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Abstract: To control precisely the 2D rotation stable of a laser communication terminal unit on the sat-
ellite platform, a special optical angle encoder was designed to measure the rotary angle of the 2D ro-
tation stable to realize the close control of the terminal unit. The grating disk, index grating and a sig-
nal pick-up method were designed and chosen respectively on the basis of design requirements of angle
measurement device in the laser communication terminal. An absolute type binary coding was com-
bined with a high quality electronics dividing to implement 24 bit absolute angle measurement of the
encoder, and a four quadrant matrix encoding was used to effectively reduce the radial size of encoder.

Moreover, the parted reading head type indicating gratings were employed in the encoder to allow its
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volume and weight to be smaller and lighter than that of the whole glass grating disk. The angle

measurement precision of an optical angle encoder mounted on the satellite borne laser communication

terminal unit was tested and analyzed after finely manufacturing, assembling and adjusting at a indoor

temperature. The results show that precision of the designed encoder is about 0. 7" (is superior to 1.

0"). The laser communication terminal unit on the satellite platform operates normally in orbit and

completes capturing, tracking and communication of the signals, which verifies that the designed en-

coder is characterized by high precision, high resistance to radiation and high working reliability.

Key words: laser communication; optical angle encoder; absolute angle encoder; angle measurement;

measurement precision
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Fig. 1 Principle of absolute optical angle encoder
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Tab.1 Requisite performances of absolute angle
encoder used for laser communication

terminal on satellite platform

Ttems Requirement
Precision/(") HF 1.0
Resolution(") < 0.1

Sampling frequency/Hz = 800
Working temperature/°C —40 ~ +55
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Fig. 2 Coding principle of absolute optical encoder

SR E L FH O RS PRRS BT R A 12 AR 7R R
L RSA M A s DT A M R T 1A A Y A 1
SPANE AR PORTRS T R RS SR . RS R
SE TG HL A B G T 45 B TERE E AT DU i R
il T Ji ) 220 2 ORI 20 2O ok (R TR R E
{EL T SRR 2 14 20 4 B e v L xR AT B AR
BE T 0 B $ BOGHLE 5 A Bl . oA T 3
T RSO A T 2 2R E Ty 20 R
Jil o PORS R A T B 2 R E R 2 WA B
JEE G AR A 7E 25 8] b A R A B R
20 24 s TR 5 v R A8 R o RS 8 T ) 2 1 o ]
(A

B3 R TR R
Fig. 3 Pattern design of grating disk

P13 FIIEL 4 4350 Ay 3 3 A 4 1) it IR B S
W R, WE PR 26 E I 1~15 {7 4a b5 55
L HAMNE RSN . N8 @126 mm, 4 & P181
mm , AL GRIUE T 5% 28 09 RG BE L T B IR B R 48 T
MR RSE . B 3 o 4 % =X ) 35 T X
25 (B A B B SRR Sy 7 20 0 i 2 i R 43



%5 10

SR A5 T R RO T 15 2 s 19 20 0 KO H AR B2 2 i 4 2427

B4 WEASEY IR A
Fig. 4 Photograph of grating disk
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Fig. 5 Designing pattern of index grating
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Fig. 7 Lissajous graph of Moiré signal

3.4 HEIEIT

BT B A 45 I as A7 1Y 25 1) 94 B3 A7 7E 5 B
SRR S B X D2 8 RN 4 B SR R A
38 1 AL B TR R S R R Rk, AT
PRAIE B 3O 38 15 28 0 & T 8O i £ B2 G B 245 1)
TAERT S S FLAE S AT 0 IR A% i AR SO
BEOOHE R T A0 R RRR T (D) ik L R R
SO BT AR B 5 (2) X 58 B 20 R 122 ) 1)
B 5 B BT 0 A () AR SRR s (3D X BT A L T e R
PF AT S5 G 1 5 (4) % 58 WU 422 04 v 7 JC 2 1 3
AT I i 35 5 (5) PEHE R K 5 B0/ B 4 ) i 1 45
Fa 2 5 A 4 A S50 Ak B 5 (6) XoF i A ML 3 422
HEATUR BB AL 5 () XHE 5 3 R G2k I TC R it
(11800,

