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Six D.O.F Ultra Fine Stage using Electromagnetic Force Control

Kwang Suk Jung*, Yoon Su Baek**

ABSTRACT

In recent year, desire and request for micro automation are growing rapidly covering the whole range of the industry.
This has been caused mainly by request of more accurate manufacturing process due to a higher density of integrated
circuits in semiconductor industry. This paper presents a six d.o.f fine motion stage using magnetic levitation technique,
which is one of actuating techniques that have the potential for achieving such a micro motion. There is no limit in mo-
tion resolution theoretically that the magnetically levitated part over a fixed stator can realize. In addition, it is possible
to manipulate the position and the force of the moving part at the same time. Then, the magnetic levitation technique is
chosen into the actuating method. However, we discuss issues of design, kinematics, dynamics, and control of the pro-
posed system. And a few experimental results for step input are given.

Key Words : Fine stage(’3'2 2o} ]), Six degree of freedom(6 A=), Magnetic levitation(2}7] +#-3), Micro
motion(Z] Al €%, Step input control(Al' Y& o))
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2. Design issues of Fine stage
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2.1 Selection of basic magnetic elements
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‘ig 1 Optimization of solenoid dimension & operating
position maximizing electromagnetic force for
constant volume
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2.2 Realization of six degree of freedom
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Fig. 2 Entire configuration of the proposed stage
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3.1 Forward & inverse kinematics
Hixolrt e &HOlE oA A
st 2uolAe] Fhde AAE Fig. 3ol ue

Uale AAH A" oAo FztEleiglE 3779
oA LED 2 #& 2HjolEdl gl PSD ol
ZAMAZ] 2 PSD HAEAOA 1 W9 ~F fXE
HH A3 Z2AYE B3 A F, e
Ze g AL 9 2HolH —4'.15‘_7—1] S ol A
zHolz &, 28 HEA R 94 A& 73
=3

$H R A HB7F FolF F$ 2 PSD Y
W 2% 9 E Allste #AARE AFHET Fig 3
AN 4~CE PSD Y 7|E HFAE vl =2
Blo] 43S p 2t & AF HA pE 2HoY FH
FAANA Sp=50%p+p, B EEE + Ut 7]
ol A ,;‘Q% Se RAFO)S] HHe 3d P& Y
EE g9 4 4& 2HoJE FFEANA vebd
2¥9 7)F HE fp p Fp o] W :AQA

olt}. wetA 919 4g Fa WEdE LED 9 7|E
S E3 pSD B EXM% %‘:—%
B oAX HAE

TotE A

Fig. 3 Upper view of system (Bold line : stage)
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3.2 Dynamics

3.2.1 Interaction modeling of magnetic elements
Fexol=e F WIS o & o &0l

Srb mEE A7 del elgdE, 94 &S

otz e A7) I RAE m 2 7R o

T AN Fgshe P B 9% A B

L

i

o) Ful(gradient)®l] &3 YERE F UTHE.
F=(m, V)8 or F,=m, 220 )
oz

T=m,xB=m,B, j—m.B,i 2)

QAN n e xyzE HERATH S04 277
Bol U 24 sE 2 ATA ALY A% 7
&gz 7 @—aﬂiolzoﬂ dAE EAsA e
9. 2aY AF BT sy} wEE F W
A7) %8 ﬂm Fejo] A} SE Tl Agshe
Aol 7T, EY JT M) sl waos
o) 219e] o8 EaAmol=oli 7, go] #
seed olaie FlHge T Aol vk 3
Lo WgE AHNIE VY (s=—~dp/dt) 02
JAVEE A Nxde)NE @8 xR e
doh fEE sladd s 2ele e 2

& %= AR/ zEYO,

-1/
ind e"')

£
=2:(]-
R(

A7NM g, v ZY HEE 7]
Ao AL, o= fx AT GEE,

478 e

o)z g



4B - Mas: @TYUTRAA A7 E A3 X

A

P A AR 71T A BF A
Adse) 45 gl sl IT AHe
&3} e B Ag3A L,

o AN o
4o o
4w

0 OB

—y Ez o tiny O OB
Fy=m = (=) —(==) 4
A7)efA RE & Y 7 B AL HHx
o=t AT AN F WP BF FH& F

Atz 7HA 7] gEo)ch

3.2.2 Linear perturbation method
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Fiz. 4 Equivalent model of the proposed maglev system
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4. Experimental results
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Table 1 Principal dimensions of System

Parameter Description Value
D, / dy(m) Inner dia. of solenoids 0.016/0.016
D,/ Dy(m) Outer diameters 0.0362/0.0367
L,/ ly(m) Length 0.0246/0.0238
Z, | z,(m) Nominal position 0.0151/0.0164
I 1 I(4) Nominal current 0.4273/0.535
N/ N, Coil turns no. 996/986
ri(m) Referred to Fig. 3 0.05
r,(m) Fig. 3 00715
L(n) Fig. 3 0.05

Table 2 Calibrated parameter values
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