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Brief Introduction

This book represents an overall summarization of a series of
scientific research achievements by the authors over a long period of
time in the field of strongly non-linear vibration. As a highlight of the
achievements, “Incremental Harmonic Balance Method and
Generalized Perturbation Methods for Strongly Non-Linear Vibration”
was a Third-Prize winner awarded by the prestigious China National
Natural Science Prize Committee in 1999. Most articles included in
the book reflecting the key award-winning theory and methods can be
found in various international journals. It is a comprehensive
illustration of the incremental harmonic balance method and various
generalized perturbation methods, including the modified L-P method,
the elliptic L-P method, the generalized L-P method, the generalized
KMB method, the generalized averaging method, the generalized
multiple scales method and the perturbation-incremental method, etc.
It is the authors’ hope that these methods will serve as instrumental
tools in solving various strongly non-linear vibration problems.

As readers will find in the book, all methods are illustrated with
clarity, explicitness, and innovative elaborations. The process of
formula derivation is also briefly explained with practical instances.
In addition,some latest international developments in the field are
also introduced.

The bhook can be a resourceful reference for students, instructors,
engineers and research workers,who are engaged in their study and

application of the strongly non-linear vibration theory.
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x+ wix = ef(x,x), (1.1.1)
Hef,e BAABY, (o, 2)RBETF v S MV IERERER. Y e =0 nf, 84 H8(1.
L. DA
I+ wir = 0. (1.1.2)
BRI LR SIS P IR B 2 W (L L. DR MEE R, R
TR RERR IR AR IR F R TR AR IR RS,
BETRQA. L DA AR, FGORE T ERN T BOREERT N « WESR
8
x(t,s):xo(t)+s1‘1(l)+€2\r2(t)+"', (1.1.3)
e 2, (1)(i=0,1,2, ) t R, 5 ¢ £ o, (1)MEREMIRA:M .,
A 13)XRAM L DB 228, H
Tt wgr =(2y et + €0, + x5 + )+ wi(ay +ex; + ela, + xy + )
:i'() + w(z)xo + s(il + wﬁxl) + 62(.£2 + 1‘2) + 63(i:3 + .1‘3) +oee
B 1 3)RRA f(a,2), HEETE 20,7, HIERIF N ¢ HRHE, W

M+ . M}+

f(x,i):f(xg,a'rn)+s[xl L i SR

of (zg,xy) | - of(xy,z9) 1 ' flay, )
B AR T 1 faﬁrL+
L I flxy, 1) . D flx i)i
2 0> 0 03 0 e
i dx? t 220, oxor ] R

i of (g, 10)/0x IR 3f (2, 2[00 T2 = vy, a0 = g MMM, JLAB A, SRE, 4%
(1.1.3)x XA (1. 1. 1), 7] 18
xy + CUSIO +el(x, + cuf,xl) + ez(g'ziz + w(z)xz) + 53(1}'3 + wf)l‘}) 4o =

of (xy,2,) - of(ay,2y)
dx s ox ]+

af<1f0 ’io) v

ef (i) + €]

63[12 of (x4, x4) v

ox 2 oxr
1 P flag,29) 5 Pflay,a A :
?( : / ;;)2 Tl xi f;;)z Zo) +2x, x, f(Kj(;g;Io)):l+
FREWING e [FIRFER BB HAZ X FERE S 5 Y]
y%()‘f‘(l)%]‘() :0, (1.14)
x, + wgl’l :f‘(l‘o,i“o), (1.1.5)
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. J , 2 . If(xy,19)
[ =11%"%Q+mf—g§—°, (1.1.6)
. B (/)f‘(‘ro,‘i‘o) . Jf(xo,:co) _L af(Ioa-T())
T3+ wyxs :.T2T+12 I 2 PP
Pz, 1) . P flxy,xy)
If%i‘oz—()\+21‘111—a}si‘—o). (117)

L& B RS HRE,IFEF NIRRT o, MMS AR, TUEN R, M
TR 1L A)FRE o, 8 oy RAFERO .S BES, TLUKE 2,8 2.2, RAHE
(1.1.6) M smBE M KRG 2,0 2y, 2, ARIRIEHERE,

KR RGBSk R H R B BT LB T 19 e R3U¥ %
IR E . SEHBTETH, B R 2 Poisson (1830 4E /245 ) 7E BT 38 K AGE 3B , 48 K & (5 4n
HER) B3z 5l , R R

