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Design of a Voice Coil Motor for Active Vibration Isolator of CFRP High
Speed Inspection System
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The demand for inspection of high-speed systems for machined Carbon Fiber Reinforced Plastics parts for automobile-
industry and aviation industry is constantly rising. One of the factors that degrade the performance of an inspection system
is micro-vibration from the ground or structure where is placed. Various isolation systems that suppress the vibration have
been studied classified as either passive or active system. The passive system is composed of a spring and a damper
while the active system suppresses the vibration through an electronic control system using sensors and actuators. In this
study, a voice coil motor (force constant 55N/A) acting as the actuator is optimally designed using permeance method and
sequential quadratic programming algorithm to suppress the vibration and reaction force by a specimen moving stage. The
two optimized voice coil motors are attached to a pneumatic mount that has an advantage in design based on the force
and size constraints required by the user for an active vibration isolator with velocity sensors (GS-11d). The active vibration
isolation system with the four active vibration isolators -23 dB and -20 dB at resonance frequencies in horizontal and
vertical transmissibility performs better than a passive vibration isolation system.
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Fig. 2 Schematic and Design parameters of VCM

Table 1 Range of design parameters (Unit: mm)

Variables L tm t. d. t,

Range 0-120 0-13 0-12 0-2 0-14
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Table 2 Analogy between electric and magnetic circuits

Electric circuit Magnetic circuit

Current (/) Magnetic Flux ()
Resistance (R) Magnetic reluctance (1/P)
Voltage (V) Magnetomotive force (F,)
Ohm’s Law
V=IR F,=¢/P

A2] o\, 2Bl @), ANl TG, A4 %
(o). TD9] FAA@), 33 2710, 829 FAWR el
% Qlek. olefet A WSS Fig. 19] Ueht gl Holk 3
o we AR LA 2] et 22 Sl A,

2.3 HO|A FY ZE MAP|2HY

24 A2 Sal7] Qi wols 2 mEle] T St
o wasiof shu, Fig 39 AAMSES olgatt. ofy)
ASUES welgshs WL )Ee) o2 i) Wiow uus
3 4= QIEkH B = Eol i FHAIrRGapell 4 A4HE el
2 Y3 #7132 (Permeance Method)2 #]-8-31% 00 2}7]3]
BEHLE AHo] B2 JES vhA| J2oA HF7F B2 T
W Zopar Azketar 27|13 25 s sk o |tk A #u|dd
(P Ao o8} -2 Tigoelnh. whebA, sujddae A(3)
B} Zo) Apko] B 2= a0 o)l HlHBL THE(4)
of whalHgict. ofmjo] u= ARGo] BEE Y0 BARE
(Permeability )& YERHCE.

p=td ©)
A(PIAS} ol wulglag Holst, Table 29} Lol 417]
sl 47]820] A Held 4 ol
V=IRS} F, = §P] AARAE olgstol 4719128 s
% 9lek. WA, Fig 29] Wbt gl Hols 39 weje] 7
 91ste] Figs. 33} 49t 2ol A&(HS WAL FPANE
AR AOR HAYSL Ao| BEL FRE AYOR
o] Hrt.

P 1.03 gyl w,,

4
n= @
1w
_0'mTm
Py 1,421, )
Mot
P1=_.t_f:l..'_0__s_.'_” (6)
b Wi
L,tw,
P =24 pn x4 ™
L,tw,
Py =2u, In(1+2¢,)x4 ®)

T

|-
A
“‘/\”7\4[
¥
_AA ,’\
vy
<9 ES
ﬂ O
W
<o
A
/Qv/\\(\
©
o
A
A

Fig. 4 Magnetic circuit for VCM

P, =026y, +2w,)x3 )

/ (1 N (1+ O.Stc))

P,y = /10-7—':1n

- (10)
HFH O Hols 319 WE|S] A 91 A7) ]2 Table
29} A(4)lIA] A(10)& 01§51 Fig 48} o] W78l B
s},
Ao Thg 3t 2 SAER AN 5 Itk

Dy ==D\Rpy+ F=(d + )R~ (41 + §) + F— (41 + $)R = 0
an

Dy = F—($+ @R~ DR\ +F~(hy+ ¢s)R,— (1~ $3)R 3 = 0

(12)
Dy == (A1 + PR~ (5= )R 5, —($5+ $5)R,— (43— #)R ;5= 0
(13)
Dy =F— (1 + PR~ (4= GR35+ F—(§4+ §5)Ry— 4R, = 0
(14)
D5 ==DsRpn+ F—(r+ IR~ ($3+ §IR,+ F—(Py+ IR, =0
(15)

