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Abstract A new method of measuring guide straightness error is proposed. Based on a linear relationship between
polarizing angle and lateral offset position displacement. A peculiar polarized beam, whose polarization angles are
distributed linearly as lateral direction coordinates, is modulated by a designed active optical modulator based on
polarization interference principle. The polarizing angles of the beam are detected by an optical detecting component
and an optical slit, which move correspondingly with the existed guide straightness error. Laboratory experiments
are conducted to validate the method and the results show that the correlation coefficients of the linear fitting curves
between the polarizing angle and offset displacement is above 0.9995, with the standard deviation of the repeatability
test within 1 pm. The range of straightness error measurement is above 0.5 mm with the resolution level at
submicron grade. This method minimizes the effects caused by the variation of light intensity and guide surface error
and possesses the advantages of convenience, high reliability and accuracy. After modification, it can measure two-
dimensional straightuess error with the same precision as the autocollimator. It can be applied to actual industrial
applications.
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Fig. 1 Schematic of straightness-error measurement

TR P ATAE © J7 1) LR R ZE L AR 3
2l SR AL 6 7245 B8 3l AT A HAT A [ i 41k A
(2 I IR0 I ' e i 1A O 9 A1 5 LR iR 22
ZIA) Nk BRSO AR G e T 328 A D R Al AR A1 19 22
A AT RS A LR B R 22 I IAT 2 TR .

optical slit light facula

Polarizing angle 6/(°)
6. 6

6,

xl T Z,
Offect dieplacement x
Kl 2 HEKERESmRMAMLECR
Fig. 2 Relationship between polarizing angle

and offset displacement x

3 BRI
3.1 {miR A R

F U0 i B AT R 2 T P A A 2 A i A 1 9
RSN . O B AR IR 2 A5 H T an Bl 3 (a) BT
NG B R IR AP OCEE B AR B OB
AP B S E SRR AR 2 —y
H He-Ne #Ot#8 4 — i mdk M 5 2" n/4 MLk
TRt Hm R 1R o i 3R A 08 i 25 A 960 R
w R RN

JEyf = E,sin % e COSwl »
@D

T
IE‘,/ = E,cos I e cOSwl »

X E/LEy R e E 2y ERa R, iR
AR IR I pes P  PIHOGE 2 WS R L
BB X/ 4P Ab S E WG EEAE LA b R AT R A
fi22 & W6 BT i = UR0R
jES = E,sin(x/4)cos(wt + &),
IE = E,cos(w/4)cos wt.
E..E, PIgEIC R 23k A/4 W R ALk 23 50 76 3
P4 o« FE S o B RASET rE EL L EL
E, =E,cos(wt + n/2 4+ &) cos(xn/4)cos(Tx/4) +
E,cos(wt + n/2)sin(x/4) cos(x/4) =
— Esin[or + (1/2)8]cos[ (1/2)87], (3

(2



4 1 RVEASE . A1 IR w4 O L R 957
(a) A= /(20 (n—1) « tang » Ax. 9
right angle a
prism > >
light . / -
\g 7, .
i :
x” » <1 right angle
/ prism | |
— L\

polarized
beam splitter

\ optical wedge

A/4 wave plate

() Ay

3 i e I o 25 V8 ) D
Fig. 3 Layout of the optical polarizing angle modulator
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Table 1 Experimental data of the resolution test/pm

Serial number No. 1 No. 2 No. 3 No. 4 No. 5 No. 6
Given standard offset displacement Ax 0.5 1 2 3 5 10
First group measured value X 0. 64 1.18 2.05 2.91 5.14 10. 05
Second group measured value Xy 0. 49 0.95 2.09 3.03 5.06 9.94
Third group measured value s 0.39 1.07 1.88 3.11 4.92 10. 13
Maximum measuring error 0.25 0.23 0.21 0. 20 0.22 0.19
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Table 2 Experimental results of the straightness repeatability test

Position /mm 0 100 200 300 400 500 600 700 800 900 1000 o /ym
Group 1 /;Lm 0 —0.7 —1.0 —1.4 —1.7 —1.9 —1.3 —1.7 —1.4 —1.2 —1.6 1. 34
Group 2 /pm 0 —1.4 —1.7 —1.8 —2.1 —2.2 —1.9 —2.1 —1.8 —1.6 —1.8 1. 40
Group 3 /pm 0 —0.7 —0.9 —1.0 —1.3 —1.5 —1.0 —1.4 —1.1 —1.0 —1.2 0.98
Group 4 /pm 0 —0.9 —1.2 —1.5 —1.6 —1.7 —1.2 —1.7 —1.7 —1.4 —1.7 1. 37
Group 5 /pum 0 —0.4 —0.6 —0.8 —1.1 —1.2 —0.9 —1.1 —0.8 —0.6 —0.8 0.92
Group 6 /pum 0 —1.0 —1.4 —1.6 —1.9 —2.0 —1.5 —1.8 —1.0 —0.8 —0.9 1.56

Standard

Lo 0.31 0. 35 0. 34 0. 34 0.33 0.33 0.31 0. 36 0. 34 0. 39 Average
deviation /pm

System uncer-

tainty(K=1) 0. 34 System uncertainty (K =3) 1.02 1. 26
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