IR CF e M TR Vol.31 No.9
2023 4 5 H Optics and Precision Engineering May 2023

XEHES 1004-924X(2023)09-1335-12

ETHTEREMENZEEN RPERES
iz Zh =l

{q)%‘?" %}%%a}% éﬂa %E]]%HE
(RXA% st h GHHFR,# A &KX 430072)

FEEL 1 B 8 22 3 TE LA A3 R G0 5 32 AR AT R R 25 5 MR T BT B R AT I A, B R — o 2k 1 2 2 AR RN T 45
il #% (Tterative Learning Model Predictive Control, ILMPC) % W . 1% % W& K 35 - Dl i R B S A7 88 458 25 T e o Ul B L B9
B %15 Pl SR ) TLC 3% AT B 8 L0 % 20 15 22 , 1) T MPC X B A8 0y J) 30 9 DA Bl ek AL 19 L A 5% 25 20
T o e 2 AE 0Tl BB ML IE B SC B0 F & LG I 5R  EAT BT BR R S0 UE o SC IR A5 SRR W] A f R A A DX g D Bl
FL ML B 07 B B B i 25 38 B 1. 447 8 LE T PID #5461 \MPC .DOB+MPC L & ILC+PID 4 45 45 il #8 55 Ws , 2> S B A 1
99.64%,98.52% ,98.26% M1 73.33% o HFFEEEHRIGUE T BT 4 H A9 ILMPC 5 W 78 #3204 7 A7 32 158 25 R & A7 %
VS B T 0 A RO T2 TR S T T A S R 22 3 S U PR 6 B i B A R 1 S P L R A 1

X B W EHEHERF TR RN S BEARGEE S

RESFES TP249  X#EIRIRB:A  doi:10. 37188/0OPE. 20233109. 1335

Motion control of multi-channel double crystal monochromator
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Abstract: This paper proposes a control strategy to address the issue of crystal parallelism errors that af-
fect the performance of the new multi-channel double-crystal monochromator (DCM) system. The con-
trol strategy integrates iterative learning control (ILC) and model predictive control (MPC) to reduce ran-
dom position errors of the slave motor and eliminate repetitive mechanical installation errors, respectively.
The parallelism errors between the master and slave crystals are converted into the repetitive reference mo-
tion trajectory of the slave motor, and the MPC is used to improve the slave motor position tracking within
a single rotation cycle. Meanwhile, ILC iterations are applied during rotation cycles to eliminate repetitive
mechanical installation errors. The proposed control strategy is verified using a single-axis motor motion
experimental platform. Experimental results demonstrate that the motor position tracking error reaches
1.44" - reduction by 99.64%, 98.52%, 98.26%, and 73.33% as compared to the errors of PID,
MPC, DOB+MPC, and ILC+PID combination controller strategies, respectively. The proposed con-

s B8 :2022-12-31;1&1iT H #8: 2023-02-01.
HEWE : BHRARBAE A BT H (No. 51375349)



1336 e K TR

31 %

trol strategy effectively compensates for crystal parallelism errors and improves parallel alignment accuracy,

providing practical application value for the performance enhancement of the new multi-channel DCM system.

Key words: motion control; iterative learning control; model prediction control; multi-channel double

crystal monochromator
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motion path planning of crystal rotating shaft
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Fig.8 Frequency responses of experimental system
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Tab.2 Error results of fourth-order motion reference tracking
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Fig. 10 RMS error convergence at different iterations in
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