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Compensation of signal for reflective grating engraved on steel ring
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Abstract: In order to improve the measuring accuracy of a steel ring reflective grating,a grating signal
compensation system is designed. The system is used to compensate the signal amplitude, DC voltage
and the phase of the grating, respectively, for which two grating signals have a better orthogonality.
First, according to the sampling method for steel ring reflective grating signals, an electronic process-
ing system is created. And then several compensation algorithms are established aiming at the signal
amplitude, DC voltage and the phase. By taking the steel ring reflective grating with 8 192 lp/mm as a
platform and the results of testing precision as a basis of adjudication, the proposed signal compensa-
tion system is verified. The results show that the precision compensated has been improved by 2. 28"
with an increasing magnitude of 50%. Obtained results prove that the signal compensation system is
feasible.
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Fig. 1 Structure of reflecting grating engraved on

steel ring
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Fig. 2 Principle diagram of reflecting reading core

X8 LS S5 TR Sl A 3l 2 Al ] ) A
XAEMBER, WE 3R, X 4 BESEY
Z25y FUKIE I sin Fl cos 2 B IE 3% M5 5 » & T4
12 B8 B0 R K bR TR v W7 7 XA T 3 4 T



512 SRR

= AR S SO

RN 2949

B, sin 1 cos it A/D ##, i1 CPU X]L{.qﬁj_
AT M FI L 7 24 475 {E 40 40, 10 IF AL B A5 45 3] —
‘Fﬁﬂﬁ%TEﬁﬁ%J’E?’MﬂH&%%ﬂ%%E"J&E%E‘Jﬁ’fﬁ
e,

GO
- sin O i
G180 VDRI sz
FIR "
G90_
i ‘
o) o kg (R T CPU
FE SRR
— itk
[..,_'q;s-nl.[}‘
B3 GHHE S Ak S AE

Fig. 3 Block diagram of dealing grating signal
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Fig. 4 Ideal and non-ideal Lissajou diagrams
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Fig. 5 Compensation of sine wave
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Fig. 6 Principle of compensation for phase
B AR .

f<x+xo>:f<x>+f’<x>xo+a7%xg+...+

o 10)

Xo s
nl

4 cos(0+ @ A K (10) R IF 45

cos 0, ,

cos (0+ @) =cos O—sin 0+ ¢o— 2 @

(1D
ML 2E <15 (HP ¢=<<0. 26 rad) B, 43 1)
EHE LR/ T N5 — 5k .
cos (0+¢)=cos §—sin 0« ¢, 12
M| cos 0=cos (0+ @) —sin 0« ¢, A& IE )G
1 cos 015 S AMMITFFE AKX,
SR TAERT . sin 0 1 cos (0+ @) Al H A/D %
s R ERE AN 2 ¢ R Lissajou EIE 70 #r
FAR ARG HAFIR SRR

B R E R 4 2 B9 B W Lissajou EITE,
FHH R EIE F & REE A PO SR . Wik
7N s R R R B K B ALK B AR
K,

P 7 RHAL 28K g 7R 2 A

Fig. 7 Diagram of calculating phase error

M0 B AE 5 R AR AL DR B 90°BY , Lissajou &2
Wi RT3 2 b 5 0 67 25 89 K IE 1% OE
Ll AR 20 (13D T3 AR 7 22551

go=2arctan% . (13)

4 ZhhH#aR

4.1 XWHE

PAZIZE A 8 192 Ip/mm 1) 4: J&@ Jeth 38 Sk 52 56
X4, o3k ik b T BRI B R % SUHL - A (E 20 O
(A5 512 B R IE LBA 21 A 53 ¥ 1 09 ff o
R WA 8 FR R APPAT LA 17 AR A
A RS R G T I M F 0 A R

s S HiHER
HHER Y

E2UES

Ab T L

Hdab

PE 8 o A ) DA ]

