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Successive Stability Analysis of Nonlinear
Systems Using Robust Perturbation Method

Norio Mivacl and Hayao Mivaai

Nonlinear systems appeared in the engineering field are often formulated by mixing dynamic equations,
electrical relations, input- output relations of control quantities, etc. System equations are tangled with
various nonlinearities from these, and they look quite complicated. For this reason, it is not easy to find out
Lyapunov functions for the packaged system.

On the other hand, It is well known that the stability of dynamic system has close relation with energy
change in the whole system. State variables on higher energy level influence on the system stability heavily.

In this paper, a technique for studying stability of the complicated system is presented. In the technique,
the system equations are classified into some stages, according to the energy level of the state variables.
That is, the group of state variables which affect system stability most of all is treated first, while the other
variables are regarded as constants or zero. Lyapunov's stability theorem is applied to the basic system.
Then, the secondary important variables are rivived. Regarding these variables as the perturbation of the
basic system, the robust stability analysis is carried out. Successive achievements of these procedures finally

enables us to accomplish stability analysis of the whole system.

Key Words: Nonlinear Feedback System, Robust Perturbation Method, Stability Lyapunov Method

1.8 B8

TE#I AT LAOREHFERIZ, ZLOEE, /5%,
V=, BEEEEOHER, FresT7oEly
SN BBRR, FHIRER T+ HET 5 -0 0H
ARG ENANDR L oW E LD, ZOHHIC
BAE IR HD D, VAT LAOREEDFE
LESH TR, ThETHIFANRL LT L
FonTETWS, VT 77 70%ERIL, EEHS
AFLEEBEOTTMVRID2EL L FiEL LTHE
Hah, ThFEFTELOHFEISLINTES, LI L
hs, RIFIBEIAFLAOMA - BERICHD Ah

* B TER
College of Technology, Dai-Ichi University

** FEERAKE T (T903 AR P AR AT ETHL)
Faculty of Engineering Ryukyu University

LNRBIZE->TWEW, T, VT 7/ 7OBEN
VT 77 7B LIRS FENEROFEEZEL TS
AFLADKEEZRHL, TEHFEIRLBLOHS
)77 7THBOMREII YW TS DEEN R Sh
TWwiznwl kil s, .

19604E R EBENS ) T7/ 7THBOMRER, ¥
ENYAFAERBL LY T T 7% Eh@E
KhigHi=A, V77 7TRNEEBRT 5 —ENFE
ERZICELERTWEY, )77/ 7REHE &
ZRICRGE, BATEROBERD S Z LIHIE
L, EBMA FRERD—RMREIEILENA TS
WL LEELMEND B, VT T 7RBIEE L,
AFLADEIAINF—L LBRAELS, BEN, B
Bii B, o) 77 7THREMREISREIhTE
JAS 3 - 3 AE YO
FHESHIEINT T, TEFFTHET HEMRTL A
FAEMRIZVT S 7TREEHBELBELTEL



46

E-TREKREWAERE H115(1999)

0, FREFELThY oI}, YATLADE

FEEHELRBT LGS HLHEOLENY — >
MHY, VT T THBERETAINEIDNY -
PR ALENDH LI L THE, S HIZREDHZE
T, SONRY - RBBHEICLDVDIRELY AT A
DOONA MEERGE LTEIITEZ EAHBEL TS,
FITHRFRTIE, —REBIIRXSVAF40Y
BUHMEICHETALIZL T, H%ER, BARER,
B#RREICKRE(HEL, ThivRATaetkox
FANF—IZKECHETAMIIBRBLETS, Tibb,
IAINF-ROKECRERBTEITER A T4Y
HIL L, fhoiKERIIE, S LIXERELT, V7T
7 7DRERIZL WV REROFTEITH . KiZ, 2
HFEICKECHEETIROKERBYEL, ht
KR AFLAOREE AL LT, BUYHRELLHE
DaRR MVEEEOFEHFEITI o B3R FTEWHE
i, BBl THSHPDYATFAIFINNT KD
PELLODEEZ, TOEBHIFANVF—I20WTH
WA, Shedbs, oxx MEFIcLh, Bh
BT 2 IERBERENRE /Y — 2 s hhig,
CORBIAFLAD)TT ) 7THRBOES LD,
CEBEREDEL T, REMHICLSATA
DEERDOBENEITIZENTES,

2. LATLORER

FRUTHRETATESAFARUTOL ) IZE
BEBIENTES,
X, = (X, X, -, X,)
X, = ,(X,, X, X,)
2 2 l: 2 (1)
X,, =f (X, X, = Xp)

