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Abstract— Recently, there is an increasing requirement for
controlling linear motion up to a few hundred of milimeter
strokes in the area of the liquid crystal display (CD)
production equipment. The requirements of the motion
system for LCD production equipment are high
acceleration and high velocity with positioning acaracy. To
satisfy these requirements, it has to be designedittv the
high-thrust force and low velocity ripple. In this work,
high-thrust and double-sided linear synchronous mair

double-sided LSM module is verified by performance
test.

2 Configuration of LSM module

High-thrust and double-sided LSM module is
consisted with mover and stator as showed in Figure
The mover having coil block and core is assembled
with 2~8 coil block module according to requiring
thrust force as showed in Figure 2. The statorravi

(LSM) module is proposed and the developed high-thst
and double-sided LSM module is verified by performane
test.

magnet and yoke is fixed with guide rail.
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1 Introduction

hagnet Stator

Recently, there is an increasing requirement for
controlling linear motion up to a few hundred of
millimeter strokes in the area of the liquid crysta
display (LCD) production equipméft Linear
positioning system with direct driving method suash
piezoelectric drive and permanent magnet (PM) motor
could offer significant advantages over conventiona
linear actuation technologt&d. Among these direct
driving methods, motion system using linear mogor i
a proper method for long stroke and high accd‘fhcy

The requirements of the motion system for LCD
production equipment are high acceleration and higtr
velocity with positioning accuracy. To satisfy thes
requirements, it has to be designed with the
high-thrust force and low velocity ripple.

In this work, high-thrust and double-sided linear
synchronous motor (LSM) module is proposed, where
mover having coil block and core is assembled with
2~8 coil block module according to requiring thrust
force, stator having magnet and yoke is fixed with
guide rail. The developed high-thrust and
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Fig. 1 Configuration of the high-thrust and double-side&tM
module
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Assemble Reference Bump

(b)

Flux Path

Core Gap
(c)

Fig. 2 Configuration of the assembled coil block and c¢a¢
ISO view, (b) Side view, (c) Top view

By using assemble reference bump, core gap'
between coil block can be adjusted in assemble

process of coil block. Flux path is constructedhwit
double side of core.

3 Design of LSM module

(b)

(©
Fig. 3 Flux distribution according to finite element moaé
LSM module; (a) Front element (b) Middle element Rear
element

Tab.2 Specifications of LSM module calculated by FEA

Requiring specifications of high-thrust and

double-sided LSM module for LCD production
equipment are listed in Table 1. In the design 8ML

module, the shape and size of mover and stator ar

determined by using the electromagnetic analydis wi
finite element method. Figure 3 shows the finite

element model of mover and stator at front, middle,

and rear element of mover. In Figure 3, core shupe
mover is designed to minimize the cogging force

generating by magnet and core.

Parameter Value Unit
Rated thrust force 2520 N
e Thrust force constant 52.5 N/Arms
Phase current 48 A
Max. velocity 1.02 m/sec
Back EMF constant 421 VrrnTss)/(
Mover weight 34.3 kg

Table 2 lists the specifications of LSM module
calculated by finite element analysis.

Tab.1 Requiring specifications of LSM module

Parameter Value Unit
Input voltage 440 \%
Rated thrust force 2500 N
Motor
Max. thrust force 5000 N
Max. velocity 1 m/sec
Power source DC 44( \Y
Driver Peak current 96 A
Continuous currentf 48 A

Figure 4 shows the air gap flux density
distribution according to slot number per pole aed
phase. In Figure 4, air gap flux density distribatis
similar to sine waveform according to slot number
increasing. The LSM module having more slot
number has good performance in the motor
characteristics such as force ripple, efficiencyd a
vibration.

Figure 5 shows the back electromotive force
distribution by finite element analysis. In Figube
back electromotive force is similar to sine wavafor
by magnet shape modification. Figure 6 shows thee on
side cogging force distribution and thrust force
distribution by finite element analysis for mover
moving distance.
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Fig. 4 Air gap flux density distribution according to slo Fig. 6 Force distribution for one side; (a) cogging fo&®
number per pole and per phase thrust force
120 P 4.2 Driving circuit

Driving  circuit is  manufactured  with
TMS320F1812 DSP, which has 440V input voltage,
resolver input, highly speed computing function of
150MIPS having 32bit and I/O function and motor
drive function. Figure 7 shows the process block

Back Electromotive Force (V)

e diagram of developed driving circuit. Instant véida
AT of input voltage having 440V is protected by
0 501000180200 280 300 regylation module. DC-DC converter and SMPS are
. WosPodismncrliimmg: used as electric power source of controller an@ gat
Fig. 5 Back electromotive force distribution driver. Current feedback and position feedback are
. used for current and velocity control. Thrust force
4 Manufacturing of LSM module control is conducted by control of current.

Manufacturing of LSM module is consisted with
assemble of mover and stator, driving circuit for 1K : :
driving the assembled LSM module, and driving ‘_DCMUV il sl Powst Transform
program for control of driving circuit.

4.1 Assemble of stator and mover - l

Velocity Torque Current Voltage
The mover having coil block and core is Contate Conrole
assembled with 6 coil block module, where coil kloc

is fixed to core by screw. The stator having magnet

Power Transform =

Cusrent Feedback

and yoke is fixed with guide rail. il
60
2 40
g Fig. 7 Process block diagram of developed driving circuit
T 20
=1 Mgy
L L ” - 4.3 Control program
83 ' ™ W R N\\ ) HMMAJ H . .
o W To drive the LSM module by using resolver input,
2 driver program using sinusoidal driving signal is
2 40 developed.
60

0 0 o0 10 200 20 300 o EXperiments and results
taoving Distance (x0, Tmm)
(@) To verify the applicability of developed LSM
module to the LCD equipment, performance test is
conducted.
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5.1 Thrust force ministry of knowledge economy [MKE] through the
fostering project of the industrial-academic

: cooperation centered university.
dynamometer. Figure 8 shows measured thrust force :

according to velocity condition. The thrust foraw f
rated current is average 2.5kN for operating véjoci

The thrust force is measured by using the
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Figure 9 shows the current signal measured * || '
according to driving condition. Current ripple is _ i }
dominant in reduction-load condition. ; !
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Fig. 8 Measured thrust force according to velocity cdndit o Eb) )
Fig. 9 Current signal measured according to driving ctioati
6 Conclusions (a) no-load (b) reduction-load
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