H25 % s e G TR Vol.25 No.8
2017 4F 8 H Optics and Precision Engineering Aug. 2017

XEHS 1004-924X(2017)08-2011-12

LK G B O BB EREOTH

5 E.% #.48 80,80 E.F )
(LEREBIAZ LRI EFR,ERX 400054;
LERBIARF RARNBEAEREATHRIREARFR
e EERMARERTELLHE, EK 400054)

FEE A B A ARG 2 20 0 0 T X B A 24 I e R A [R) A, R T T — R A 32 AR S35 S D IR 1 B s A A R M B

(Iﬂl R, %N R GR Y B OE 23S 1 38R J'ﬁiil'ﬁ@@Eﬁcﬂ’]ﬁbzﬁfﬁﬁﬂﬁjﬁAﬁ/ﬁiEﬁﬁ?(ﬁfnJJ\ILIFJ%EM%{‘)]'
o E XTI R G I SRR AT B BE T b L ST T R G A BRI ASR R 5 22 AR 5 g 0 PR AN AT T AR G A I ) AR

urm\ 23 AV HASE R 1E 38 DA B 5 0 %2 5 RSP AT IR R R 22 ML . TR SE 0 30 UE 7 — U« YR DY W B 1) 7= A S 1AL L AR

T 1R 2 0 IR WOk T 2B 25 SRR T AR A S8, SR S5 R AR L AE 180 mm WU Y N L FHAEE 0. 6 mm A9 I i

RESHT £0. 4 pm B0 SRR . 12000 5 3R G 80k T B0 SCABRT 85 2000 1 (] B, 25 040 167 BR. 22 55 05 (8L O e A RS I 4t

PEHE TR

X B W AABMNE; X EAG B ATIRERIEESH

hE S %S . TP212; TH741. 1 X EEARIRED : A doi: 10. 3788/0OPE. 20172508. 2011

Developement of alternating light field space-time coupling type

displacement measuring system
ZHU Ge, ZHANG Chao, FU Min" , PAN Shuai-jia, LEI Chuan

(1. College of Mechanical Engineering, Chongqing University of Technology , Chongging 400054, China;
2. Engineering Research Center of Mechanical Testing Technology and Equipment, Ministry of
Education, Chongqing Key Laboratory of Time-Grating Sensing and Advanced Testing
Technology, Chongqing University of Technology, Chongqing 400054, China)

* Corresponding author, E-mail: fum o@cqut. edu. cn

Abstract: Regarding the restriction of precision ruling process difficulty on the measurement precision,
a linear space-time coupling displacement measuring system was designed, taking an alternating light
field as the measuring medium. The measuring system coupled four orthogonal alternating light fields
and four orthogonal sinusoidal light transmitting surface into electrical traveling wave signal, thus a-
chieving high precision displacement measurements. Through analysis of the measuring principle of
the system. The theory model and error model of this measurement system were established, and the

measuring error characteristic was analyzed in detail by model simulation when time phase and space
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phase were not orthogonal and mechanical installation was inaccurate respectively. Experiments were

conducted for verification of the origins of the first harmonic, the second harmonic and the fourth har-

monic. According to which, the measuring equipment was improved and its parameters were opti-

mized. The experiment result shows that the measuring errors of the optimized measuring system are

controlled within #-0. 4 pm in the measuring range of 180 mm with grating pitch of 0. 6 mm. The sys-

tem avoids precision ruling process of current grating, and has simple structure and easy installation,

which provide an excellent approach for optical displacement measurements.

Key words: displacement measurement; alternating light field; space-time coupling; travelling wave

synthesis; error analysis
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Fig. 14 Error curves and harmonic components after

improving light transmitting surfaces
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Tab. 1

optimal alternating signals )

Phase difference Ideal value Initial value Optimal value

Between 90 and 0 90. 000 90. 218 89.998
Between 180 and 0 180. 000 179. 803 180. 000
Between 270 and 0—90. 000 —90. 392 —90. 000
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Fig. 16  Error curves and harmonic components after

improving orthogonality of light source

HRAE R 1 Al AL AL 5 M A0 B 23R 5 82
FRARIRA . NI 16 W], — YRR I R M B i O
> ARG R A A A, DT B E T O TR Y
AN AR IE 38 02 7= AR — U I 1 = B2 R A
4.2.3  HUME R P AT EARAL

B BT Rl AT, AR I B AL R R A
EATHIRE . Rk, 2 ROR A sl i 5 8 iR 2
() P B 1) ] T 0 %88 A0 % Al A 9% A AR AR ] )
TRFFA R £ A S AR Al 5 2 R 6 2 — a2 1
TP B A4 BEOGAE 5 IR (22 SR 2 5. T
FRAT IR 22 i 2 5 A Uk s an il 17 Frw .

B 17 7T LLE L G I B2 K
D R G3 — U DAL 1 D 3 B E T AR AR B AN
SEAT R AR UG I A E R . IR R G A
XA B I IR 25 R 1 pem s FE R B R 22 1K
3 3 b A L IR I 0 E S HEAT SR T 0%



2020 b=

T TR

5 25 &

Displacement/mm

0 0.2 0.4 0.6 0.8 1 1.2
4 L I T 15
—= Harmonic component :
—— Error curve after improving parallelism of plates
£ ' £
=} H =]
s i
glpfn Pl o b s ilewgip oy s
0 5 10 15 20

Harmonic component/order

K17 BCEMRAR AT RS iR 22 it 2 508 I 4y
Fig. 17 Error curves and harmonic components after

improving parallelism of polar plates
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