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Abstract: Based on the harmonic balance principle, the saddle-node, the period-doubling bifurcation and chaos

behavior are discussed in theory for a magnetic levitation control system. T he approximate conditions, which

determine the existence and onset zone of chaos in the system, are given. The results obtained may be helpful

in design and control of the nonlinear magnetic levitation control system.

Key words: magnetic levitation; control system; chaos; bifurction; prediction

F

Clx11 =

n ;0 S

iR=U

[5]

(D

20 ,
1,2
[ ]’ , [6]
[3]
2 2 2
2
2 2 2
2
2 2
1
2 2
M
2
[4]
’ mx 11 +
2 2
:m ;o
F= HonZS[ lo— i’ lo+ 1 j (2)
’ -4 d- xn d+ xn
2 2 2 :“0 ;
' ;1o ;
- [4]
sl )
’ . L (L
Jeffcott , de ¥
: 2001-06-11; :2001-0726
JREtpA ww v hidsdh . métdén? Wk b/ 2002/103/ 02597 U= "Feox

11+ kdxll



260 23
: Fir, Fu f
L I(Z)Honzs_B L_yl ATR A
’ 3 5 ’ -
" A fo I Filyo(0). Dy ). D" yo(0)s zn(n),
kd_ hd_ R_ -
o 7 Lo T " LT za0(t)] = Fo(A,B,w + Z_[Fm(A,B,
(3) Wsin(kw) + Fu(A,B,@eos(ka)]  (15)
o C T 1+ yi Z:| _ 2 _ 2 _ _
X1+ cx1= B[[l— x] - [1+ xl] (6) (3a1— 40)A"+ 3(3a1- 40)B" + a1 20(_(1(;)
yir= adaxi+ apxi— y1) (7 B{[ 2B - (ot C)wz] + (2B - 4B) -
, wukd, i<, W]+ 34°B[ (6Ba1 — 8P + jui 62 -
’ , , 243 1B[ - 403+ juro] = O (17)
F= cixi14+ 1+ cxi+ caxiyr (8)
ren= 4, 2= = 2B, = 8f, = - 6f 2o 2Ba2— 4B+ cx- o (18)
tri= x1, ro= x-l, r= g, - 24 - 6fa>
» 20— ai— 3(3a1— 400 A°
B = 3(3a1 - 40) (19)
ri= r2
w

r.zz 4B — cra— 2Br3+ SBr?— 6ﬁ%r3

r3= a2+ apri— r3)
(9
, (ad, ap)
2
[7]’ (9)
r= Pr— bf(r.z) r R (10)
:P.b ; fr R ,
(P,b) tal= Oav, a2= Oad,
0 1 0 0
P= |48 - ¢ - 28/,b= |- 1
ar @ - 0
(9, y=r, ;

Y+ cg-f-+ (2Baz - 4[3)3./+ 2Bary + yz[ 6fay -
(248 - 6/3az>y'][<x— f%z]m
cy- 4By - 8B = 0 (11)

yo(t)= A + Bsmw, B> 0, w> 0 (12)

q(0)A + Fo(A,B,w) = 0 (13)
q(jwB + Fir(A,B,w) + jFu(A,B,w) = 0
(14)

W[ (3a2 - 12)(&+ ¢) + (40— 3ar)] + 12far -
3208 + 40Baz — 4eX + 3acx= 0 (20)

2

[7]
q(jw'2) + [AFr(A,B,w) +
AFu(A,B,we™ = 0 (21)
(14)
yo(t) + €Ay = A + Bsinw + Esin[?wt— %

(22)
T € ;9
, (11)

[2&“- (a+ o) ‘2—}]+ j%[Zﬁaz— 4P) -
“ﬂ + A2[3(6ﬁa1— 1860 = j (- 6Par+
) + [ o+ 99+ 5 [aopa-

180y = L= 6far+ 24B+ W 2)] ¢®= 0

(23)
(23) 2 .
6, (11)



261

[1]

[2]

1.9 20 21 22
a

1.7 18

Fig. 1 Chaos and other behavior regions of magnetic

levitation control system

(2) ;

Guckenheimer J, Holmes P. Nonlinear oscillations, dy—
namical systems and bifurcations of vector fields| M]. New
York: Springer Press, 1983.

Wiggins S. Global bifurcations and chaos, analytical meth—

[4]

[5]

[7]

ods [M]. New York: Springer Press, 1988.

Chua L O, Komuro M, M atsumoto T. The double scroll
family [J]. IEEE Tran On Circ Syst, 1986, 33: 1072-

1118 .

Ichiju S, et al- Magnetic bearing Totor system model[ J]-

JSME International Journal, Series 2, 1990, 33(1): 18-

26.

Markus A, Ladislav K, el at. Performance of a magnetical-
ly suspended flywheel energy storage device[ J]. IEEE
Trans On Contr Sys Tech, 1996, 4(5):494- 501.

Yao H, Xu J X. The research on dynamical behavior and
design about control parameters for nonlinear magnetic
control system[J]. Chinese Journal of Aeronautics, 1999,
12(1): 25- 29.

Piccardi C. Bifurcation analysis via har monic balance in pe—

riodic systems with feedback structure[J]. Int J Control,
1995, 62(6):

1507- 1515.

(1963-) ,

Email: yyaohon g@ hotmail. com

(1956-) ,

(1963—) ) .



