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Performance testing of a fast tool servo

system driven by a voice coil motor

TIAN Fujing'*, YIN Zigiang'*, LI Shengyi'?

(1. School of Mechatronics Engineering and Automation, National University of Defense Technology, Changsha 410073, China;

2. Hunan Key Laboratory of Ultra-precision Machining Technology, Changsha 410073, China)

Abstract: A novel fast tool servo system driven by a voice coil motor has been developed , which has the total stroke of 30mm and the maximum

acceleration of 920m/s. The system model was obtained by the experimental process, which was used to design the controller. The micro-lens

array, a typical optical surface with complex structure, which was machined, and the experimental results were tested and analyzed. Experimental

results indicate that the performances of the developed fast tool servo system satisfy the machining requirements. A good foundation for future

application was built in real manufacture.

Key words: voice coil motor; fast tool servo; ultra-precision diamond turning; micro-lens array
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Tab.2 Machining parameters for micro-lens array

& RS
FE %3 - 300r/min 142 10mm

R4S - 3mm/min

JIRBEIHRHA2 ~ Tmm

HRRTREE 0. Imm

4.2 MIZRSH

P9 Jr 7 S fin A5 2 ) /N ags il 1, £
Taylor Hobson fEE{ (PGI 1240 ) & 1 i T T0F
WA 4 A~ B R RS L A 10 (a) By
/N, E10(b) o 4 S BB R R 2 TR . AT LA

B9 LR INEERE)

Fig.9 A photo of a fabricated micro-lens array
F|HEIE PV {4 0. 764 pum , Bi BN T R 58 7T LA3K
RO I TAG RS . FH2EE Z2YGO 2w iy ot
TV AN A 1 2% THDREDRE B2 147 0 o, 0 o 455 2R
Qi 11 f7R By Ra28. 9nm, X By TR I Al ik &
GRuR R RAE I 1520 T ALK Z 8 3h 45
PERE , X0 A Y 2% MRS B2 7™ A 1 52, &
12 fR A 5 T & B LAY FTS RGN i his
BERESIES, Z B 80 A7 B 1% 2% PV {H R 500nm,
5 3 THDMLRE B2 5 25 2 1 PV {E 524nm KA AH
SR T Z T A AT . XA TR S A LA S
SR T DA e, 32205 A R & F 0y hn AL
IREA AR ) VA 4% o

0.02
. 7
\ , /
-0.02 X — ka4 jf
\ — 1L
r \ FEE4IRZ
é 0.04 N - 133"%%1 7
= . N e é@%z ,}]
- \“ é@%:‘}
-0.08 y y /
A
-0.1 = .
-0.12
-6 -4 -2 0 2 4 6
X/mm
(a) M EHR
(a)Measured data
0.5

