- FET DY
2004 4£3 A

HAhFEEEHFR

JOURNAL OF DYNAMICS AND CONTROL

Vol. 2 No. 1
Mar. 2004

—HKBELMRGHIRFHETIE S

¥ W'

Wa A

A.WMBREIBNER.KY  410082)
Q. PERERBATEER &M 412006

RE BERURALIABEEHRFE—-SHBREAGT IHAIBERERE BEBRRBAIRERN
BB AASEFRET A FERREBRERERENILRAYME. BR T Duffing F R EHEK,
Van der Pol 521 3 &ﬂlﬁ;tﬁﬂ Van der Pol-Mathieu F 1249 1/2 Wikt AMNME. X LM TRBEYUE

5REMERYE.

XA FRERE. R SPER.BENELH RS

EL

it

WEREREMBIERE RN —FFHITE &
TILER  ZEERFEREBBRFETHNMNAD
BRBALRR, BEREREFEARRETHE
MR AMN D AXHREXSHELR a=cdl/
[(nw)?+e(ma) JH BB o= (mQ/n)*+ed, IR
FRUEREHANBERERS; BELBHEE
B9 AR K ok Y 1 B R R B, MR B S AR A
FTRENIR.ZEUIXTZERF—-RIBFER
BB EE; BEHMEREETHERER
FERHREHIRAYRE.

1 REIR AR A9 T IE %

EH—-RBERBERIRLE
I+ wizx = ef (x,2,80¢) 1
z(0) = a,,2(0) =0 2)
Rtk EE, X e FERNIPR.
EFX[9~10], B X SHFH

a = eal/[ (nw,)? + e(ma,)?] 3
5,
___(nw)a _ (nw|? 202 1 oo
E_aﬁ(l—mza)— = (a + mPa® + =)

“@
Hibm,n BIEEH, BY wo~m/n B, ZH DK
HER.

2004-02-06 Y B4 — ¥ » 2004-02-20 UL B 5 IE 75
« WHEA AR EELVEITE (01]JY2007).

* @ = (md/n)* + aA (5)
BROORARD,.H
i+ (mQ/ndx = ef(x,3,8U) — adz  (6)

X z = acosp + ax, + o'z, + D
a = aA,(a,0) + *A,(a,8) + - ©®)
0= aB,(a,0) + a*B,(a,0) + - 9
R o= (ml/n)t + 6 (10)

4@5t<7>~(9)’rt/\i€<6) aﬁiﬁ KBM 78
I:f(xovl'onot):l_

nwo
Iy =

Ex

Aacosg+2 %ﬂA,singv—i—Za ﬂ.QB,COS;D an
o
;2 + [ Xy = nwo [mzf(xo, l'os .Qt) +
af(xoa»::'o ,{2t) z +af(xoa9;€o 9-Qt) (AICOS¢—
. re) o
(uez,squhLit‘)]—Aac1 24, 52—
oz, aAl 0A,
2B, 808t+(2a OBZ A1 30 -5 B+
aB3)cosg+ (2 .()A +a aBlAl—i—a aBIB +
2A,B;)sing
oee (12)
MG R COHBRN
Io(o)—ao91'o'~0a (13)
I,‘(O)=Ov1",‘(o)=09(1,2;"') (14)



1M

¥ BRE.—KBRIERE RGN KWL 47

Xt L F 186 &A% (13)

a = ay,0 = 0,1, = acosp, ¢ = mft/n (15)
&1'19f(1'o9109013)&}%“&!(“?&5&39@2“1‘&&
B

z, = b, + bcosp+ b sing + Z > bicos —;.—;o-i-
=1 =1

ZZb,,sm 59 G#D (16)

j=1 i=

f(xo,ro,ﬂt) = fo + SficosQr + f1sinfde +

iif,,,cos 0t + EZf,,,sm

i=1 k=1 =1 k=1

o + ficos %¢+ Sisin ;50‘*’

