp(3i w,T )
+E,, exp(i 2o, + @,)T )+ E c exp(i 2w, — w,)T,) + E,, exp(i QT,)

+E,; +cc

(17)

Substituting equations (12), (13), (16) and (17) into equations (10),
(11) and solving the resulting equation we get:
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X,(To,T)=A,T)exp(ioT,) +Egexpli ol ,) +E, exp(i (o + @,)T,)
+E 5 exp(i (@, — @,)T,) + E, exp(2i o ,) + E 5, exp(2i w,T )
+E , expBi oI ) +E,, exp(3i o,T ) + E ,, exp(i (o, + 2w,)T )
+E s exp(i (v, —20,)T ) + E,, exp(i (Be, + ,)T,) + E 4
-eXp(i (3w, —@,)T ) + E 0 exp(ii (0 +3w,)T ) + E 5 exp(i (e, —3w,)T,)

+E 5 exp(i (e, + Q)T,) + E 5, exp(i (0, — Q)T ) + E 3, exp(i (200, + @,)T )
+E,, exp(i e, —@,)T,) + Ex exp(i (2o, +2,)T ) + E ;s exp(i (2w, —20,)T )
+E 5 eXp(i (@, +40,)T ) + E 5 exp(i (@, —4,)T,) + E 5 exp(i B, + 200,)T )
+E o, exp(i Bew, —2w,)T,) + E ,, exp(4i o,T ;) + E ,, exp(5i o,T )
+E ; exp(i (o, + w, + Q)T )+ E ,, exp(i (v, —w, + Q)T )
+E is exp(i (@, + @, — Q)T ) + E ;s exp(i (&, —w, —QJT) +E
-exp(i (@, + Q)T ) +E ;s exp(i (@, —Q)T,) + E ;o exp(i (@, + 200, + Q)T )
+E, exp(i (o, — 2w, + Q)T ) + E, exp(i (o, +2Q)T,) +E.,
-exp(i (@, —2Q)T ) + E; exp(i (e, + 20, —Q)T) + E, exp(i (0, — 20, - QJT )
+E . exp(i (20, +3w,)T,,) + E, exp(i (2, —3w,)T ) + E., exp(i (2o, + Q)T )
+E ., exp(i (2o, —Q)T,) + E., exp(i QT,) + E, exp(i (3w, + Q)T )+ E,
-exp(i (B, —Q)T )+ E, exp(i Bm, + Q)T ) + E; exp(i (B, — Q)T )
+E 4, exp(5imT )+ E 4 +cC (18)
Y, (T, T1) =B, (T ) exp(i o,T ) + Eq exp(2i o ;) + E g, exp(2i o, )

+E 63 €Xp(3i ;T ) + E oo exp(i (200, + 0,)T ) + E 75 €xp(i (200, — @, )T ;)

+E., exp(iQT,) +E., exp(i (o, + 20,)T,) + E,; exp(i (0, — 2w,)T,)
+E,, exp(i 2o, +2w,)T ) + E . exp(i (2o, —2w,)T ) + E, exp(i (@, +3@,)T,)
+E., exp(i (@, —3w,)T,) + E g exp(4i o ,) + E ¢ exp(i (o, + @,)T,) + Eg
-exp(i (o, — ,)T ) + E gy exp(i (20, + Q)T ) + Eg, exp(i (20, — Q)T )

+E g, exp(5i o,T ;) + Eg, exp(i (@, +4@,)T,) + E g exp(i (0, —4m,)T ) + Eg
-exXp(i (2w, +3w,)T ;) + E 4, exp(i (20, —3m,)T ) + E g exp(i (4o, + @,)T,)
+E g exp(i (4o, — @,)T,)) + Egy exp(i @T ;) + E, exp(i (2o, + v, + Q)T )
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+E,, exp(i 2w, — @, + Q)T ) + Eg; exp(i 2w, + v, — Q)T )

+E g, eXp(i (20, — @, = Q)T ;) + E o5 exp(ii (o0, + Q)T ) + E o €xp(i (@, — QT )
+E 4, exp(i (2w, + Q)T ;) + E g exp(i (20, — Q)T ) + E o +CC

(19)
where E,,(n=1,...,99) are complex functions in T, and cc denotes

the complex conjugate terms. From the above derived solutions, the
reported resonance cases are:
1) Primary resonance: Q= o, Q = w,.

