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Eccentricity parameter identification of angle
sensors for articulated arm CMMs

WANG Wen, LIN Keng, GAO Guan-bin, CHEN Zi-chen
(Institute o f Advanced Manu facturing Engineering , Zhejiang University, Hangzhou 310027, China)

Abstract: The installation accuracy of angle sensors is an important factor relating to the measuring
precision of an Articulated Arm Coordinate Measuring Machine (AACMM). In order to realize the dy-
namic calibration in real time for an AACMM, a coordinate system of the AACMM was established
and a compensation expression for angle measuring errors was obtained from analyzing the effect of
the off-center installed errors of circular gratings on the angle measurement. Theoretical analysis
shows that a little eccentricity could cause a major error, so the angle data of circular gratings should
be corrected in practical applications. A method using single-point repeatability as the objective func-
tion to identify the eccentricity parameters of the AACMM was introduced based on a simulated annea-
ling algorithm and then it was applied to the identification and correction for the twelve eccentricity
parameters of the AACMM. The result demonstrates that the repeatability of the AACMM has im-
proved by 11. 3%.
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Fig. 1 Mechanical structure of AACMM
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Fig. 2 Coordinate system of AACMM
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Fig. 3 Scheme of eccentricity analysis
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Fig.4 Identification of eccentricity parameters
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Tab. 2 Identified eccentric parameters of AACMM
Pt a /(")

1 0. 000 304 303. 858 15

2 0. 000 960 92.892 24

3 0. 000 247 4,757 23

4 0. 000 410 226.457 11

5 0.000 165 90. 365 31

6 0. 000 905 356.055 79
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pensations

2 3 F TR R U Y R R AT R
S O A8 TE S B RS RE . B T T B
TE Z H I ) R AR E RGBS Ry 0. 42 mm, BIEZ
JEAGEE S = 3] 0. 37 mm, JFE 45 R BT 6 0
o | B A BE I o 1R 25 HEAT I8 IE Z S . = B A
SR EEA TR M.

3 RBUOBEERESHNBEEBSIL
Tab. 3 Percent of improved precision

after eccentric compensation

WHL 1 2 3 4 5




140 ¥ K® LR 4518 %
AR S JLAR] 7 122 15 1 22 28 Al o 65 ) 15
6 % # AU 45 2 AR 25 48 1 2 2L X b 43 O vk [ AR

3 X i L R 22 114 73 B TR A AR TR R Y

i L R 2 68 HL A T2 I B A AR R I 6 H A
BRZEVEAT B IE AT LUAT R v I ML A I R

S % Uk

[1]

(2]

(3]

(4]

PR SRR, BAmA 20T AR & ALY IR 25
BRI % M E T4, 1999,7(2):91-96.

YE D, HUANG Q CH, CHE R SH. A error model
for multi joint coordinate measuring machine [J]. Opt.
Precision Eng. » 1999,7(2):91-96. (in Chinese)
fesL, ALEF, kM. St MmLESLREY
IEA M 22 AR ACIE TR LT ). v B LR,
2007,15(11) . 1745 -1748.

XIONG W ZH, KONG ZH Y, ZHANG W. Phase
correction of quartering deviation of photoelectric
rotary encoder [J]. Opt. Precision Eng. , 2007,15
(11):1745-1748. (in Chinese)

RALAY, Bk B 0T AR AR DU AL R o IR D6 R
ZBIEF AL a3 K, 2007.27(4) :41-43.
ZHANG L S, GUAN B L. Error correction and its
application to multi-joint CMM research [J]. Me-
trology & Measurement Technology, 200727 (4)
41-43.
FRI ABh, AR F. O gD IR 220
B B RO RS SR AR A BF5E [ ], B AR & 3R,
2007,28(10) :1866- 1869.

HUANG Z SH, QIN SH Q, WANG X SH, ezal..