M
TMg

kn
> Sucos Z;;? +

-
I

isin g k£ 1 an
#ﬁt( )~ an ﬁ)\i‘c(n),ﬁ

2, + ZEQ -
>>a
j=1

* M ] w
2. — ?)bijsln %7’] = (’;_o)z(fo +

Mg
"MS

U‘IH

)b icos —¢+

n .. n N~ kn
—¢+ fisin —o+ ;;fucos e+

$5 im0 -
zao ';-QBICOS¢, (€ # ]9k *= D (18)
B A% 5 2 (18) A 3 IR U 3 e R AT SR 78 600 A By
b,’,,b,'; (l.vj=1s2v"'ai;éj)9§3: bl?bl' ’ﬂ“fﬂmﬁ%
HFAOHE. FTEFBOH—-KEMUBRBLIHAE.
R LR BARE xp0 2500 ANTTRB TR
(1) 8 7 YL AL A%

2 B A

Bl 1 RIRIELK M Duifing T8
7 + wir + efx® = eFcosfdt

ficos

Aascosp + 2 %()A,sinq) +

a»
x(0) = a,,4(0) = 0.
ERERFPE. EXE m=n=1,0t=0,
S (xos3058t) =Fcosp— Bxi=
Fcosg— Bad(3cosg+cos3¢) /4 (20)
[ fr=F—3Bat/4, fu=—Pa}/4 21

RAR1B),18
26, + 22(1 — —-;)bcos ——go+ ZZ(I —

J=1 i=1 =1 i=

j—z)b,-‘ sin 7¢] = (Zs)z(f,cossp%— Jfacos3¢) —

Aagcosp + 20A,sing + 2a,82B;cose, (i # j)
22)
HE R Q2 W FE iR R KT8
A _ 9 )
20 204’
B b6 ShHRTERBAF TR
x, = bcos@ + by sing + by, cos3¢ 24)
mBREHF 1D, 8
by =—by,b; =0 (25)
B z1s f(xos 205 t),0f (4524, 82) /0 LA (12)
#Aﬁﬁﬁ‘iﬁé cos¢%§§k*ﬁ%,ééﬂcﬁﬁ
2(f, aOF)bal _ Abu] 26)
lﬁlﬁ:ﬁﬁ(lg)ﬁg-&ﬁf&m%
x = a,cosfdt + aby, (cos30t — cosflt)

w}
B = b31 = Bagozfslv (23)

-l

a=ad =0 10
0= aB, + *B,

£0=0, THHERNFE Q HHE. E]R o
=F=g,=1,8=1.2,itH B «a=0.8 A R 2=
0.890945. FRFBUDH—YGERIEAM I
£=0. 962206c0s (0. 890945¢) +
0. 037794cos (2. 672835¢) (28)
B AR AR C) SHERM— R 41K
CINSEE g 3

AN
WUV

30

(=)

—

t
B1 REOMR
— EBR KR
Fig.1 Solution of equation (28)
—— Approximate solution ===+ Numerical solution

@il 2 R5RIEL M Van der Pol 72
7+ e(x? — 1)F + iz = ecos{¥
x(0) = a,,2(0) =0
K 3 WEEHIRFANME. X E m=3,1=1,30t=09,

S(xos20+82t)=cos %-I—(l—xg)x'o:

29

e [a_
00534—(4 1

3a f2sing+



18 | BN %

5 8 # ¥ #

2004 SE55 2 %

3a32
4

M fi=1.fa= (
RAK 18,18

9, + Zi(l -
j=1 i=1
>a-

i=1

sin3¢, (30D

3ao.()

n 3D

1] 3a.2, fsl'—

it i
]—.2-)b,-,-cos ¢ +

Ms

i)b"sin L(p] =
i j

.
-

2
g + Sfasing + fgisin3g) —

(f,cos =

Aascosp + G.QA,singv + 6a,{2B;cosyp,
G #7j) (32)

HEFBCORRAMER ALK

A

w?
A =— —‘o—zfa.nBl = 60’

33

w?
by =— 8a202f1’b31 = 72a_§nlf”

B 61,67 SN HABERBATF. AUBEAHOOR
by=—by3,by =— 3(73.1&

x, = by,| cos —:;E — cos@| + b5 (sin3p — 3sing)