2) Sub-harmonic resonance: Q=2w,, Q=3w,, Q=20,, Q=3w,.
3) Super-harmonic resonance: Q = %a)l.

4) Internal resonance:

20, = 3w,, 30, = 20,, 0, =S,0,, 0, =S,0,, S, =1,2,3,4, and
s, =2,3,4.

5) Combined resonance:

1 1
o = E(Q+a)2), W = iE(Q—a)Z), o, = (Q+2w,), ®, =+(Q-2w,),

o =(Q+w,), 0, =1(Q-w,).

6) Simultaneous resonance: any combination of above resonance
cases is considered as simultaneous resonance.

3. Stability analysis:

From the numerical solution which obtained that the worst
resonance case is the simultaneous resonance case 2= 2@, @, = @,
. We introduce the detuning parameters o, and o, according to
Q=20 +¢c0,, 0,=w0,+¢0,.

(20)

Substituting equation (20) into equations (14) and (15) and
eliminating the secular and small divisor terms from X1 and Y1 we
get the following:

2iwDA, =—wi oA, —2027,AB B, —3i 0’ AZAG, + 7,0’ BA, exp(2i o,T,)

_7/460228028_0 exp(io,l,) - 20)16027/3A_OBOZ exp(2io,T,) + %LATO exp(iofl,)

(21)
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2i 0,D,B, = —1,i @,B, —2y,0}A,AB,—3i @:B/B G, +7,0’AZB,

-exp(-2io,l,) (22)
We express the complex function A, B, in the polar form as

AT) =Zal)expiB), By =26 )ew(4M)  (23)

where a,b,6, and 6, are real.
Substituting equation (23) into equations (21) and (22) and
separating real and imaginary part yields:

a'= _lﬂla—ga)fa%l +ia)22y1b “asin 2, —Ea)zysab2 sin 2¢,
2 8 8w, 4

1 . f :
——— @’y p’sing, +—L-asing
8w, 4

| @,

(24)

. 1 1 1
al, = —wlyb’a——wiyb*acos2¢, + = w,yab’ cos2ep,
4a, 8w, 4
+ 1 2 b 3 _ f 1

—— iy b’ cosp, ——L-acosg,

| @,

(25)
b'= —l,uzb —§a)22bsG2 —ia)fj/zazb sin 2¢,
2 8 8w

2
(26) b6, = % o y,a% ———aly,a’ cos2p,
@, 8w,
(27)
where ¢ =01,-20,, ¢,=0,+0,T,-6,.
For the steady state solution a'=b'=0 ,¢_=0;m =1,2. Then it
follows from equations (24)-(27) that the steady state solutions are
given by
0=-=pa——awfa’G, +(=—aiyp’a—=a,ya’)sin2¢p, -———alyb’sing,
2 8 8w, 4 8w,
+ M asin
4o, “
(28)
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ac, = % @Sy b’a— i @5y b?acos2p, + % @,y,ab? cos 2¢,

— iy b®cosp, — 4 acos o,
4o, 20

(29)
0=—%,u2b— oG, - 5 —— w’y,a’hsin2¢p,

2
1
(30) b( O~ ‘72)— 0)1}/2 zb_gwﬁ/z a’b cos 2¢,

2
(31)
From equations (28)-(31), we have the following cases:
Case 1: a= 0 andb =0: in this case, the frequency response
equation is given by:
2

9 A 2 6 3 2 3 . 4 1 2 f f .
— w'Ga’ +(= G, ——f.wG.sinp)a* + (= 1 +———— 4 sin
(640)1 D) (Sﬂla’l 1716 100G, sing,) (4#1 16(012 4@1/‘1 ?

