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In this study, effect of the sensor gain error is theoretically analyzed and simulated when mixed
sequential two-prove method(MTPM) is applied for the precision measurement of straightness
error of a linear motion table. According to the theoretical analysis, difference of the gain errors
between two displacement sensors increases measurement error dramatically and alignment
error of the straightedge is also amplified by the sensor gain difference. On the other hand, if the
gain errors of the two sensors are identical, most of error terms are cancelled out and the
alignment error doesn’t give any influence on the measurement error. Also the measurement
error of the straightness error is minimized compared with that of the straightedge’s form error
owing to close relationship between straightness error and angular motion error of the table in the

error terms.
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e,4(x) = straightness error of linear motion table
es(x) = form error of straightedge

HAx) = angular motion error of linear motion table
e,(x) = alignment error of straightedge

[, = distance between two sensors in feed direction
A = axial misalignment between two sensors
R,(x), Rp(x) = output of sensor A and B

G4, Gp = gain of sensor A and B
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X0| &), Sensor Gain Error (MM A QI 2%}), Linear Motion
2 x}), Measurement Error (58 2xt)
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Fig. 1 Principle of mixed sequential two-probe method
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Fig. 2 Layout of hydrostatic bearing table for simulation

Table 1 Specifications of hydrostatic bearing

Horizontal | Vertical
Supply Pressure 100 N/cm?
Dynamic Viscosity 10 cSt
Capillary Coefficient | 1.9153 x 105 mm?3 | 2.3457x 10 mm?
Load Capacity (c=0.4) 9,237 N 14,340 N
Stiffness 1,660 N/um 2,577 N/lpm
Flow Rate 0.21 I/min 0.26 I/min
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Fig. 3 Assumed rail profile errors in the horizontal
direction
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Fig. 4 Simulated motion errors of the hydrostatic bearing
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Fig. 5 Generated form error of the straightedge
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Table 2 Cases of gains considered in the simulation

Case G, Gg
No Gain Error 1 1
1 0.95
Different Gain Error

1 1.05

0.95 0.95

Same Gain Error

1.05 1.05

2 — Original e =2.07 pm
—— Reconstructed e = 2.07 um (G :G,_=1:1)
- 1
£
2
mm 0 b
-1 .
(a) Horizontal error
T T T T T T T
2

| ——Original e=1.44 pm
14 —— Reconstructed e=1.44 um (G,:G_=1:1)

§. 0 —/‘F\
o 1
1 4
1 (b) Form error of straightedge
T T T T T

T T T T
0 100 200 300 400 500
Position x (mm)

Fig. 6 Results of simulation in case of no gain error
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Fig. 7 Results of simulation in case of different gain
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Fig. 8 Results of simulation in case of different gain
with alignment error (k=10 pm/465 mm)
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Fig. 9 Results of simulation in case of same gain error
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