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Model reduction and stability consistency of

a class of multi-time scale electromechenical coupling system
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Abstract: For a class of electromechanical coupling system, this paper discusses the stability consistency between the
nonlinear multi-time scale model and the relevant reduced order model, and gives the conditions of stability consistence.
The continuous dependence of the stability boundary on the perturbation parameter ¢ for a multi-time scale system is
revealed. The necessary condition for this dependence is given. It is concluded that the negligence of the fast dynamics is
rational in the analysis of equilibrium stability and stability region

Key words: electromechanical coupling system; multi-time scale system; order reduction; stability; stability region

1 5] (Introduction)

Z IR R RGN A QI T VF 2 B2,
SRO2H A 5 L BB R R — B (M e
AVFZ AR, Rl Fe e i — SUERE R v AR TR, %
ISEZNIEINR iR

&= f(z,y), z, f € R,

{ay' =E(x)+G(x)y, y, E € R™, G e R™™.
)

bz, y 23 MR REA8A B MR A . AT
PRLRIT ) 8- Fofr L LRSS 2R v, A 20 S R P 1, i
P2 TR AT AR BIZS, W
EX A
T = f(.l‘, y),
0= E(z)+ G(x)y.
AL R G R AE J RGERAL(1), 60 il
RN I i)
D) AEAT 25, REDQ)EXT NPl EH

ek H 393: 2007 —07—20; e ki H 39: 2007—10—15.
AT H: H K B ARREE 4 Y B I H (60474048, 60534040).

2

A AR RS e MR T (R « B AR e - A ROE);

2) fEAT AT, RGE(DAEFE -7 5 )
R W S35 SR B B /N B Ble, H e — O
RGE(DAE ) ik B 23 ) P i R A R 5 &
BR(2) (0 X AR 8 ST 5 AR IR I S A

ARG T BRI 2R 585 R R G0 s e
B, A T R —BUE A AT T AR
P 22 I 1) RS 2R G o Sk a0 Pt 4 8l 2 Hie 1) % 4
WA, WERRE—E W& P &2 &
)5 0T AT .
2 AZA1E ¥ (Invariant slow manifold)

FHSCHR1,2], 47 R Ge(1)iH 2

Al %FVe € D, E(x)hAEZ &, 4D c
R™J& TP AR,

AD) G N = M), @ =

yoe TR R T AN S (B 1 S £0):

Re);, < -28<0, Vte R, Vx e D CR".

1



140 oW s N H

25 4%

A3) XTFVt € R, Vo € D, || y+G'E |
py, RELf, E, GG~ (2) E(x) & _OES i)
C?). Horheg Ml p, #iE IF L H AL

WXt TVe € [0,e1), F-fEer < o, RGN AFAE
W mIEM, : y = h(z,e),h(z,0) = -G 'E. &
g8 (1) fE M. BB R R 4e

& = f(x,h(zx,e)) = F(x,¢) 3)

g, He =0, MA@ BE Lk R iR
i = F(x,0). 4)
FESAEAD~AS) R, X7/ INIe, i) RGE(1)~(4)
AT AR P s, BT 05 A B0 H AR i) &

Ge(1)~(4) 15 FAH N 1 147 a0 b EL A AH R 0 % e
Joi.
3 B Xterf) % 22 K 38t P (Continuous depen-

dence of the solutions on ¢)

FHOCHR[3], A7 R GE(3)(4)iH 2

Bl) JiFE@ M2 B A YR E2(0) = n(e),
BRIV MO8 2 He

B2) D C R™EJFEMAE, (z,¢) € D x (0,20, ¥
HFRInHAN + 1IN 5

B3) XA It € [0, 1], ML RG(4TE[0, ] A
HME—fifta, (1), Hao(t) € D.

W, f7fEe* > 0,Ve < €%, REQ)TE[0, ] LAFAE
ME—fif (¢, ) WIERIREN (2)), i i

N-1

z(t,e) — > zp(t)e® = O(eN). (5)

k=0
B B G L TR 45 38 w1 J, (L, )kt
A DIIE, WAFAEH R, 643t > T
E(t,€) — zo(t) < O(e),

WLV, #re e/, WIRRGREAEL > T 7
TS N E A e
4 BB KR E B4 (Stability region
boundary in the slow manifold)
WAz ) REY & = f(x)EHTRoe T
M A E . ¢ () ZXHIMR. FREAERFIRE
BRALFLOA W17 5 5 W ol R S8 2 I F¢
JC (critical elements). %o, (i = 1,2, ---) NOA HIllf
Ftot, HSCHRI4150, 5 FR G0 X0 L
C1) OAMIE S IC 2R HACE A
C2) DAl FICAE FIANEEE It T s e Wi M 4%
1

C3) 4t — ocolif, A ERYEE AL AL
— M S,
)

9A(x) = U W(0). ©)

g, €A

SR b, C) AT C2)ER AT 1), C3) A2l A 1,
(G B ) RGEAE K B SE PR AR MEN LR & R4t
K C3) AL A2 RS,

EH 1 EHEAD~AS)F, FEL AT 7 # )
Z ()] LA B E A 30(3), H.X@)h 2R3 fajtk
B Sa Ay G (@) — AN 8 A8 e F
R Ac(x), Ao(z) 73 M 2 s B FI (4 B A 8 5k,
R 500 4 DB R (D) AE 2k Bl 2 TR) (1 AR e 38 R 3L
i A0 A TR (2) I A e . e &R GE(3)(4) i X i Il
FIC, =, (&) € 0A(xs), ° (2) € DAg(xs) TR
KA @F A AR LML, t € [0,00). &
25 (3)F(4)i /e B % B1)~B3), C1)~C3), Il

N-1
p24(2) = ¢, (2) + Py p-rr(2)e" +O(EN). (D

A T1 = ¢4, (2) € 0A(x,),
my = @2, (%) € 0A(xs),

W) 22 458 (3)/(4) e e 3l S 0F N w0035 A2
| 21 — 22 ||= O(e). (8)

UE FHETTH S5 18 T BRI e 2R L
5 4#5i8(Conclusions)

BRI T —RZ W] REVIEES RS
iy 55 M VRS S 3523 B i) 3R 4 R B 2% 1T 4k 19 2%
. g5 T 2 i ) RO R G e e 3ads 5 HOAH I 1)
fai AL B I R Fefeoe Il St S, H AR e kil i 4
WO HE BN 2 B e I 2 A AN SCHT 1 B 2518 0 2 ) [
JUBE R MM B Aeg 4y M B e 1 B A,

£ % 3k (References):

[1] GHORBEL F, SPONG M W. Integral manifolds of singularly per-
turbed systems with application to Rrigid-link flexible-joint multi-
body systems[J]. Int J of Non-linear Mechanics, 2000, 35: 133 —
155.

[2] SOBLEV V A. Integral manifolds and decomposition of singularly
perturbed systems[J]. Systems & Control Letters, 1984, 5: 169 — 179.

[3] KHALIL H K. Nonlinear Systems[M]. New York: Macmillan Pub-
lishing Company, 1991.

[4] CHIANG Hsiao-Dong, FELIX M W, WU F. Stability region of non-
linear autonomous dynamical systems[J]. I[EEE Trans on Automatic
Control, 1988, 33(1): 16 — 26.



