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Abstract

The response of a dynamical non-linear system of two-degree-of
freedom, is investigated. Analysis of the amplitude and phase plane
is obtained. The method of multiple time scale is applied to solve the
non-linear differential equations describing the system up to second
order approximation. All possible resonance cases at this
approximation are obtained and studied numerically to determine the
worst case. The effects of different parameters are studied. The
frequency response equations are solved numerically. These
vibrations were controlled using the damper
(R,=-¢G,y°, R, =—8G29'3)

Keywords: Resonance; vibration control; Frequency response
function; Multiple time Scale.
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1. Introduction

Principal parametric resonance occurs in systems having time-
varying coefficients through pitchfork bifurcation in the case when
the excitation frequency is in the neighborhood of twice the natural
frequency of the system. The book written by Nayfeh and Mook [1]
showed the mechanism of parametric resonance and history of
research concerning this one, i. e., Faraday who has been the first to
recognize the phenomenon of parametric resonance and Melde who
performed the first serious experiments on parametric resonance.
From physical and engineering points of view, the parametric
resonance has been attractive, and many researches on the phenomena
and their utilization have been continuously performed until now.
Pratiher et al. [2] investigated parametric instabilities of a cantilever
beam with magnetic field and axial load. Huang and Kuang [3]
studied the parametric resonance instabilities in a drilling process.
Shaw and Baskaran [4] investigated the use of parametric resonance
to improve filtering characteristics in microelectromechanical filters.
Piccardo and Tubino [5] analyzed the excessive lateral sway motion
caused by crowds walking across footbridges using parametric

excitation mechanism. Racz and Scott [6] investigated the parametric
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instability in a finite-length rotating cylinder subjected to periodic
axial compression by small sinusoidal oscillations of the piston.
Sayed and Hamed [7] studied the response of a two degree-of
freedom system with quadratic coupling under parametric and
harmonic excitations. The method of multiple scale perturbation
technique is applied to solve the non-linear differential equations and
obtain approximate solutions up to and including the second-order
approximations.

In the present paper, the non-linear vibrations and stability
subjected to the transverse and in-plane excitations simultaneously
are investigated. The method of multiple time scale is applied to
obtain the second-order uniform asymptotic solutions. All possible
resonance cases are extracted and investigated at this approximation
order. It is quite clear that some of the simultaneous resonance cases
are undesirable in the design of such system. Such cases should be
avoided as working conditions for the system. The stability of the is
investigated with frequency response curves and phase-plane method.
Some recommendations regarding the different parameters of the
system are reported.

2. Mathematical Analysis
The system was previously studied without control
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¥ +2euy + (14 2sa,k, cosQt )y +sa,y *teay’=—gc,(yyi+y’y)

—gc,0y +eak, cosQt —ga,’k, cos’ Qt + &°a,’k, cos’ Ot —3&%a, %k, y

"

cos’ Qr +3¢a,k, cosQ1y
2) ) 2 x 52, 2 L 54
0+2eu,0 +@,0 =—ge,yy —ec,y " +&°0c,a, cosQt — 68(099

In this section, we will study the system with control
¥ +2euy + (14 2ea,k, cosQt )y +ea,y +easy’ =—ec,(yy +y i)
—gc,0y +eak, cosQt —g’a’k, cos’ Qt +&’a’k, cos’ Qt —38%a’k,y

cos’ Qf +3ea k,cosQty > +R, (1)

-~ s . 5 B L s
0+2e1,0 + 0,0 = —¢c,yy —ec,y” + & 0c,a, cosQt —gs(o(;Q‘ +R,

(2)
where,
R, =—eGy* R, =—8G,6" and ».6
are the vibration amplitudes of the composite laminated rectangular
thin plate for the first-order and the second-order modes, respectively,

wand u,the damping coefficients, «, the linear natural frequency
of the thin Plate, and Q the excitation frequency, «, and «, are the
coefficients of Taylor expansion of the magnetic force with respect to
y? and y°® respectively, c,,C,,C, and C,are the coefficients

determined by system parameters. The coefficients of linear,
quadratic, and cubic terms by Taylor expansion of force with respect
to yare k,,k,andk,, respectively. Also, G, G, are gain
coefficients.
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We seek a second order uniform expansion for the solutions of
equation (1) in the form:

y (t,g): YO(T01T1)+5y1(T01T1)+82y2 (TO’T1)+O (53) 3)
O(t,e)=0,(Ty.T,)+0,(T,.T,)+£%60,(T, T,)+0(£°) (4)
where T, =¢",(n=0,12), and the time derivatives became

