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Abstract: Notably, predictive control is an optimal control strategy that reduces the impact of system de-
lays by predicting and adjusting the future behavior of a motor using mathematical models. System delays
are nonlinear time-varying disturbances that are often difficult to accurately estimate and compensate for.
Moreover, they degrade the position tracking performance of conventional position predictive control when
applied to fast responding objects such as linear motors. This study analyzes the sources and effects of sys-
tem delays in a permanent magnet synchronous linear motor. A multi-step virtual positive predictive con-
trol i1s proposed by introducing an active variable speed coefficient into the prediction model to reduce the
system delay and speed up motor response. This addresses the observed decrease in motor speed with a de-
crease in the position prediction error during the tracking process of conventional predictive control, which
often leads to the failure of rolling optimization, and realizes time delay compensation for high-performance
systems. This study experimentally simulates a low-power permanent magnet linear synchronous motor

for medical microscopes. The proposed method can accelerate the dynamic response of the motor and re-
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duce the effect of system delays on the tracking of different types of curves such as triangular and sinusoi-

dal. In particular, the position tracking accuracy is improved by approximately 20% over that of conven-

tional position predictive control.

Key words: permanent magnet linear synchronous motor; system delay; multi-step virtual position pre-

dictive control; position tracking accuracy; speed response
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Tab.1 PMLSM parameters

BH K AL
HLAL S 5T hE () 1.5 kg
FEFAHIHLBL(R) 1.625 Q
SEF LI (L) 0.375 mH
TR AR W5 () 0.017 64 Wb
WHE (z,) 0.015 m
N TTFRE(Pos,,,) 100 mm
Ve 1 (F,,) 11 N
i P F(P,,) 500 w
XS5 (n,) 1 *of

805 20 B AR ZE I T RAH e,

— /iﬂ "de (28)
Crms — T N e ’

;E\:EF' :e%{ﬁﬁﬁﬁl@%ﬁ%;Tj‘:’/%%zlé\ii_ﬁ?ﬁjrﬁjo
(2) I} 1] £ RE 6 A« T 1K 3 B 2k LIz 3l
R R G R
G AT A {2, -

Loy ) (29)
n

Horp e A RGP BEE . e, B e, 48 B 1 L 1
N ARG 7 B R BN M g R B o A 90 2
JEE /N 5 2, 46 AR IR AR/, 2R G0 I SE X 07 B 1V fE
IR
4.2 ZHWHH
4.2.1 Z= 5w & kiz

Oy B8 E 5 A 4% AR ) AR R 38 B B0 Y R

RE , B IS 25 il 2 Oy 20 R = AR Pl £k, I

l
_O 286"‘25, 0<<r<C14.3
P(t)= Z' (mm).
— 75, 14.3<C1<C28.6
0. 286
(30)

P9 g 3 i g il 7 vk AE A1 32 )R A IR
PEREAY X L2 . B 9(a) UK O M@ R, &
W I ) PR R i 2k iz gh ik 02 1 iz dh, 51 A 8
75 A ZR B0 T LU RO PR H AL 3 AR Ak P R
# PMLSM i 2 7 R Pk Bl i K2 % ol i, i 15
AR ST B Ty ok H ML JEE 1Y R 4 R AR S
B A O o B 7R IR st A HIL ] 4R
T MVPPC il it Z 20 2 A HE T 1 190 00 455 7Y 174 4
fiEs , (o 75 LT T 3 e 7 9 I R R 8 7E VPPC 1Y
Enh bk — AT, Ko M T CPPC,

® /1O V"“.I‘IZTA-.‘.);%—-
0242 At,,}W/Oms /-”’ // A1, =60 ms {2.617
1435 : / T4, g 3
333 - I_,__{ ot 133 146146
R
S 1.661
(%' T — CPPC
2 0 ke d VPPC
e 4 | = MVPPC
&-1.66}
-3.33 : :
14.3 28.6
t/s
() HE-HES%

(a) Simulation-speed reference
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Position error/le-3pu
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(b) Simulation-position tracking error
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Fig.9 Triangular curve tracking

MVPPC i 8 it FEAR K2 T 60 /> R A% JEl 41 isf 1]
AR P Bl R IAE I 9(b) M 9 (), VP-
PC 1 BRI 1% 25 IR (W /N T CPPC i — 25 ir 2 11
B MV PPC %2 22 i {5 43 28 /N T 55 S0 W R4 31 4%
I HL il 28 2 6] 77 78 W S A 00 B R 22, R JE Y
HL ML AT S ERER I AT CPPC i & F VP-
PC 14 ,MVPPC Fe ik AR EIREIRE . X &
FE S, CPPC M VPPC X i 4 %h % (14 2% SR A7
R, Jr L3 F MVPPC 1 2 45 10 J7 206 5 45 i
HE ) o5 PR B AN 3K B T N 5 G5 I E X 4 ] R

