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Abstract: As the angle measurement accuracy for a laser tracker affects the instrument measurement
accuracy directly, a discrete calibration method for the angle measurement errors of a metal circular
grating in the laser tracker was proposed based on an autocollimator combined with a multi-mirror
polyhedron. The error compensation method based on harmonic analysis was studied. Then, a
compensation model was built up on the basis of the harmonic wave components whose amplitudes are
large and phases remain essentially constant, by which the no convergence from least square method
was overcome. Futhermore, the calibration uncertainty of angle measurement errors was analyzed.
The analysis results show that the horizontal angle measurement accuracy is reduced from 1. 60" to
0. 90", and the vertical angle from 4. 89" to 0. 91" after compensation. The accuracy is improved by
44% and 81% respectively, and has been from an arc second scale to a sub-arc second scale. The

results indicate that the proposed method effectively compensates angle measurement errors for
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harmonic and vertical axis systems of the laser tracker, and also provides a reference for other error

compensation of angle measuring systems.
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Fig. 1 Experiment of angular error calibration for

horizontal shaft of laser tracker
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Fig. 2 Error curves of horizontal shaft angle and

harmonic compensation model
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errors before and after compensations

2 KTEHETRAERERIMEFEREHE
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after compensations
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and after compensations
SRR

DL b 20 bR 0O £ 1R 25 S AR I A iR 22
H AL 3 A B i G, PR A A AT AN B A S AT
AN A2 FE T 52 0 PR 2R 45 A E A A R AR
5.1 BEKRERESIANNAHEE ula)

SIS P FH Y 22 T AR A RS Tk
T B L S R 2 BN 0. 27 k=2, AT .

u(a)=0.2"/2=0.1".

5.2 BEEMNTRERESIANAHEE ul(b)

B E O R B AL 2 32 B s SR
Bl R AR AL SR . AR R A R RS L
A M R AR 22 45 N EE R A I N B A
H0.15" k=2, £ .

u(h)=0.15"/2=0.075".

5.3 REWREEESINNARHBEE ulc)

P E N, BT iA AR AR
R B EDEAE S M X KO- Rl S R 9 i
Ak T ST B R 220 iR 5 BroR,
B DG & A T O S b IR A TR A
IS AE HHEEALE) CCD b oy y 2K - %k A8 A
Foals vk A WEE AR R P AR RS , I fA
N e, KOFHER L v SO vk
fov. MR TR B, SR E KO O 1) R
ey SEPRE Sy AH, B fE B O CX gD R E
S AH' LY DR R AV A

AH' =AH/cos e+ AV'tan e, 9
AH=AH'cos e—AV'sin (10)

0=AH —AH=AH'(1—cos & + AV'sin

(1D
.".i
/IJ' 1‘\"\\\
Befkrheh / TN
' ! \
¥ { - dsz N
[, \
1 1 1 [
I ! ! 1 \ \
1 H > H 1 &
o Ao doa . ;
It =~ A
; b L
/ * \\ ;f X o
S LS B
ATl == LTS

x "'I’-f*d-;;f;
B 5 B ESCH X ACE il ft s &
Fig. 5 Configuration of autocollimator tilting relative

to horizontal shaft

KOV y SO yRES .
B R A T 5 5 o T ) R 2% L A E B
AHXSIKF B 4y R 3 Fl R R 0 455 52
JERC T B o iR 2% 8, fESL R AR LW — A0
I6) e 5 KTl A oE LAY X R O — 5007 F|
+500 1t FE L Y Rl R T 107,84 e
0.01 rad, FEZWMEF,AH AV I{EHTE 15"
PIN HR(DE 6=0.15", k=34 .

u(¢)=0.15"/3=0.05".
S IR A WA 8 B, 3R 3 FR .

R3 WMEFAHEERAR

Tab. 3 List of standard uncertainties

xR {IED
EATIE I wa)=0.1"
A EE X u(h) =0, 075"

b e e u(e)=0. 05"

L& BRI AR TS B B A
u=vu(?+ulb)?+ulc?=0.13"

AR SCR 22 B AR A o B A G BT b
KE T OGRS R A0 A4 0 £ % 2 L OF R AT



2304 ﬁ%%

T TR

522 %

TR T AR M B /s AR I 5 25 0 A L I

TEYN 3 B 1 bR DR 22 I AN 2 T2 Etl:ﬁm%%l*
2800 T 18 RO A K R 1) F A o 9 O T, N PR
JH R 22 0 0 A B A o 220010 & R AL & 9
AN E P 0 e 5 R, DL B G b R R T S
710K B Y BCSE AR i . b T A 1R 22 1 5 K
FRUEATA 2 o 0. 13", B & B F k=3, B 15 1

S &k

(1] kA, #0450, R b ok, 3. HOG BRER AU £ % 22

BB B M [T AL B AL A 3R, 2012, 33 (2):
463-468.
LIN J R, ZHU J G, ZHANG H L, et al.. Field
evaluation of laser tracker angle measurement error
[J]. Chinese Jowrnal of Scientific Instrument,
2012, 33(2): 463-468. (in Chinese)

