5 5 3 #2007 4F9 A
1672-6553/2007/05(3)/282-3

oo s ERF R

JOURNAL OF DYNAMICS AND CONTROL

Vol.5 No.3
Spe. 2007

TRBIUEZFREMWER PID IEHREEFR

Wi FRE

CE BB IEVIR TR S A 32 Bk as ot , KU 410073)

HE  WIOR RS PID SR 5 RS S RSB E

SRR Ve T ARG DOZ A A —

YL el R R G H K PID fkﬁu

RIS T RGE PID 45 ] (9 #T IR E A, 7 —

PRAS T R GE AL IR E 250, AT 4 5 Hh 5 T R 4 PID f%‘]ﬁ’]ﬁﬁ%ﬁ?%Fﬁfﬁf)ﬁﬂ’ﬂ%ﬁﬁfﬁfi[ﬁ%ﬂﬁﬂ

ZREGE L5 Ang W i TR MR 2 45 0F S PID R E

e, FECELRR R G R HOR.
KR WETE, HHPID,

51

il

AT ARG — U FRRE AP R 5 9 S 2%
ARG, Rk T HARE MBI KA Z 2N E H. H
R RZ R EAR 22N T RS ], RS
WL RG MR E DR R NP AR
RFHLIER AN PID #2757 52 04 51 4% PID J5ik e fie i
ATk, AT 2k 2 et Rk A RE A 2 Tl
WIRCR , X — MU AT E IR, AU, TS
T BT HU AR B A S R I AR e AT S
PERIRITHT IS , R T R E Ve RRHT S
(ISR ZIE R GRERE 5 T O B PA AT, A i A )
RS AT R PP B s ], (ERE: TR Fi A
AT — EABTRA. ASSCR AT S s B i R 50
Ko 18T ARG, st T e 1 AR GER) PID 45
W ARG E TE L SR R G HL R IMEG RS A5 1, AT 3
T BTG I PR BL R R G I SR e VL

1 B4 PID =HIRE

iR RS MRS o e (L) ~
() gy Horh m FoREIERG T R 2 TR
PRI, N R BT Rk 2 Bl [T, A o LG
PATBOR AR, 1 o BIFHLIR, U R BIF R R
L 537 A0 R G R P 1 vl BEL AT L Uk
woN’ AP
4z

mz = +mg (1)

2007-01-08 Y45 1 75 ,2007-03-30 i & i

WnERasE, AR,

KM AAEBRE XN R EA SEERE ™
R |
d(Ll) d(l/z)
U,=rl+ e =rl +2k o (2)
K H PID F il T BRI 22 4o o 0 o R R A T 07
U, = k,(22)) + kyz +kif(z-z())dt (3)

XHEZEGAR R, A T IRIE R G BT, 5
Tl 4 AT 2R G808 L YL S A T AMEE , b B i B
i HAH R AME B AR

U, =k, (U-k,I) (4)

HRAE LA b3l g 2 Oy Bk AT LA ST 2 P R GE Y
RETTFE PRS2 &

y=[z z I/z (I/2)]
(1) ~(4)1%

ky2

. ) oo
Y1=Y2s X2 gm’ Y3 =Ya>

kcl ky§ r
¥ =ﬁ[kpyz +kd(g-;) +ki(y1-zo)—(a+

k&)(%ﬂ"‘%%)] (5)
YEARbRAR
xz[)’l_zo Y, ¥; —V'mg/k y4]
VA S RS Bl B A

o _k > 2k mg —
X, = mx3 kx3, Xy =%y,
k
x4 = Zk[kxzk(ixg 7;:\/m_7gx3)+kx1(
k, )(x1+zo)x4( +k 2) (% N/ £)x,] (6)

Xy =X,



553 3]

DU TT A - TR SR o ) AL A0 283

A (6) Wt 3L T PID #4751k M B R A 7
Fediiiid.

