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ABSTRACT

This paper proposes small VCM(voice coil motor) type, auto—focusing and zoom actuators for
mobile information devices. In order to meet the large output displacement within small height
restriction, the proposed auto—focusing actuator adopts curved suspensions, which are similar to a
leaf—spring type suspension of optical disk drives. The sensitivity of design parameters on output
displacement and dynamic performance is implemented using ANSYS (3D FEM tool) to determine
the optimal geometry and stiffness of the curved suspensions. This paper also investigates a new
zoom actuator without a suspension supporting a bobbin. The zoom actuator uses a moving rail and
a stoper mechanism by generating rotational force at lens holder. Magnetic flux density of the
zoom actuator are calculated by both the FEM and permeance method. Experiments using
prototypes of the proposed focusing and zoom models show that both actuators meet the required

displacement and performance.

.M B

H+ EH}% 7]7] }\]-—Q-X]._,] 3= tﬂ _}J\—H]X}il?"E1
2EA AF 277 FwHos Fvlslm

%,

Z oAREE B3 Z B 9@ BE F79)
b Bedor 97w 9l

2¥3}

FtdletZolvt PDASH 22 7iQ1E8 Eukd 7]7190

AgHE ek kg ddEd s 43
B3 Fzz s gt 2 771e 544

1A Zel F171) AR BN AF E o g me aw = Ao A B P
A8 F 7150 AREE AE Aol AFAL 4 e aue 97 B olid g T

AT olel o2 FF =il 71719 plss F

Aol w2} Fheet

01])\1'5]-1— 9&‘4’ 7}'““@ BE 09.01]’\1 200%t E]'_/_\\_ _,__H]—%_]_ 7]710“ Z—,"Q 7},Uﬂa_ Jg-zj;_h\;x_
© Asx3 7% Fdol sheslorsly, 3009 34 o AL Huys ZAo2A %

o RAAR RS A S
E-mail : sylee@sogang.ackr
Tel: (02)705-8638, Fax : (02)712-0799

*  AZoistal skl 714

o

& U A%l Bash,

rlo

_‘0°"_°.L'r8‘-é
ot

2 ox 2

49 A= 7
2, 449 HFUASE 252 W2E YA
Azo] YAlhe qe) ATE Fol1 HYEE
A7 % ol B4 &A% Fle Az Ao
47162 gFE gk

Aolah] A% 5 FA 2 L 4w 2
uEe) £0 ¢ 438 A0

AS

olrl

i N

SRASESBEI=EH/AI18H A 13, 2008d/11



Ao 5o

A2 7)5L AEoa iaze YA OI%M
A Fo2H 23& 2FoFE gy 7%

2o EAY AE 7‘%10}04 Az ﬂxli Z}
T olEAY MM omA] &Y NIZE o|&%

A523 QuAFOE AR oluAt Bk 9

———

IAAE Bo) EE Ha

rlr

szre) watg

2% Bdg A% FOE o PDAoM

C URE F BAS AT eu, o oA
e P @Al sed 218 49
CPU/L Sfske WHo2 84 Ast ue 2 @
Aol

Wetd o] AFNNE AEXH 15T F Tl
Fs® 248 AFooHE AR J8 AT
A 7129 B8Y RES VCM ERIS S8l o
Fololg AL 1AH, BT BAE B4
& 95 VY. £ FEME o83 A4l
AFete] 9 AgARel wiLste] 27ty A
S wge] BE d%e FAgwA ok

S

o

hiay
3
o

o
Q.
=
kil

2. {&=H U & 7158 44

21 && =3 +87| 44

o] A7A At 28 Buld 7)7)8 AExA
T%719 EH"%‘E“ Fig. 13 2t} o] 479 AF5x
A e TERAAA gyt B Ao olg
o frAre dEHX]E’_ FTNH ALz % A= &
o7t 28 F7HE E017] Y8 95HoE Ay
spoich =3 AExAH TN E Ashdete] ¥
A% WHE ¢ aFHEE dukdow By 2
710 AHEHE #AZYS ARt F0A
Ak W&o deol& Fo|7]7} ojYr}. welA Fig. 1

A Bole 34 7L°] EMES ZO]“‘H FAL W
Fog A3t HAE S5 & § 5= A
HA 73439 7‘a°] Vs o Axy fﬂEJH PN

HAAY g 48 Toko] FA B (curved beam)Z
RIS =5 A ]°]E1—4 AN & Al
d4% e 2 E &5& il

AHe) Hﬂil% A= F4 99} o2
3ol 247 2748 WAy Nad AU o)

