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Abstract: A station-transfer model was established in this study to improve the accuracy of laser
tracker station-transfer measurement in larger-scale metrology. The accuracy of the laser tracker is
related to the measurement errors, such as random and system measurement errors. First, the source
and precise form of measurement error of the laser tracker system was analyzed according to the
measurement principle of the laser tracker. Moreover. a spatial point measurement model containing
the laser tracker measurement error was established. Second, a station-transfer calculation model was
established, which was linked to random and systematic measurement errors. Finally, an error
compensation model of the laser tracker station-transfer was established, which is similarly related to
the random and system measurement errors, by analyzing the station-transfer calculation model. The
results are verified by Monte Carlo simulation and show that when the error of length measurement is

0.5 pm/m and the error of angle measurement is 5 pm + 6 pm/m, and the maximum station-transfer
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error is 0. 174 7 mm. Hence, the maximum station-transfer error alter compensation is 0. 04 mm, and

the accuracy of the transfer station is increased by 77%. A multi-base time-sharing station-transfer

measurement experiment shows that the direct station-transfer error is 0. 054 2 mm, the error of the

station-transfer after compensation is 0. 033 1 mm, and the accuracy of the transfer station is increased

by 38.9%. Thus. the measurement accuracy of the laser tracker station-transfer exhibits significant

improvement after compensation.

Key words: large-scale metrology; laser tracker; random measurement error; systematic measurement

error; station-transfer error; Monte Carlo simulation
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Fig.1 Measurement principle of laser tracker
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Fig. 2 Principle of laser tracker station-transfer
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Fig. 6 Distribution of station-transfer errors after compensation
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0.645 5 0.763 9 0.0015 674.041 8
R=]—0.763 9 0.6455 0.0011], T=|—174.441 0
—0.0002 —0.0019 1 —2.761 4

R3 FLHRRTLHRNEE

Tab. 3 Common point coordinates in base coordinate frame (mm)
& 10 mm W& 12 mm 23 ] /5,
v i
x y 2 x y z x y z

1 2058.0521 853.6993 —423.1325  2047.556 5 773.8128 —425.3703  1939.206 6 821.067 8 —542.4965

2 2053.2223 813.990 7 —423.2723  2042.7312 734.1033 —425.504 6  1934.378 8 781.3604 —542.628 8

3 2050.8110 794.136 7 —423.3462  2040.317 2 714.250 6 —425.574 8 1931.9650 761.508 4 —542.704 5

4 2048.3980 774.2881 —423.4170  2037.9034 694.402 7 —425.6455 1929.5429  741.6520 —542.774 3

5 2045.9865 754.4306 —423.4827  2035.4917 674.546 1 —425.7116  1927.1336 721.7970 —542.8458

R4 BBLRETRA£RNERE

Tab.4 Common coordinates in transfer station frame (mm)
& 10 mm & 12 mm 23 ]
i fir
x y 2 x y z x y z

1 108.1240 1721.504 2 —417.153 4 162.364 4 1661.921 2 —419.493 9 56.3510  1609.884 0 —536.737 8

2 135.3418 1692.1866 —417.3384 189.581 9 1632.6051 —419.677 6 83.567 5 1580.566 6 —536.9258

3 148.9473 1677.5293 —417.4300 203.190 3 1617.9504 —419.772 5 97.174 5 1565.908 1 —537.0157

4 162.554 8 1662.8691 —417.523 1 216.797 7 1603.2928 —419.862 8 110.784 5 1551.2521 —537.109 4

5 176.163 6 1648.2155 —417.617 8 230.4051 1588.6323 —419.955 2 124.390 9 1536.5950 —537.201 2

x5 HuNKaNERE

Tab.5 Test point coordinates of transfer station (mm)
Fuhfr uf
ok
Evpo s
x y z X Y <
1 2 387.200 8 1 090. 841 7 —590.093 7 139.502 4 2 126,266 9 —583.367 3
2 2 589.332 4 712.943 9 —588.928 0 558.597 1 2 036.751 7 —582.268 0
3 2545.7916  394.046 7  —590,232 4 7740723 17976802  —583.956 4

