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3-Axes Slim Actuator Using Moving Magnet and PCB
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ABSTRACT

We design a new actuator in order to achieve 3-axes motion for high performance optical device. The actuator makes it possible
to control the tilting motion by using moving magnet and PCB-coil, which have benefits in terms of prices and manufacturing. To
predict the features of actuator, especially the effect of moving magnet, finite element method and electro-magnetic analysis are used
From comparing simulated data with experimental results, we verified the accuracy of the simulation and the superiority of the

present actuator.
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Fig. 2 Pattern of tiit PCB
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Fig. 3 Flexible mode of blade assembly in the focus
direction
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Fig. 4 Flexible mode of blade assembly in the
tracking direction
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Fig. 5 Actuator modeling for electromagnetic
analysis
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Fig. 6 Force balance of moving part of actuator
with including magnetic force

o] ¥la A Eztatul Ao nHE FEo] F7}3}
A @t olE 1Fs] AT WG Z2aPe
ZE Maxwell & Al&Egon 88 &Qd7]
21§t Error Criterion 2. 2% Conduction ¥} Magnet
A, BF 0.5%S AH28t% o} Fig. 5ol Ax7] @
g A% 2423 2¥s Jdehiig. B33
#4dg ZHEE T3] AT VigHezE EY
32U TAEL AHEE e o JEHLE JtE
79 9o wa} o]FEs PGt
332 7t5%el 7| 9

T Aol AHA FE Wz s A4
g AFololEle] HPoE sMERe YE A4y
agn nAR kel 2ol LAEA Hy oz
s, A7t Hgke] A& Bl 75 Fe FHol
288, 7HER O FeEs 4L s 943
of wal WA =Hn, maM JtERY Y& W
A AN o] FEL 27 ALtEH. ARkE
A gfojoje] o) wAsE uY T m JHE
Fo A Aol @ FHol Po HYL o|F
= JAE AMdsE JtERY 27 94X E AN
Atk AAE AFoolEolA 7] dAE 7]
AZofolE{ o= M2 238 0.lmm AFd
ARE 4L = AU
333 DC #x & May

3 % 7Hs ANY dFoolHY FE, 75
FEeo e 9E AN uHE ilojo LA
T AEL 7R olg g W Udgor
Yol ¥adh o3 HFLE NERE AAF:=
Sholojo] A u=g EA4LE YA ol XX
o A€ /M7 ERE JEUrl g
AFoolel e DC #HEE Ast=EA Pk AFd
olH 9l AC Z=w AARY ZAzEe #AU A
2nz 9E N9 gF§ FAY F Uk

7tEEe 27 AAE FIe By vt
2 98] HYG o] &5l AFxoolEe DC 7
2E 7E & Uk & "ol ANFR 27 o

e o o

-344-



A2 P A3 HAAAZ Fig 6 oA vhehd
el gol 0 o B W AzololHE Yol B
HHE olfW SERe A4 Adel dA A
HeRe AA0 ore wel A F wHSHE 2
92 Y= Wssy) gl A% AR S5
3o AXE WHAANY zAx Y& AN

o ol®E "= AHY Jge mesAL A
% 97 e WY TAxY =7 2= A
A A3 2 o) AP Aok e A & 5 9
ek,
4. Mz 8 A
¢ A $AE A oz 5 & E
Y AFololHE Atk $4 Y= A

ggol 714 IAA YelydE DC %‘Eoﬂ s 43
< FY&AY 9E M9 Fge Avrs) 9
vﬂ 9E 49 RFAHJL ALY 18X @
ol disl Zhzt SN A éﬂr% H] a2 5} o
Flg 7 o YEAT. ZHAAM & F kol 2
A7 N2 2 dXslH 9E AAjo] DC ZEo
e 2 9L nAL & F Ao £ 2 L

of e $E4 24 23S Fig 8o e

S U
08 x
0.6
0.4

02

i "y

7 !

—— Simulation with magnet

Displacements[mm |

0.4

——— Simulation w/o magnet
a 0.6
s of os ©  Experiment with magnet

o a O Experiment wo magnet

[ _——— e e

Voltage[V]

Fig. 7(a) Focus direction

Displacements{mm |

—— Simulation with magnet
~—— Simulation w/o magnet

O Experiment with magnet

a  Experiment wio magnet

Voltage[ V]

Fig. 7(b) Tracking direction

Fig. 7 Displacements according to applied
voltage

Table 1 Dynamic characteristics of 3-axes actuator

Unit Focus | Track Tilt
DC sensitivity [mm/V] or {degree/V]} 073 0.57 1.50
ist resonance frequency [Hz) 69.0 83.1 978
AC sensitivity [um/V] 748 96.8 -
2nd resonance frequency {kHz] 213 26.0
Peak level in 2nd resonance [dB} 323 337

7tE AN dgoR, 7 Ao e 1 A FA
Fagrt diEd AFooEHdE dE AP
o3 Qe AL B £ A% F TA2e EY

7 wome 1 A 3 %Jhﬂ HE 2 Al

2

g woln gtk 53 =d% Py 3 Fis
£ A 23 BB FAeAA HEde ¢ 4
stk ole AYFAA AFHAD AH 2o) X
Azst Ed7 Ygoe Aol FERY 4
98 dtols dBoz deon, §9 43
2t hERe $4UH 2e YPo2 Yol B4
8] wzolt. o}ga AYAH TH 2 & FR
Fos w9 49 ddst A dNHn UL
% % g

E =EdAE

2 HeEdz=s gaa e Ad
AR s 2stE IZet FAE FHE) A
9E 750 716 3 & 75 4y AFoolHE
Fetgoh o= AHE FAsE 7bE A
A s ol&dtd YE FFE FEsNoH,
4 24 34 PCB & AHSste A3 fol4y
< FTeA 7 Aol AFdole e SAd
AE 9% A7) AHE FH A5 + AN
oo o2 HAEE T HFag

il

3

o
ot

(1) 29 %, 2002, “3 & FFo] 7}5% Slim & Pick-
Up Actuator /i 2 54 BA», FAdsdsds
23, rﬂ%»\wl%ﬂc}sz] pp.373~377.

) FHF &, 2000, “TEE FAFY 7714 dE 4%
dolel FEA 24 2 i, 83221583
A 103 xﬂ 4 3%, pp.584~595

(3) 428 %, 2003, “Frjxrz7 EE}OIH% 3% 24ty

A Fof ol 7H%}”, FAGERI =Y, FTLSH

&3 3], pp.208~213.

3§, 1998, "Frl2aE 4 9golo] THr A

Atel B A, FZRLFHEA A 15 @ A 7

3, pp-52 ~ 60.

4

~