(&1)
% 119f($09i'09nt)saf(xovi'oant_)/ax9 af(xt)’-i'o’
2 /92 RAK(12), 4 T RPN cosp B RBME,
"

_ o aj ) 94265, _ Dby,
B=ggl(1-% o] e

BB (29) B9 — YR AR Ry
z = a,cos3d + a[b3(cosf —
cos382) + by (sin92¢ — 3sin342t)]
(36)

o= aB, + 'B,

& a=0,18 a,=2;40=0, I BHZE 0 MHE. HR
wt=6,e=1,118 1 «=0.095238,02=0. 816321, QI
FEQHM—KELEHEN

x=0. 026797cos (0. 8163212)+1. 973203 *
cos(2. 448963¢) +0. 043750sin(2. 448963¢) —
0.014568sin(7. 3468892) 37

B 2 EAFLE OGS BERM— LB . SRR
BIFEEH &I

#l 3 BRBIELME Van der Pol-Mathieu

Z+ e(x? — 1)z + (@t + ecosfdt)z = 0 (38
z(0) = a,,2(0) =0
B 1/2 BEHRBER EXBE m=1,n=2,0t=2¢

2

=
——
B
..>

e
—
S
<

2t

2 RGDHMK
— EfIE B
Fig. 2 Solution of equation (37)

—— Approximate solution  ------ Numerical solution

S (xos 20, 28) = (1—xd) o= xoc082¢00=
Jracos@t facos3¢+ fsing+ fsin3¢ 39
vl

2
f12=f32=_ 9f1z—‘ Tf—laLQs
a0 (40)
fa.z_ 8
RARKOS) .8
[bﬁ-ZZ(l © ybicos ¢+§;Z]<1—

‘;7)[7;} sin -;T¢]= (—ao—o)z(flzcosgo+f3zc053¢+

Sf1: sing + f3; sin3@) — Aay,cosp + 2A;sinp +

af2B;cosg, (i#£7) (41
TR UD B RR ISR R,

1 2w . A 2w,
A1='—?2'("‘_0)2f1293}=?}'_ .Q( aOO) f]20
ks zw 1 2 (42)
,
by =— 202 0) faz yby = _m‘z(_o)zfa'z

B 61,60 S ERTEREATF, AWHBEHQD,
B by=—byb =—3b5. TR
z, = by (cos3¢ — cosp) + by, (sin3¢ — 3sing)
43
W xys [ (2gy 205 828) , BF (gy £05 82D /O s Bf (x0s 2o s
Q1) /02 AR (12) 34 B iy cosp i R J M
%, 2/ LER



Y M¥.—KRIFREREIEREJIR AW E T 49

— a})byd Abn

= %fz’{;}g[(s ~ 4ful -
(44)
B ot 5 78 (38) By — UL U fl b
z=aecos({2t/2)+a{bs[cos(302t/2)—
cos(Q2t/2)]+b5[sin(302¢/2)—
SSin(ﬂt/Z):l}
a 2w,

a‘=aA1—-—“‘(_)2f1’29 (45)

0=aB,+a'B,

& 6=018a,=2;40=0, THRE O WFE. BN
i=9,e=1,1HHB ¢e=0.1 P & 2=6.108318,
FRGOH—VEAB®EA

z=1.987939cos (3. 0541592) +
0. 22101sin(3. 0541592) +
0.012061cos (9. 162477¢) —
0.07367sin(9. 162477¢) (46)
B 3iEAEMELBUO) SRERM— L, ERT
PR EE: 3

NN
Q\VAV V. \/V

10

x
(=1

|
—_

!
B3 RUOKE
— R WO
Fig.3 Solution of equation (46)

——— Approximate solution ------ Numerical solution

3 &RIF

D BITFRATES TRIFXERS (DB
i1 B R (16), AT A ST R # L T T
RIBIELME RGN E R MR R EIE L RAE
fE.

2) BT RBABEMR T —RIIRKEH, £
WBRM ST RAKERBRKERELH TR, B
MRS REE, 5 TEE.

