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Performance Assessment of Linear Motor for High Speed Machining Center

W. P. Hong, E. G. Kang, S. W. Lee and H. Z. Choi (KITECH)

ABSTRACT

Recently, the evolution in production techniques (e.g. high-speed milling), the complex shapes involved in modemn
production design, and the ever increasing pressure for higher productivity demand a drastic improvement of the dynamic
behavior of the machine tool axes used in production machinery. And also machine tools of multi functional and minimized
parts are increasingly required as demand of higher accurate in some fields such as electronic and optical components etc.
The accuracy and the productivity of machined parts are natural to depend on the linear system of machine tools. The
complex workpiece surfaces encountered in present-day products and generated by CAD systems are to be transformed into
tool paths for machine tools. The more complex these tool paths and the higher the speed requirements, the higher the
acceleration requirements are needed to the machine tool axes and the motion control system, and the more difficult it is to
meet the requirements. The traditional indirect drive design for high speed machine tools, which consists of a rotary motor
with a ball-screw transmission to the slide, is limited in speed, acceleration, and accuracy. The direct drive design of machine
tool axes, which is based on linear motors and which recently appeared on the market, is a viable candidate to meet the ever
increasing demands, because of these advantages such as no backlash, less friction, no mechanical limitations on acceleration
and velocity and mechanical simplicity. Therefore performance tests were carried out to machine tool axes based on linear
motor. Especially, dynamic characteristics were investigated through circular test.

Key Words: Linear motor(#] 1] ©] 2. E]), Feeding system(©} % 7l), Machine tools(F 2+ 7] A]), Positioning error($] 2| 2 2},
Contouring error(& % 2 2})

1. ME o, 2B HAnE FIAE AT HE T
& & 71EoER AT FIAE Ailo] Fast
Hite] AMAAEL Fgzbe] gto] Yo o, 9l ZEE] JME At 7tEE dEET
UEags 4ol FHEAL £F T A A g sjsted viEke BdA HEE Dy
trlsst 3 2¥svr g48A ddEn e, oefzbA eAF UJAEE 7FA A ok 11 FelAME
of7lo] BHz2g gio] AFe nABr} O o= FA7Ale st FFEe et M 2 A
ek Z2skAl a7 ok, ol wel FEv)A S uHoh 2% W ] aRYEY REE T
g o)&% A stEviee oMol TrtEA s 7] sire R FURE vl #rtsidd
AR FERNAN BRE AAFAE v A g 2 Ang dAll wkdAZ et ek A7
of Wit Hrkvh B #alg moq gl ol b W, oma pAvAe gEnE EHse) ayshe
T8 TAEY RUEE 248 7Ed 247419 AUyt #63 Ug F dtie gy AES
Az o) 57 wiolr} 7b&akofof gt
ditgom 7ty FHEo Fgnd gd ¥ 7| Ale] AdEE TEEe i vt w7
AET g D vEetd v Ede] 4 HEE T ool FAEFIH7|TISOY dEFATHUIS)

158



orE BATIAL FUE Al
A msel B35
HHed A FRE A

shebdel 4UE, o
a

i
i
&
=
ok
tjo

2

olf
o

i)
1o oX

e
g
Bl RPN

M
-}‘ﬂ "
o

N

N

to
o5
ot

FR7)AY ol%
L S A
Z9| 7|5t Ael A
Fele AvtoRE B )
£3) NC &7 7 7] A 7}
AL Y A FE ol dd a4
oj2lel, ol& Alol&7]l HF FA A A A
wo] & HelolBR 3t AjadlonA HUx
S #rtsobat gk AA NC BHIAE o]
7EEAl FAEL eatd dEE vA= FArie
oxte VAARD FA E FAAY LA HiHH
f2o] 9% A &% AYZd fd @xtolt),
71E9 A mEo o3 FRVIAY H$ 7
shaka ¢l eataor ofdRol Yy B Azto
ol 2xo| wgle] olg oapdAlo] @ ul
F& AASRAT, oo Wi oo RAATI &
e Y ATk, 2y gy ZE S Ao
Mo WZhAIARS o] &3 28] F9 e
A3k 71A AAel A A de o3t o
Aol AL A7t 7A5sty] wiie] ofo] didt

odapel Adidoz Al w, JlaEHy aa o

s | -y
T 9 oyPuE =

L)
i

o
e
B

o
=
&5 ol

it
2
i)
i
L
r4>
o
-
J\I

[e]
I

o H1
Sl
ol
- -]h“
oxl
p,L
2

I
(a3
Ly

=

. T
rlo

)

3

ool 1& (100m/min ©|4) $Fo| Laoly] w&E
o A% 2 FF X F udk FAA FutHe
Lzt ol ol Fastcti & 4 At

B mRdAe AT 34714 oldAY AL
ol g mAUL FMe wel 2 Fa7 Eb
atir e gue] 2E| iste] 113 o]EAle &
T 5A4% "rkstaa stoh, 5 ea 8 g
E4E ] el agols Ay f#ex 58
EMataah gt

2, AE Ex|

EEE ol&d yuol AlAH 1o
4E "rtetr] skl Fig, 13 #el
FHlE et 2ol Al=gel g A}
1ol vehd 2led, #Hz
116m/minA Lol 7FEE7 H i 46H £
] 7bsd o]s A =wlolc},

& BMek7] Ha] & guz wyes o

& B4o] 7teEte, aLYdE |

F4g A8l deld Hup FAAEE ol &3,
Table 2o #lo]x ZEu}
Apabo] pent glon,

B

i Ho ot JB i1

roh oft m

1

o N
—_— =

1% 85 A

oX foir Mo

b
1
M1
5 ol

Z ] 3.6m/secd] olELE

159

, Balsol 0.0lumAH = ©]

Fig. 1 Experimental Setup of Performance Test of Linear
Motor

Table 1 Specifications of Linear Motor

X axis Y axis

Weight 675(kg) 230(kg)
Max. axis stroke 660mm 530(mm)
Max. acceleration 15(m/s2) 40(m/s?)

Max. velocity 116(m/min) 116(m/min)
Peak force 14500(N) 14500(N)
Cont. force 6600(N) 6600(N)
Stiffness 26000(N/um) | 26000(N/um)

Table 2 Specifications of Laser Ball Bar

Contents Values
Company OPTODYNE, INC.
Resolution 0.01ptm
Max. velocity 3600 mm/sec
Measurement
. 152mm
range(Diameter)
T t
cmperaiure 15.5°C -32°C
range
Measurement
. 15m
distance
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Fig. 2 Result of circular test
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Fig. 4 Following Error of step response of linear motor
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Fig. 5(a) Step response of linear motor(1um)
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Fig. 5(b) Step response of linear motor(2pum)
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