(iR (15)01419) AR %A T3 To 2 P)e] o
% golm A1BER (168 Fotol 73 Ao R R 1y
5 o]t



32 /January 2019

(16)

|
Il
RIES

HFH o= FoWA SR AIEE AL A4 Aol FF
oA AEE Hol7] ahel (104 4(145 2g3te] Fig
4] Bz 238 A& IS G 20 FIAH A
S(gp 32 40l Slate] A7t 2ok FRANS A
E(Be A4S AHOR Lol HEHM, HEHOR 4Q)E

St F=olA sk AE A "k

|

G, = 01t 03 = P35+ 45 amn
OE1 ;ﬁ_xﬂﬂ"] Z‘]U]—(RLUII)__ 7:“ 6_]— A
F= Aol agt 290 Aol
pe U] HIARH(1.72 x 10

nl

Pamd

coil —

2.4 FEHA H AHS

b4 AT A7|szHe] ¢AH2 BANG] MATLAB
ol AFEdh= 2 22} =218 Y(Sequential Quadratic
Programming, SQP) %] A7 11| A8sle] Ho|A FY
HLE| 9] Table 1] Hel= o] Q= AAMS tisto] 225k 2
olich. B4 Po] hghe TARK) glol 22 wipw
Zesl=r] 7Z3l7] $J8te] Table 3049} o] & 4H9] 9o
of 47 Aol HHake sstglon olre] 4ol o
ool Aol el glol S SRSHEAS Fig 53 5t
o KUt - Ik ofefi Aoy ojol Asiel ol

A HEIS SRt Pl tiRt W ghe 3=elM Y] A% |

E(Bg) T A Reoi), LA X 4=(m), 6‘”—’?3 g =3t

7} Ato|zof st Wgo] ARk M9l Fig. 12] HA| Hoj
2 319 wE 719 AR 24 Belld Agskgon] 2} vig
2|4 ZhS 48] Aol At o] ool Algoll sie
glol QAP ek 2t Batol 22 wide Sl
@ “Zﬂ A3} 35049 A= 60.03 NAR =
Solte Al sk oldle] RSt 2 Al
—8}04 Al Aol WAzl < 145 mm, U] <
155 mm, 77| < 70 mm) o= HA 2 FH= Sl

547 wfel A mols 7l WEo] AL Fig 6

ol

[

o] FT AIA(ATI Omega80 IP65)S 18|35 312442 o] 85}
3L Kol 59 mEo] 1 A9 ARE sk WHoR F 53]
HRE 249 319} A2kE HolA T HE Q] Sl 5965
N/AR A dA 9 &4 Ao} vlasto] 0.5%m9He] 2=
ZH= 218 Eelstalrt.

Al2"ofA] dAGE HolA Y HES] S S/4do] AR

Table 3 Starting points for optimization process

Optimal parameters (¢,,, t., Ly, ty, Aoy W)

Casel : (13, 10, 95, 11.25, 0.8, 65)
Case2 : (10, 14, 100, 8.25, 0.6, 40)

Case3 : (6, 15, 75, 9.250, 0.70, 30)
Cased : (8,7, 11.0, 12.250, 0.9, 50)

Table 4 Optimized results for VCM

Optimal values (mm)

thickness (z,,) 12.9
Magnet length (/,,) 87.5
width (w,,) 40.3
Coil thickness (Z.) 10.4
Yoke thickness (z,) 12.9
Flux density (B,) (T) 0.59
Number of coil turn (») 580
Resistor (R..i) (©2) 8
Objective (N/A)
Optimized Force constant (K) 60.03
15X10 : B — ,
M. =+===Case 1
====Case 2
P :. am | aamaam Case 3
¥ o1 H Case 4
H
Rl
©
-
2
g 0.5
o -

-
0 50 100 150 200 250 300
No. of Iteration

Fig. 5 Optimization processes with various starting points
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(ATI Omega80 IP65)

Voice coil motor

Fig. 6 Verification experiment for force constant
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Fig. 7 Inductance measurement of VCM

Table 5 Experimental results of force constant

No. Force constant (N/A)
59.71
59.65
59.62
59.62
59.64

D | W N~

R2
Vo) = o V) 0)

AQo)=HE ARghs F3to] AR(nE AL = 4
@nez el

o 4EE ARE Alot7]el
dSPACE 10052 ARg31o] HolA 8] WE|S] Zejche] 2714
QL AGS At Y AL At F FeHE A 2
stggom Auzi Fig 89k 2ok 2YEL A IS

