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Analysis of High Speed Linear Motor Feed System Characteristics

S. M. Yoo(College of Mechanical and Industrial System Eng., Kyung Hee Univ., ILRIK)

ABSTRACT

A brushless linear motor is suitable for a high-accuracy servo mechanism. It is also suitable for operation with
higher speed and precision. Since it does not involve some sort of mechanical coupling, linear driving force can be
applied directly. Basic models including magetomotive force and electromotive forces are introduced and simplified.
Both conventional PID and fuzzy controllers are implemented and performance results using those controllers are
compared. Along with better simulated performance observed using fuzzy controller, further fabrication is to be
included with various empirical results. Several system operational characteristics have been observed. Typical
nonlinearities as friction, cogging and torque or thrust ripple that might deteriorate system performance would be
tackled using presumably effective method such as neural network based learning controller.
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Fig. 3 Position error(Medium)
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Az et $E4HE HFAN2E T BEA2Y
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-6).

7t AHER Y E4E BH A wolx
AR A fastestZ T+ F MERAIE F713)
o AEAIZE ¥37E glfed & A A
7}& 5 9] A F7) fastest® BFE B4 HEg
vl oH(Figs. 7-8).

#2}

o0 3R JN

AE RMS comparison
180

160
140
120
100
80 -

40 A VALV,

0 10 20 30 40 50 60 70
No

o
A l
/ !\/¥ \A?\ l‘\ /l\/\/ v\l\“r\,//\v
\

RMS of AE

Fig. 5 AE RMS level

RMS comparison (acc_x)

\
H
A
‘\'H \
I ‘
L u*\/\/ i

{
1

“~ oO0®m>»

400 ‘," ‘
\l

!
1
|

f
[N1mird

Bt {u\l\l

VN ".’

RMS
8

l ’
100 N \'\/\'\/'\\-’\/\’ A~ N AN A

0 10 20 30 4 50 60 70
No

Fig. 6 Acc_x level



Target pos: 200 {mm), Sensor at A

]

RMS Level

o

SLOW MEDIUM FAST FASTEST
Location

Fig. 7 RMS level at A (target position 200
mm)

Target pos: 300 (mm), Sensor at A
T

RMS Level

SLOW MEDIUM FAST FASTEST
Location

Fig. 8 RMS level at A (target position 300

mm)

ta

&2

ALE T ol fA|2Elo A
Foairt d& gUoJEHE
Aess g ASAE, dd F fringing &
B2 Qlale] BAEE vh, cogging 2 ripple A0l
Aoz z#3ln g ol ARFHo LA F 9
o7 e Tttt AFFE ALEstE Aoy
Agg dejrt AoE A G wAdHaAE TF
B4 e 4 setst § Bl oAE HAHEE

.

k.
o
-

-996-

g 3t ol
AgstnA st AUGRH olfAE &7}
s lon a&GHoA HE57] o
Aoi71el FAE FYstn ol FHY  Ax 7]
HE Agsnz o

Ay eyoimeoldAe] FAFHE A7
A Az vhobg & glon o]F AT AEE Ha
a7} fat] AARIIYE AR VRE M2
B3t HAZHAAE Atuat @

o

=

°©

o

= T

s

1. Renton, D., and Elbestawi, M.A., "High Speed
Servo Control of Multi-Axis Machine Tools”,
Int’l J. of Mach. Tool & Manufact.,, Vol. 40, pp.
539-559, 2000.

2. Ha, K.S,, Im, T.B,, Chung, J.K, and Yang, ] M,
"High Speed Position Control System with
Linear Brushless DC Motor”, Proc. of ICEE,
Vol. 2. pp. 259-262, 1999

3. Kumin, L., Stumberger, G., Dolinar, D., and
Jezernik, K., "Modeling and Control Design of a
Linear Induction Motor”, Proc. of IEEE, ISIE,,
Vol. 2, pp. 963-967, 1999

4. Bassi, E., Benzi, F., Moro, F., and Buja, G,
"Force Disturbance Compensation for an A.C.
Brushless Linear Motor”, Proc. of IEEE, ISIE,,
Vol. 3, pp. 1350-1354, 1999

5. Choi, C., Tsao, T.C.,, and Matsubara, A,
"Control of Linear Motor Machine Tool Feed
Drivers for End Milling: Robust MIMO
Approach”, Proc. of ACC, Vol. 5, pp. 3723-3727,
1999

6. Hu, AP., Register, A., and Sadegh, N., "Using a

Learning Controller to Achieve Accurate Linear

Motor Motion Control”, Proc. of the

IEEE/ASME Conf. on Advanced Intelligent

Mechatronics, pp. 611-616, 1999

Min, B.W., Choi, JH., and Lee, J., "Thrust

Ripples Reduction in the Moving Magnet Type

LDM by using FEM & Phase Control”, Proc. of

the SMIC, pp. 301-304, 1999