Error/um

4 o 5
X/mm

(b)IRZEHRA
(b) Enlarged drawing of error

10 /N B R 51 T P 0 e 4

Fig. 10 Measurement of micro-lens array form accuracy



(FE TR SR S AN S

537 &

Integrated
machining  and

Journal of Mechanical

Advanced Manufacturing

et al. Freeform

Charlotte, USA; the

2 % 3Lk ( References)
N +0.13 519
\ (1] Zoedly, sk, b5, 45, |y b G oo Ry et
\ s i N B AR BIE BEAR [T ] LB L #2224k , 2010,
* um 46(11) ;137 - 148.
\‘ "N LI Rongbin, ZHANG Zhihui, DU Xue, et al.
\zg\ manufacturing  technology for design,
; "\\ measurement of freeform optics [ J].
! NP T -0.38 880 Engineering, 2010,46(11) :137 — 148. (in Chinese)
Y
[PV 523.999 nm | [2]  Patterson S R, Magrab E B. Design and testing of a fast tool
[RMS 36.724  wave | servo for diamond turning [ J]. Precision Engineering, 1985,
[Pa 28.932  wave | 7(3): 123 -128.
[Size X 0.94 mm | [Removed:] [3] YuD P, Wong Y S, Hong G S. Optimal selection of
[Size 0.70 mm | [Trimmed: ] machining parameters for fast tool servo diamond turning [ J].
The International Journal of
B 11 fo g Ba 3% 1ADHURE B ) 2 25 Technology, 2011, 57(1) ;85 -99.
Fig. 11 Measurement of micro-lens [4] YuDP, Gan S W, Wong Y S, et al. Optimized tool path
array surface roughness generation for fast tool servo diamond turning of micro-
structured surfaces[ J]. The International Journal of Advanced
300 : : : : ' : : Manufacturing Technology, 2012, 63(9) ;1137 - 1152.
.| [5]  Scheiding S, Yi A Y, Gebhardt A,
200 | manufacturing of a microoptical lens array on a steep curved
substrate by use of a voice coil fast tool servo[ J]. Optics
8 1 Express, 2011, 19(24) :23938 —23951.
S [6] Kong L. B, Cheung C F. Design, fabrication and measurement
_g or of ultra-precision micro-structured freeform surfaces [ J ].
E 1ol | Computers & Industrial Engineering,2011, 61(1) ; 216 —225.
[7] Douglas S. A machining system for turning non-axisymmetric
surfaces[ D ]. USA ; University of Tennessee, 1983.
-200¢ | [8]  Alter D M, Tsao T C. Dynamic control of the turning process
! : ; : : ; ) using direct drive linear motor actuators| C ]//Proceedings of
=300 51 815 52 525 53 535 54 545 the American Control Conference, Green Valley, USA: ACC,
s 1992379 - 383.
K 12 FTS I TR Z #S8m e [9] Alter D M, Tsao T C. Optimal feedforward tracking control of
Fig. 12 Position of the Z-axis of the diamond turning linear‘ motors for machine tool drives [ C]//Proceedings of the
American Control Conference, Green Valley, USA: ACC,
machine with the FTS performing a micro-lens array cut 1995.210 - 214.
. [10] Stefan R. Development of a precision long-range fast tool servo
5 g:E'L/[? system for diamond turning [ D ].
o . University of North Carolina at Charlotte, 2004.
Xd‘—‘qu%ﬁ Egﬁ@ Eﬁmggzjj E@ﬁ%%‘mﬂ'fﬁj H[i [11] Byl M F. Design and control of a long stroke fast tool servo[ D].
% éﬁjﬁffﬁ‘ *Hﬂ‘é EI/‘J ‘I‘i ﬁﬁ ‘Z)rllj ‘Iitgj éj\j‘ﬁ‘ , j—?ﬁ?ﬁ“ﬁ*ﬁ %_: USA: Massachusetts Institute of Technology, 2005.
Jﬁ}]j][IISQB/ﬁo ﬁﬁ%%ﬁﬁﬂi%‘ﬁ:ﬁ%éﬁ%éﬁj [12] Suesczer. N P in\gz)-;xis turning [ D ]. USA; North Carolina
- . | N tate University, .
*%LFE ’ @ﬁﬁu@mi%\ EEH gjz UE‘ Eﬁ g\ éﬁ‘/E‘_ﬁiﬁ/m E]/‘J l]rﬁ‘] [13] Chen Q. Design and control of a fast long range actuator for
NI, BHRSIN T T —ZMmBIRe2e g Zest single point diamond turning [ D]. USA; North Carolina State
Py a7 — AN B R4 A, O X I 4 R A I3 University, 2009. ‘
[N Sl i - B s [14] Zdanowicz E M. Design of a fast long range actuator-FLORA
I:jﬂ *ﬁo U‘hit’ %% ﬂ ’ F)fﬁﬂ:ﬂ]:u EI/J mﬁ{ﬂﬂ&%jﬁ [I[D].USA: North Carolina State University, 2009.
A] DA M I 1 S T R A AR TR T [15] To'S, Kwok TC , Cheung C F, et al. Study of ultra-precision

TEARE AH R 48 o TG B AR i o, 41 % 2%
GeiE i L s T 5 IR AR .

diamond turning of a micro-lens array with a fast tool servo
system[ J |//Proceedings of SPIE, 2006, 6149 (5):190 -
196.



