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Active Vibration Control System Using Electromagnet Actuator
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Abstract ~ In this paper, we address an active
vibration control system, which suppresses the
vibration engaged by magnetically levitated stage.
The stage system consists of a levitating platen with
four permanent magnetic linear synchronous motors
in parallel. Each motor generates vertical force for
suspension against gravity and propulsion force
horizontally as well. This stage can generate six
degrees of freedom motion via the vertical and
horizontal forces. In the stage system, which
represents the settling—time critical system, the
motion of the platen vibrates mechanically. We
designed an active vibration control system for
suppressing vibration due to the stage moving. The
command feedforward with inertial feedback algorithm
is used for solving stage system's critical problems.
The components of the active vibration control
system are accelerometers for detecting stage
tables's vibrations, a digital controller with high
precise  signal converters, and electromagnetic
actuators.

LA 2

HER FRoz diHes violz2 2 UrFHAA
= Ve, &, A B3 28 A dAlelM g A
W AUES AMEch Auie] ¥R AYUEE FAE
Asire o 48 T AF9 Ajo] Yoy
olg AT EFLE FAIAUL 23 7Ee] 3%
3] FAEEA T4 Fely ALz e oS FokAn 9l
ov] FFA BeF AF AdNE AF EFM F
Al de U e F5¢ AEsln ok B8 g
EA FHE 2Holxle AS FAe LEHo o3ty
A ol WFE BAYANAL o= beamPFHIS g0}
Hatele] FUlAQ] WY LA ob7isley AF Bgo
2 g4}

B widAe velag g vk 34 3L¢ E¥e
23 AR 2ol AF 5L FAsn A
o]z} FEF Al A3l impactid disturbance® Ao
317 A%k 55 1AF AAN2"EE A

28 £

2.1 X7 |24 AHO|X] AlAH

7R 2HeolA  AlAde RAEe] ojFshe
platen® 243§ H¢ P& BT 4789 dFfo]
HEol WHEa AzZd guz A arxa
2e]o)A & sl&elEd Uag AFe} vy HeE
S a9 19 Jehdn. dFoholel: platend] H-3E
AR Y zlo] ity FEAM] AL o|FE A

o 71457 g FAE) Platend] dFHoolez
A g wXE a3E gAY afaEE HEsta
Qo822 6-DOF Stewart platform 2< ¥ #HE
717 FEuage gl dFoolel AAle 77
Q) B9 EAstA Feth olF EFJL HA +F
A4 7)eg desialc

13 1. Maglev stage model
T5YLS Y 29 Jepd upe} go] 7 Y Frlw
Hel ARl st FEddd |A¥=EE 38 AF
of s AAE KA platens] HIFE JFAp4Y
Foago] olsiA AW RA4YY Yo TR

N \Z
™

Winding

; E:mpulsion

(TTTTTTTTTTTTTTTTTT T I T T
a8 2. HEE71HE 719 actuating force

AP EIAT7Y d¥8e 49 dHHE 34 1F9
Aolg FalA platen G729 93] bio] st 47
9 Sutere] 2-DOF 7584 $AAe Aot o
o) 2O HE ALEE MEEVIHENE 4 2F £
W] dMe Ade WX wety f, EE ¥
ol gt 2AY 4 Aok 53 platen®} FA Alo|oj
1739 F40] gloerng AHOERE platenc] &
v 8 F 24 33e plaensd) v)aE 7goiFe
S platens} AA9Q) A ¢xjo) g&3al @&

Newton-Euler %48 ©o]&8 5434 = iy
EA4e]  translatione] disidE  Newton H32E,
rotation®] tH3iME Euler WAYE HLEHTL olw),
plateng FAZ 718 ZAle $EFL ZASAN o
A HAEET HPEFoe Hadld g2 o) v)
¢ F Ak

[s2

N,

- 2809 -



4
mX+m,g= ) f;
e Zl: (1a)

