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Linear Voice Coil Molor Layout of a moving coil lincar actuator,

Fig. 1. Layout of a moving coil liner actuator.

Ratary Voice Cuil Motor

Fig. 2. Alternative layouts of a moving coil actuator,
using(a) a disk-shaped magnet, and (#) a radially
oriented cylinder.
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Fig. 3. Flat Coil VCM Design
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Fiat Coil VCM with Crash Stops

Fig. 4. Flat Coil VCM with Crash Stops
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Table 1. World-wide Disk Drive Forecast

0

—“—VC

r O

L

HAHo| 275o]
459 Nd-Fe-B 4
Hrbe BAl gt 7

CY94 CY% CY96 Cygr CY98

Ql Q2 Q3 Q4]Q1 Q@ Q@ M/Q @ B | @ @ 1A Q2 QB
1.0-1.99GB | 259 272 258 300|271 265 239 208|185 150 100 25
20-299GB [136 172 176 196 | 255 325 392 458 {530 530 440 390 306 250 160 80 | 25
3.0-499GB 33 38 77 103{167 212 235 288|345 435 540 685 | 852 895 900 875800 700 590 475
5.0-999GB [ 3 8 30 51|65 80 77 84 [105 132 157 296 | 295 365 435 516 | 710 992 1289 1377
>10.0GB 2 {20 60 110 146|165 170 195 320 (395 418 444 495
TOTALGB (431 490 541 650 | 758 882 943 1040|1185 1307 1347 147211617 1680 1690 1791|1930 2110 2323 2347

Quantities given in millions
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Table II. World Wide Disc Drive 5 Year Projections

BM2s Bas Ms2s = TOTAL

MILLIONS

1995 1996 1897 1988 1999

Total 64 69.1 76.1 84.5 92.5
5.25 0.6 0.5 0.4 0.4 0.3
3.5 52.8 56.5 60.9 65.8 70
2.5 10.6 12.1 14.8 18.3 22.2
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Table II. Brushless DC motors} 7lepEf-okel S84 »li

weight efficiency
motor
motor & motor &
motor only motor only )
electronic electronic
brush motor 400 450 80 78
induction motor 200 300 90 84
switched-
reluctance motor 150 250 % 85
BLDC motor 100 200 97 90
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Table V. 2.8 453 4ol @2 A5 FA%L e

AL AT AR £ 8(%) TERHY AT LS

motor
due to motor due to motor
o i 1993 1998 2003

efficiency weight
brush motor base base 100 100 100
induction motor 6 5 100 90 80
switched-
reluctance motor 7 5 150 90 70
BLDC motor 12 8 150 90 60
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Fig. 5. Sectional View of Wheel Motor for Tokyo
R&D /TEPCO “1ZA" Electric Car
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Fig. 6. Sectional View of Fichel & Sache Double
Motor which eliminates the differential
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Table V. dx74=] utsgl A7)2-%%-8 BLDC PM =¥
AhoF

Company /Model Power ~ Manufacturer Production Date
Ford ET X1 Ecoster Van 52kW GE prototype '86
Renault Clio Car 27 kW Siemens -

Audi Duo Hybrid Car 36kW Siemens -
BMW El and E2 NkW Unique -
Tokyo R&D /Tepco IZA 5kW prototype "1
Magnet Motor Hybrid Bus 80kW  Magnet Motor 2 in service
Eaton{Chrysler) Mini Van ~ 47.3kW Eaton -
Solectria “Force” Car 18/24 kW  Solectria 91
SEA(Austria) Elin Bus 25 kW - prototype ‘90
Mercedes 190 Electric 2 motors AEG(D) prototype ‘91
Fiat “Downtown” 2X5/7TkW - prototype '93
Honda EVX 40 kW - prototype ‘%4

Honda “Dream”, CUV Scooter ~ 1.5/3.5kW Honda R&D  prototype ‘94
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Table VI. A71x15-210] 3 A% o2 (Heh) 3} 758 =
Elof] 4231 Nd-Fe-B AH4e] £ 983 o=