ZIT, X2 MVX, X, o X RERER, hE
F#, BER, HHRLEOKERBNI bOELHH
—2%F+, (DROY A7 ADKERBOL I N F—
LD X, X, o X, DTHBERETHE, B
WORFERIE XD L 52k 5,

X, =f£,(X, X%~ XD &K RAFL

X, = (X, Xp - X0
. }%2%vz%A
Xz = fz(xp sz o X?,)
X, =X, X5 - X,)
Xz = (X, Xp - X))
) ENRYAT L

Xn = fn(Xp Xz, M Xn)

3. QR MRENEC KL DREEOREN

R AT AIRETHY, FREARS FVEFE L,
DEENT—UHRHHL T, PATFLADZRINF—HS
Bondbnets, COTFVE—%VT S/ 7H
B, V77 7RBIRRD LI 12X, (X))
DARKTHELNS,

V(X)) = F(X, ) >0 (2)

(2)AHEMLRANF -4 6, FORMIEBITIHR
BIFNVF—ROMFSD 2

V(X)) = —2R(X, f) <0 (HBViE<0) (3)

THEZLMLI LN bPoTHYY, HEZF L F—
REEMD S VIIREEHELOT, BREMKIIAE
b VIIFREME RS,

KEX, PBELTE2RVAFAILESE, (3)
ROBFH LA

vl(xlv Xz) = _ZR(Xp f])

+0(X,, X, . 1) @)

teh, OOMEIZEoTHR, LFLIR)RDTH
NE—TYRAFLAOUNR VEFEEIMRIES NS LT
BRo%v, #ICHERBETE, ZOFEEY X, HiEic
L22)RDTANF-EBHOL-HERLR L, BBk
DTN F—

V(X,, X)) = F(X,, f))

5
+AF (X, X, f,, f;) ®



47

o8 2 MEEhEIC X DI R 5 A OBREEIERBAT

¥EZD, Thbb, TRAVK-OHE AF, iV, D
BRI EEM (HAHVITEEGEM) 122585
IZEHLNS, b L AF, 2 @YIZEDLZLHTE
NIV, B 2RV RFADLINF—ThDET D,
MRRChZ&DEBEL TV E, BREMIZEEn X
YATAL (BRVATL) DR NF—I
Vn(xl' x2' N Xn)
=F,_(X,, D CHELIND RIS R FRLIINS Y
+AF(X,, X, -, X, £y, £, oo, £,) (6)

i, ThAVTT I 70544

(i) Vo X, X, o X, icBL Tz disL—PE

HBEBEL2RAT THK

(i) X, =X,=-=X,=00rxV,=0V,
=0

(iit) * (i1 ) A X, Xy, =, Xo k28 L, V, < 0(3
BT <0)

FHRIRIEES AT AORERERET A LNT
&3,

4. PXMHEELSITRIBDHRE
ERL-EAE#R T LAOREY

FRBAEIL D L UHERDREZE L - EER
(FAfIE) ¥ RFARRTRENZHOT,

X, =X,

%, = —Dx,— {K(x;+e)sin(x,+8,) — (P,—x )}
(7

Xy = —mX;— N, 8(x,)

o= L%~ A%

72720, g(x,) = cos §,— cos(x,+8,), X, Xp Xa
x 3EhEh, EERAMIEA, EERARE, #
REHEEL (BERL) L UHAERGEERTKE
8, D.K.e 6, P, n, M 4, L,IIEERTHS,

ZIC, MEROHERTEETIATFLETSE,
REHFEXIX

X, = X,

) . (8)
%, = Dx,— {Ke sin(x,+6,) —P}

L%, (B)RDEHHTANF— M

1
M= Ixz dx, = 7xf (9)
WBLFILF—PI

P=f:‘[1«:e sin(x,+6,) —PJdx,
= Ke[cos 6,— cos(x,+6,)]—Px, 10

b, PltKe sin(x,+6,)—P A 1, 3 RBIZF
ETHLEENHE LS,
WTT 7BV, %
V,=M+P
= %x2’+ Ke[cos 6,— cos(x,+6,)] —Px,
(11)
L4 aE, FORRMMIHME,

V, = Dx,! = —2R(x,) (12)

LB, 2L, RiZBEMETH S,
RIBO x, HRELALEDHE 2RI A7 LIEH
THEEL (BER) 2ERLL

X, =X,
%, = Dx,— [K(x;+e)sin(x,+6,) —P] (13)
Xy = mx;—7,8(x,)
s, (1)RUICBoTEERIRATF LDV T T/ 7
A2 mFIT2E

