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This paper presents a non-linear control of a magnetic levitation system based on pas-
sivity of a system. The magnetic levitation system is essentially non-linear. However, most
researchers are approximated it to a linear system. If the object is far from the equilibrium
point a linear controller can not compensate large gap between the magnetic coil and the
object levitation. Some applications such as magnetic levitation conveyance system require
large levitation gap control. In such cases, the linear controller sometimes makes the system
unstable. In this paper, a non-linear controller based on passivity will be introduced. The
non-linear tracking controller is derived from shaping the kinetic energy of the system and
injecting dissipation term. The derived controller consists of feedforward based on the plant
dynamics and position and velocity feedback obtained form passivity of the system. Some
numerical simulation and experimental results show the validity of the proposed non-linear
controller.
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Fig. 1: Magnetic levitation system.

INLEY, ISV L, 1E

L, Tmn+1,—-V

(6)

My, +mg (c2 — am)

1 .
iL(qm)qZ +3

ELTERLNG., TNk T7 T 0T 2 0EEAER

WAL, BERCROBIEEHER LR OER) S
BRI ENENRATE 2 HN5.

L(gm)de + 5Gmde + Rege = u(7)

(C2 - Qm)

. l C1 .9 .

Mim ~ 3 -0 g:+mg=0 (8)

ZIT, —HALEEENY V%

T

q= [ 9e qm ] (9)

EEFL, BEEHEXEES AL RS P LTS
THWTERT ELUTOL ) 122 5.

D(Qm)é+C(Qeanan)Q+RQ+g = Mu (10)

ZZT, bftEFAFE T dEETHERT. $7o,
D(qm)’ C(deanadm)’ R, g, M li%ﬂ%hl«l

TDE) ITERENLTHITHS.
_ | L(gm) O
C(Qe,Qm,q'm) = l__cl—Q [ Qm Ge J
2 (C2 - qm) —q. O
(12)
407

NI | -El ectronic Library Service



The Japan Society Applied El ectromagnetics and Mechanics

HAAEM ¥4 Vol 10, No. 4 (2002)
R = Re 0 _| 0 M- 1 FD7-DIZ, ANV—TRDOA L — VA
1o o|" 9 mg|” M7 o 7
(13) Hd:§S D(qm)s (18)

ZDEE, UTOGENKLT 5.

il 1 BEUFELER (10) 3Z8%TH 5.

FFH 1 ROET ALY
1.7 :
H = 5q D(gm)q +V(gm) (14)
RIS U,
: . . L.po . 7OV (gm
H- = ¢"D(gn)q+ 54" D(am)q + qT—a(Z—)

= " {Dlam)i+ 3D@ma+g)  (19)

€135, ZIT, SR (10) HEAL, S6I,
L D(gm) — C(de, gm, Gm) BOFTHIHITHICH 2 =
v, UToxXzE%.

H=¢"Mu-¢"Rq (16)

L7hto T, EX% XM [0, T] TS L, R >0
THbHI LAV IUL, KA EE5.

H(T) - H(0) = /0 ' (¢"Mu - g"Rq) dt
/OT (M7q) wat (1)

L7chso T, BESIFLE%R (10) 13, ANZEHIEET «,
WhzER MTg=¢. &L, AL —JELT
ANX LT HEZERE LS,

CORERLY, ZEMELEICLA-ar bO—SEET
HATEETH 5.

IN

3 O hra—-SonEH

AHFETIEBRHE g (t) HH R DNIE &I,
TRTCOEFLERIMR - 7-F T BEMEIEES ¢
BIERBREETA. 12721, BAEHUE qn.(t) 38
MBS 5 3Rt CTOSERCH L ETH. LFa
L— ¥ REIC BT AZEHICEOW gy fo—5D
HETTIE, BF Y v VI ANVFOER L BEIHDOE
ADSThN s, LaL, ERETCILERE L HEEL
2BHDTEYBAFHHIWEL L), EBTFILFD
BRALEE LS.