+%af +;—;lal cosg,)a’ =0

(32)

Case 2: a=0 and b = 0: in this case, the frequency response

equation is given by:

(ia)“Gz)b6 +(§/,1 G )b4+(£y2 +(10' ~-0,)’)b?*=0
64 22 8 27722 4 2 2 1 2

(33)
Case 3: a=0and b = 0: in this case, the frequency response
equation is given by the foIIowing equations:

(— 'Ga’ +( ,ula)zG 16 f.wG,sing)a* +( a)la)zzy4G1b38ing02)a3

+(_,U12+ia)472b4+ f12
4 640’ '

1 f .
0+ —— @iyt — L sin
1607 “16 ;73 160, YAV 4(01:”1 2
1 1

+_O-12 __a)22710-1 ? _f_12w2271b2 COS¢1+f_101 COS%)aZ +(iw2274b3/'ﬁ
4 4o, 8y 4o, 8,

-sing, —

2y.b¥sing sing, + %a);m/‘lbs Cos @, —ia)zzalyzlb3 cos @,
16 10}

1 21, 6
16@2 @ly b®cosep, cosp,)a+———r 64 @, y.p° =0

(34)
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and
9 3 1 3 1
(g 80"+ G0  +( 1+ oy’ + (C oy =)’
2

1 1

_2_(02 12}/2612(50'1 _0-2))b2 =0
(35)

3.1 Linear solution

Now to the stability of the linear solution of the obtained fixed let

us consider Ao and By in the forms
1 ] ] 1 ) )
Ao (Tl) = E(p1_ |q1) eXp(l 51T1) and Bo (Tl) = E (pz_ |q2) eXp(' 52T1)

(36)
where P. P,,0,and g, are real values and considering

o, :%01,52 =0,.

Substituting equation (36) into the linear parts of equations (21),
(22) and separating real and imaginary parts, the following system
of equations are obtained:

Case 1: for the solution (a #0and b =0), we get

, 1 1 f
p1+§/'11p1+(§o_1_4_;)1)q1 =0
(37)

, 1 f 1
q1+(_§o-1_4_;)l)p1+§:u1ql =0
(38)

The stability of the linear solution is obtained from the zero-
characteristic equation

1 1 f
—(A+= o+
( 2%) (201 4601)_0
1 f, 1 |
—o+— -(A+=
(201 4601) ( 2ﬂ1)

(39)

1 1
where A, =—=m+——\[f? —4jo}
2 4w,

since 4 is positive then the solutions are stable.
Case 2: for the solution (a=0 and b #0), we get
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, 1
P, +E/u2p2 +0,q,=0
(40)

, 1
4, —o,pP, +§ﬂ2q2 =0

(41)
The stability of the linear solution is obtained from the zero-
characteristic equation

1
_(ﬂv"‘aﬂz) —0,

1
O3 —(A+< 1)

2
(42)

where 4, = —%,uz tio,

=0

since #4 is positive then the solutions are stable.
Case 3: for the solution (a =0 and b = 0)we get

, 1 1 f
p1"'§/“1p1+(§01_4_;1)q1 =0

(43)

o1 f 1
a +(_§O-1 _4_;)l)p1 +E/'llql =0
(44)

, 1
pz"‘zﬂzpz +0,9,=0

, 1
(45) 942 — 0,0, +E/J2q2 =0

(46)
The stability of the linear solution in this case is obtained from the
zero-characteristic equation

12 Copyright © ISTJ A ginae auball (5 gin
Ayl g o slell 40 sal) dlaall


http://www.doi.org/10.62341/sfha2207

International Scienceand ~ VOlume 37 aaxd) gy pll Al il

Imtrwaational beimrs mad Taviasiags demraal

Jomoky ol Part s ey 2

http://www.doi.org/10.62341/sfha2207

—(A+= - +— 0 0
( 2#1) ( 20ty l)
(Eal-l—f—l) —(ﬂ+£,ul) 0 0
27" 4o, 2 o
0 0 (4 ) ~o,
1
0 0 0, _(/1"‘5/12)

(47)
after extract we obtain that
A+t A+ A+ A+, =0,

(48)

, 1, f2 1, 1,
where r1=M+#27r2:UZ+Zal _16a)f +ZM +,ulyz+zy2 |
= 1,4+ 1)+ O +Maz_iﬂ

3 4 2 2 4 14 2 166012 2,
2

According to the Routh-Huriwitz criterion, the above linear
solution is stable if the following are satisfied:

r,>0,rr,—r,>0,r,(rr,—r)-r’r,>0,r,>0.

