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ABSTRACT
This paper proposes a small VCM (Voice coil motor) type actuator using curved suspensions for auto-focusing and zoom
motions for mobile information devices. The proposed focusing actuator adopts a nontraditional type of suspension using

curved beams in order to extend output displacement within small height restriction.

The curved beam is similar to the

leaf spring type which is usually used in optical disk drives. In addition, three different materials are considered for the
curved suspension model, and Aluminum shows the best dynamic characteristics. The proposed zoom actuator does not use
a suspension supporting bobbin but a moving rail and a stoper mechanism by generating rotational force at lens holder.
The sensitivity of design parameters on output performance is studied using ANSYS (3D FEM tool). Experiments uisng a
prototype of the proposed actuator model verified the analytical prediction and performance.
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2. AF & Zoom T&8 44

2.1 Auto Focusing Actuator® 7|2 HE|

2 AN Ade 43 Zutd 7)714 AF actuatore
Fig. 13} 7t} AF actuators FTEWAoA Ayt optical
pickup Actuator®} &g o} 3x|ul lensd ¥l FHH
ko2 Q1% lens holderst At F2HE Fol7l ddl
2%8oz gl £ AF actuators 3hake] &Evl
27sing YA o2 optical pickup actuatorel A AME-EE
leaf springg HE& A oo T AFE EdE R
olg} Azttt e optical pickup actuatorollA] dutdez
A8 5% leaf spring suspensiond HE£TTIH A A 2w A
FH Aol U7 Wi Zolg FA ¥ el A
ok 28y Zdolg A HdARGH AFHE moduled
5ol Ahd AFE vA7] QFo] HAQAGN 4F

299 curved beam& &3t X3 moduled ‘43t
5L WAE B modeE Z0l7] 98 suspension
B2 & lens holder ¥ / o} K-Eo] AARZ w3t

8 Permanent magnet:
Fig.1 Schematic diagram of Auto Focusing Actuator
2.2 Optical Zoom Actuator2 7| &28El

2oty 7]7)e] A &3t7] 9§ Optical Zoom Actuatore
7123 o2 LDM(Linear DC Motor)®] T% W4 & w2}

suspension®. 2 A HBEHE AF actuatord +5<& AY 59
optical zoom¢ SFH¥SE war|d= Frst o 2oy
7171014 2ol RENA zoomd 7lF5E& ZF7] HsME
HolE mmd99 FEHHE o ¥ Iy AF
actuatorol A= suspensionol && FF #9J 1m 992
Az}t w2kA suspension +Z2E AT FeoM HaAUdE
gk $4 44 78 F e ARE FHEYY Arle
A& etz 10mmx10mm (prototype @ 18mmx15mm)8} 27|
ol dAE stgch

Optical Zoom Actuatort AF actuator®] Heje} £zke
A7) 28 7FAAT, suspensione] 1= FAZ moving
railg THEOIA guidelines] F¥-E =8 HAAL oj2H
T A2 AN wige] FFE F3}A FF
d9g §38 # gle F2E Aok 28y actuator?t 43t
FEAHN FAE #of 2, ofe) e} HAE o]
lens holderd 2Zw9e] 7132 E& FAst9 Shaft type
optical pickup actuator$} Zre] actuator &Ajo] AL 7}
e $4E At lens holder® moving holed] 3%
dddol slBA 7 ¥ 22E FE8 2, lens holder’t FA
=o] moving rail @RI FEFe] dojuid AXEdn A
g, =& lens holder el stepd HFAIUD o =&
A2 A9z M7 & $7 Aok

Astel FEEWANME lens holderd] coilel 83 ZA
Az, AN wH 202 7|2 5 HA glo] FF
48 % Lorentz force’t fx=®ch a8 3awee] 3§
AME coil& HAXAE £ U F2te] A= 9x, A4
3 oy Fube] fivt wetA A7) AE2E MHAS A ¥4

Fig.2 Schematic diagram of Zoom Actuator
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Assumption 1.
Assumption 2.

Assumption- 3.
Assumption 4.