4 ERBABLELDABEBLEN

5% T Ao M

SR T RA] RE M A6 R AR A Y AR AR IR

DI 5 2% S B SO, AR SO Y O R A R 2 1 6%
e R B EOR R 2 — W - L ST B O E
5 % i ) [ 7 B R ok S BRI A A Xz 8.
8 222 TR ARG 5 2 a7 il AR B Ot
61 G T 25 ) SE W B R

y -

&8 22 F I a5 7 i 7R G A B R 548 1Y S
IR
Fig. 8 Photograph of optical encoder installed on e-

quipment

ST W AR R RO A 2 L AR g 2
PRI 7RG TG AR AR R I N SR (BT 1. 07) L i
LT 58 ok 2 2 R 1 O FEL AR R g B 2 1 0 A A
FEHEAT T SRR
4.1 HWWFH*E

P9 S S FL A B 4 R 4 00 0 R Y ST 6 A
JRHE, ZoR i ke B EALHE O H A M B ORS B
0,17 438 S 0. 0017 17 B T T
BE | HL SR FOAS L O H A RE g B % SR O 5 4
TS K 17 TH b AR G ot Y T R AR AL RO
3 A 2% i 1 100 % Al 1, 9 SR T Pl JR U A4S R Ik 1
5 B R R, K5, o s E 2ot
1R i g WO B2 B o 0, BB R, JE R ok AL
XS ME 17 TR AR Y 5 — T I 7 B Sy i
RN, SO R TN K ) A6 00 0 IR S, BRI
i gy ) Bt Tl e A T B G o M AN,
B, O FEL A B g B 4 B e i 360°/17, TG H
THE A T S R ERCA D't H R 4 i i 114 S PR £
SRR 0 25 3 BRSO i B g Y
i 1 SEPRAE . OREIZAE S O L A B G A 8 1 T2 AL
0 2 BV AT 3R A5 Gt Bt s 70 5 — s AL A0 A ORS B . 4k
S By I Bl AR R R AR 4 15 S o
ELASOREE 2R H 6] FE 0 7 ¥ 3R A5 06 L A 2 4 50 35



%5 10

SR A5 T B OO {5 2 s 14 24 6 O H A B8 20 B 2429

TEHEAR A5 AL B I FORS BE o foe e o R 4 5 4 A X
L7 A i Ak 9 00 700K JEE BT S 46 4 SR e AT Y
Y05 7% . B 2 AT O AL AR L B 45 fe 24 9 0 A
K .

Prism with 17 faces

Transition tooling N
Auto-collimation

Azimuth shafting

P9 ol R R g B 2 ) oA R 0 U

Fig. 9 Test device for precision of angle encoder
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Tab. 2 Measurement results of precision of angle encoder

Selected  Showing value  Practical Showing  Precision

No. position of  of autocolli-  position of ~ value of  of encoder

encoder A;/(°) mation B/(") encoder i encoder Di  &/(")

1 0.0° 0.0 0.0" 0.0" 0.0
2 360/17X1 0.2 21°10'35.5" 21°10'35.6" 0.1
3 360/17X2 0.3 42°21'10.9" 42°21'10.8"  —0.1
4 360/17X3  —0.2 63°31'45.7" 63°31'45.8" 0.1
5 360/17X4 0.5 84°42'21.7" 84°42'20.7" —1.0
6 360/17X5 0.4 105°52'56, 9" 105°52'55.8" —1.1
7 360/17X6 0.5 127°03'32. 3" 127°03'32.3" 0.0
8  360/17X7  —0.6 148°14'06. 5" 148°14'06.6" 0.1
9 360/17X8 0.4 169°24'42.8" 169°24'43.9" 1.1
10 360/17X9 0.7 190°35'18. 3" 190°35'17. 9" —0.4
11 360/17X10 0.3 211°45'53.2" 211°45'53.6" 0.4
12 360/17X11 0.2 232°5628.4" 232°56'27.8" —0.6
13 360/17X12 0.8 254°07'04. 3" 254°07'03.8" —0.5
14 360/17X13 0.5 275°17'39.3" 275°17'38.1" —1.2
15 360/17X14 0.5 296°28'14.6" 296°28'14.1" —0.5
16 360/17X15  —0.2 317°38'49.2" 317°38'49.8" 0.6
17 360/17X16 0.4 338°49'25.1" 338°49'25.7" 0.6
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