=
sfo] APl =PI 63%0] Sl ARk ok
242 9% AT 10 Qut Holx 3 mE|S] 4T 80 Q1)
o Hg3fo] AISElA g 5 0.72 mHE AR A
HE|Y] QIERA glo] FAIT 4 S HEE &

Q]
=
4 ket

e Ry

tlo |»

0.6 T

Voltage(V)
o o :
[ w

7 =0.54 msec

0 1 2 3 4 5
t(sec) X 10-3

o

Fig. 8 Inductance measurement of VCM

s Velocity Sensor
2 (Gs-11d)

Air Mount
(AP-140)
’
i
Vertical

RS VCM
Horizontal VCM

Stage Move(1G)

Upper

Reaction
Plate

Force

Isolation
System
. v ».

Voice  Air
Coil Mount

Lower Frame p =
Motor s

Vibration

Fig. 9 System configuration

3. CFRP 11 Al X[ HITIA|IAH

QA A 2"'lo] A48 Fig. 99 Zho] A o]% AH|o|R], AH|
o X7} AR &= *J%iﬁﬁﬂ A, AR Q1] 47]9] rAEo] 424
o pggro R 7k O] HolA AY HEQE &k AlA(GS-
11d), -FUUREE(AP-140)2 1 A-AAH 0= o]FofXict

FAHOR gt ] AR AR o 1‘?}“}(’ E=
2h8-2 ARl Alolg areste] o] Aet 8 HzO| IfFutrs
Zh= w2 29] AP-140, 25 574 AM 2 A Jﬂﬂ°‘°ﬂ 4
=1 Hgko] A% ZAL 95le] 2712] Geophone?] 97.39 V/
(m/s)Q] JIAEE 7= GS-11d = AA7F 28511 Qi

=

4. HISZIS Mo &8 Zat

A s B7HE SR Al 28RS A71A e



34 / January 2019

sEEEISEX| M3 H M1E

Stage
Motion
(Disturbance)

K,
Ref=0
@ Troms
Moment/Force

Position Control (disturbance)

Velocity

PIV + Lag compensator lr - @t = Mgy

il NN o B
»ea». F»@a- B e
I s

-- e

Fig. 10 Control block diagram for overall system

Servotronix
Controller Bacvotront
Stage Motion Profile :
T M
e
dSPACE DS1005 DAC DS2103  TA115 (4kHz)

L ok
i 4-4:nsor Amp  Gs-11d (97.39V/m/s)
I A

Plant

ADC DS2003 & -’//
EX-422 (1-10(mm), 1.3(KHz))

Fig. 11 Experimental setup for active vibration isolator

20 | — Passive
—— Active

Magnitude(dB)

10 (Hz2)
(a) Horizontal transmissibility

20} ;
—_ — Passive
2 10 —— Active
o
°
8 0
S
2 -10
=

-20

10 (Hz)

(b) Vertical transmissibility

Fig. 12 Performance of active vibration isolator with optimized
VCM

Figs. 103} 119] Ujeh} gck

2 Aol M= v Z‘l%"ﬂ oRt YF= As] 27t 5=
AR At selsiglen, Alols|me B2 A2 wslo] Wk
317] §J8te] PIV (Proportional Integra Velocity Control) A7
o} mFukg ool A MY ElE o] R 2E o] HL9 JlAs
7] 95t xAFEAY7](Lag Compensator)E 27F2 vljz] @ A-g
ok, 12w, Bl 9 Wele] MY FEE 7 dra

—

1

rr

TA1157} AR&-=] 9l
g‘wﬁm ol 319 wejet Ao)717} HEH 55 Al Al
52 K (Transmissibility)2 E& = Fig. 129} 2},
3‘4 Hgg wo|~ 7Y mE7} 24 55 AN g o 4yt
Fo| M-8 45 Abe|o] Bt 7] tju] -23 dBol 1L, 4
2] wpgko] Ao 2w A7) Abgjo] w3 ZRZEu2o] T7] oy
20 dBZ E3% 450l -20dB A4S W=l A5 L5
o},

ook
rlo

4

aj

o
M3
T

o

% 017

o;:,;’
\
PO

o

2 AFollAs FUrRES =3 9 =] e
L Zz /\475“5] El_o]/\ :701 EQE 7.1?;;:}—5} /pol.q_];_@j]
A4 GS-11dE A3t #H]8 55 Xﬂ%l Al
(51573 1 a2 | P S e 7‘7}~L TEo=2 Q%
= )= E AHo|R] Yo tgsh= T WYAF]Y
WET(SINAYE 2= EOI* Y e E A
ol 22 HAAE Fste] AA & sjdat AdS Fat
stoict. w5k PIV A|oj7]e} AFRAL71E AAEEe] 4F
A7 A Aglo] Zh= Ha3t AJEel s B A o] w3 gl
oflxle] 7] tH] -20 dB o] AEES WSl 55 A
A& FEstelct