Fig. 8 Principle diagram of measuring precision
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Tab.1 Measuring precision before compensation
EALLN ez I A5 e ZmEikE Y
. o Lo mE/O
T i B /(D IEE/ D
0 0°0" 0" 0 0 0
1 21°10"35" 4.3 —1.1 5.4
2 42°21'11" 4.7 0.4 4.3
3 63°31'46" 7.4 0.4 7.0
4 84°42'21" 4.3 0.6 3.7
5 105°52'57" —9.5 0.5 —10
6 127° 3'32" 8.3 —0.4 8.7
7 148°14" 7" 8.4 —0.7 9.1
8 169°24'42" 4.8 —0.4 5.2
9 190°35'18" 7.2 —1.3 8.5
10 211°45'53" —2 0.4 —2.4
11 232°56'28" 3.1 —0.9 4.3
12 254° 7" 4" 7.9 —0.2 8.1
13 275°17'39" 4.9 —0.8 5.7
14 296°28'14" 3.6 0.7 2.9
15 317°38'49" 1.4 —1.6 3
16 338°49'25" —1.8 0.2 —2.0
17 0°0" 0" 3.7 0 3.7
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Tab. 2 Measuring precision after compensation
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8 169°24'42" 1 —0.4 2.5
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14 296°28'14" 1.3 0.7 0.6
15 317°38'49" 0.5 —1.6 2.1
16 338°49'25" —0.8 0.2 —1
17 0°0" 0" 1.5 0 1.5
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Fig.9 Lissajou diagrams of compensating grating signal

AR S o % 45 I E PR S 3 U7 g ik
LI 5 It 2 X G A 4 70 K6 R R W 64 23 A, 4R
H OGS A 5 I D L B PR P A A7 22 4 AT A R Y



29

52 b e

G T

%19 &

RGAT k. X 8192 Ip/mm 14 & S5 2Ot
T A e S B, 25 2R SR ] 2t kb B O 4R S

(2]

(3]

(4]

(5]

L6]

[7]

B A, A2 K, 7 A O i G R A 1 KR B
A1) A5 % 142,2000,8(2):198-202.

DONG L L, XIONG J] W, WAN Q H. Develop-
ment of photoelectric rotary encoders [J]. Opt
Precision Eng. ,» 2000, 8(2):198-202. (in Chinese)
F KM, g A 0 A W5 BUfE S A A R e
BB AL ). % 5 #,2003,23(8) :1013-1016.
LUO CH ZH. SUN Y. Theoretical analysis on
phase of moire fringes signal affected by shaft ec-
centricity[J ].  Jowrnal of Optics, 2003, 23 (8):
1013-1016.
F R O % e M SR BUfE S AR AL s [T,
AF F 4R ,2003,32(10):1271-1273.

LUO CH ZH. The affect on phase of moire fringes

(in Chinese)

signal caused by shaft eccentricity [J]. Journal of
Photon, 2003, 32(10):1271-1273. (in Chinese)
RS, 3L B LR OGN RIS 2GRS IE
A 22 WA A IE TR L] L F A E LR,
2007,15(11) :1745-1748.

XIONG W ZH , KONG ZH Y, ZHANG W. Phase
correction of quartering deviation of photoelectric
rotary encoder [J]. Opt. Precision Eng. , 2007, 15
(11):1745-1748. (in Chinese)

AR EEE RSB CMESRERE LK
BT AL B AR B # & %, 2008, 24 (11-1) : 120-
121.

HAO J, XU ZH ]J. The application of reflexible
metal grating on high precision turntable[J]. Jour-
nal of Instrument Technique and Sensor, 2008, 24
(11-1):120-121.
B R, BHXERkmEMAFD] B, BT ER
K2+ ,2006.

