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Development of On-machine Flatness Measurement Method

Moon-Ju Jang', Seong-Wook Hong“, Chun-Hong Park™

ABSTRACT

This paper presents an on-machine measurement method of flatness error for surface machining processes.
There are two kinds of on-machine measurement methods available to measure flatness errors in workpieces: i.e.,
surface scanning method and sensor scanning method. However, motion errors are often engaged in both methods.
This paper proposes an idea to realize a measurement system of flatness errors and its rigorous application for
estimation of motion errors of the positioning system. The measurement system is made by modifying the
straightness measurement system, which consists of a laser, a CCD camera and processing system, a sensor head,
and some optical units. The sensor head is composed of a retroreflector, a ball and ball socket, a linear motion
guide unit and adjustable arms. The experimental results show that the proposed method is useful to identify
flatness errors of machined workpieces as well as motion errors of positioning systems.
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Fig. 1 Experimental setup for measuring flatness error
using the developed system
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Fig. 3 Combination of flatness error and motion error

Fig. 4 Schematic for measurement of motion errors of
the XY table
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Fig. 5 Motion errors measured by the developed
sensor
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Fig. 7 Schematic for measurement of apparent flatness
errors with feeding motion errors
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Fig. 13 Comparison of straightness errors measured
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Fig. 14 Comparison of flatness errors by the proposed
method and the interferometer

7o Fo}
A o) 8k

Fol Fee ZHol dojR Fue
F Aot e THAA G5 Ae
& %5

ol Az e At WPE
HeAMe olF $EOAE Poiu &
2AHAN 538 2o Beeay
g Qdold 4 98¢ HAsGon o=, YA
BUATA SN e U dela
e AE M AU A w85l 888 4
e Aoz AzAL

£3
Ae2 BEE
B A

4. 2 J dE

2 d7dME 713 REY ddxsE &
Aohe A2"ES TS B o)Al o
EE227F 39 el SAHEHE RV P9
EENE A4 HEEE SAse HHE ANEA
o olE 98 TREF NEE é"é%ﬂ*ﬂ—g F71A
A olFA7IEAM T BN BEHE &
TLAE FAs= EE AdsPnt. =g At
g e 2A% SAAN2RE TE3 olg A
34 #Ue=A 1 g34de gAdsidch A
d SAHNERE o] &3 FAE] BHE 23
WA ARAA FEE FAo] ZHsdtn, o]FA



SHAEE

AL I A A208 A3E

g% EFeAE AT & Aok oA At
SAYRE 88t T77F AAG A o]
SA A% EFTLAE FANY, T HAAAA
549 27 HHeE 5‘—‘51 AA BHEE SH s
A " W}E}H WHxg v EsA 538

bzt HHE wA =
g89 5 e Aoz lYac

% 7|
¥ A7E e sReld Adshs ~AusA
§ REAY F @IS GURE 47

A% ARz FAERen B A EA
4 =Ru

aAneEs
L olAF, UL, TIEASF A =dg ol 8% o
MRS duges 2dE B ex5A)

FZAUFEI =], A17AE, A1E, pp. 120-138,
2000.
2. A@F, BAS, A7 714 &4, 3w

AAFa3| =, 4184, A6Z, pp. 27-36, 2001.

CARE, AEE, IS 0188 HEEY
Z2R AN~ AZFAUFEE R, H1838, A6E,
pp. 9-18, 2001.

4 AEF, AEF, A%, YL, UY T
AAE &7 Alag e B8 97 #2249

L33l A], A9, A3Z, pp. 107-113, 2002.
. Fung, E. H. K. and Yang, S. M,
on-machine motion error measurement of a linear
slide,” Measurement, Vol. 29 pp. 51-62, 2001.
. Fan, K. C. and Zhao, Y.,
measurement

“An approach to

“A laser straightness
fiber
modulation techniques,” International Journal of
& Manufacture Vol. 40 pp.

system using optical and
Machine Tools
2073-2081, 2000.
. Florussen, G. H. J, et al.,
errors of multi-axis machines by three-dimensional

“Assessing geometrical

length measurements,” Measurement, Vol. 30 pp.
241-255 2001.

. Huang, J.,
three-dimensional

“An exact minimum zone solution for
evaluation

23, pp.

straightness
problems,” Precision Engineering, Vol.

193

204-208, 1999.

Chou, C., et al, “CCD-based CMM geometrical

error measurement using fourier phase shift

algorithm,” Int. J. of Mach. Tools & Manufact.,

Vol. 37, No. 5, pp. 579-590, 1997.

10.Zhang, Q., Fan, K. C. and Li, Z., “Evaluation
method for spatial straightness errors based on
minimum zone condition,” Precision Engineering,
Vol. 23, pp. 264-272, 1999.

11.Samuel, G. L. and Shunmugam, M. S,
of flatness
computationa] geometric techniques,” Computer

Aided Design, Vol. 31 pp. 829-843, 1999.

“Evaluation

straightness  and error  using



