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Abstract: To address parallelism error compensation in a dual-rotation multi-channel double crystal mono-
chromator (DCM), we propose a method using an autocollimator to measure the quasi-static parallelism of
diffraction surfaces and an S-curve trajectory planning method. First, we analyze the structure and motion
of the monochromator. Then, we present a measurement system {ramework using the autocollimator. We
also propose an S-curve trajectory planning algorithm to optimize the motion trajectory based on parallel-
ism measurements. Finally, experiments on the constructed platform show that the measurement system

achieves a 0.5" resolution, with crystal angle transitions varying by hundreds of arcseconds. The S-curve
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planning algorithm reduces trajectory tracking error by 58.7% and 63.9% compared to a 5th order polyno-

mial and unplanned trajectories, respectively, with a 6.1" tracking error. These results confirm the meth-

od's efficacy in enhancing the performance of the monochromator.

Key words: synchrotron radiation X ray; double crystal monochromator; error compensation; parallelism

measurement; trajectory planning
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Fig. 6 Strategy of trajectory planning
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AL FE I AE 40,5 °C/60 min, W) R 55 R B 4 5%
%e,=0.05";

(4) B EACR e PR 25, 38 o 8] AL #E 3%
il N B33 2 S5 1 e R MR 22, W e, = 0. 17

Zr bR BT E AR R S A R
% e=Jelteitei+el =0.15", 3 & M ik
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Fig. 10 Motion resolution test results
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Tab.3 Parallelism calibration results of six pairs (")

M L EEAE MEMAE PEE
HEH 678603.7 679 604.6

1 25 690203.6  691214.2  —1003.5
A 678603.8  679604.8
#AH S 894603.8  895718.4

2 2 906401.1  907502.3  —1107.2
s 894603.9  895717.4
A 1110935.2 1111917.4

3 25 1118437.2 1119409.7  —977.0
#AH 1110936.3 1111918.6
#aH S 31338.3 32 364.7

4 #&E 42438.4  43475.8 —1029.1
s 31340.2 32 366.5
AN 2514451 252553.4

5 2N 258345.3  259467.8 —1117.5
#aH 251446.1  252554.3
TA  462646.2  463610.2

6 ZH ATA346.2  475322.4 —969.0
HEH 462646.8  463611.0
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Fig. 11 Parallelism calibration curves of six pairs
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Fig. 13 S-curve trajectory tracking results
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Fig. 14 Control value fed into slave motor
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Tab.5 Trajectory tracking experimental results "
5 i 22 R RAE R 2
B/ (rades™) X X o X
SHE £k Z i 2k ES/BNIERS SHE £k Z i 2k ESBNIERS

0.5 5.80 7.4 9.7 12.6 19.2 16.0

1.0 6.10 15.8 16.9 15.8 27.5 47.2

1.5 9.18 24.3 28.4 39.2 65.9 83.8

2.0 16.90 35.2 55.3 59.3 105.6 139.6
6 % A E 152 T ik AN RSk L T SR T e
HE R BE R 22 I R, DA S 5 IR S PR
AR S 4 22 30 T8 B B0 g B9 AR JRURE PR G ah )y 29 ST ith 2l AL R 5 v, OF
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