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(Zero Power Control for an Attraction Type Magnetic Levitation System using
Disturbance Observer)
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Abstract

In this paper, authors performed improvement of control characteristics of an attraction type magnetic
levitation system. The attraction type magnetic levitation system has an inherent instability in the system,
therefore its controller must have not only proportional-integral gain but also differential gain additionally. In
this paper, authors were proposed control algorithm using disturbance observer(DOB) on feedback signal. The
computer simulation and experiments were performed for its verification.
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Table 1. Specification of MAGLEV
i [kg]l 3.91
FTdE turn 334
o A4 Nd-Fe-B
ARAELE T 1.2
. A2 Eo] | [mml] 2.7
CPM "o 5 s aa A [mm’l| 62035
0] =0 [mm] 335
o] 7o [mm] 57.7
o] E [mm] 20.5
0] Apele] Zo] | [mm] 16.7
AA o [mm] 40
.]
A AA Ao [mm)] 107




AN A 2] AFAEAE o §3

J8 4. AI220|M E-=
Fig. 4. Block Diagram of controller

QAPn

a8 5. EIEEXI| AIZH0|M P&
Fig. 5. Simulation Block Diagram of DOB

Elactromagnetic
Levitation System

Gap sensor

Gap sensor
14 AMP.

SMPE & Inverter

38 6. AV|FA AE set
Fig. 6. Experimental Set of MAGLEV

7 78 FFAC] PSEAL vl 3y
Asjoltk, aRolA wi= vhe} o] slAREAE
A 29 7F 28 ke 735l wlsA gl
Ae) S4L wola ek A1 Azdel
selgihE S|t Al swe]
ol 7ol Yo & ek
8 T Alojol mE ARl SH 54

[e)
Q. Ao} Al g LMFrET} AL

d

A o
.......... PID
\é\/_\ —DOB
5. b \
€4
E
o
83
2
1
O0 0.5 1 1.5 2 25
Time[sec]

a8 7. AlZ2o|M 2ot - 33 HSA
Fig. 7. Simulation Results : Characteristics of
Gap Control

20

o

Coil Current[A]

(&)

0 . 0.5 1.5

Time[sec]

. Al2Z0|M ZH1t - M7 SEHSA

. Simulation Results : Responses of Coil
Current

P""""‘"

a8 9. Mg - ZIH0 SM(xE : 250(ns/div],
yE :2.5(m/div])

Experimental Results : Gap Control
Waveforms(x-axis : 250(ms/div],

y-axis : 2.5(m/div])

Journal of KIEE, Vol.23, No. 12, December 2009



79 99h 29 1090 171 69 714 T set
£ olgalo] AW FAF A%E Yepin vk
agelA ®i= uiel o] A9 A3} oA Aol
A Asle} R R SRAEAE A 8E Aol

2
= O 5] Ex]O oo o~
7 & 9 58S Bl AdSS 4 5 A

a8 10. Mg - M7 S SM(xF : 250(ns/div),
yE : 5(A/div))

Fig. 10. Experimental Results : Current Response
Waveforms(x-axis : 250(ms/div], y-axis :
5(A/div))

o
[TF
Hl

(i
s

NN AR A7) Azde) o
7] 9% ATE FABA 4710
AzRe] Adgge] WA Bery
gkt s seb
o webd] AP Ao W

0;

o ¥ fo rf
i o
ol
flo o
>,
N

ro oX

o
a:
4
2
iy
ftlo

o O > ox
3

i)

>4
®
>
X

>
F¥

ol
-

=
o ¢ rfr 1%

J[m
ox,
o
R
rr
e

, o =}
kY
>
r
re
-1
=
>
rlr
o
v
rot

Mo R
-9,
ofo
ol
Lo
£
X
o
2,
N
sl
-
o,
ol
QO
Q

0 8h oo
o
i
iy
I
>

2
&
i
2
2

l
oX,
o
2
b
o,
kel
ot
N
1o

2

2
o,
o
&

z9 . A7)0 83 =54 A23A A1235, 20099 129

e}
ObEA - fr A

of

)

i

HAtel 2

= 97 20084 24hst Wil dtE AIFtA|e|
XHol| ofslf = AFLICE

References

(1) H-WLee, SGLee, S-HWon and JLee, “Optimal design
of high—precision maglev system using simulation-based
DOE and FEM,” IEE Proc. —Electr. Power Appl. Vol. 153,
No.5, pp.773~770, Sep., 2006.

(2) DH. Koo, JPHong, DHKang, “Design and Simulation of
Linear Inductive Power Transformer(L1PT),” IEEE Proc.
ISPSD 04, pp. 111~114, May, 2004.

(3) YH. Kim, KM. Kim, and J. Lee,“Zero Power Control with
Load Observer in Controlled-PM Levitation,” IEEE Trans.
on Magnetics, Vol.37, No.4, pp.2851~2854 July, 2001.

(4) DL. Trumper, SM. Olson and PK. Subharmanyan,
“Linearizing Control of Magnetic Suspension Systems,”
IEEE Trans. on Control Systems Technology, Vol.5, No.4,
pp.427~438, July, 1997.

(b) BAMF A=Y, HE0H “gol
PD MO{7] &AL thst T
pp.1624~1627, 2008 9&.

6) Y. Choi, K. Yang, W. Chung, H. Kim, I. Suh, “On the
Robustness and Performance of Disturbance Observer for
Second-order  Systems,” IEEE  Trans. on  Automatic
Control, 2003.

(7) H. S. Lee and M. Tomizuka, “Robust motion controller
design for high—accuracy positioning systems,” IEEE
Trans. Industrial Electronics, Vol. 43, No. 1, pp. 48-55
Feb. 1996.

z

RIS AN 2 819] Hoo
fa| =2X|, 57H, 93,

ol

A

F
o d

O M XA

re
HH
rx

-

J
w3
— [
O =
Do
e
—
(=)
e
o
[
<o)
©
w
2

sl et A g il
o F sk 1A ZA(AAh). 20064
A A7 (A, 1995~20001 LS
AUAFG R T4 2001 ~2003 (F2)A] 2~ H)
. 20083 ~&AA QAR 7| A 22l A o] 7}

L% o

L
()

-~ ©Q
=

el

1 il
ofl

]
[ex

o N > oftt i S
o
b

02 iy 2
oxr

N

-

X

T (21=58)
W99 16€ 4. 19799 s oista ey d7)-
=9, Al Qg A | A 2E A o3} W,

Jo
r
ol

v
M
nﬁe@

D

£

Q4. 19979 deeieta d7)Feka) £,
el A7)Fska EQA(HAD. 20049 %
st} Z<J(9hAR). 2004~20051 %1 717171
EM) AR 20056~ @A) G @)
7}\

.

—
© O
25
ol

2 offt

}41032
N = o
=

1 I ]
o8 S
)
H

oxt 02 o (L 1L

=0
N

@