3.2 Non-linear solution

To determine the stability of the fixed points, one lets

a=ay,+ay,, b=b,+b, and @, =@no +@n, (M =12),

(49)

where 210 D1y and @no are the solutions of equations (28-31) and
8, Dy, @1 are perturbations which are assumed to be small
compared to @0 b and ¢, Substituting equation (49) into
equations (24-27), using equations (28-31) and keeping only the
linear terms in 8w Pu» @1 we obtain:

, 1 9 . f, . 2 .
a, = _(E Mt g wf G1a120+ % @, beSIn 20, — 4715”1 $10)3y;, — (Z @, 4 b1y SIN 200,
2]
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. 3 . 2
__a’2271 by, SiN 200, + 8_ (0227/4 blzo Sin @) by, + (8_ (0227/1 beCOS 205
)| 2] 2]

2 1
——W,)38, beCOS 2¢, — 602 Va blOCOS D20) Py + ( 8y, COS @y )y,
4 8w, 4o,

1

(50)
- o
(Zi (ai_l - 263)/;1 a’zz b120+ 4a7)/1ai 0)22 bleCOS 20y —%0)2 beCOS 20y,
0 ) 10 0
1, 1,
. COS ¢y)ay, — (a @7, Dyo— ow @71 101,C08 200, + 0,3 b,,C0S 200y,
1o )
e 22 cos )b ( 21 42 12 sin2 w, b?,sin 2
402, h D1oC0S @y ) Dy 4o, > Mig Doy — V30, Dy Do
)
. f.o.
4;/;1 a’zz bfo SIN @y0) 0y — (j singy,)oy, (51)
T |
1 , . 1 1 ., 5.
b,, = (_a @y, Dy SIN 20,0 ), — (E My + g @; ¥ 5340 SIN 20y,
7 >
9
+= 8 @, blzoG )by — ( 4o, a)1 72310 b1,C0S 2020 ) @, (52)
2.2
(011 V2 2 O, 01  ),®0d,
(0 — ) ( 0)131 @;8,,C0S 200, ) Ay, + (— — ——+———
21 0 4(02 ) o 20) A1 b, 20, 4aby,
2
72310 a)l COS2¢,,) by, + (]:122)10 a)lz SiN2¢,0) P, (53)
AT g

The stability of a particular fixed point with respect to perturbations
proportional to exp(At) depends on the real parts of the roots of the
matrix. Thus, a fixed point given by equations (50)-(53) is
asymptotically stable if and only if the real parts of all roots of the
matrix are negative.
4. Numerical results

The behavior of the given system of equations (1), (2) has been
solved numerically applying Runge-Kutta 4" order method [20, 21].
Fig. 1 illustrates the response for the non-resonant system at some
practical values of the equations parameters. From this fig. we can
see that the system is stable with the steady state amplitude x and y
are 0.05 and 0.3 respectively.
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i3 0.
; 0
X b
0.10- 02
. 04
0100 300 500 800 100 300 500 800
z ¢

Fig. 1: The basic case of the system without controller.

(01=2.4, ©,=3.3,Q =23, f,= 1.7, f,= 1.6, p1 = 0.53, tl =0 .17, y2=0
19,
v3=0.9, y4= 1.61, y,= 2.16, B1= 0.023, B2 =0 .12, B3 = 0.05)

4.1 Resonance Cases

Some of the deduced resonance cases of the plant without the
controller are studied numerically, we see that the amplitude
increasing at the resonance cases and the worst case is the

simultaneous resonance case when Q =2, ®, =®,, which the

amplitudes are increased to about 2700 % and 66.7 % compared
with the basic case shown in fig. 1. It can be shown that the
amplitudes x and y are increasing to 1.4 and 0.5 respectively
compared with the system without controller shown in Fig.2, which
means that the system needs to reduce the amplitude of vibration or
controlled, in Fig. 3.