2
g—t=D0+ng+... : ;—2=D§+28D0Dl+gzog+..., (5)
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 coefficients of same power of ¢ in both
sides, we obtain the following set of ordinary differential equations:

Order &°:

(D +1)y, =0 ©)

(D§+})6,=0 (7)

Order &*-

(D§ +1)y, =—2DyD,y, — 24Dy s —28,K,Y o COSQT, — Y s — 5y 5
—C,¥o(DyY,o)  —C,y i Dly, —cC,y D26, +a, k, cosQT

+33, ky y 2 cosQT, —Gl(DoyO)3 (8)
(D3 + )6, =—2DyD,6, 21,046, —C3Y oDZY o ~C5 (DoY)’ -%a);eg

3
-G, (Doeo) €)]
Order &°-
(D§ +1)y, =-2D,D,y, D}y, —2D D,y , ~ 24D,y , — 24D,y
—2a, K, y,c0sQT, —2a,y 0y, —3a3y1y§ —2¢,y,Doy Doy,

—20,Y Doy oD1Y o —C,Y1 (DoY)’ —C1y ¢Dgy, — 26,y 5Dy D, Y,
- 201YoY1DOZYO _CzyoDoz'gl - 202y 0D0D190 _Czy 0D02'90 _aezkz
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c0s’Qt —3a7K Y €08 20t + 63,k .Y oY 0s Ot —3G, (DoY)’ Doy,

2
_3Gl(Doyo) DlyO (10)
(Do2 + a)g)Hz =-2D,D,6, ~D,6,~2D,D,8, —244,D,6, — 214,D 6,
_203YOD0D1y0 —Cgy ODOZyl _Csleozyo _2C3D0y0D0y1
—2¢,D,y,D,Y, +C,a,6, cost —%mj@ﬁoz ~3G,(D,4,)’ Db,

-3G, (Do‘go )2 D,6, (11)
The general solution of equations (6) and (7) is given by
Yo(To:T1) =Ay(T)exp(iT,) + A_o (T exp(=iT,) (12)
G,(To, T,) =B, (T,) exp(i o,T ;) + B, (T,) exp(—i &,T ) (13)

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¢ +1)y, = (-2ID,A, —2u4iA; —3a,AF Ay+ 20, AJA —3IATA, G,)

exp(iT,) —a, k, Agexp(i (1+)T,) —a, k, A, exp(i 1-Q)T,)

—a, AL exp(2iT,) + (iG,— a; +2¢,) A exp(3iT,) +C,m; A,B,

exp(i (w, +DT,) +C,w; A,B, exp(i 1-w,)T,) +C,0: A,B,

exp(i (@, +1)T,) +c,0; A,B, exp(i (1—,)T,) +%a\e kyAZ
exp(i (2+Q)T,) +gae k, AZexp(i (2—Q)T,) +(3a, k, A A,
+% k,) exp(i QT,) — &, A,A, +ce (14)
(D¢ +})6, = (-2i 0,D, By~ 2p,i @, BO—%ijOZ B,—3i B2 B,G,)

exp(i T ;) +2C,A exp(2iT,) + (% +iG, ,)@B?

exp(3i w,T,)+cc (15)
The general solutions of equations (14) and (15) are:
YT, T)=AT)exp(iT,)+E, exp(i 1+ Q)T ,) +E, exp(i 1-)T,)