2 BFRGREESN

HT2HCk < <1107 550, L (6) 25 i 7
Gt — MR AT RS RS, B s =20k,
ICAEROER R =1k, +ky MB5E & =0, AR (6) AT
ARG RTE RGN IR (WET RS N

k 2k
0=Fk,x, —kd(;xg +7'\/%x3) +kx, —R(x, +

zo>x4_R(x3 +«/%)x2 (7)

HIEAFE(6) 1918 T RS (R RS -

Xy =%, &= _%x§+271:\/m77gx3’
%= — (x +/E)x +;[kx—
3 3 k77 "R(x, +z) "7

k 2k
kd(_x_%"'"_'\/%x_z) +h, ] (8)
m

() MAMAL RGN (9) P
0 1 0

’%\/m%g (9)

iRy Jmg 2k [kg
Rzy RzN k RzNm
MR AT R BIE m R0, A5 A BT AR
HAT s, 20 (9) 4 i R 582 R i ia e
HRE Hurwitz JIHE AT AT, 2545 6 2800 2 LT 2640
I, A BRI E SN T2
2

2gk,
H S AT, A DR R B RIS T RS E
PID 280k 2 50 (10) 25 H i 25 1. R D0 R SE R
PRAZ TRy —— R IR E R AP T 0

3 HRWREESH

H1 T PID P rp AR e O, AR R 1 07
RG] LIRS A R G HAH R Y
PANEEIR, DR ) AT AR R L2 Ak R e o0 BTtk
T RGRIFENE. T RGE(T) LR E
ey = Ay (2, %y 23 |"-Agpxy =Ay [, %, 25 |"-Regn, (11)

WX Ay F5 45 Hurwitz 45 0F, N IEHR R 52 52

0 0

x =Ax =

k, >Rz, ’”Tg(

+1) £k >0,k,>0 (10)

B MR AT A S RS T, A (6) R
R B TERIE A 7 R 40 A B i Fa e M LU,
BB e BHAE - NRELR ", He>e’
i, G S HUE R B, RAA TR E .
HFRG(6) T & Sl LTI R BRS L k) L
(ELRE B, DR ey 1 R/ IS B 52 ) 3R 6 1 AR
PE T HEGE I & " UL SEL k., B 0T B
SRR T R55(6) W HER S -

r0 1 0 0 7
0 0 -2—k ﬂkg 0 Ay A
A= = cer ver nn
0 0 0 1 .
ok A2I : Azz
mg mg
ko kR JTE Tk, [TE Ry |

(12)
Hrp Ay eR3X3aA]2 eR3X3,A21 eR' A eR". s
SRS |, ki

Ay Ay A, A,
M_|: v e (DI HIR)| ee vee e ]
0O :0 0 :0
0 :0 0 0
N{ e |QIAHIR)| - wee e (13)
Ay i Ay Ayt Ay,

W & " WORFFE (N, -M) /N IE SR SCRF AL AL
MG (9) T Al AL

Ry [ 2k, /mg/k(k,-R/mg/k)-k Rz, m/kg | (14)
8 =
2(k, -R\/mg/k)’
Hi & =2k/k,, AT HIHE PR S 45 2 Bionh At /2 LR A2

E AT

k, > 4k, =R /mg/k)* (15)
" Re[ 2k, /mg/k(k,-R /mg/k)-h Rey /m/ kg

BCRTE R, BIAMILE FRA, B8k,
KPR B ok R A, F R MO RE s, EL2 £
F U, =k, (U k1) U, RATRETERIE, B £, AR
BERE TERRA e, LS, o B 1R B RE 1 S A R
. B U, < U SR e 1 e R 43 5
SV 10V, BUMHEFLZ 100,54 (U-k 1) e R

%Skp +10k, +100k, , T2 (4) F1(15) nJ %0,
4k (k, —R/mg/k)’ .

