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Abstract: Force ripple in permanent magnet synchronous linear motor (PMLSM) is an important factor which prevents
it from acquiring smooth velocity response. To eliminate its influence is a problem which must be considered in controller
design process. Firstly, the characteristic of the force ripple in linear motor is analyzed and its value is measured. Then,
spectral analysis is done on the measured result, and the main harmonics are obtained. Thus the mathematical model of
the force ripple is built. Furthermore, based on the built model, feedforward compensation of the force ripple is carried
out. Finally, experiment on velocity loop with a sliding mode controller is done to verify the feasibility of the approach.
The experiment results indicate that the force ripple compensation is an effective way to improve the performance of the
linear motor servo system. When the reference velocity is 0.1 m/s, the fluctuant value of the steady state velocity response
is reduced to 1.83%.
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2 HEZ&HBLHE S BB 5 Hr (Force ripple
analysis of linear motor)
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Fig. 1 Single end model of linear motor
SR A TAT BR a0 #r, W LA 21 2 i i 71 )
HHIESH
F, = F(x). (1)
A i i 718 7 i 2 5 7 i ) it e KN HL BB
&, 17 A S, B
Fer = _F(—(JI + A)) (2)
Kb A= L — krod B be K BE, m2 i, ket
AR B0 T R S i 78 ) AT A A A i ) 22
A, B
Fo=Fy+Fy=F(x)—F(—(z+4)). @3

53 U587 9013 A S 55000 JE T
L, TR
Fo= Fat Fa= 3 Fysin o <x+ ?) )

n=1
A T AL i 0 g ) R R AR R A A U .
B ANYRNERERE SRS, TP S T2
SORMIARZE s . BRAL BT ANE LB EHE T IR AR 2 1
g, B IR R ). T HEIR) D 2 LI R
0772 FRAT R I 52 T )RR REAAR G R 1R Tl WK )
Sl B A
f = uN, o)

Hob: phPEERBL N = Fy + mgHiEE ). |
K247 BR T2 M 45 B 40, T2k B S LI [ W By
ST AR PR AR AR ), JEAR A R A — N IR
UE B e IE gl FE rp A A R, A A
TR AR AR — 2L
14600

14400
14200

14000

EG1 0 /N

13800

13600 1 1 1 1 1 1 1 1
0 50 100 150 200 250 300 350 400

AR/ ()
2 RS BRITT T aR

Fig. 2 Finite element analysis result of the normal

component of the attractive force
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ripple measuring and model building)
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Fig. 3 Test-bed for force ripple measurement in linear motor
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Fig.4 Harmonic component analysis result
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Fig.5 Force ripple curve
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controller design and experiment)
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Fig. 6 Velocity loop control diagram
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Fig. 7 Block diagram of the velocity control loop
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Fig. 8 Compensation effect contrast
5 458 (Conclusion)
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