6 Copyright © ISTJ il sine waball (358
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+E,exp(2iT,)+E, exp(3iT,) + E exp(i (w, +1T,) + E, exp(i (1- w,)T,)
+E,exp(i (2+Q)T,)+Egexp(i (2-Q)T,)+E exp(iQT,)+E,, +cc
(16)
6,(T,.T,)=B,(T,)exp(iw,T,)+E, exp(2iT,)+E,, exp(3iT,) +cc
(17)
Substituting equations (12), (13), (16) and (17) into equations
(10), (11) and solving the resulting equation, we get:
Y, (To.T) =A,(T,)exp(iT,) + Ey, exp(i 1+ Q)T ) + E,, exp(i 1 Q)T )
+E,. exp(2iT,) + E,; exp(3iT,) + E,, exp(i (w, + )T ;) + E z exp(i 1-w,)T,)
+E,oexp(i (2+Q)T,) +E exp(i (2—Q)T,) +E,, exp (i QT,) +E,, exp(i (1+2Q)T,)
+E , exp(i (w, + Q+1T ) +E,, exp(i (Q+1-w,)T,) +E . exp (21 QT,)
+E 5 exp(i B+Q)T,)+E,, exp(i 3—Q)T,) + E . exp(2i (Q+1T,)+E,
exp (2i (1-)T ) +E, exp(i (v, +3)T,) +E 5 exp(i B—a,)T,) +E,, exp(4iT,)
+E ., exp(5iT ) +E,, exp(i o, T ) + E s exp(i (4+Q)T,) +E,, exp(i (4—-Q)T,)
+E g exp(i (2-Q)T,) + E g exp(i (w, +2)T,) + E 5 exp(i (2—,)T,) + E 4
exp(i (w, +1-Q)T )+ E ,, exp(i 1- o, —)T,) + E ., exp(i (Bw, +1)T,)
+E s exp(i Bw, —DT,) +E,, exp(i (w, + Q+2)T,) + E ;s exp(i (2Q+3)T,) +E 46
exp(i (3—2Q)T,) +E,, exp(i (w, —Q+2)T,) + E ;s exp(i (2— w, — )T )
+E ,, exp(i (o, + T ,) +E, exp(i (Q—w,)T,)+E,, +cC
(18)

0,(T,,T,) =B, (T,)exp(i &,T,) + E5, exp(2iT,) + E; exp(3i T )
+E.,exp(3iT,) + E., exp(4iT,) + E., exp(iT,) + E., exp(i (2+Q)T,)
+E ., exp(i (2-Q)T,) +Eexp(i 1+ Q)T,)+Egexp(i A-Q)T,) + Eq,
exp(i QT,) +Eq, exp(i (2+ @, )T,) + Eg exp(i (2-w,)T,) +Eg,
exp(i B3+ Q)T ) +E exp(i 3—)T,) +E« exp(i (v, + Q)T )
+E; exp(i (0, — )T ) +E 5 exp(i (2+2w,)T,) + E s exp(i (2-2w,)T,)
+E,, exp(5i ®,T ) +cC (19)
where E,,(n=1...,70) are complex functions in T, gnd CC
denotes the complex conjugate terms.

From the above derived solutions, the reported resonance
cases are:

7 Copyright © ISTJ il sine waball (358
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(i) w,=Q=0 (i) w,+Q=1 (i) w,2Q-1 (iv)w,-2=0
V)w,=+Q (i) w,+Q=2 i) w,=2Q-2 (iii)Q-1=0
3. Stability Analysis

We study the different resonance cases numerically to get the
worst of them. One of the worst cases has been chosen to study the

system stability. We introduce the detuning parameters 91 and 9

according to:

Q=1+¢0,, v, =2+¢0, (20)
Substituting equation (20) into equations (14) and (15) and

eliminating the secular and small divisor terms from Y1 @nd 6,, we
get the following:

D,A, + 1A, —gi AR, +CIAZA, +%GlA§KO 4 %Zi w?AB, exp(i o;T,)
a, . 3. - .
+(Z ik, + 5 ia Ky, AyAy)exp(iol,)=0 (21)

D,B, + 14,0,B, +%i w!BZB, +§ng28§8’0 +C,iAZexp(-io,T,) =0 (22)

we express the complex function A, B, in the polar form as

AT =52 )expli 4 T)), Bo(T) =2b()exp(i 72 (T) (23

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

a'= _/ﬁa_gasel +%C2w§ab sing, + (% kl+%ae ksa®)sing,

(24)
ay, = gozga3 - %cla3 —~ %cza)jab cos g, — (% K, + %ae k,a*)cos e,
(25)
8 Copyright © ISTJ b gine okl (3 gia
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b'=—mob - 8Gza)gb3 20 A’sing, (26)
_ 1 a5 1

byZ:—E w,b —Eca Cos ¢, (27)

where @=7, =21 +0,0, ¢, =0l —;.