ZHOU C H. Research on reflective metallic grat-

(in Chinese)

ing [D]. Chengdu: University of Electronic Science
and Technology of China, 2006. (in Chinese)
RRF. BHX w4 RS aR[D]. A
LR R, 2007,

MERS IR E T 228", 8 50% 2247, B0 4F T #M%
B IR AT AT,

(8]

9]

[10]

[11]

(12]

YU G Q. Research on reflexible photoelectric rota-
ry encoder[D]. Chengdu: University of Electronic
Science and Technology of China, 2007. (in Chi-
nese)
LT RELSXLEMARDERE W
ks [D]. REKRELFEREINRS Y
HBEF T, 2008,
KONG ZH Y. Study on techniques of increasing
the accuracy and resolution for the absolute photoe-
lectric rotary encoder[ D]. Changchun: Changchun
Institute of Optics, Fine Mechanics and Physics,
2003. (in Chinese)
EXA, SHZ, A0 F. EEMEERSGS
Aoy B FE L) ], e 5 5 4R, 2005, 25(4):497-
500.
CHU XCH, LVH B, DU L B, et al.. Research
on subdividing method for random phase difference
fringe signals[J]. Journal of Optics,2005,25(4):
497-500. (in Chinese)
FaE, g9, L — . BRS04 oA A 1R 22
WEPEAME T R b5 4% T42.1995.3(1):
69-73.
LIJ G, XUAN M, WANG Y F. Software com-
pensation method of phase error in moiré strip divi-
sion [J]. Opt. Precision Eng. , 1995, 3(1): 69-
73. (in Chinese)
FF A, AL, M4 OUM R R ZLE S IERZR
ZEMAMELT]. FF.1996.17(1) :45-48.
JING F SH, CHEN G L, HAO W. Phase quadra-
ture error compensation of moiré fringe signals
[I]. Acta Metrologica Sinica, 1996, 17 (1):45-
48. (in Chinese)
B SAT, R, AR SR, — TR 4 R e A e
BRI B Al oy 7k L)) RERFFR,
2002,35(1) :1-4.
YU W X, HU X T, ZHOU Z Q. A subdivision
method with high resolution and high response speed
in grating-based nanometrology[ J 1. Jowrnal of Tian-

jin University, 2002, 35(1):1-4. (in Chinese)



512 e TRk L 5 - B 1 B A S OEMHE 5 i b2 2953

[13] B&%F. AMEREREFF @A E[D]. ing moiré fringe[ DJ. Nanjing: Nanjing University
T 5« B A R K2, 2008. of Aeronautics and Astronautics, 2008. (in Chi-
LV M J. Studyof electronic subdivision for grat- nese)

EE B AT :

A (1979 —). B I AU AL 1
+ B ERAFSE £ L 2005 4F TR BT R
EEARAF LA, 2011 4E T RLBE K
BRGNS Wy BB 58 BT 3K 45 1
T AL, RENFOCRALER S BT
Ak 5 B 5 5 TR BF 5. E-mail:
chengzhif2004(@ yahoo. com. cn

EMR973—) B MK HE A, RBIBF
SEBL, 1998 4R T35 MO % 3R A 24 2
37,2005 4 T B Bt #F 57 A= B 3k 15 A
R AN e I SRR ke e = R ) &
# &R 48 W WF 5. E-mail: gaizhuqiue-

mail@sina. com

@ THATH

T [ SRR AN E &R 5XE

(BREIVAF NBEABAGERAEBRELERE, ZAIT %/RE 150080)

RS2 BT R A AR D' £ A LA ) RS B AR L BT T R L RE e . SER A IROT s
5o M A [ 2 Ve 2 M L A ) 5 T ek 22 1 P i T P BB R /0 o R AT v 1 0 5 4 B 4% 2 M) |
KA IR LATERE 2R S 2k Bl B SR 0 AN RS BR i 4% 7 8 S22 K007 5 e A R BCGHEAT DA 5K it
RS R, AR DL A S B A F s 2k Pl i R Atk b L B 17 R g 4% o) P % e 3 T £k L R IADA
WA LG ) o SR BEAT R T NN R R RESE IR, S IR A R AR W AT B ) A IR B 2. 660 g5
JCEF LR I B 73 BEARIEF 0. 762 5 mg ., 19 1 A0 ARG 2T 48 Bl 437 A X 7 i 3 3 FRT K% 20 B SR B 280K