X, =Lyt ey + e Zy+ e, (i =1,2,,m) (1.1.8)
KER. K e B—DNBE, 2, RRIEWHBIR, T Z,, 7,2 v WEH,RELMHF
REE1 1. BFFIRE ST, Z,, R AP M BRI 3] 7, B BT, ] eZ,,,e%Z,,, - MIFL
RICHAT BT IR 51 1, R, BR A BB X — B AR Poisson 8 7 3 84 77
e F i o] R A RAEHIE 3K
() = x2(t) +ex, (t) + 2apn(2) + . (1.1.9)
A L9)RRABS HRA(1.1.8), 4B e WIRKEREHS, FEF—R5M5
TR ORISR 2 (), (2) 0000

IF IR B SE SR 20 B3 R Poisson 8Kt e, HE B LES 2 &4
FLHEBRLDRF RS, HAEE Poisson IBEEK RS R e B R BIE A7 Poincaré
(1892)Ff A THEW , W] T (1. 1. 3)FE AR & BOVE 45 1) . 40 09050 7 FR I JE 2R P TR
LB E /NS R RAT 8 B0, A 28 B8 02 X /N 2 AT 14, B AT R T AN M T
B B /NS BT 5/ SR s

SRR A B SRR L LI, B iV R W U B e T R s
K, HARGER . FE, MRBRITEL i —~ocobf, EFWSMGE A EE  TEWRY ; HB—
FEAHRS , SRR EIEYE . At ZSRGEOR (1. 1.3) —HH ¥, WRFEERI(1.1.3)5
£ =N I, J5 T 0438 %, Hﬂ%%l;ﬁﬂﬁlﬁ% He BIN+1IKER, B R

x(t,e) = Ler(tno(e“‘) He—>0, (1.1.10)

A 2%5(1.1.3)5 k2 —1 Pomcare BT R X, GOBCP Y B — TR AT 0
RIUMEIE

LRGN A SIS e H—FRBME, R REEEHN, LU NEY « R
ITHISBUR R W R B8 MK EEHHEE, B (1. 1.3) 708 D e A
BEBLIN R DI N AR — B0 R0 o T T8 3 o — A T8 B 60 91 0 L A 8 1 53 — A

(B1] FEHERIFBR Duffing 2
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T +wizter =0 (a)
W W R A
2(0) = a,z(0) =0 (b)
H %
B FR@TUER
i+w§x=—sx3, (c)
ER f(r,z)=~2", TRAEFERA.1.4)Z(1.1.6) 718
Zo + wizy = 0, ]
%1+w§xl =— 3, 2 (@)
X, t wyx, =—3x,%§.

HRIE T 46 F 14 (b)) , 45 B 30 AL P9 00 3 5% 12 %k I K

20(0) = a,z2,(0) =0,

z;(0) = 2,(0) =0,(i =1,2,). }
A (d) ISR — DR, 02 B B B M W0 06 551, AT 75

xo(2) = acoswyt (f)

B OXRADRBE DR, FH cos’wyr = %(cosfuuoz + 3coswyt ), 1%

(e)

I+ wix; =— %a%oswoz - %a3cos3wot. (g)
FIRFR KM (), FRR(g)HIR N

x,(2) =— g—c%;aatsinwot + 3~21w—3a3(cos3w0t — coswgt ), (h)

HHITRE 2y & o RADRBE=ZDHR, TSRS o, O, WRBITHZR K
e UrE9IE LUE AR K

z(t) = acoswyt + 5[— éa%smwol + 32—1602a3(cos3a)0t - coswot)] (i)
0

MRS RATUEY, ORXFAME TAE tsinw s BE T, X8 RR 9 A 8317
(Secular term). B F7E7E A BRI, 3 LA (i) 208 B At ) £ B AR, Y r—>oomt, H
HETERK, XERERFEEH, EL b, 7R ()H Y

%'u%ngu%f - E. )

e 5 wfat <Eo I, AHEREN ¢ (1, WM o (o) ABREAT TR 10 3 BLAR ()5 (L4 42

A T LG, B0 SR 2 oL R ¢ LIRS e

KR _INEE R, E K er, B x, B8NS IE BT S0,
EILJE& ,ﬁu%%ﬁ*ﬁ Ty X3 ,ﬁﬁﬁiﬁﬂiﬁ-’? ,){%tﬂﬂl%ﬁu tmsinwot, t” COSw t )
6