SR

M52 ihkiz sy &R BEL S, 5 R 9(b)
(05 LR AR L, T 9 () BT AT 52 B I B il 26 2
A R S T R B . — I e R S bR
B TAEAE AR BRAR T 00, BV 45 o) 5 56 1y 1 BHL
JeNs L, FEAR IR S ECE R i 2 2 b B B
FEUR A 5 55 b — T 1T 2 S B 2R 46 B AE 5 0 B O &
2 H 2 ARtk Ak, R )2 DLAR Dy ) 85 3 iz 8
AR R E ., M H ML NG TR RGN
FEAE T B 3 3l AR 1R BN Y SR B S [
BF R AL A 2 DL e K B O R IRl Ty 1 i8 2 o i
BB I S, L 5l 7 A 1 R K B i
Bl MR . AEE 9 i — A e =
oo ) SR W R AR 25 7 A 5 3 7 iRE W] L R
FIMVPPC fy B 55 i 28 152 22 7 49707 58 iR {8 e /)
HXE 22 i 2 %) R B P BB T A B R T 7k

]I, 76 BE SR S 4 sh AR T, T A i 4k 7
A B R SRR v R B TOAS R R R Y U B R 4 AR
P52 2 1Y Pk B 48 bR 8IS 5 iR, MVPPC 1) I e, IR
(B 5/, B P Bh X g ma e de /. BB Ah L B
W HA S 8, MVPPC 1 e, F1 £, iR A
Byt /T o5 AW R R L 2% , HAEXS T CPPC, e, Ml
L AR B b BN T2 20% . X WA
TE IR B = A2 b, MV PPC BE AE % hin b o, A1
JEE e 17 ) B A 20 A AT 3R 95 ) S ) 52 ) LA 4 v o
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Tab.2 Performance indicators of triangle curve

i & iy
e,[1.00X10 “pul  e,[1.00X10 °pu] ttms]  ¢[1.00X10 *pul e, [1.00X10 *pu] t,lms]
CPPC 2.63 2.63 16.13 2.73 2.76 26.25
VPPC 2.62 2.62 14.42 2.70 2.76 25. 86
MVPPC 2. 10 2.10 13.53 2.28 2.31 25

4.2.2 IEFXw &R

Shy U6 UE 95 1) #5% X 1E 5% 1 2 0 R R R g L i
IBUIE 5% h £k pR AR 5000 -

P'(¢)=25sin(2xz/25)(mm). (29)

10 25 PMLSM (1) R &5 1E 5% 47 & 14 58 XF L

SIy . GER KM, HTF MVPPC B PMLSM 7£ i

5 1F 5% 28 2o B v A ] BE 22 T DL RE 5 O

T CPPC, Mo — > S i i 2 2 i A o L i 2
i I BE N B — BEAH [R] 1 2 A2 8 iz Bl B B .
TE 3% A B B 9 B B b, MVPPC BE 8 4k 22 {1 £7 L
220 TN 5 20k 28 S8 I A f Ab £ (] IS LA T A5
B ep N h A AR AR NP Bl T s A7 R R R . A
K 10Ca) i s lCR I @ MO Bk |, A1 88T CPPC,
MVPPC 4% T 31 ms fi ik B i K, H MVP-
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N MVPPC 2 5 HoAth il £k 22 P& W gl hn K .
Eiﬂﬁﬂﬁ#ﬁﬂ%ﬁ% 34 % PMLSM ik 3| i K iz
T E S, 5 MVPPC v & 152 22 il £ 8 {5 22 15 ik
%Uﬁ‘fdto WA 10(b) FE 10Cc) s, /T KL B &/
HH R B A i 2R R A R, MV PPC i 4R (B 3
AN AR 2, HLAE £ RS A A KA R 22
X5, %1t CPPC /b T2 21%
4E 5 R 3R R AR , MVPPC 7E e, Ml £, i
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e ) R [ A DN TR G I AE S e DA
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Tab.3 Performance indicators of sine curve

. fi5 2L S
SR
e,[1.00<10%pu] ¢, [1.00X10 *pu] t,[ms] e,[1.0X10 %pu] €[ 1.0X 10 *pu]] ¢, [ms]
CPPC 1.78 1.98 16.12 3. 09 3.42 26.16
VPPC 1.77 1.98 14.91 3. 06 3.39 25.17
MVPPC 1.42 1.59 11.78 2.52 2.79 20. 94
5 % B3 T X 130745 30 R BT 7 1 524 L o B

S 25K AR V7 R 52 BIR 4 ) R, AR S MR A Ak
B A% G o7 I 4% ) G 3 R B A R A J5 R T — 22l AU B . e,
B A2E | T B 50 5 R 60 DF o o KT T8 AR AN A2 RSO T T R GEAE ) ) A SRR R T IR
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