]
b

Hl

%
)

ol
S

o > Jo
{8 g

;mlo filo
o P St 4o

2 ox

o BN

ACKNOWLEDGEMENT

B A= AEARRRe] AsEIn s 714
SF A1I[10053248, THAI: EHAAG-BEA|(CFRP) 715428
TP, FHEALR OBk 20159 SREATATANY, 19T W

S| FFAPA A UAL Q01 TRIAGAIA03015562)
FHE AT

rUE
Lﬁ

REFERENCES

1. Perner, M., Algermissen, S., Keimer, R., and Monner, H.,
“Avoiding Defects in Manufacturing Processes: A Review for
Automated CFRP Production,” Robotics and Computer-
Integrated Manufacturing, Vol. 38, pp. 82-92, 2016.

2. Gururaja, M. and Rao, A. H., “A Review on Recent Applications
and Future Prospectus of Hybrid Composites,” International
Journal of Soft Computing and Engineering, Vol. 1, No. 6, pp.
352-355, 2012.

3. Roberts, T., “Rapid Growth Forecast for Carbon Fibre Market,”
Reinforced Plastics, Vol. 51, No. 2, pp. 10-13, 2007.

4. Kim, M. H., Kim, H. Y., Kim, H. C., Ahn, D., and Gweon, D.-
G, “Design and Control of a 6-DOF Active Vibration Isolation



January 2019/35

System Using a Halbach Magnet Array,” IEEE/ASME
Transactions on Mechatronics, Vol. 21, No. 4, pp. 2185-2196,
2016.

Lee, J. H., Kim, H. Y,, Kim, K. H., Kim, M. H., and Lee, S. W.,,
“Control of a Hybrid Active-Passive Vibration Isolation System,”
Journal of Mechanical Science and Technology, Vol. 31, No. 12,
pp. 5711-5719, 2017.

Kim, H., Kim, H., and Gweon, D., “Magnetic Field Analysis of
a VCM Spherical Actuator,” Sensors and Actuators A: Physical,
Vol. 195, pp. 38-49, 2013.

Kim, H. Y., Kim, H., Gweon, D.-G,, and Jeong, J., “Development
of a Novel Spherical Actuator with Two Degrees of Freedom,”
IEEE/ASME Transactions on Mechatronics, Vol. 20, No. 2, pp.
532-540, 2015.

Kim, H., Kim, H., Ahn, D., and Gweon, D., “Design of a New
Type of Spherical Voice Coil Actuator,” Sensors and Actuators
A: Physical, Vol. 203, pp. 181-188, 2013.

Hyo-Young Kim

Senior Researcher at the Manufacturing Sys-
tem R&D Group, Korea Institute of Industrial
Technology (KITECH). His research interests
include design and control of precision position-
ing system, vibration isolation systems and robot
manufacturing systems.

E-mail: kimhy02@kitech.re.kr

Hyun-Ho Lee

Doctorial Student at the Manufacturing Sys-
tem R&D Group, Korea Institute of Industrial
Technology (KITECH). His research interests
include design and control of precision position-
ing system, vibration isolation systems and robot
manufacturing systems.

E-mail: 1ho3692@kitech.re kr

Seok-Woo Lee

Principal researcher in Korea Institute of
Industrial Technology (KITECH). His research
interest is advanced materials manufacturing
system and machining processing technology.
E-mail: swlee@kitech.re kr

Tae-Gon Kim

Senior Researcher at the Manufacturing Sys-
tem R&D Group, Korea Institute of Industrial
Technology (KITECH). His research interests
are machining process, machining of advanced
materials (CFRP, Titanium and Inconel alloy) and
micro-machining

E-mail: tgkim@kitech.re.kr

- Kihyun Kim
- Assistant Professor in the department of

mechatronics engineering, Korea Polytechnic
University. His research interests include the
design of a high-performance mechatronics
system

E-mail: khkim12@kpu.ac.kr



	CFRP 고속검사 시스템의 능동 제진용 VCM 최적 설계
	1. 서론
	2. 보이스 코일 모터(VCM) 설계
	3. CFRP 고속 검사 장치용 제진시스템
	4. 바닥진동 제어 실험 결과
	5. 결론 및 향후 연구
	REFERENCES