04
-0
04-

0.8-

0100 300 500 800 0100 300 500 800
4 4

V

Fig. 2: System behavior without controller at simultaneous resonance

4.2 Effect of the Controller
Fig. 3, illustrates the results when the controller is effective,

when Q =2a,, @, = @, . The effectiveness of the controller is Ea (Ea
=steady state amplitude of the main system without controller/
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steady state amplitude of the main system with controller) are about
56 and 3.8. The amplitude of the system is monotonic decreasing
function of the gain coefficient Gy and G2, as shown in Fig. 4.

0.02
0.01
0
0.01-
0.02-
0.03-

0.10

¥ 0

0.10-

0100 300 500 800 0100 300 500 800
t t

Fig. 3: System behavior with controller at simultaneous resonance

1.5 5 (a) 0.6 - (b)
1 - 0.4 -
> ]
o] ©
T 05 A 202
3 3
o
E 0 f T T T T T T T < 0 I T T T T T T 1
< -1 3 7 111519 23 27 -1 3 7 11151923 27
Gain coefficient G1 Gain coefficient G2

Fig. 4: Effect of the Controller

4.3 Effect of Parameters
The amplitude of the x is monotonic increasing function of the

non-linear coefficient B2, ys, y4 and the excitation force fi, but
amplitude of the system is monotonic decreasing function of the
damping coefficient p1 as shown in fig. 5

The amplitude of the y is monotonic decreasing function of the
damping coefficient P2, but amplitude of the system is monotonic
increasing function of the excitation force f2 as shown in fig. 6.

0.2 0.3
><O'15 zO.Z
@ 01
S So1
£0.05 =
Q. fa
Sl B
< NBn-linedr coeffitient 33 Non-linear coeffidient Vs
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Dampﬂmg coefficient Ly Non-linear coefficient vy,
2.5 -
X 2 -
S
S 15
2.
< 05
O T T T T T T 1
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Fig. 5: Effect of Parameters
0.4 0.5 1
-
éos . 0.4
0.3
=0.2 o
= £02
<017 0.1 1
0 T 1 E 0 T 1
0 - - 0
Damping cdefficient %xternal ex@itation £2

Fig. 6: Effect of Parameters

4.4 Response curves:
The frequency response equations (34) and (35) are nonlinear
algebraic equations of a,b . These equations are solved numerically

as shown in Figs. 7, 8.
Fig. 7, shows that the steady state amplitudes of the system are

monotonic increasing functions in @, y;, and monotonic
decreasing functions in z, ;.
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Fig. 8, shows that the steady state amplitudes of the system are
monotonic increasing functions in y, and monotonic decreasing

functions in @,, G,

3 30
a b
< 1=1.5 25 "
25 — b ‘_—____>> Y3=0.75
20‘ < / m:=2.4 20 o ‘{3=1
115 215
¥s=1.5
103 w;=3.5 10
5 s
-20 2 4 6 810121416 -5 0 5 10 15 20
oy Gy
30
30 =2 c ] l__ Y1=0.1 d
25 pi=2.5 25
~< ¥1=0.19
20 20| 1
=4 A
2154 " als Ie0s
10 10
5 5
20 2 4 6 8 101214 16 0 5 10 15
) °l

Fig. 7: Response curves (a0 and b #0)
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0.7 Y2=2.16
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5 0.5 Y2=1.5
0 .41
0.34
s ¥2=0.9
o
-3 -2 o 2 < 6
o2

Fig. 8: Response curves (a#0 and b #0)
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5. Conclusion

The vibrations of a coupled second order nonlinear differential
equations having

1- The worst resonance case is the simultaneous resonance case
when Q =2, w, = o, which the amplitudes are increased to about
2700 % and 66.7 % compared with the basic case.

2- The control can reduce the amplitudes x and y to about 0.025
and 0.13 respectively compared with the system without control.

3- The amplitude of the x is monotonic increasing function of the
non-linear coefficient B2, ys, y4 and the excitation force fy, but it is
monotonic decreasing function of the damping coefficient p.

4- The amplitude of the y is monotonic decreasing function of the
damping coefficient p2, but it is monotonic increasing function of
the excitation force f.
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