Country /year 1995 2000 2005 2010
USA 35 75 100 1007
Japan 10 36 75 486
Europe 5 51 108 612
Total 50 162 47 2105
EV’s using PM motors 5% 2% 50% 8%

Ave, wt. of NdFeB /car 25kg 2kg 1.8kg 15kg
Total wt, of NdFeB 36 tons 110 tons 672 tons 2526 tons
Price of NdFeB /kg 0% 60% 508 4%
Value in $ Millions 0.25 6.6 33.6 101
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ke, oil /generator cooling % J‘% HEo 40 W~2

€ ZE7F ARRElR Qe o) 5 Fz n&EAL
(10000 ~ 25000 rpm) 2.2 /‘PQ-EI wl-foll whed Al 2
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FAEE AL FERA e AR Az} o)z
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ot 954 A Aaraks AART) 60 % o] 43S 2Hget
I den, '951dx MagnequenchAhe] =i&8kS 100
=0l Zatdet, AAAR & F2 7bAE A7) A Fe gl
ALEEl ot At multimedia W AR5 A4S wE]
o =7t &5 glvt, x4 BEr) AREEE A S
= XHXP 28 2eiad o}l Table 1o} 2},
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2.Nd-Fe -B TA|ZEAAME 212

712e] a4l Friate] MQP series2 A2 w4
Teol AT #e, 128 22 (MQP-0), 3EH4
Ho| A ESoi7t =P ok (nanocomposite
spring magnet), 22|32 HDDR¥.o & #z% 2o =
ol AJAF o2 AAE 3 9}t E3] L Zol4] HDDRE
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Table WI. #r12=A44 0] §57} 74 2 752

AsdAY AF AL vol= AL  AEAY AF

Camera shutter Spindle motor Automotive

Electric view finder ~ —hard disc drive’ Major appliance

Clock /watch —CD ROM Mini disc

Stepping motor ~CD player Pager
-VCR Pick up motor Magnetic roller bar
—Fax /printer -CD ROM Factory automation
~Camcorder Actuator —Servo motor

—Floppy disc drive ~ Speaker

Small appliance ~Phone /cellular
—Cordless power tool ~ —Consumer
electronics
—Kitchen appliance —Headphone
Spindle motor —Floppy disc drive

A0E pe 95 Ee of 0EE AAbshed ek
Ut w2go 2 sukd ’ET‘D F2 Ndyj sFeg s NbBgel
v CAAR| Abgo] T e

g
o] Bl A-FAE L 57} ok} ‘;&—8—&401 EAo]ct, ﬂﬁd
nanocomposite A4 -2 5 Al e Aol
7HAR M7} EAHA Z1Ee] S MQ 2erc
Aes] gk Aol wol £ARE A Lo e g F
-8k A &olch Nd,Fe B /Fe,B (£ a-Fe) 23412
ANezAdoz stu], FuzAol= Nd 43o| 3~5 wt.

=]

% el A7bs1A] ot AR v, 53] AFALLE
7b Fol Lexpi g o fopdh dF vl %L%ﬁ}
ool & 2 oAl x AlRo] Fp5Bl), 2 AL o FAlo)
A% 831214 spring magnetol] &k o1} *OL% 5] A
Ag v3 leovy, BIate] FEdrol o8 & A%
sjab #1312 25 9ok, HDDR 4t od4] Al4brhgd
o4 ZtAH ez fugl Aol glot, 7HELx9) A4
3 AFAEHEE Folof dhe sAl7h glon, ARz
injection molding X A}4-& Alzsh= Zo] HAAH