R0 26 3R A5 0 BOG B ERARE 5 2 800, xb X e TR) Y B R AR A B il RS B R A, LA il
5 A (A1 e il AR HEAT e uli TH 5, AR uli R BEEAR IR 6 s,
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Tab. 6 Results of transfer station measurement (mm)
\ W AT 1 Wk A 2 W 3
w45 R — ‘ — ' — ‘
sl Sk (E biEiva HulifE i for Ll
x 2 387.200 8 2 387.204 0 2 589.332 4 2 589.347 9 2 545.791 6 2 545, 828 6
y 1 090.841 7 1 .090. 821 4 712.943 9 712.944 4 394,046 7 394.052 6
2 —590.093 7 —590. 107 7 —588.928 0 —588.913 1 —590.232 4 —590.193 3
TR ZE T 0.024 9 0.0215 0.054 2

IS0 S5 R O R A A 3 00 o7 (5 A
PRB) ARG 1R 2E 4 0. 5X(0. 5 pm/m,
(5+6) pm/m, (5+6) pm/m)" X R(y,), HH
RCy) F/n 25 I S AEBR AL bR 58 F Y I B 5 % i o
L CHE o A AR R A JE B R G B R 2%

1 2.888 5X10 °
AR=|—2.888 5X10 ° 1
6.617 910 7 1.2330X10 °

AT SCH Hh 1w iR 25 8 IEBERIXE R 6 h
PR e il (AT A I, B il AMEE S SR ISR 7 TR
LI SRR R T SC b AR A0 B il A2 Yk ]
A e OGRS G L eh % 7 PR
ARG S B R T BB AR 000 e, SEE A
S8 M A 5 SR T RS B R T g R By

0.5X€0.5 pm/m,(5-+6) pm/m,(5+6) pm/m)" X
RXD . H i ROX) FRA L S EBR AR bR R T 19
B9 MR AR ST Y Al iR 25 A AL T, SR A5
Wi S HR 2 AR AT 53508

—6.617 9X10 ’ —0.004 6
—1.2330X10 “|,AT=| 0.004 3.
1 —0.005 1

B B LR e vl iR 22 R TR iR 22,
Jit PR — 75T 2 5 B S 6 9 2 e 5 A Y RO
POC R ER A 58300 22 WY & 5 o5 — J7 T 7 L 5
U6 v B A R R 2 R T S B R A R Y R A
R 25, PR By LS B0 B R 22 W I L G o AR 22 A B
Wi,
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Tab. 7 Compensation result of transfer station (mm)
WA AL 1 W A 2 Mk i 3
L e
LA K vhiH WL ey {E BrEDA e vliE
x 2 387.200 8 2 387.195 0 2 589.332 4 2 589.332 6 2 545.791 6 2 545,807 5
y 1 090.841 7 1090.833 1 712.943 9 712.952 1 394.046 7 394.073 2
z —590.093 7 —590.0829 9 —588.928 0 —588.926 9 —590.232 4 —590. 220 4
RIETFAN 0.014 847t 40. 6%0) 0.008 4(#£J} 60. 9% 0.033 T(#J} 38. 900
T B O IR R SO 158 22 1Y 22 35 3 7 i 2 BORb
6 % % BERERY, ZA LR R T HOLIR BRI s R P A

AR SCHEENT 1B YOG R R AR 5 ) 43R 22
55 22 B ol B i 2 BOR it RS T ) QR L L A 3 A
PO PR R ASCRE AL 4 15 2 0 2R G0 0 45k ) 22 H wli i
DG IR B AU ki ) R TR 5 W ) A b N T

I IR DR 22 DL S B 5 PO R SOR R R R 2
X PO R B S 3l E Y Il G R s AR S
P i 7 A BR T 2 36 0 o3 A S T R X 22
R i YO R B Sl ) R JRE A R AR B Y bl e
ul AL T o 3 5 00 A S T AN Gl i 2 36 m
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