Assumption 5. Curved beam®} WA 9}8(warping)¢] A&
A ARE A,

AellA AFF 7HHA~5)8ke] FHRe AY vE A
2} (Vertical displacement, Torsional rotation)& t©&3 7
o] ¥E 4+ Uct.
ho ) oo o
H( .. 0,) G( .\ uz")
¥y —_— =

R \4: R2+ 6,,+R 0 (2)
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G&d Zol FHHEY inertiad FFE 2#HE motion
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,__0‘,'_’)__@[(6 .
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mu,+ EIy(uz _LR; ) =f§x—1)(3-a)

) =0 (3-b)

M&z‘;‘*”ma(x—L)

P © the density of the curved beam
& @ Dirac's delta function

where  m=m g, +

Fig.3 Co-ordinates of curved beam
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3. Actuatore] FEM &ji4]

3.1 AF Actuator® §54 2A U MZT 4y

(1) AF Actuator® E54 24

AF Actuator 298 AHYstr] Yslo] F3a4 sHAE
(ANSYS)E ol &8t Fz3HMg Fysgcl d4 2ula
71719 A5 2 F544L DC inpute 2 FEed, ey
F oz FivictEe] VERE7L 200~250Hz2 FE57)
g2 B3 48 2dE HAGR YA SEA
240 godint 4 47 ZAYRS(FAED)E 100Hz
ool A el m, ol& ol suspensionol 98] A AlAwle
dERCy 24HAY. £8 20kHz7HA FAR=EE e
U7 ¢gkeh. Fig. 49 Table. 19] sjMAsts 27 4449
2o Azglo]l olvagt, HAA =JNE 24 HEE A
474 prototype 2] 34} Fo] o},

- 752 -



Fig.4 Focus / Tilt mode of actuator(1*~3" mode)

Table. 1 The results of Modal Analysis

3.2 AF & Zoom Actuator®l HME7| s§4
(1) Actuator®| HX}7| &M
Actuatord] F& FHARE U7 M E AU

EX9 Lens holdere]l ZAYE coile Edl wAsg:
Lorentz force® @olok st=d), olg s 44 ¢d8s

X4 EQ Ansys Workbench9t J-MAGE ©] &34 Fig. 6,
73 ) 3D AHNE FAIADY. 918 TG 27 9K AM g
static #4243 Lens holderd]l ZAUE coild Zoom
model®] Lens holder &% coildl 2AHE A4YUEe

Material SUS 301 | Aluminium ‘Brass Table. 29 JERRSITH
~_1st mode 154 Hz 928 Hz 1086 Hz
2nd mode 10609 Hz 6481 Hz 753.03 Hz I ke w0
3rd mode. 10616 Hz 6492 Hz 75306 He
4th mode 23804 Hz 14836 Hz 17084 Hz et
5th_mode 2466.2 Hz 1576.9 Hz 172001 Hz b
6th mode 2466.3 Hz 15775 Hz 1720.15 Hz 5‘.::::'3:
(2) AF Actuatore) UZT 84 e
AF Actuator®] AT ERE 7% 5547 2 7% e
M E e zlolth oleldh ZXE susepnsiond FH& i
T 2E 4 Avz AP HYES ol &y upm

A FYF A suspension®] E, Zx, ZAY A Wy 2
FA 7t} & UAEE B 2 2 7599
FAE A Mg Azxd FEHS

suspension 2718 #§ §lo] £go] e MY AAoR
TEARE )R 1R g

Fig5 The results of Sensitivity Analysis
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Fig.7 Flux density distribution of Zoom actuator

Table.2 The results of Electromagnetlc Analysis

Sectxon “Focus coil | Focus coil ' {Rotational ecil
. (AF model) |} (Zoom model) | (Zoom imiodel)
- Magnet N-35
" measurement
result(surface) 02 T 02T 021 T
 Flux densrty 0iza T 0084 T 026 T
Shift(: 02mm) | 001 T | £0009T | #002T
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(2) HolRA REE 0|88 Xt7| &M
Zoom actuator®] rotation 7% lens holdery 43t&%
olF <HHA Hx AHE FHINI Ad Z Lorentz
forceg e Ao] ulF2 3} actuatore] 28] uial
Axdeo X frse] BAsE F39 22y A% £ g
o) g F¥E& FHE7] Y8 rotation partd] i3l
permeance methodE AMg3te] A7 3 2o )& A=)
AN FPsta Ko AHES o] Latd AFaYt
Fig. 82 Zoom actuator?] rotation part® coilol]A] 2
Flux density® #$#824 3457 permeance methodE
o] &3lef AAE Aoz Z oAU LS gLe

gl
Table. 3 Specification of magnetic part

o opedification ‘of maghetic part 1
Magnet length 10 mm Magnet N-35
Magnet thickness| 1 mm Remanence 121 T
Magnet width | 25 mm Cercivity 868 KA/m
Air gap 3.33 mm | Yoke permeability 1000
Yoke thickness 1 mm |Recoil permeability 1