2 23 9t}

3. Nd - Fe - BEEAMME AISSH AISX| MER2 A50F
60FF o] Ato] 5= 2R} AAL wEo)= ojA g &

7é ferritex}A o] woj 2oz Qlzjul Nd Hxalde] &
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Table VI. Nd-Fe-B ¥ ferrtie 2142 Ab8-8t 43 26 (2F5 4 1o]5})
application No. motor power magnet fitment (200013 )
HVAC blower 1 brushless DC 300 F/BN 25 %
HVAC controls 17 stepping 10 BF /BN 40 %
fuel pump 1 brushless DC 70 BN 40 %
engine cooling 2 » 300 F /BN 25 %
power seats 20 stepping 50 BF /BN 30 %
mirrors, windows 5 - 50 BN 10 %
ABS pump 1 DC 500 F /BN 30%
ABS rams 4 brushless DC 100 - 30 %
water pump 1 DC /BDC 200 . 10%
oil pump 1 - 200 ” 5%
4WD clutch 4 DC 50 F 15%
clutch actuator 1 DC 50 F 40 %
power steering 1 DC /BDC 800 F /BN 20 %
A /C compressor 1 BDC 3000 N 10%
air pump 1 DC 200 F 50 %
levelling 2 DC 100 F 10 %
headlight aim 2 DC 20 F 10 %
seat belt tighten 4 DC 100 F 25 %
passive belt 4 DC 50 F 25 %
vacuum pump 1 DC 50 F 20 %
security system 5 stepping 10 BF /BN 10 %

*F :ferrite 27224, BF : ferrite 25214, BN : bonded NdFeB, N : £7 NdFeB

ignition sensor, ABS, Seo2 Al&xlm 9} ol
Table Wloll AHg-2tell HEH o2 1253 gl Nd-Fe
-B 2244 =e5 Aelsigdct

#bze] NdFeB =}4-g A3k A5 A4 =
ARgdo] AEAk 10 Hakat @9 = AR
NdFeBat4 9| 3¢ mlas) 2w, 953 2ol =Ejgho
$7.37¢ekx all A4 g $0.15019, 20004 A
2E7bA $10.28%# 4ol wlge $0.9303 =4
of Abgake] AHE FolgE RolFEch slabrixlz,
NdFeB At4& 0|3t sensore] 7-9-5 w48 u,
951 ol =t Al o) Abgallo) $2.4290m 2HA ] v] &
< $0.522089 dbel 2000dellE A AFENo| Tt
$4.050|7 2p49l Abgele $1.022 F712S =}
2 ek Fig, 7ol A4d 269 £v¥uE =33} @

8% HoiZh ofWE ¥ NdFeB Al 4425 244
o $EF #3317 e AL Aoz FAo] shetel
oF o), ol Helat AhFAAL ARE ATFSoN} @
Heotoleh w8 L= W ¥AY AL AD A7 A
% A g solo} 32},

Average Value = $ 9.80 per Vehicle

Fully Loaded Value = $37.45 per Vehicle
Average 60 Magnets per Vehicle
Application Type
Segmentation

Materis! Type
Segmaentation
Other

Bonded Fe

-y
-

Sintered Ferrite

Technical P.M.
Motors

Stepper
Le ity P.M.
Motors

Gauges
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V. Nd-Fe-B XIA{2| cD-ROMOI2| S&

1. CD-ROM2| uiZd 2! A|Etedst

A AArsa gl PC ¢ 1/3 ol4o] CD-ROM%&
aalaly glomy 2yt 2z CD-ROM A& 10
wlo)Ate] Z7}2 welx givy. CD-ROM-E HDD, FDD
o}t= el 7| 2x) 87} ol i reading only o}=, 82
o RS Rl CD-digital audiod) 925 L& <
g3to 24 PCell 2elg A go| 414 21717k gt CD-
ROMe| 71d=] e (£4F 640 MB) -2 floppy disc®] =
w5 Srbske], A xe)st A Este] ALl ]171FA