4
Lo+eox(.w=) rxf;
250

(DellM AMGE W B8 dF0] gle 4% 2F
B #BA 71ELE J1eHdS (DL TEF 2ol 3
g3 g ol &3t e e 4 Aok

mE 0 [% mg | _ Zfs
o 1 )lofNexa@ |Tnxt| @

olm), 8L FX(distributed force)o]RE ZHE
B2l Eder WA 4%g tXA et m =
platen®] AL pg= FHYIIEEE, LE d8igE,
I = AFZAAMe] gAau3e, & ov 4z §4
Ao MrtEx 2 &g = AFFHNA F7A
Aol 2443 HEE, fv 4 3579 2AYE e
U, B HE7ie A48 8 QY-S 24, 1E7)
o A o wEtA FERF dsiMe 1Y 2L
yiarel JEq zlecl

geollM Zigd (D2 ZAHE 24 2HoA9 &F
e ogy e 548 zeth AU 2He
A Azde HEq sre S5ENE B =
E 849 dFololge] W|Ado] EAEA gr] wEo
o] g 53§ udggoe] EAEt] gA o B4
PP REAN dAtEs 29 ZEE ol #HEske
HEo] M2 EHQ #AV} & B oflzt iy
RRo A% 443 EHA A dod, AxaA
o] BFEL platend] AHAxd F2 JEVS & £
ek A1 2 ojx| 9] platene] Hu ML W9
o] ity Holghs ol &% AW PP =AY w3}
ARNAIAE 2 3o JeEIATE Al Ade] 23
A DRI} +5° HHol oW, AR o Bolgh
o} Wzl A of 10%4E9 H3E Bolx S ¢
4 qld, AAZ plateno] 1° vigke] A 2 §Ho]
B 54E AU A4S Boigte ¥zle Ao FAR £

et

2 0.04 O (1

Singular va
©
<
S \
E]

-4 -2 ¢ 4
Orientation angle changes (degree)

2198 3. Platen? orientation angle ¥3}o] @& platen
w3y ge] Aol Holghe s}

3+, platen< position 3-DOF, orientation 3-DOF&
% 6-DOF9] $%5& & & sich $A ¥ 28 du
el Am HFAE AEE] platend] A F4 9A
g p={xyz} T2 U2 F gon, 45 4L 7}
ez 7vas SR Jlgd AMHEE F Ao 99, 7
A ZES Zlgss de 2e 45 (a8 T8 s
th sl" 7= sigdE Ag 7HA gEe] EAstAN,
Euler Zt5¥-& Abgch 9A x5 Wk disly a,

v & Wgd gEM g riAmeR 2" Wy o
A yElder Aoy HAAE: dE 54E WA
gonz zAEr)|gd Foste Aol ot F, 3
AERE H83te oMo 9% A 9tk

22 MNEEY
221 EBH AH
Od 4 AZTEAENAL 285 712 Ao)A

Aol HREClEZE FVLZPEH Y ofol&y|

ole}& HE st

2 A)zE

27844 2Eo)AE TERA BE FH(Case DO
TEY AHCase 2F FEIY FEALYE FFHY
am Iy 59 22 ARE HARHUL

Y 4. A7R 280

W & T T Y
rmaetel Ny

(a) A2 (Case 1) (b} AGE4(Case 2)

ot a1 Lo Vet o 8

‘.

M IRV
H W
i - A

S —

s S

(c) ALgruin (d) AEg4Hl
Y 5 AR LEelA] Aadle] Was

Case 29] 7% Case 19 vl3}e 35Hz RI00M AY
Tt 283 7Aagg ¢ 5 Uk

222 X sy

EEANNANE HEAHd FABSIEE ST A
g e ¥ 1 g

1. 55449 2 485 v

Natural Frequency Spring Constant
Direction \Mode |[Hz} [N/m}
Experimental {Analysis (Each Avg.
Vertical st 3.29 3.26] 21,000
Mode 2nd 7.52 7.49] 37,000 29,000
Horizontal| 1st 2.86 2.87 9,000
Mode 2nd 8.67 8.66/ 21,000 30,000