For the steady state solution a'=b'=0 , (p;n =0;m =1,2.Then
it follows from equations (24)-(27) that the steady state solutions are
given by

+(ae

O_—Ma——agG +4c L0 sing, K,+> a kja®)sing, (28)

3 1 1
agl:§a3a3—zcla3 e ,0ab Cos g, — (6\3 k+4a k,a®)cos ¢,
(29)
3 a3 1 5.
0=—w,0p _ngwab _Ecsa sing, (30)
(20, -0o,)b L i Lca?cos
0, -0,)0 = 16 Wy 53 2 (31)

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

9 , 3 9 , ¢ s .3 9 , , C
—al-—al +—G/+ )+ (G uG,——a’ki+2
(64 371651 et 16) (4/”1 1 16ae 3 20-1

3 4 2 2 3 7 2 & 2
—Zagal)a +(y + o, _Zae k,K;)a 4 k=0 (32)

Case 2: a=0 and b = 0: in this case, the frequency response
equation is given by:

9
(&Gzza)g 1 ) a’e)b6+( H0, —(20,~0,)")b* =0 (33)

Case 3: a=0and b = 0: in this case, the frequency response
equation are given by the following equations:

9 Copyright © ISTJ Ak sine qolall (3 s
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9 3 9 ¢/ 3 9 3
(a a; _Eaacl +aG12 +§)a6 + (Z JZieH _Eaezkaz _Zaao_l

—iGlczwj bsin ¢, —%%cza)j bcos ¢, +%0'1 +%clc2a)§ bcos ¢, )a*

3

+(— Zaz k, K+ — 1. oM 2 2 pw; bsm(p1+;c @, bo, cose,

16
2 2\ 2 aez 2
+u +op)a _?kl =0 (34)
9 .2 6 1 4
(&Gza)e (16) a’e)b +( :uzwaG +8w9(20-1 o,)b
+(y 0, + (20, - 0,)*)b? _ZC§a4 =0 (35)

3.1 Linear Solution
Now to the stability of the linear solution of the obtained fixed

let us consider Ao and Bo in the forms
1 . . 1 . .
A0 (Tl) = E (pl_ Iql) eXp(' 51T1)1 BO(rl) = E(pz_ |q2)exp(| 52T1)
(36)

where Pi: P,,0;,and g, are real values and considering
0,=0,,0, =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

p,+ P, +0,0, =0 (37)
q;—01p1+,tth1—%k1=0 (38)

[p{}{—m —ﬂ{m}
a, 0y — 4110,
The stability of the linear solution is obtained from the zero

characteristic equation

10 Copyright © ISTJ Ak sine qolall (3 s
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‘—(ﬂ,+,ul) -0
=0 (39)

o, —(/”L+,u1)
Where 4, =—t tio,

Since # is positive then the solutions are stable.
Case 2: for the solution (a=0 and b = 0), we get

pé + 10,0, +0,(, = 0 (40)
d; —0,p, + 1,0,0, =0 (41)

[pé}:[_waﬂz —0, “:pz}

q, O3 — WMy |14,

The stability of the linear solution is obtained from the zero
characteristic equation
~(A+apu,) —0;

o, —(A+ oy,
Where A, , = -w,u, £ o,i

=0 (42)

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

p,+ 4P, +0,0, =0 (43)
q{_51p1+/"1q1_%k1:0 (44)
p; + 1,0,P, +0,(, = 0 (45)
d; —0,p, + 10,9, =0 (46)

p, —H — 0 0 0 Py 0

a, _| 4 —H 0 0 a, + _%Iﬂ

P 0 0 — H 0y -0, P, 0

a, 0 0 0, — 0, {10, 0

The stability of the linear solution in this case is obtained from the
zero characteristic equation

11 Copyright © ISTJ i gina aoball (3 8a
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—(A+ 1) -0 0 0
o, —(A+ 1) 0 0
=0 @
0 0 —(A+ w,0,) -0,
0 0 o = (14 w,0,)
after extract we obtain that
A+ 2+, + A +1, =0, (48)

2 2 2 2 2
where 1 =2 +21,0, 1, = 0, + 0, + 41,0, + 1 + 0y

N, = 2505 1 + 24,05 + 248 1,0, + 2 14,00,07 ,
[y = 1018 + 15,03 + [,0,07 +070,
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=a,+a,,b=b,+b, and @n =Pno +@n1, (M =12), (49)
Where 10 D10 and @mo are the solutions of equations (28-31) and
a1, iy @ns are perturbations
Which are assumed to be small compared to - bio and @mo.
Substituting equation (49) into equations (24-27), using

equations (28-31) and keeping only the linear terms in &, biis Pns
we obtain:
Case 1: for the solution (a = 0andb =0), we get:

: 9 6 : 3
a; = (_/41 _gGlalzo"' Zaeks a;,SIN (020)311 + (Zae k3 a120 COS ¢y

+%k1)¢’21 (50)
, —(ﬂ+§ca1 —goea1 +§aek COS ,,)a, —(§aek a,,5in @

21 a10 4 110 8 3~10 4 3 20 1 4 3 ™10 20
12 Copyright © ISTJ b gine okl (3 gia
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5 K1) (51)

The stability of a given fixed point to a disturbance
proportional to €XP(4t) is determined by the roots of

9 6 . 3
_M_gGlafo"'Zaeksalosm%o %k1+zaek3a120005¢20
o, 3 9 6 a,, 3 . =0
aT+4cla10 aaam"'zaekscos%o _?kl_zaek33103|n¢20
0
(52)

Consequently, a non-trivial solution is stable if and only if the real
parts of both eigenvalues of the coefficient matrix (52) are less than
zero.

Case 2: for the solution (a = 0,b = 0) we get

9 c . 6 .
=(—p — g Glalzo"' Zl a’; bysing,, + Zae K3 a,081N 0y)ay,

C . C
+ (Zl aiowez singy,) by, + (Zl by, a); COS @yy) @y, + (% K,
3
+ _ae Ky a120 COS ) Py, (53)

(_ +— Clam a3a10 + Sz a’; b,,cos @, + E 8,k 5 C0S @,9)a,,
4 4a 4

0

C . 3 .
+ (ZZ a)g Cos¢yy) by, — (ZZ wg by, singyy) ey, — (Zae K a,0Sin ¢y
+E K)oy, (54)

, . 9 1
by, = (€2, Sing)ay, — (o, + g a’g blzoGz) by, - (E Csafo COS @y0) @y,
(55)

c 20, 9 X c
galo CoS ¢y, + al_l 7 A3y + 71310 + é @, byCOS @y,
10 0 0
-20;, 3
T

§01‘1 =—(

c
+3a.k,cosp,,)a,+ ( —b,o; - ?2 @} C0S @) by,
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10 2 8y
3 .
+Ee\aksaio SiN @y )Py (56)

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 (53)-
(56) 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 [8, 9] and
frequency response equations via Maple 16. Fig. 1 illustrates the
response and phase-plane for the non-resonant system at some
practical values of the equations parameters.

e T —T T T
0 100 200 300 400 500 600 700 00 004- 002- 0 002 004
t

0.003
0.002
0.001
8 0
0.001-
0.002-
0.003-

0 100 200 300 400 500 600 O005- 0000 D0 0 00005 0010 OIS
t L}

Fig. 1: The basic case of the system without controller.
1 =0.0155,a, =0.1212, a, =—0.0432638, o, = 0.512554, w, =1.5

k, =0507566,k , =0.442311, k , = 0.2576
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From this fig., we can see that the system is stable with the steady state
amplitude y and are 0.05 and 0.001 respectively, and the phase plane shows
the system is stable with multi limit cycles.
4.1 Resonance Cases

Some of the deduced resonance cases of the plant without the
control are studied numerically as shown in Table 1. From this table,
we see that the amplitude increasing at the resonance cases and the
worst case is the simultaneous resonance case when we-2= 0, Q-1=
0, which the amplitudes are increased to about 800% compared with
the basic case shown in fig. 1. It can be shown that the amplitudes y
and O are increased to 0.4 and 0.2 respectively compared with the
system without control shown in Fig.2 , which means that the system
needs to reduced the amplitude of vibration as controlled, in Fig. 3.

100 200 300 400 500 600 700 800 0 100 200 300 400 500 600 700 800
f t

Fig. 2: System behavior without controller

0.002

0.04

0.2 oot
vy o0 ] 0

0.02- 0.001-

15 ———— 0,002

0 100 200 300 400 500 600 700 800 100 200 300 400 500 600 700 800
[ T
Fig. 3: System behavior with controller
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4.2 Effect of the Controller

Fig. 3, illustrates the results when the controller is effective,
when we-2=0and Q-1= 0. The effectiveness of the controller is Ea
(Ea =steady state amplitude of the main system without controller /
steady state amplitude of the main system with controller) are about
10 and 63.64.

