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Abstract : A mathematical modeling for a magnetic levitation system is proposed using the Taylor

series expansion of differential function for obtaining linearity.
It is confirmed that this kind of linear approximation method can be used to the modeling of a

magnetic levitation system.

The two-degree-of-freedom optimal servo system for a constant reference signal is proposed
using the LQ optimization technique. An additional state feedback is introduced at the output of the
integrator to cancel the integral action for reference signal if there is no modeling error of the plant

and no disturbance input to the plant.

When the modeling error or the disturbance input exists, the integral effect appears.

The system has a free parameter which can b used to tune the effect of the integral compensation.
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Table 1 Magnetic levitation system parameter

Parameter TE#
Q[Hm] 3.269% 10 ~*
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Y[m] 7x 10 3

Table 12] parametergt-& Al§3te] A|Awle] A
A g Pk

n
cz’ct 0 1 0
-d_tz _—_[1_03115x103 0 —1.57280% 10
d 0 6.25442 —1.24383% 10
e}
dt
X1 0
xZ + 0 e
X3 3.79447x 10
X1
C=[10 0]| x,
X3
7t €.

T Aol e 2A4E q2Y J3
MEA g BML st 2o

F,= (A-BR'B7P) !
F,=— R 'BTFTq 93

F=[—2.158x10%, 4.523x10%, —1.636x10%]
F,=—4.60353x 10 !

J @®e Pe + Yom, W=00008 AHEEAT.
o) &EL AHgetl Aoi2E FHY Fig 73
2ol At

Fig. 7 Two-degree-of-freedom optimal servo
system control circuit

-8
[N

(a)Control input of the reference input 1mm

(b)Output of the (a) case

_68-



ANy

Contol U (v}

i
. i :
|
- |
A
{(d)Output of the (c) case
® T T Y T T T T Y
L ! i
i ;
it T
|
b= |
S
? p :lS ‘1., '.5 Z‘f ;5 e l‘s a2 1‘5
Time {3}

T T \ T 4 T T T
N i
} -
|
. — N
b
W ; _
A " A " i " " "
3 3 " o8 3 s 30 1 4
Tima (3]

3 9 4«

variation

(e)Control input with the disturbance

- 69 -

Ano (mm?

Cormot U {v)

(g)Control output with the disturbance and

Gan L

t
' [ i {
: i
’ T 1
N »*,uﬁ.i__ - }
; !
|
| .
j
, . NI
(f)Output of the (e) case
Ju-—u R
® | SRS—
|
§ = | : -
o
-5 - [ -
i 4
I R B .
(23 (3] AR i) 1] 25 20 L1 a0 43 5

Tira (a]

20% parameter variation

R -
i o
; e A
]
H | : . N i i |
p— A
Tl

(h)Output of the (g) case



AR Alzde] Aeir] M

(i)Control input with the disturbance and
W=4500

Tinw '}

(j)Output of the (i) case

L
B
* t
2 !
RN o
a -

(k)Control output with the disturbance and
20% parameter variation and W=4500

(DOutput of the (k) case
Fig. 8 Output response of two-degree-of
-freedom optimal servo system

Fig. 78 A3z (a),(b)e 71U Hl1[mm]
A A (©dE 71Fd8ol 1[mmlolx, THehw)
B ¥Fo] 20%% A4S (e)(De TFo] St
A, (@,hE ddol EAstn detug Wxo
20%% AE,0),()E W=4500914 o] od
setolE RFo] 20%<Q ASol dE e &9
< Fig. 89 ¥ A4t

2 AH#E 439 B 9@ "M E Fig.
89 (f),(hollX BXo] Aol 1xulo] GANEHE
Fol7te £ A4 L Yehlo] 4y 23 ¥
Zeolde 54& adiz 3L ¢ £ Yoy
FFEAQ dAM (DA 252 TN AR
7t €8 B4 Qo

2y sEdlg AFo WS E off sete] A
1A &g #AY F len (g ()9 Hlw
A ool We Zvld did ¢ Was ved
S ¢ F AU

5.8 &

A 71 R4 A L] £ mdgoa HAM ] <)
e L AR/ L T oy o& AB7e udy
ol i iAo n 349 Taylor FFA Mol
A 2A01%E& 002 3t AY3E A

olg g ZALAR MP3l wo] AFdolHE B
3 A71RAA mddyd Hed £ YL 9
3t 183 Ao 2o o3 AguEHEF
o digt FAAFE A4E = Jdeon FAd ExF
FEAHE 7HAE HEEAHE FAE &+ de 28

_70_.



g 9 «

FEHEY HAY MEAE TR

Aedolids 2aAFE HEIHY MEAE
ol diaiMde s FAEE FAE 7 AN
oy, #FE5A dME HAH HEEHE v
Wi 3sE #AE + AN

22t HEW HAH ARANNE HE7IY 3
H2 dsl I off set7t £2EEHE B £ UM
Afe AR HH ARAE 58 BUEA
Hdva 28 & g,

a2 Aol ol Wo Adtd disiMe HAH
Wel A g F35§ o)A AT A
A g den ol diF FAe FF ATk
g Foketa Az

O

to o o

O

Aags

L A%F4, QYA AT, 2, 1989
2. AFA, WAS A EY Axde RE HE
293y 2 LQGLTR Aojrl AA", darl

sta=837, A58 Al5% pp. 1620~1634.
1991
3. Oguchi, K. and K. Okada, "Contactless

Starting and Positioning co a Steel Ball in
Single-Axis Magnetic Suspension Device by
Variable Structure Control”, Proc. of the 3rd
Int. Symp. on Magnetic Bearing, pp. 60~72,
1992

4. Bahram Shahian, Michael Hassul,
system Design Using Matlab”, Prentice hall
International Editors. 1993

5. Lee, C. Y. Ha and C. Kim "Identification of

system

"Control

active magnetic bearing using
magnetic force measurement”, Proc. of the
4rd Int. Symp. on Magnetic Bearing, pp. 305
~309, 1994

6. Peter Dorato, Chaouki Abdallah, Vito Cerome
"Linear Quadratic Control An Introduction”,
Prentice hall Inc. 1995

7. Robert H. Bishop, "Modern Control Systems
Analysis using MATLAB",
Addison-Wesley Publishing Company,
1993

8. Matsushita, O., N. Takahashi and M. Takagi,
"Third Order LPF Type Compensator for
Flexible Rotor Suspension”, Proc. of the 3rd

Int. Symp. on Magnetic bearing, pp. 3~12,

and Design
Inc.

©w

10

11.

12-

13.

14.

15.

1992

HIME X, HHIBR—. “BAHER" BRE, pp.
36~40, 1994

ERL ORGP LEAERRARTEMERER,
‘BREIP L E BRREEZT 2 vodak, 1993
KRIZARE, K88l mAXE, 77>+ 8BEL
2EHME o2 b H—RRY HWEE HiEe
& HCHE, Vol 28, No. 1, pp. 77~86, 1992
RIS RIE, thEEX, “B#EY— KR 2HHE
B, STRIBBHE@EEE RHXE, Vol 28, No
3, pp. 343~350, 1992

Bri, ‘BRI EMRESTHEOERNR & SIHER
33 & &8, Vol. 32. No. 4, p. 301, 1993
AHIEX, “BRP EBMmoBE & BRREIE", H

Ak E &k Vol. 96, No. 899, pp. 876~879,
1993

AF s, “HEARKIIHER/OBOLOHES,” HHl
& #l#, Vol. 31. No. 1, pp. 78~84, 1992

- 71 -