(in Chinese)

Error analysis of optical angular encoder and its cal-
ibration with ring laser gyro [J]. Chinese Journal
of Scienti fic Instrument , 2007,28(10) :1866-1869.
(in Chinese)

6T H TR A AR IRAS . T RIR K%
(5] M 22 2 Al O 150 25 AT T BRI RUE IE , 256 45
SR HHR M IE 2 J5 00 AL 1Y) B RS AT 4R
& 11.3%,

(5]

L6]

7]

(8]

(9]

ML, FE A, FORAE. F.08 O X B EHE
AR e SR EAMELT ] AR FFROE R
# 558, 2005,45(2) :178-181.

GUO YK, LIYH, L1IQX, etal.. Error compen-
sation for eccentric motions of circular gratings [J].
Journal of Tsinghua University (Sci & Tech),
2005,45(2) .178-181.
BRANK K, MIOMIR V. Calibration and accuracy

(in Chinese)

of manipulation robot models-an overview [ ] ].
Mech Mach Theory, 1994,29(3) :479-500.

ERFL ke, ARBLEE. R AR KRN 2 B Y AR
EHABI [J]. &% 8 K%M, 2006,40(3)
284-288.

WANG P P, FEI Y T, LIN SH W. Calibration
technology of a flexible coordinate measuring arm
[J1. Journal of Xi‘an Jiaotong University, 2006,
40(3) :284-288. (in Chinese)

DENAVIT J, HARTENBERG R. A kinematic no-
tation for lower pair mechanism based on matrices
[J]. ASME Journal of Applied Mechnics, 1955,
22(6):215-221.

EAF,F TR, ZEH. HPLIRKFEN S
Wk ss [T, & %45 A F 4k, 2008,20(1);
245-247.

YAN L J, L1 Z B, WEI ] H. Study on parameter
setting method for simulated annealing algorithm
[J1. Journal of System Simulation, 2008,20(1):
245-247. (in Chinese)



o514 EOOC SR SUAR R I B WL A AL AR I 0 2 OB R 141

EER N

X 1968—). B, b Kk A 1
+ RIS 1996 4 F i
LR RAF I A2, TN F R % T
T A S 5 R S o 4R T Y B

%% . Email: wangwn@zju. edu. cn

BO$BA985—) B AR T IR L A
WFFEAE  F R % I 5 R 50 i
WF5¢ . E-mail:loganlinkeng@163. com

-
- -
}

a.h

BERE A7) B LA AR A T
BT A 3228 S5 RS 25 0 6 2R 45 ) i 1Y)
W 3% . E-mail:gbgao@163. com

BRF IR (1950 — ), 5, 4@ 45 0 AL 16
L HE A S, EENFEREEN
BB ) MEMS 28 5 1 18 B 5%

Email: chenzc@zju. edu. cn

@ THIFE

xR AR B AT KRB B AR SR it B B 1 7%

K FLEHAARAE BXE EHA
(REILAF ZAAFIRFRFQ, EAL %K% 150001)

T SEBUN S E bR Rt e B, 56 R B SCHR TR (DSP) RS8R AT TR AU I B kAT HR
X% 2 G 10 I Bt B J L % 05 1L AT TR R EIT ST AR N T — iR T SR A R ) e Bk £ U7 ik

HOEHES TR SRR S RRBE X E 7Y

IS4
A

1] 2% 0 A S SR L O3 T v R 2 A IR A B

PN SR R N ) B R R A T 2R M R L A S SRS TR T BE Y bR R SRR S AR SOk
S YRR H o R AR D B B AR AR G A R AR DL — 28 B AR I R R D PR RE SR Bl e . d )R
A S BEW] T % A RE . TR AT AT UAT R AR G R e B 5 4 5 1 2% e A UK SF- A
Lo bR H) 8 S5 R A 5 DD AR OG5 75 A [R] ) 2% B K1 X PR & sl LB 14 H AR S8 I I DSP 19 fie A

BB R 2.73~2.85 ym 5 4.2~ 4.43 pm,





