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Three-dimensional coordinate calibration technology for high
energy photon source magnets

Han Yuanying', Dong Lan'?’,  Wang Tong"?,  Lu Shang',  Yan Luping', Zhang Luyan', Liu Xiaoyang',
Yan Haoyue';,  Men Lingling'?,  Wang Xiaolong'?,  LiBo'?, Liang Jing'?,
MaNa'?,  He Zhenqgiang'?,  Ke Zhiyong'?
(1. Institute of High Energy Physics, Chinese Academy of Sciences, Beijing 100049, China;
2. Dongguan Neutron Science Center, Dongguan 523803, China)

Abstract: Aiming at the High Energy Photon Source which needs to calibrate the center of a large number of
magnets, a scheme of calibrating the center of magnetic machinery based on coordinate measuring machine (CMM) is
proposed, the process and method of writing automatic measuring program are determined, and the calibration of
various types of magnets in the accelerator is completed. The results show that the calibration repeatability of the
reference point of collimation is within 0.01 mm by calibrating the mechanical center twice for each magnet. The
standard deviation between the measured value and the design value is within 0.015 mm. The calibration efficiency is
2 times higher than that of the laser tracker. This method of magnet calibration with CMM can improve the calibration
accuracy, reduce the labor cost, improve the work efficiency, provide reference for the magnet center extraction
calibration in the accelerator work, ensure the smooth installation of the accelerator device, and meet the requirements
of the accelerator alignment measurement project schedule.

Key words:  coordinate measuring machine, mechanical center calibration, accelerator, alignment survey
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Table 1 Statistics of the number of magnets involved in calibration by the coordinate machine

type of magnet corrector magnet hexacode iron quadrupole iron transport line four grade iron

quantity 195 176 30 43

T HEPS 540 25 i 1 07 28 b, WE A0 v BBV IR 22 54 0.047 mm, 5347 8% 40 191 74 B 1% 2% 0.030 mm A% 18 7 2 1%
22 0.036 mm. FUE 8 22 EE WL 2 2, L RESRAILA P o0 51 S bR R B B RS A P 5 | bR e A R, 1E TS R
T RS B, R IR R K ) ML 0 5 b G L T R, FE R L B R MR AR T RN 0.1 mme B
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DMIS, 1] DL S A BERRAR A, S R A1F 1 SR A s LR, 48 5 = AR BRHLSE 1 A sl it o 1508 S TR) i FH A 1 0 T
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Table 2 Analysis of precollimation error of HEPS magnet mm
magnetic center elicits pre-collimation pre-collimation magnets lock the the opening and closing magnets transport
calibration error measurement error  adjustment deviation momentum momentum of the magnet momentum

0.010 0.010 0.010 0.010 0.010 0.020
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Fig. 1| CMM calibration of magnets Fig. 2 Laser tracker calibration of magnets
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Fig. 5 Hexapole iron calibration coordinate system Fig. 6 Coordinate machine automatic measurement
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(a) laser tracker pole gap cloud data (b) three coordinate machine polar plane point cloud data
Fig. 7 Comparison of measured data between laser tracker and pole head of coordinate machine
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Table 3 Comparison of the standard deviation of the plane fit between the magnet head and the external datum plane

standard deviation/mm

instrument
pole seam middle/pole plane left and right plane top plane
tracker 0.018 0.045 0.026
CMM 0.009 0.028 0.013
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Table 4 Calibration repeatability of HEPS sextupole

maximum positive deviation/mm minimum negative deviation/mm standard deviation/mm
AX 0.009 —0.009 0.003
AY 0.009 —0.008 0.002
AZ 0.005 —0.005 0.001
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Table 5 Pole seam deviation statistics of sextupole of HEPS sextupole

magnet type maximum positive deviation/mm minimum negative deviation/mm standard deviation/mm
SF1/2 0.050 —0.045 0.012
SD1/4 0.047 —0.041 0.014
SD2/3 0.062 —0.082 0.014
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