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Development of a Brushless Linear DC Motor for
High Speed and Precise Position Control

Kang-Won Lee*, Young-Jun Cho**, Chang-Seop Song***

ABSTRACT

Recently, we have developed a linear brushless DC motor(LBLDCM) with high speed and precise position
control performance to apply it to the semiconductor assembly and inspection machinery. It is composed of
double side alignment by two armature-stator pairs and each pair is consist of a moving armature with 8
poles by 3 phase coils and a stator with rare earth permanent magnet (Nd-Fe-B) arrays.

Through the thrust force analysis on a simplified and whole model of the suggested LBLDCM by an
Electromagnetic FEM solver, skew angle of magnet arrays to reduce the thrust force ripple and the winding
conditions of the armature is designed. From experimental results, the user’s requirements was. satisfied
and we confirmed distinctly that the repeatable accuracy less than a micron of the linear motion can be
obtained at high speed by the developed LBLDCM. This is owing to directly drive the work without the
gear train.

Key Words : Linear motor(gJ4°] 2H), Linear brushless DC motor(LBLDCM:E&A] $l& 2] JFEH),
Thrust force(3¥), Moving armature(MA: A7]X7H53), Precise position control(F2 #X] Ao}).
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Fig. 1 Basic structure of a moving armature type LDM with-
out brush.
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Table 1 Desired specifications of LDM.

Maximum force 800N (10% Duty)
Continuous force 350N

Maximum speed 2 m/sec
Maximum acceleration 2g

Load inertia 5 Kgf
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Fig. 2 Section view of the LBLDCM with double side aligned
moving armature.
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Fig. 4 Magnetic circuit of a LBLDCM with 3-phase commu-
tation.
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Fig. 5 Simplified model of LBLDCM with a 3-phase single-
pole structure.
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Fig. 6 Thrust force distribution in a magnet segment for
various skew angles.

7} 50mme] £19mm¢ A& I 4mmE WA F
7127z dzte] AAtzto]l 10°HEY W FYz Eo
73] Zo=& A%E EF Jon, 83 Asizld g@
FAFE L AsEA] Gu FHe o] 3%0l3l2 ZolE
At

AT 10° ool & B FL 2F AT FAHFE
A7t ol Foit. 3 EE FY & e AN )
A ZAZE ANZolst WA oFle AFHE &
Zoltt, wEbM AT AN AY 3T FAE F
gto] FHYZ A4 27 Y (Cogging force) S H2 38
& + 3t

4.2 52 8

vHY 34 83 A4 3AFE dHsta A4 o
Fa LASE 29¢ d4sg. 2 2% 83 729
34 mgl U $Ye U3Y 2URYS wae
Ad 1, 7t 98 AR B AuARA7 4
st

Fig. 72 109 A& Fol A48 WiRE 337
s 83 AAARS A2 BEEA 29 WAR FRY
Blo] Hstel Qsbsle AR $FE LA G2 A7)
RS A ol SHEA 2 Ao stel WAL AN F
YREE dehiget. ol B2 94 2de A7
$g zelstel 4 4ol 290 Adato Aok 4 X
A skl AAA P, olsh 2o] ANT YA
Qo4 eelEel 97k 4 Unt.

A4S G2 olfE o3t Be BT 729 3
B¢ AEE AT Fasske vish 2eg] Fu)
3ol k. wHkA 32 A% ol BE 29 A4 2%
g £z vuY 83 W44 234 4L FR Az
s7u sl 228 WA B WAL AR

x o

-}
_7‘.‘_

-150 b
-200

Fig. 7 Thrust force analysis results of the whole model for
the suggested LBLDCM.
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Table 2 Design specifications.
Structure Type Double side array]
Pole pitch 23 mm
Armature [Coil diameter 045 mm
No. of turn 58
Yoke
(LxWXT:mm) 1000 x 100 x 8
Stator P.M 50 x 19 x 4
(LxWXT:mm)
Skew 10°
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Fig. 8 Experimental apparatus for thrust force measurement
and performance test.
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Fig. 9 Analysis and test results of the developed single side
aligned LBLDCM.

5. #& AMAH HA & MZ

gyol AFEH T5& A% 7|&9 PWM %49
AC NEZFZ7E 718 7I£= 319 Yol XH A&
ol 2 80 gt

HeF 28 75T sigtd Holg 2H (Thyristor) 9]
A AFEA T MOSFETAAY] 293 54E& 1
3t e nAG AR vlelEg 294 IGBT
(Insulated Gate Bipolar Transistor)Z ©|&3sitt.
2 ALy IYH #= 2L IGBTE 1200V,
400A°] AL 15~20KHz Hgo2 293 & &+
= Ao Hasy g} o

3% 120°EA Ao (Commutation control) & ¢8}
3789 F(Hal)aAel & A3 AE328 4A89
4 £AAe)d 4301 EF, vlo] &g} oplza A
& ] 2sto] PN L8 AAY F JEF 4A
et

Fig. 1014 Aolg¥si 2 A53E71(A) S Ae4
=237)(B) ¥ 4= H9Y I2(C)Z o|FojA}. &
= 599 Aze 2yol AR YAE Ao W
3 o5& 238 + YA . AFAFZEE)
g B9 AF Ase AF FEI2(KG AF =149
A2(L)d g3t Frido] 120" BHAER UEH
Z} Aol A7kEe ARE FE3a, PWMF) 24 &4
2] AoldH & AQIutgE ME(3KHz) @, AY4a
AL FE7 948 FEIZ(H)S IGBT() (6MBI
30L-060, FUJI Elec, Co)= AEZEE3} 24A75&
7R 2 giet, e MEZE7]e] AL Table 38 2
t}.



AL F A A15F #1035 (19989 10€)

Fig. 10 Block diagram of the servo amplifier for LBLDCM.

Table 3 Servo amplifier specifications.
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Fig. 11 Measuring results of repeatable position accuracy.

Fig. 12 View of a developed linear brushless DC motor with
double side aligned moving armatures.
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