- Permleance rnethod
|-\~ 3DFEM

Magoetic Flux Density (T)

P I T S S O

" I 1 i i
06 0B2 084 066 068 07 072 074 076 078
Displacement along the magnst at coil position (mm)

Fig.8 Comparison on FEM with permeance method

& Rotation partolA Flux densitye] 9&%< vAe
A ARl HMFE AN FAUw), U] AYA He T3
271, Yoked] vulw)2 HA4sa & EHH(Response
surface model) & ol &8t AAW T UAE A& T
dAzzle w3 gx Wi $54¢ FFE 7HAA 8 5
Ae 238 =28tk 4 ZxaMdre H4Ee W
range= AA systemo] L¥oz AAFHYY W =
02mm®| rangedlol Al ARt AA Alx=de ZT7|e
Aoz ostd 713 2 A% dxE Ze A4 FAg
T3 2718 A=A E ke FAY & Aok o] TFY
azlel me FIE AYA He FERY FAS =299
z7) 5o Y 4 Aok 2#Y lens holder’t A#E
5 WHellAM AL #lor 7] Ao, AAA FFAA

coil] 2ol BAY 4 gk oW ARAY WEo| TAS

A3 coilt Aol MASA W 89 vlel ARsop

@ Fig. 9% 108 4vnd $3& 3d5E, AN FAe
o

e 4
-
5YU5E B8 2 44 UES 98 4 UL ¢ £ Aok

Flux density(T)

fmm) 23 o8 1m2{mm)

Fig.9 Sensitivity on Iy and I

Flux density(T)

ig{(mm}

Fig.10  Sensitivity on 1, and 1

4. 4 |

ol
>

4.1 Actuatore] S84 ¥ F3HY £F

Ede] HYAHE HESH] A3 prototype ZEE A H
Az 4¥& FPAct. 445 E dolg FF € A
A8l A aY(Siglab)E AYE YEEA L, actuatord F
HAAHY lens holdery] F4Fol wWAAE 29 WHSE
HYAMQA MTI-2000 Fotonic sensor® %3 2843 S
A3t

F224 M 49275 g =AE AHE Fig. 124
YeplAdh AH 2 suspensiond SUS3L0, Aluminium,
BrassZ A4 2dz FAFHALE BY H£3 NS
o)A prototype 229 HFAZ ¢F 1kHz o] F A
HERDJL Yetdg o & ok
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Fig. 11 Experimental Setup

logttaghuméy olt)

7 o
Freq{Henz}
Fig. 12 Comparison with Simulation and Experiment
of FRF in focus direction

g F3 2A" pHUES] AxE f38h #HY

< olgatd #A Aust AR AW, 8~15% LAE
BYch Fig. 134 S=A" A3} Zo| {9 Ve
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th2  Agd wa FHFAFS ALHoR HEH
suspension®l Aluminiume] 713 Hdsle 288 4k
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=
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Disptacement(urn)
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Fig. 13 Experimental result of Displacement

4.2 Zoom Actuator® S5d
mde] AL HEEY] 913 prototype ZEE AH
A 23 A AF actuator®t Ze zZANA AL st

= Varical

fegMagiumivek)
au

10
Freq{Hez)

lagMsu(pmivel

10
Frag(Hertz)

Fig. 14 The FRF of zoom actuator

Fig. 145 22t @29 $43%3 gy 239
Aotk FPRANY BHGE VY 2AE Rolvw,
Agan vhde) mz 5o HAYY o) /AT AL
2 wudd E¢ FA%F % ALY KkHe #23
OkHzol A % FAAHo] YehbAl Hed oA §AREN}
el=e] MY Ggel A Aoz dgEt A9 F
$4 54 49e FH 7E 49U AFAERNE
dHY FES 2 olz wedn.

5.3 g

B =gdxe A7 AE ol 43l mutd 7i7ld FH
o] 753 AExA 2 2 actuatord A UsPn, F& €
9AE A Y54 54S e A8 AR
TzHL ety A4 2dE Azl HEE FY3t
gon, TEEuda F¥8s AdATd FAY ARE
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