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A study on the optimal control of Long Stroke Fast Tool Servo Systems

S. H. Lee(Control Instrumentation Eng. Dept., GSUN ), C. H. Lee(KIMM), G 8. Kim (Control
Instrumentation Eng. Dept., GSUN)

ABSTRACT

With a rapid development in the area of miero and ultra precision technology, the miero surface machining of small size
parts are explosively increased. Especially, to improve efficiency of various beams in lens and reflector, non-rotational
symmetric form and several mm level heights changeable surface can be machined at a time. These geometric complex 3D
surface cannot be machined by general short stroke FTS. The long stroke FTS if firmly needed to move directly several mm
and have nm level positioning accuracy for the complex surface form. The long stroke FTS used linear motors to drive
moving unit long and fine, aero static bearings to decrease friction and moving errors in guide way, optical linear scale with
nm level resolution to measure position of FTS. Furthermore, to increase the performance of acceleration of FTS, the light
material, such as AL is used for the structure and the high stiffness box type structure is selected.

In this paper, the genetic algorithm approach is deseribed to determine a set of design parameters for auto tuning. The
authors have attempted to model the design problem with the objective of minimizing the error, such as variable pattern

change. This method can give the better alternative than existing other method.

Key Words : Fast Tool Servo(1& F 1 ©]% 7F3]), Linear motor(2] 11¢] RE]), Diamond Turning(T}e] e} 5 A4h),
Optimal control (2] 2 A o)

1 A= d 4l 2ol FHEEE 013 FIS A

Fesf Fas BEol A% 2ol 249 24

Az vlel2z slge) ¥z e 24Y BE ¥ 2E9) a0 A% 94 skee) Bayel 3
289 Fa0k THAY, $F 3T AE 9 A ABo=A 7129 DA FIS HokE B4} &

TE Zopolld Hah, ¥ 8 HEA Ay S8 o ElE A=E AAE FIS £ A0l S718t 1 ok
G EolE ZdiEHs D A HES ool ol#@ Yol REE ©|&% A2 1§ FIs =
E A4 e 22E AHEd g4 9 sEde BAE 5 FIS AHg 4] ol% Azl AT 2 &

9g 4 Ao WE, 9= 39 3 F= FF R 7] Acle ooz 9% 43 49 4= W
g2 slEsied AeHn Ok 88 04 93 Ao e xEsE o7l Pa WA A7 =Y
£9 soit I3 93 B8 AB7Ee] s A 2 99 FEF F mm AR gdo] MEL EA
AzeA 39 A0 2 FFe TR o m¥ @ + Y= BHE AdRS BT ol
2@ olsid 232 9A MdD EEAB7] FIs o Ao HetdE Tuming o B BEE #
e QudEd z 3 239 ABAA Essl & EW 3499 9% 95t 4 AR £ 9B 24
AYm, F1He2 m& FTFOF FAE AFA b e
°} #m o] Pla o] EFT(Fast Tol Servo, D g A3E oledd Avel mEE 8% FAe
FIS)l £ 24¢ $4ech dels 1EAs) 8 FIs 79 A H29) AdE 74 @ + A= e

He 942 7 dnk AgAts 2 3™ EE 4 HEE dAsts A22A, gvie] ZE % F7] H

818



g g AbEso 376 9 7HEES 10mm 9 58
ol4re] 7153 AAE FTs & FEE90. a3ln
54 FHE olEstd AEgTE Tt et E
9] 23 W2 =E Ziegler-Nichols ®H 3} Relay A}
% 528 AMgde HE 5ol AR d7]¢A
= AddE Ax"y o3 e HiaFse F3F A
o] (Optimal Control)2- ©]-& &} t}.

2. HHMeE| 5 Frs A

Figl & FIs € 429 233 71378 Ho+
o Atk A7]dlA FTS & YA a7 wa F
AgleldA &5 FH57 w2 FIs & gAY
AeME FEDR 7 et g FTS & bR
ol A mhge] Zolel FHrt

olfF 2L REEHI] fHHE 1B F2F
o AF7A "ol AMEHAR AL 4 A2 A
BEE 2+%RY AE= AL & 7 gk =F st
R e otdsd 25 238 HEE F4A5]7
A& LM skl A2 AkE =7 ok

FTSController

K- Bis
GCuidews

Fig.1 Schematic of Fast Tool Servo aszembled on diamond
turning machine.

Fig.2 Assembly drawing of the FTS.

Fig.3 Location and form of porous air bearing.
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Fig.5 Comparison of Step Response.
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Fig.7 Flowchart for selection of optimal gain by GA.
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Kp Ki Kd Error
1 0.077066 | 0.060231 | 0.000651 2.6538
2 0.20466 0.11983 0.001279 2.5099
3 0.29134 0.1316 0.001578 2.4667
4 0.32056 0.17948 0.001571 2.4636
5 0.32053 0.19269 0.001571 2.4635
6 0.31921 0.19796 0.001571 2.4635
7 0.31918 0.20932 0.001571 2.4634
g 0.31918 0.20932 0.001571 2.4634
9 0.31918 0.20932 0.001571 2.4634
10 | 031782 0.21571 0.001571 2.4634
11 0.31782 0.21571 0.001571 2.4634

Table 1. Selection of optimal gain by GA.
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Fig.8 Step response of optimal gain by tuning methods.
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Tuning methods Errors (norm)
Genefic 4.6802
Relay 10.3030
Ziegler 12.3770
Free Choice 10.0659

Table 2. Turning Surface Errors with Tuning Parameters.
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Fig.10 Tuming Surface Errors by GA.
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