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Accuracy Test Method of Laser Tracker Measurement Based on Linear Trajectory

ZHANG Tian', MIAO Dongjing’, LI Lianfu’, YANG Ling', WANG Guolei’, FU Yijie*,
HE Mingzhao’, LI Jianshuang’, LIU Yang’
(1. Harbin University of Science and Technology, Harbin 150080, China ;
2. National Institute of Metrology, Beijing 100029, China;
3. Tsinghua University, Beijing 100084, China;
4. Beijing Ruijie Precision Control Automation Technology Co., Ltd., Beijing 102208, China)

[ABSTRACT] Laser tracker measurement technology is widely used in assembling, manufacturing and other fields. For
the study of the laser tracker measurement accuracy, a set of coordinate measurement accuracy testing system is developed,
which can realize synchronous trigger of motor motion control, grating scale acquisition and laser tracker measurement
through multi-axis motion controller based on the data collected by grating scale. The repeated positioning accuracy of
the system and the synchronous trigger coordinate measurement accuracy of the laser tracker are tested respectively. The
results show that the system repeated positioning error is between [-4.0 um, 4.0 pm]. When the distance between three laser
trackers and the target mirror in the tangential direction is [2.7 m, 3.4 m], the coordinate measurement error varies with the
velocity between [-23 um, 988 um]. When the distance between laser tracker and the target mirror in the radial direction is
[1.5 m, 3.8 m], the coordinate measurement error varies with velocity between [5 pm, 915 pm].
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Fig.1 Composition of test system
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Fig.2 Principle of synchronous trigger measurement
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Fig.3 Error before and after grating compensation
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Table 1 Repeated positioning error of system at different speeds

E I EE v/ (mm/s) Ad12/pm Ad13/um Ad23/um
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500 [-2.0, 3.0] [-2.0, 2.0] [-2.0, 3.0]

1000 [£1.0,2.0] | [4.0,40] | [-3.0,4.0]
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Fig.5 Schematic diagram of laser tracker test
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Fig.7 Coordinate measurement error of laser tracker at different speeds (tangential)

20244E 55674 5530 - RLATRIIEEIA 79



‘_‘i.‘ »
H{%tﬁi RESEARCH

LTC [7) 25 filh J2 I 3 15 25 43 A 4 [-3 pm, 948 pm] Z [,
Hrp LTC 7627 iz 3l By B A0 I & 02 22 29 7F [927 um,
948 um] ZJa] .,

M7 AT LB R, ORI LTC 7EA R 1) i 5
N b & A BRI R 25 23 pm AR AL E] 948 pm,
JCEREFAN LTB [F] 25 fish Sz A il it 15 25 Bk B AR 1k 43 A
7 [-16 pm, 980 pum] Z [8], OB HRER L LTA [5] 25 il & Ak
FRI R 25 /A5 7E [-18 um, 909 pm], iRIe45H %20, &
S RE % ) AL DA [7) -5 0G BR S I RS B, X6 HE
BTN RS G BR A S B B 22 [ Y 2 Sk

222 1 v Vigos Vsoo View ST IXTE LTA . LTB ., LTC
TEAN A RE R A~y A2 3 AL AR bRl s 6 (158 25 43 A
JE L ARz EE B 20 mm/s R, OB AY LTA 4
FR 15 22 45 76 [-10 pm, 15 pm] 2Z (8], 806 IR B A
LTB A9 A bRl 22 22 /3 A 7E [-16 pm, 14 pm] Z 8], 34
FEERERAY LTC A AR BRI R 22 0 A 7E [-23 pm, 17 pm]
Z I 7RI 30 100 mm/s T, OGIRER Y LTA 14
T I 835 2% 43 A1 7E [-18 pm, 140 pm] 22 6], 3406 BR B
{CLTB A BRI 515 22 /3 A 7E [-7 um, 148 pm] Z [,
PR EEAL LTC 4 A6 A I £ 158 25 73 A 7 [-18 pum, 151
um] Z [8]; 7Eiz 33 500 mm/s T, #OE R B LTA
Y AR BRI R 22 0 A AE [~17 um, 457 pm] Z[8) , 0GR
B LTB F A bRl 1R 25 3 A FE [-4 pm, 480 um] Z [H]
HWOGHR B LTC AR BRI R 1R 25 43 A1 76 [-15 um, 480
um] Z )3 7535 30 1000 mm/s T, OGRS X LTA
B A BRI 5 22 29 A AE [-3 wm, 919 um] 2Z [f], OB

*2 FEEE FLRNEIRE (A )

Table 2 Coordinate measurement error at different speeds

(tangential)
(mz /s) i%b\l%i%% x Testl/um Test2/um Test3/um
LTA [-10, 14] [-7, 15] [-5, 10]
20 LTB [-13, 14] [-11, 13] [-16, 3]
LTC [-16, 16] [-13, 17] [-23,7]
LTA [-14, 138] [-9, 140] [-18, 135]
100 LTB [-7, 138] [-1, 147] [-3, 148]
LTC [-18, 133] | [-13,138] [-8, 151]
LTA [-16,454] | [-17.453] | [-11,457]
500 LTB [-1, 457] [-4, 458] [-2, 480]
LTC [-5, 465] [-2, 473] [-15, 480]
LTA [-2,919] [-3, 911] [-1, 909]
1000 LTB [-3, 983] [-5, 988] [-8, 980]
LTC [-5,911] [-10, 926] [-3, 948]
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Fig.8 Synchronous trigger measurement error by 3 laser trackers at
different speeds (tangential)
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Table 3 Mean value of coordinate measurement errors of

different laser trackers (tangential) um

WOCHREAL | BEHE | ZhEE | ESEE | s sl

R A5 20 mm/s | 100 mm/s | 500 mm/s | 1000 mm/s
LTA 9 93 324 485
Test1 LTB 7 99 342 558
LTC 2 87 340 497
LTA 9 93 324 482
Test2 LTB 8 103 346 556
LTC 6 95 333 499
LTA 3 92 326 483
Test3 LTB 4 103 352 557
LTC -8 97 338 517
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Fig.10 Coordinate measurement error of laser tracker at different speeds (radial)
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Fig.11 Synchronous trigger measurement error of laser tracker LTA

varies with velocity (radial)
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