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In this study, the five-DOF motion at ultra-precision linear stage under static and dynamic
conditions are evaluated through the extending application of ISO 230-2. As the performance
factors, the bi-directional accuracy and repeatability of the five-DOF motion are quantitatively
evaluated with the measurement uncertainties which are determined using the standard
uncertainty of equipment used in experiment. The motion under static condition are analyzed
using geometric errors. The five geometric errors except the linear displacement error are
measured using optimal measurement system which is designed to enhance the standard
uncertainty of geometric errors. In addition, the motion under dynamic conditions are analyzed
with respect to the conditions with different feed rate of the stage. The experimental results shows
that the feed rate of stage has a significant effect on straightness motions.
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(a) Position modeling of reference coordinate system
and sensor

(b) Optimal position of reference coordinate system

Fig. 1 Optimal design of 5-DOF measurement system''
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Fig. 2 Standard uncertainty according to number of
sensors used in measurement

Table 1 Specification of the equipment

Parameter Specification
Ref Flatness +30 nm, F.S.
CIETENCe ['width, w | 35 mm
mirror -
Height, 4 50 mm
C i Range +100 um
APactlive [y ihearity | +60 nm, F.S.
sensor :
Resolution | 0.8 nm
Li Stroke 100 mm
sltzeir Resolution | 10 nm
g Drives Linear brushless servomotor

Table 2 Standard uncertainty of estimated errors

. Standard Measurement
Parameter | Unit . .
uncertainty uncertainty
u(Jyyx) nm 23.7 47.5
(0.) nm 27.4 54.8
U(Exy) arcsec 0.1 0.3
u(&,x) arcsec 0.2 0.3
u(e.y) arcsec 0.2 0.3
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! Linear stage

Fig. 3 Experiments for measurement of geometric errors
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Fig. 5 Five-DOF motion under static condition
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Table 3 Evaluation for five-DOF motion under static condition (unit: pum, arcsec)

Parameter Unidirectional B | Unidirectional F | Bidirectional
. Mean reversal value - - 0.01
sI;IrZirnghotﬁzls Range mean bidirectional positional deviation M - - 0.11£0.05
motion Repeatability of positioning R 0.04 0.03 0.07
Accuracy A 0.15+0.05 0.15+0.05 0.16+0.05
. Mean reversal value - - -0.01
StIZ?;EfI’?iSS Range mean bidirectional positional deviation M - - 0.77+0.05
motion Repeatability of positioning R 0.04 0.09 0.09
Accuracy A 0.82+0.05 0.82+0.05 0.82+0.05
Mean reversal value - - -0.02
Roll Range mean bidirectional positional deviation M - - 2.03+0.28
motion | Repeatability of positioning R 0.17 0.14 0.22
Accuracy A 2.07+0.28 2.13+£0.28 2.13+£0.28
Mean reversal value - - 0.01
Pitch Range mean bidirectional positional deviation M - - 7.32+0.32
motion | Repeatability of positioning R 0.11 0.10 0.21
Accuracy A 8.22+0.32 8.23+0.32 8.23+0.32
Mean reversal value - - -0.07
Yaw Range mean bidirectional positional deviation M - - 0.49+0.32
motion | Repeatability of positioning R 0.14 0.13 0.23
Accuracy A 0.54+0.32 0.85+0.32 0.85+0.32
FEF) oF FFS ALSFTh TeEE J FE 25 WH AR L YHEE Table 45
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Fig. 6 Five-DOF motion under dynamic condition

Table 4 Evaluation for five-DOF motion under dynamic conditions (unit: um, arcsec)

Parameter Dynamic (10mm/s) | Dynamic (50mm/s) | Dynamic (100mm/s)

Horizontal Repeatability 0.22 0.34 0.35
straightness motion Accuracy 0.45+0.05 0.56+0.05 0.40+0.05
Vertical Repeatability 0.28 0.19 0.15
Straightness motion Accuracy 1.11£0.05 1.12+0.05 0.99+0.05
. Repeatability 0.45 0.61 0.39

Roll motion Accuracy 2.49+0.28 2.57+0.28 2.39+0.28
Pitch motion Repeatability 0.42 0.47 0.54
Accuracy 8.43+0.32 8.25+0.32 8.45+0.32

Yaw motion Repeatability 0.46 0.48 0.42
Accuracy 1.33+0.32 1.40+0.32 1.76+0.32
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