2 g3 glch, =gl HDD /FDDe} 3o} 7] &= Aul Al

o] & 70| AAo|ct. meh} PCell Aatslo] AL&= 7]l
= olAlm Ay A44x 9} access timee] =2 PC AHE
Fgo) "olx| tiAoe] 9l7|wFo, 3F ROM drive
o] 4 ¢ 9} access time-S whEa o} st %47} Qlet. o
2 A& sl7) 213 A 7de] CD-ROM drive?| actuator®]
7158 MAASHE AHolx, o] xE-9o| MAle] Nd-Fe-BZ
=4 olch, 2645, 448l #oii= audio rotational
speed®] A At o] 2w, 485 5 Zloln, A ac-
cess timeo] 300 msecoll A 150 msec °oldh& ZrA3}5L
9lr}. digital signal processe} optical pisk-up head®]
Aol skatelo) 6ulZr, SuiEARE SASIAeh ol &
2lal44= pick-up headd] 483}, 73t 5ol a5
o, Ao 7+e%k disc motorzt A gEA et gF
pick-up head®] z7]& #ahel 1/3 olstz Folok st
v, CD-ROM&] 7}7o] 1/2 o3tz WA A& winjst
o} CD-ROMol|4} 841 3-3%0] =|+= pick-up head®} 7}
o4 3letg & Anpolct, Fig, 8(a) % (b)ol]l CD-
ROM A|## k3 742 Fo) & el et
1990-1993: results

1994 : estimated value
1995-1997: forecasied value

(Million) {sBillion)
30T + - - - 4.0
: O quantity | 308 b=
24 © Amount Sold 3.2 3
- i (¥100/5) B o
= ; e c
= 184 > 24 S
o H H =
it 74
G 12 1.6 g__
6 0.8
)
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OEM Price

‘91 ‘92 '93 ‘a4 ‘95 ‘g6
Year

(b)

Fig. 8. (a) Transition of CD-ROM Market (b) Price
Trend

2. Pick -up head2| lens actuator

®alel CD-digital audio®} =}t 442 CD discell 7|
2.3 1 zm 27]9] signal pot-£& laser beam .2 Hoj
Hhabsls Aeg 9lo) Ar|AlER uinEE Zlo] el
b, whebs] dvh A 8shA| laser beamd WsHE AA
oll, 2] 3 Al&sAl EH o} Fuk sk Zlol ZlEe #
Aole}, RAaal A5E dovid 0.5 ,m3S 2t Jl+e
signal potg 0.1 zm¢} S ahfiel 4 2HEsiek gt Fig.
9ol CD-ROM drived] A|~®lg sew Hojfr),
Lans actuatore] ®33-2 laser beame] #1245 # 23|
ulzlz7] o4 objective lensE &2l Fi Zo|th
Objective lenss F¥35ke di=lql 2% axial shi-
ding /roatingAl# spring suspended®4lel 3t &
2 og3|AEs J5o] 2L Nd-Fe-Bakdz e 14 o
FRA 3 o) EAlel coild zEE AY|EEE FA ek
g}, Fig. 10(a) = (b)oll pick-up head®] +&& &
oZ=m actuatordl Yelg oz Ausl Fot uwhebA
actuator®] S-Alet 27|12 ZFo|7} SJaAE 1A FFA
o] A sfob shwl, pick-up head?] F2tol A3
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q'?acgfiir? servo System controller ‘\
Feed motor
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Fig. 9. CD-ROM Drive Configuration
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a4+ moving coile] FA)7} #polel stz =pr)3ls ZAE#H o8 Nd-Fe-BR=x}4 9 713t =pstaiz) gt
o] Aol mg=oloje} ghr}t. Actuatore] ¥ Ate| arcE 2487 &o s 7k Alz=E 4 9l AR agln
Blar Q7w Fol) BExpie F2 compression mold- 9k2 3AS gt arcd o} XA A= & multipole 2A}7) 4
ingwhe g =3y Az& 7} 9len ol ols] Eex < fol3HA °]3-75L %l"%-— Aol gFolx NdA L=
Aol &5 7} Fabsln Qo) 24 2]

Moving Coils

Magnetic
Cores <

Lens

Focusing Magnet < = P 5
% arts Fi ing Magnet
~ Magnets ocusing 9 ) Magnet
) : ;
N &
s i) v = N A >
pEeat / s %

Tracking Magnet

(a)

Fig. 10. (a) Actuator of Optical Pickup Head (b) Magnetic Floating Method