408

kbt harru—S5(EZL T,

s=§+Ag, é=q—[ Qed 1
Amx

A l 0 0 ]

0 An
THb. s ITFFRELMINGETT, ql338sE
FThH5BH. WE, s DEFRIIBVTEN g, (THEIEON
RELLZVDTA % ERDE ) ITBRIENTES.
F72, ERDBEET §. 12, BICERINLERD

BIMES qeq THWTERINS. BREEREIZBNT
LT O REN LT 5 Z EAHN T B,

(19)

el 2 P JitEs
D(q)$+{C(q,q) + Ki(q,q)} s =¥ (20

TRINDLRAIATIZ O, HhE s LThHELEEIL, X
N L— TR E (18) & LT, HAOZEMEARILS
5. ZZT, D(q) & Ku(q,q) BEET, 1D(q)—
C(q,q) FOTHAIMTIITH S, F72, L ¥ =0
THhb%ubiX, s€ Lo THA.

COmREL Y, BRERDFEAN

D(q)3 + {C(desgm, dm) + Ra} s = ¥ (21)

ERBEHaria—-S5%EZL 2T,

[ Kge O
Ri=R+ K, K,= ° >0
d d d { 0 Kdm]

(22)
ThY, Ky HEASNZEFEETHS. E5ER (21)
Nz R,

¥ = Mu—g+ Kys
- {D(Qm)qr + C(‘jea Q’In) Qm)qr + qu’r‘}
(23)
%185, 22T, q,=q,—AqTHA. HE2IL
L, T=00DEEIFEER (21) X Ly KEERD
DT, $=0&eBNE, avro—3

M'LL = D(q'm,)qr + C(Qe, dm, qm)qr
+ Ryq,.+g9g— Kgs (24)

NI | -El ectronic Library Service



The Japan Society Applied El ectronmagnetics and Mechanics

HAAEM S48

Vol.

10, No. 4 (2002)

%185, Fig. 2 1i3oh/-ar bo—so7a y 7
Mzrd. EXEZERATIUE, UTo2X%155.

u 2 .
= d+ =
C2—Gm 2(cz—qm)2me
1 Ci . .
e S —And
5 (s — Qm)2 de (Gma mdm)
+ReQed - Kdeqe (25)
. = 1 (5]
0 = - A — — G0
m (Qm* mqm) 5 (c2 — Qm)2 Gefed
+mg — Kam (q~m + Am‘jm) (26)

(25) KUIHHHAS 252 5K TH Y, (25) R
BN D BB Gog & FOBEY Gou 1 (26) RE Geg
IZDOWTHRWbDE, ZOMALEIEEINS. 15
L/zary bO— 2 L CLUTF O 8L T 5.

e 3 IV hO—F (24) IIKBHERERETH 5.
Thbb, t—oocoDEX

g—0 , g—0 (27)
L5,
SR 3 V7S TEERRGWCEFET A, VTS 7H
BOEME LT, AML—JBK

Hy= 55" D(g,)s (28)

BEZRD, ZDEE, Hyld s =028\ TRENZ
B/ME Hy = 0 % £ 5IEEERTHSH. F, (28)
AR S 23K, BEFERX (21) v HWTER
Th5E,
H; =

sTD(q)s + —;—STD(Q)S

~sTRs + ¥Ts (29)
85 wE, a0 —SOEHIZBWT ¥ =0
EBVWTWBHEDT, R

Hy=-sTRs<0 (30)

E%h. Hylds =0 TRFMLER/IMER LB LI
BHHNTHLDT, Hy 3BERBELRY T 7/ 76
BThs LIiA->T, V77 7OLEERL Yo
¥ hO—JZIKEERERE, T4hbb, t 500D
L& s—0, Tibb

g—0 , g—0 (31)

LBl EATREND.

(51)

—(:L
Qd+qA::T_' K,:—__‘T“p]an[
q. +
q
¢ [ 2 l
d/dtt—>| D4, + Cq,+ Ryg-+g

Fig. 2: Block diagram.

Table 1: Parameter of the plant.

Symbol Value Unit
Q 8.45 x 1075 [Hm)]
Lo 1.19 x 1071 (H]
20 2.20 x 1073 [m]
Zo 2.20 x 1073 [m]

k 5.53 x 107% | [Nm?/a?]

Ry 4.57 Q]
63.7 x 1073 [Kg)

g 9.80665 [m/sec?]
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Fig. 6: Experimental results.
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