Rey[ 2k, /mg/k(k,-R\/mg/k)-k;Re,,/m/kg ]

U:
<5k + 10k, + 100k,

k (16)



284 g h % 5 &

il 2 R 2007 4E55 5 %

A (16) 3l 2 i 2 77 AR 50 i T PR Bk s A E 1Y 25 AF
A (10) JLRM T G BIF RS R S PID
P AR R E AR A

4 mE

Iy =|

ML E R Bl DL 2R R 2 PID 45 Y
AT R GRE 5 B R T A 450 — 4~ PID
PRI E A, 73— AR S A E 2 1
PTG A2 PID HAe e 261 (8) LA HL IR B4k
SEE AT (13) IPEHRIAS A RERIRIE R R E B
FE ARSI BT 1e R W, IS 2R PR S R L 08,
TERLSEGOL B (Pl R AR A S IE) BB A
AFAE R 2 25 (8) AN (13) AR IR S b, 5
PID 28k, k, F k.t B R] W, REETE RS ESE
ST IS | F TR AP T L B A2 ) i AR A A
REPEHEDIARSE , DR 2B 25 v HUAOE T

2 % X M

1 Kent Davey. New electromagnetic lift control method for
magnetic levitation system and magnetic bearings. IEEE
Transactions on Magnetic ,2004 ,40(3) ;1617 ~ 1624

2 JpEsE, B RIS, RETES 4L A AR il [ AT
FE. ¥ B 5 R, 2003,20 (3) :399 ~ 402 ( Long
Zhiqiang, Hong Huajie, Zhou Xiaobing. Application re-

search of feedback linearization techniques for maglev
train. Control Theory & Applications,2003,20(3) :399 ~
402( in Chinese) )
HEREL, s Je e, W SCRR. ARZR M RE R IF47 2R S8 04 JH 3
B EIRENENTTE. 8 )2 5 i 2 41, 2005,3:52 ~ 55
(Shi Xiaohong,She Longhua. The period motion stability a-
nalysis of the nonlinear maglev control system. Journal of
Dynamics and Control ,2005,3 :52 ~55(in Chinese) )
Zhou Xiaobing, Fei Minrui, Li Yungang. Fuzzy sliding mode
control of single electromagnet of maglev vehicle. Proceed-
ings of the Sth world congress on intelligent control and au-
tomation,2004 ;1171 ~ 1174
W, TR RSB RGN B AR A Sk
2¥4%,1999,25(2) :247 ~ 250( Li Yungang, Chang Wens-
en. Cascade control of an EMS maglev vehicle’ s levitation
control system. ACTA Automatic Sinica,1999,25(2) .247
~251 (in Chinese) )
S.J. Chen, J. L. Lin. Maximal stability bounds of singular-
ly perturbed systems. Journal of the Franklin Institute,
1999,336:1209 ~ 1218
Liyu Cao,Howard M. Complementary Results on the Stabili-
ty Bounds of Singularly Perturbed Systems. IEEE Trans on
Automatic Control ,2004,49(11) ;2017 ~2021
S. Sen, K B Datta. Stability Bounds of Singularity Perturbed
Systems. IEEE Trans on Automatic Control ,1993,38(2) .
302 ~304

STABILITY RESEARCH ON SINGULARLY PERTURBED MAGLEV
SYSTEM WITH CASCADE PID CONTROL

Shi Xiaohong Lu Xiaohui She Longhua
(Research Center of Maglev , National University of Defense Technology ,Changsha 410073, China)

Abstract  The stable range of singularly perturbed maglev system parameter was studied based on cascade PID
controller. Firstly, the arithmetic and model of cascade PID control maglev system were given. Then two condi-
tions were analyzed to ensure the stability of the system; one is the asymptotically stable condition of slow PID
controller subsystem; the other is the singularly perturbed stability condition of fast current loop subsystem. So
the range of the stable control parameter and the upper bound of the perturbed parameter were summarized. The
conclusion shows that the requirement of inherent system parameters is strict because of the strong coupling of the

current loop and PID controller. This is why it is difficult to ensure the stability of the actuarial maglev system.
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