==8/A184 A 13, 20084

8t t)Fo] o] RN EE HAsIGITT

2.2 38 & 787|2 7124y

2okl 7|7l Agsr] 9 ¥ F FE5UIE
718202 guo] DC EE|(LDM: linear DC
motor)®] 7§ W& METE MAAHoE A
E AexA FE7E 38 9 BYE gEr)de
a7}t gtk Butd 7)7)olA] selE B3 BE
& 715E 237 984 Ao mm 999 75
W E ZFok gt 238y A2 FE7|dME
AzgAe] o8 75 WYsF 1mm olstot}. wht
A M2RA F2E A e FEEL AF
dole] AAE aEn 4 TRy Arl= Al
933 15mm X 15mme] 37] WelA AAE 53
b ey=
B33 & FE7le As2AE 75719 JHo 52
& 2713271 FedA|ul Fig. 2 Jepd Az 7
| Maglide] QlE #A2 7Y @ Y(moving rail)
ol AXY 4TS IEE AN o

mlo o

Ry - thickness

: Focusing direction
1 Tracking direction

—=m

... Backward
Forward

suspension

e

.,
¥ Permanent magnet

. Fig. 1 Schematic diagrams of the auto focusing

actuator with two curved suspensions



24 AR AR 243 VCM A4 757 A

3.1 Xsxd #3719 HSsH
sz Te7] BdE AR Hstd fe
: & A E(ANSYS)E o]&dte] T2 L F33I3d
o @4 2udr)rg As2E Fede DC ¢
oz FFEth 23y g 4 FvEEY I
EE7F 200~250 Hz2 TFFH7] wFo] BEEE7
A& 2dg AAE] Y8l TEA Ao "ast
t} &4 A7 TAAN BE(AEAES)E 100Hz W
ol e, o]Fe AAmAe] o A Al
28] gE R MAEY B3 2kHMA &
FAREE YEREA et Fig. 3% Table 19] 3
MANE 27 AR BdY Z gro] oy, A
A ANE 29 AER FA AT NFRE 2l

: 142 o)t
magnetic x 3.2 Asxd Fs7|9 DiHx s
: AB2y FE9 ATREE 159 BE4T
2 TEHAE 2 Aotk o
. e s ez 78718 HaAAY HA
Fig. 2 Schematic diagrams of the zoom actuator THog M mzgag ofdd 1
AR H4e SAQT ARE ANe A% A
2 FEANE A71H2AN AN wde] BEE amy wazs Fg 104 Ut Aadde
T T WAV FEES Stk adu P g 54 5 4 9542 AEEYY Fig 4@)E

F717F B3 RGN FAE Sk g, A An g o = —rvﬂj} 74z wE A WA 1§
2 09 SWol A782g A5 H4Y B axso wgE waRn Fig 4b)E FAs Zof
d TE7I% 2ol BV AA JAL seFE

B Adsgs. A= g Ty

hole)e] &% o] npdALrt & B22S 2

s, 4= Fot Hdsel 7Y oY P 3

o] dojud Ax"gu /AL EE A= &Y

0::1‘_?3 ] 7:“% %Eﬁg E’l"a“:q 01 EE?E].' Xéz] oF’Hi U1 1st eFocus 2nd mode ¢ Tilt 3rd mode : Roll
28 %7 qin.
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Table 1 The results of modal analysis

1st mode 154 Hz 92.8Hz 108.6 Hz

2nd mode 1060.9 Hz 648.1 Hz 753.03 Hz
3rd mode 1061.6 Hz 649.2Hz 753.06 Hz
4th mode 2380.4 Hz 1483.6 Hz 1708.4 Hz
5th mode 2466.2 Hz 1576.9 Hz 1720.01 Hz
6th mode 2466.3 Hz 1577.5Hz 1720.15 Hz
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Fig.4 The results of sensitivity analysis results;
(a) the 1st natural frequency variation w.r.t.
thickness and angle (b) w.r.t. thickness and
width
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Fig. 5 Magnetic flux line distribution of the auto-—
focusing actuator

Fig. 6 Flux density distribution of the zoom actuator

Table 2 The results of electromagnetic analysis

Magnet N-35
Measurement | 5 1 02T 027 T
result(surface)
Flux density 0124 T 0.084 T 026 T
Shift
(+ 0.2 mm) +001 T + 0009 T +002T
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Fig. 7 Equivalent magnetic circuit of actuator's
rotational driving part

Table 3 Specifications of magnetic parts

M
agn(e;t 11)8 ngth 10mm | Magnet width (/,,) | 2.5mm
Magnet .
thickness () 1 mm Air gap (Ip) 3.33 mm
Yoke thickness
Magnet N-35 (ty, to, t3) 1 mm
Remanence Yoke permeability
(B,) 121T (1) 1000
. Recoil permeability
Cercivity (H) | 868 KA/m (i) 1.09
m
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Table 4 Prototype specifications of AF/Zoom actuators
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Height 6.2 mm 12 mm
Length 15.8 mm
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Width 19 mm
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Fig.12 (@) Three curved suspensions and a
prototype of the auto-focusing actuator;
(b) a prototype of the zoom actuator
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Table5 Comparisons of FEM and experimental
results of displacement of the auto-
focusing actuator
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SUS301 3.6%
Aluminum 157 pm 162 pm 3.1%
Brass 111 gm 106 #m 4.7 %
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Fig. 13 Comparisons with simulation and experi-
ment results of frequency response in
focus direction of the auto—focusing
actuator with different suspensions: (a)
SUS310; (b) aluminum; (c) brass
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Fig. 14 Experimental results of output displace-
ment of the auto—focusing actuator
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Table 6 Maximum displacement of the zoom actuator
by different input voltages

Input voltage 05V 1.0V 15V
Vertical
displacement 1.6 mm 3.2mm 5.1 mm
Rotational R . R
displacement 39 8.1 12.5
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