V, = —=Dx —x,[K x; sin(x,+8,)] (14)

Eh, HEENC Lo TY AT ADRERMRES L
(o TWh, REXTIX, Th¥x, &) EEH
BELAZEIZEY), ZHANF-FEHIELLbDL
L, V,#

V, = V,+AF,(x, x,) (15)
THRBT 2, (15)RDHE

V, = —Dx/—x,[K x, sin(x,+6,,)—ﬂ'-]

0x,
+_aaA—FL[_7l|x3_7lzg(xl)] (16)
X3
E%ih
94F, _ K x,sin(x,+8,) (17)

0x,;



48

BoLERFEHEHRSE $115(1999)

£h
AF, = K x, g(x,) +AF/(x3) (18)

HiEohs, (17), (18)RX % (16)X~NLATHL

_ o2 K n, OAF;
= —Dx, 77 [nzg(x )+ x 3‘]
[”|x3+7lzg(x|):| (19)
»iEoh
m, 9AF, _
K 6x, g (20)
&h
- Kmy
AF; = 27, Xy (21)
i n, (18), CHRAE(IHANMEATILIIE 2 X

YARAFLADYT T TMBV, I

v, = —;-xz +K(e+xg(x)— HX.+§—,’77'Xa2 (22)
Eah, FoREEEHIE
. : K 2
V, = —Dx, —n—[rlzg(x.)+mxa] (23)
2

Lis,

RIZ, BBOYLEER (WER) 2FELLHEIXR
AT AINDNRTELONS, HF2RVAFLDY
777 7ME(22)R 2 ()R- THMBST5 &

vz =-D xf—%(—[n,g(x,)+mx3]2—x2 x, (24)
2

Lh, Thbb, BHx Lo TIATFLDESE
f&»‘i%ﬁéﬁ&( ro TV, COHPEDIVTT /7
M8, THANF-WMEEZT-T

V, = V,+AF(x,, x,) (25)
Ehd, (25)ROBHER UL

. K
V, = _szz"n_[ﬂzg(xl) +7I|x3]2
2

+ aanF2 [—Dx,—K(x;+c)sin(x,+4,)
2

5AF2 [,

+Ph-xJ+——= Ax,] (26)

I 5°M oLl

2
AF, = AF}(x,) (27)

PR, ThECEOXNMATEE

. K
Vy = -szz—n—[nzg(x,)w“mxa]’
2

—x,[%, 1, a‘;‘x?'l—";if; (x)  (28)
b, 8612
4 ag{r:‘; =X (29)
LB E
AF; = 5 x} (30)
o X
ﬂ‘f%&h, bir 20
Vi = % x;+K(e+x)g(x,)—Px,
ol x +—1—f X (31)

21, 21

V, = —Dxi—nﬁtnlxﬁmgu,nh%xf (32)
2 1

FHMLIENTES,
BNRIIFERET) TS/ 7058G%#H2-L,
VAT AIEETHHIEMREENS,

5. % B

FEETIH, —REMICRALCA74%, PEMY
BRIZHBET A LIk o T, H%ER, BEE, #HiH
FHEIIKRESHEL, Thi VA7
Folt KB BB TAMICBBILL T, BEMIZS A
FLDYTT) 7B EBIFEIZODVWTREL.,.
Thbd, FTIRVF-—HROKEVIKERFTESR
YATFLAERBRL, SNOZINE—I)TTI) T
MEL B TRERDRETLT I, KIZ, 2HFBHIZKE
KYATLDJRBBICHEETHIRERFLHEL,
SHEERZATFLAOBRBE AL LT, BEHREL
EBADONRRA NEERDEFE1TH. UNRFTL



49

/SR MREEC & BIBH S A T A OFEREEIERT

WA, BN L > TS DT RN F—FEHH
HEL7-bDEER, TOEHLFVEF—DRDOFIZD
WORLA, BTHE#EPEICL > TRENLE
RVATFLD)TT ) 7B EERTHILHTCED,

BE LM

1) B4 - B4 - 1887 (CH#) 5635295 (1990)

2) Miyagi, N and Miyagi, H; ASME DS, 113-3
(1991)

3) B - B 483 (CHE) 58#548% (1992)

4) B - B 185 (CHB) 62%598% (1996)

5) B¥ - &0 : WEHR (BE) 97%5%F (1977)

6) Miyagi, H, Taniguchi, T; Proc. IEE, 128-3
(1981)

7) B4 dtESFE  17-2 (1981)