223 Sol5 5497t
AR 2dol) FEA 2] HolEe
3 &R SEAIZMolE L 1Y 69 Zoh

3 2 Y

- 2810 -



*‘: ! ﬁ] S ! lhm‘
et A
! 3

frott P

(¢) Point 2(Vertical) (d) Point 2(Horizontal)
a9 6. ZHo|X| FFA Hel& V&R §F

AN F8E FRSEAL I7 73 Qo 2o
A Hol2e) £ FAAFREI} EASE 14T
A4od SH8F] 7pg = dehta Qos, Ho
% 3257014 oF 98NSl FakEel Agach

——F1[Vertcan
——-F2(vemesn)
E3IVertcan
——F4(Vertesn

SIS $HF Fo5 S4e a9 89 2o &
Wepel BFRESL EAE oA & SANTE

3
B
3 o Hdgke o 13N ZAVE Jekin
AW wel = OPE AHO|XY TFo] WE A
9] o]Fo 2 7jelg Aol

FrequencylHz]

oY 8 SAYY
S5 mMojAlAH

2.3.1 AFojolg

5% AsAY 4% 5‘4*—1:‘43}71 A 71E
N E 7]1‘:0_?_,_ ).0}4‘:5]_1 &1 7sh= B okubaro 2 A}
HAE & e dioolert %—r’—%lt} AA7NE ©
Kl 2% %XM% fFofolel= %"1%! o] §-3h=
2ol kA Aotk ol FLFo] uhd# e ulg
253 27 HEOIATE, o]z Qlale HFojolEe 7
.%7} %{}?‘s}ﬂl AAE Syt gl

=i A FUH T Aol i‘%’-% e A5

°lE1—A AAgte] Al2=de] HEsldr. O qon of 7o}
olele] sfMrdA FENE EXE HehlATT

3% 704 54

a9 9. HgFofole HAMRYR FEUNE £X

232 Hof etzelE
dtxo g Hesle % WEA dnEEFe a9
109 ge ey g sfegic

' J."é 10. k‘éedback Cor;trol Systemn

HEF S AHojdnzEFe -4‘:““ 2325 vlsly
T 77 oF AN HEY du]Ee Ayt 4
g MAsted Anoz Hed & o) £ .":Eﬂ
0]z "]"@-‘4’ Zo] AF49 disturbance TA EHA4 L
U3 Qe H$ command XS duPEFE A&
3} predictive counter force A& S 4+ Ach
23 11& =Y Aojaamle F=I = 4ndEFE
Z7leled slolr= WA AojE sl A=W
EE8xolct

LCUpe \-(m - - ey . U]

T

2% 11. Feedback/feedforward combined control

system
34 =B
244 33 /*51101114 TEFOE % AF EAL
EAglg e ol& Alojdlr] 9% e FUF Yo
2 g & ‘il Az}7] HFololel g A A&
o ’51%3}315} AolgdndZogr A% v=w Ux
3]7" | 2Elo]A] AojgHe s=xs dueEFE F
7}5te] A3l predictive counter force control& 4

W% FnaFe AU,
= g )|

[1] JilLee, Y.JKim, S.W.Son, ILG.Lee, S.iLLee, Y.K.Chai, "
A Design of Active Vibration Control System IFor Precise M
aglev Stage” Proceedings of the KSNVE Annual Autumn Co
nference, pp.121-124, 2004.

[2] S.1lLee, K.C.Lee, ] W.Jeon, D.ILIIwang, Y.J. Kim, "A Pos
ition Control for a Magnetic Levitated Stage with 6 Degrees
of Freedom”, 49th Magnetism and Magnetic Materials, JEEE
/AIP, 2004.

[3] JH.Lee, D.IlHwang, Y.J.Kim, S.I{Lee, Y.K.Choi, "Hybrid
Magnetic Vibration Isolator and Feedback/Feedforward Vibra
tion Control Algorithm Design for Magnetically Levitated an
d Driven Precision Stage System, 49th Magnetism and Mag
netic Materials, IEEE/ATP, 2004.

- 2811 -