Table 1. Resonance Cases

Resonance Y Y with E. | ©without| O with Ea
cases without| control control control
control
we +Q=1 0.1 0.05 2 0.01 0.004 2.5
we -Q=1 0.1 0.04 25 0.01 0.005 2
we -Q=-1 0.015 0.014 | 1.07| 0.00005 | 0.00004, 1.25
we= Q 0.05 0.049 | 1.02 0.0005 0.0004| 1.25
we Q=2 0.12 0.09 1.33 0.01 0.0035| 2.86
W -Q=2 0.05 0.05 1 0.001 0.0007 | 1.43
we =Q- 2 0.0095| 0.009 | 1.06| 0.00001 | 0.00001 1
we-2=0, Q-1=0 0.4 0.04 10 0.14 0.0022 | 63.64

4.3 Effect of Parameters

The amplitude of the y is monotonic decreasing function of the
damping coefficient 1 as shown in Fig. 4a. But the amplitude of the
system is monotonic increasing function of the non-linear coefficients
ae, k1 and ks as shown in Figs. 4b, 4c and 4d. But the amplitude of
the system is monotonic decreasing function of the gain coefficient
Gz as shown in Fig. 4e.

The amplitude of the © is monotonic decreasing function of the
damping coefficient p2 and gain coefficient G2 as shown in figs. 4f,
49.
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Fig. 4: Effect of Parameters
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4.5 Response Curves

The frequency response equations (32), (33),(34) and (35) are
nonlinear algebraic equations of a,b . These equations are solved
numerically as shown in Figs. 5-8. From case 1 where a=0,b =0:
Fig .5 shows that the steady state amplitudes of the system are
monotonic decreasing functions in z4,G, and monotonic increasing

a®t . K,=0.5
Ki=0.7
005 =1.5
n0 3- - o 0. 02 03
oz

0.18
0.16
0.14
f - Gi=10 \ A

functions in k,, a, .

0.12

7 20.10
0.08

01 0.06
‘ G1=60 0.4

0.02
0

0 ) 3 f 0.15- 0.10- 005- 0 005 010 0.15
ol o1

Fig. 5: Frequency response curves ( a0 and b=0)

From case 2, where a=0,b #0: Fig. 6, shows that the steady
state amplitudes of the system are monotonic decreasing functions in
®,,G, and monotonic increasing functions in s, .

From case 3, where a=0,b #0: Fig. 7, shows that the steady
state amplitudes of the system are monotonic decreasing functions
in £4,G, and monotonic increasing functions in k,, a, .
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Fig. 7: Response curves (a0 and b #0)

19 Copyright © ISTJ A gina auball (5 i
Ayl g o shell 40 sal) Alaall



International Scienceand ~ VOlume 32 aaxd) gy plall A3 i

Temgyiourl”part2 s pemeey 2K

July 2023 s s

£2023/7 /29 gl Bsall o W pai a8y 22023/6/ 15 sgoth A8l adiu a

Fig. 8, shows that the steady state amplitudes of the system are
monotonic decreasing functions in ,,u,, G,and  monotonic

increasing functions in c,.

0.0 0.1 U:'_'O-S
0.06 (00=3 0.10
o aw e
1 0 1 -10 0 10
o oz
0.18 /v
01 G=10
0.14
0.12 G:=20 \
boo
0.08 G,=30

0.06

0.04

Fig. 8: Response curves (a0 and b #0)

5. Conclusions

From the above study the results may be concluded
1. The worst resonance case is the simultaneous resonance case
w,—2=0,Q-1=0, the amplitudes are increased to about 800%

compared with the basic case.

2. The control can reduced the amplitudes y and # to about 0.052
and 0.002 respectively compared with the system without control.
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3. The amplitude of the y is monotonic decreasing functions to the
damping coefficient x,,G,, But it is monotonic increasing function

of the nonlinear coefficient k,,a, .

4. The amplitude of the € is monotonic decreasing function of the
®,, i,, G, . But it is monotonic increasing function of the c,.

5. The system stability near the resonance case applying the
frequency-response equations.
6. In the linear solutions if g, u, is positive then the solutions are

stable.
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