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Technique of Measuring Multi-degree-of-freedom Geometric Motion Errors of Linear Stages
CAI Yindi"?, WANG Luhui’, GAO Yinghao®, FAN Kuangchao'”’

(1. Key Laboratory for Precision and Non-traditional Machining Technology of Ministry of Education, Dalian University of
Technology, Dalian 116024, China; 2. School of Mechanical Engineering, Dalian University of Technology, Dalian 116024, China)

Abstract: The machining accuracy of machine tools and the measuring accuracy of measurement instruments are significantly influenced by
the positioning accuracy of linear stages which are the basic components of machine tools and measurement instruments. Due to the influence of
manufacturing error and assembly error, the linear stage may have six-degree-of-freedom geometric motion errors, which will affect its positioning
accuracy. It is essential to measure the geometric motion errors for compensating the positioning errors of the linear stage induced by the geometric
motion errors. The traditional measurement method can only measure a single error element, which is time-consuming. In addition, traditional
measurement instrument are bulky and they cannot support on-line geometric motion error measurement. Therefore, a series of compact and low-
cost multi-degree-of-freedom geometric motion error measurement methods are proposed in this paper. The degrees-of-freedom of the measurement
system can be selected according to the measurement requirements. The measurement systems not only support high-precision measurement, but
also achieve on-line measurement. Multi-degree-of-freedom geometric motion error measurement methods play an important role in improving the
motion accuracy of linear stages.
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Fig. 2 Principle of four-degree-of-freedom motion error

measurement system
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Fig. 6  Four-degree-of-freedom motion error measurement

system with an active laser drift compensator
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Fig. 7 Principle of active compensation of laser drift
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Fig. 13 Measurement results of roll error

3 it

SHEIE ST £ (02 11 F I LTI 1 22 5 3 0
S IR M 3529 B AR T Lk o S
SE B2 1 I JUARTIE 3015 2% % 7 il 0 A
BRI, O T IR B2 MR R BT 1, %
FEHT MBI B 45 ULITIZ 3R 4 T SE LA 2 38
HF-EL IR IR TRIE . £ SR, &
SRR RET R, R T — R I [ S SR
BT, LT B 7 3 44 R ) I B 5 U Rt
RYAARBUN KSR S SR, 7T LA 2%t
N RO B A, I SR RN
BOUE SN2, b5 SE00 152 b B2 H AR SBT3 )
PREHR, IR By S A R TS IS BT £ %
1 P JLATIE 72 2 0 0 P R P, B85
A T RS 250 B o 0 P B A 7 A
B, FLEAT SR, KR 2 T Rk i
T2 1 1 LTI 722 0 RS OB, B
IR LR,
s % x W
[1] GARANT J D, BOTTOMLEY S C. Technology transfer in devel-

opment of nanotopographic instrument [ J ]. Nanotechnology,

1990, 1(4). 38 -43.

[2] HOLMES M, HOCKEN R, TRUMPER D. The long-range scan-
ning stage: a novel platform for scanned-probe microscopy[ J].
Precision engineering, 2000, 24(3). 191 -209.

[3] YEHH C, NI WT, PAN S S. Digital closed loop nanoposition-
ing using rectilinear flexure stage and laser interferometry[ J].
Control engineering practice, 2005, 13(5): 559 —566.

[4] tekE, JOIFE, FIER. BUEPURIR 2 SCRAMEE AR M.
Jtat. AU B AL, 2013.

YANG J G, FAN K G, DU Z C. Real-time compensation tech-
nology for the errors of CNC machine tools[ M]. Beijing: China
Machine Press, 2013. (in Chinese)

[5] 4ol HCREHLIR = S 152 HeE R A AR BFSE [ D .

FA: B ATR RS, 2012,
ZHU C Z. Research on modeling and compensation technique
for 3-dimension volumetric errors of CNC machine tools[ D ].
Nanjing: Nanjing University of Aeronautics and Astronautics,
2012. (in Chinese)

(6] EAETY, M, XUk, . HLSP YR A R I i
FEMBIHI[T]. SCHRTFHOG. 2005, 16(8): 965 —968.
KUANG C F, FENG Q B, LIU B, et al. Development of equip-
ment for simultaneously measuring two-dimensional rotation an-

gles of the linear guide track[ J]. Journal of optoelectronic la-



A AR

Tl BEMNERARNERA 51 -

[7]

[10]

ser, 2005, 16(8): 965 —968. (in Chinese)

BEL, K&, RER, F 2 A s ERE R
HINELT]. WOt St ARt R, 2014, S51(8): 110 -
114.

ZHALY S, ZHANG Z F, SU Y L, et al. A multi-degree-of-
freedom geometric errors measurement method[ M ]. Laser & op-
toelectronics progress, 2014, 51(8): 110 —114. (in Chinese)
HUANG P S, LI Y. Laser measurement instrument for fast cali-
bration of machine tools[ C]//Proceeding of ASPE annual meet-
ing, 1996, 14. 644 - 647.

GILLMER S R, SMITH R C G, WOODY S C, et al. Compact
fiber-coupled three degree-of-freedom displacement interferome-

try for nanopositioning stage calibration[ J]. Measurement sci-

ence and technology, 2014, 25. 075205.
HSIEH H L, PAN S W. Development of a grating-based inter-
ferometer for six-degree-of-freedom displacement and angle
measurements| J|]. Optical society of america, 2015, 3(23):
2451 —2465.
MRS, I, sk, R TR ERORZ IE R M Y B
ME[J]. PR % TR, 2011, 19(3): 515 -519.
YOU F L, FENG Q B, ZHANG B. Straightness error measure-
ment based on common-path compensation for laser beam
drift[ J]. Optics and precision engineering, 2011, 19 (3) .
515 -=519. (iin Chinese)

[12]

[13]

[14]

[15]

KM, AR, EAMN. SREROOCRE E RGBT ],
JeE R % TR, 2020, 28(4): 817 -826.

ZHU F, LIN Y X, TAN J B. Design of high-accuracy laser
beam collimation system[ J]. Optics and precision engineering,
2020, 28(4): 817 —826. (in Chinese)

HUANG Y B, FAN K C, SUN W, et al. Low cost, compact 4-
DOF measurement system with active compensation of beam an-
gular drift error[ J]. Optics express, 2018, 26(13) . 17185.
CAI' Y D, YANG B H, FAN K C. Robust roll angular error
measurement system for precision machines [ J]. Optics Ex-
press, 2019, 27(6). 8027 —8036.

CAI'Y D, SANG Q, LOU Z F, et al. Error analysis and com-
pensation of a laser measurement system for simultaneously meas-
uring five-degree-of-freedom error motions of linear stages [J].

Sensors, 2019, 19(18) . 3833.

EE B
E5[5E(1988 - ), &, WIHZ, 2012 4FF
BRRAAPRARW 2407, 2017 £+ H AR
JEREFESARE A2, FEFR T L HE
BRI | REDW RS AME, SR LS
2 RS