(2] T&. B4R, X245 B AR B BOLERER (I B
Mz L] ke T42,2012,39(3) . 78-82.
DING L, ZHOU W H, WANG Y W. S-pline
function for distance error compensation of laser
tracker[J]. Opto-Electronic Engineering, 2012, 39
(3): 78-82. (in Chinese)

(3] AAZ, DAL, P DR 22 18 P A2 15 42 5 45 ) TRl

S ff O [T, AL AR A P, 2009, 116 (3)
69-71.
ZHAO R ], MA W L. Improving the accuracy of new-
type encoders using error harmonic compensation[ ] .
Electronic Instrumentation Customer, 2009, 116 (3):
69-71. (in Chinese)

[4] CHEN X J, WANG ZH H, ZENG Q SH. Angle
measurement error and compensation for decentration
rotation of circular gratings[J]. Jowrnal of Harbin
Institute of Technology (New Series), 2010, 17(4) .
536-539.

[5] CHEN X ], WANG ZH H, WANG ZH B, et al..
Angle measurement error and compensation for
pitched rotation of circular grating[J]. Jouwrnal of
Harbin Institute of Technology ( New Series) ,
2011, 18(3): 11-15.

[6] ORTONP A, POLIAKOFF J F, HATIRIS E. et
al.. Automatic self-calibration of an incremental
motion encoder[J]. IEEE IMTC, 2001, 18(3);

1614-1618.

R P=99. 73 %, WIAMEHI 5 1 7K -0 085 5 53 5
k1. 6071 0. 90", IR AT I £ RS BE 43 50 Ok 4. 89" AN
0.91" NG RS T4 44 % M 81% . %k
EERIFER T YEWN R TR N R BN =
1O BR R AR I RS B R AURT R AT A
{18 54 ' B BEE ASC A ST R AT AV ks 2R 0% U 15 2, % 2
LI R G IR ZEAMERE — S M.

[7] WATANABE T, FUJIMOTO H, MASUDA T.
Self-calibratable rotary encoder [ J]. Journal of
Physics: Conference Series, 2005(13): 204-245.

(8] #&.&EE. 4T, B T4 m ek 500 25 1Y 6 4
ER R ZEAM AL K5 A% T 42,2008,16(4)
598-604.

HONG X, XU ZH J, YANG N. Error compensation
of optical encode based on RBF network[]J]. Opt.
Precision Eng. » 2008, 16(4): 598-604. (in Chinese)

L9 T4k, TH,RF. FAT RO A bR il 4t B I St

M F R ZAMERAR)]. W I K ZF . B A
# 5 M8,2009,33(5) :659-662.
YU L D, DING Y, CHENG W T. Compensation of
angle measurement error of circular gratings for
parallel dual-joint coordinate measuring machine[ J].
Journal of Nanjing University of Science and
Technology: Natural Sciences 2009, 33(5): 659-
662. (in Chinese)

[10] &R, 2,448, 5. BOGHE A B AL IR ES 19 % 22

HERSEHRT]. k5 # % T42.2010,18(8)
1766-1762.
GAO G B, WANG W, LIN K, et al.. Error
compensation and parameter indentification of
circular grating angle sensors[ J]. Opt. Precision
Eng. . 2010, 18(8): 1766-1762. (in Chinese)

(110 ABIRF, B  A2 4 B 3%, 4. W0 7 8 1% 22 0 A

LS IF 2 TR A e 22 AR S e LT . 4t
FH AK,2003,15(12) :42-45.
REN SH Q, MA G CH, YI G X. et al..
Calculation the sign of autocollimator readings and the
deviation of regular polyhedron measuring angular
position error[ J]. Measurement Technique , 2003, 15
(12): 42-45. (in Chinese)

[12] #or 4. BMEEA S ROGHHEE R T EF )],
HEHAK,1999(10) :33-36.



9 ]

PR L A5 O BB ASCI 158 22 3 2305

SUN F J. Points for attention in collimating of
autocollimator and reflector [ ] ]. Measurement

Technique, 1999(10): 33-36. (in Chinese)

[13] L BSE .48, 30 e, 5. JE v (5 6 AR O O 4G 0 Kz
MR 2EAMELT ] k% % 142.2012,20(11) .
EE®EN:

FSRBE (1963 =) H, B RUFIT AL #
$2 WA F 0, 1985 4F F 22 B L 2%
Bt (2 BT/ K5 R AF % L% 0,
1998 4F F & B Tolk K24 3k 45 18 + 2
£, FEENFHLEIE . A SR
27 S Dk 45 5 ) A BF5E . E-mail s
rslu@hfut. edu. cn

2479-2484.
AI CH G, CHU M. SUN H X, et al.. Eccentric
testing of benchmark circular grating and

compensation of angular error[J]. Opt. Precision

Eng. . 2012, 20(11): 2479-2484. (in Chinese)

BILES .

L1988, F WM fF A L B+
WA, EEMNERHE W& RGN
WF%¥ . E-mail: wanhongli28@163. com

(RIERE REWWT FEEH)