DETEXHSEEHR GO PR EE
B m,n, BB T £ — 5 T8 B W ATARIE o RATHE/D.

$ £ X K

1 Li Li. The periodic solution of quasi-conservative system.
Proc Int Conf Nonl Mech,Beijing: Science Press, 1985

2 BE FRENEPH—FFNHETE. NE¥R,
1985,17 (3); 266 ~ 271 (Xu Zhao. A new asymptotic
method in nonlinear mechanics. Acta Mechanica Sinica,
1985, 17(3):266~271 (in Chinese))

3 RHE BEKBRTHFESN. NARES %,
1985,6(5) :395~400(Dai shigiang. Asymptotic analysis
of strongly nonlinear oscillators. Applied Mathematics
and Mechanics, 1985,6(5):395~400(in Chinese))

4 WIR . ERN. —RERUERDRENER. FEH
% A 8, 1986, (1): 34 ~ 40 (Dai shigiang, Zhuang
fengqing. Asymptotic solution of a class of nonlinear
vibration systems. Science in China, 1986, (1):34~ 40
(in Chinese))

5 WEK BEZERDFBONESN. AEXEKREYE
%, 1987, (3): 57 ~ 64 (Cao Dengging. Asymptotic
analysis of the equations of strongly nonlinear
oscillations. Journal of Southwest Jiaotong University,
1987, (3):57~64(in Chinese))

6 WMMB.REY BERUERIRANOIERE. N¥%
##, 1990, 22(2):207~ 212 (Dai Decheng,Chen Jianbiao.
Asymptotic method of strongly nonlinear vibration
systems. Acta Mechanica Sinica, 1990,22(2).:207~212
(in Chinese)) )

7 WY BEEE—-RBFRUERETHNA. NAK
¥ 5 51 %, 1993, 14 (9): 823 ~ 827 (Xie liuhui. The
application of the Asymptotic method to a class of
strongly nonlinear systems. Applied Mathematics and
Mechanics, 1993,14(9):823~827(in Chinese))

8 BRE, RHER. Al IBT—LERERSDH RO
M. BRAB¥S J1%,1994,15(1); 7~ 12 (Cheng
Youliang, Dai shigiang. Asymptotic analysis of a class of
nonlinear oscillation equation in electrical engineering.
Applied Mathematics and Mechanics, 1994,15(1):7~12
(in Chinese))

9 EEMN. RBELKERFEKERREN MLP F&. NA
¥ %5 A%, 2000, (10):1039~ 1045 (Tang Jiashi. The
MLP method for subharmonic and ultraharmonic
resonance solutions of strongly nonlinear systems.
Applied Mathematics and Mechanics, 2000,(10):1039~
1045 (in Chinese))

10 Burton TD. A pertarbation method for certain Non-
linear oscillators. Int J Non-linear Mechanics, 1984,
(19)5:397~407



50 B h ¥ 5 B #® ¥ # 2004 SEE 2 %

ASYMPTOTIC ANALYSIS FOR RESONANCE CYCLE
SOLUTION OF A TYPE OF STRONGLY NONLINEAR SYSTEMS®

Peng Xian! Chen Zili'"?

(1. Department of Engineering Mechanics, Hunan University, Changsha 410082 ,China)
(2.College of Architectural Engincering, Central South Forestry University, Zhuzhou 412006, China)

Abstract Based on a certain hypothesis, the strongly nonlinear system was transformed into a weakly
nonlinear system by introducing a parameter transformation. Its solutions were expanded into the
improved Fourier series, and the resonance cycle solutions were conveniently obtained by the undetermined
parameter method. Using the method, we studied the principal resonance cycle solutions of the Duffing
equation, the 3 ultraharmonic resonance cycle solutions of the Van der Pol equation, and the 1/2
subharmonic resonance cycle solutions of the Van der Pol-Mathieu equation. The examples showed that

the approximate solutions closely coincided with numerical solutions.

Key words nonlinear system, resonance, parameter transformation, improved Fourier series
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