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Abstract The polarization scanner (POSP) is a remote sensor which can simultaneously measure polarization and
aperture. The optical-mechanical system design and index requirements of POSP are introduced. In order to ensure
the measurement accuracy, the environmental adaptability design and analysis of POSP are carried out aiming at the
mechanical property during the transport and launch phases and the thermal environment of in-orbit operation, and
the thermal vacuum and identification level mechanical tests are carried out. The experimental results show that the
fundamental frequency of the instrument is about 110 Hz, and the modes are basically consistent with the simulation
results. The strength and hardness of the whole machine meet requirements. After the thermal vacuum test, the
output of the instrument is normal, and each component of the optical-mechanical system works normally. The
performance of the whole machine is tested before and after the thermal and mechanical tests. The results show that
the coincidence degree of field of view is more than 90%, and the polarization precision is better than 0.5% . The
instrument has good adaptability to the space environment, and meets the stable and reliable work requirements on
the ground and in orbit.

Key words remote sensing; optical-mechanical system design; environmental test; performance test

OCIS codes 280.1100; 220.2740; 220.4840

WA 2018-12-17; 1EE B HA. 2019-02-15; FHBH: 2019-03-11
HEWA: FFEARPIFES (41405037) . rh E R F B K SCEE £ 4 (U1331111D)
* E-mail: smx0369@163.com

0704002-1



i ot

— .

Bl =

M 3R H AR LE SR U 3% 5 DA R Ha G 4 S i S
SRR, S AR [ B T RO A B AR A T
YRR ARE Al B AN [ 1 0 4 8 [] — 40 4 1 AN [l bR 28
77 AN TR O R A S 2 e I R AIE 28 B 2 E BRI
ZRE B, BE o E R 5 B . 20 4D 80
AEAR LA , 35 B RNL B 55 B AR Ak JF & T 6 M i ik
WL K ni; R Al B 98 A . 20 4l 90 4RAR, SEH
FEUG T Tt 3R 0 0 4 485 i 4 1T CEOSP) 7, SR B4y
FLAZ 43 e ) B I 00 7 %8 . HRT i EOSP
R VR T A 1 A0S e M 41 A% JER 2% CAPS) J2& 2k T b e
R ] 2 ) o SRS R 2 — 35 A R R R B T
E PN

23 [0] 6 2 3 B i 1 A A i A, 2 LM
B s PR B s [ S 45 A 85 PR 3R 1 R ) S D 1Y
IBE R 200 5 808 B b2 R 50 00 BUR BOG i i i
TR EE S HGE BRI IOk TAEY . R
T s 4 0 2SS BILBR N ) RO g S 3 O A
% 7 I 77 XTSI 2 T ) D RERS B L 45 G
POSP 1 TAE J5 B, A SC 2250 B T AILA 28 7 A1 4
AT X R GE R L I HEAT S N PR T, S )2

c—

1

otated 90°
AN

-t

T PR A R S0 T BT B S PR BT R T AT
P R AN mT G R R R K

2 PR T AR

AR R TR AL (POSP) L W Y 2 56 [/ APS
M ARBLY . K5 2 MW AR AR A (DPO) i
1w 4 28 K U B0 1 ok Sk o B A e B
LU R Gk K B 0 A% B A O R PR BT RS
e Mt RIS s R TR, B
S POSP G2 R R B, K R oR 7 1 X
E, BRfE o488 ERGEA MG, g & Eix R
Gy 6 A EiEfE S . HrP R 2 ANIEIE Dy 1 X,
6 NI E A] 432 3 %, B TE A S B4 8 4 L
3% E L IR SE B 380 nm ] 2250 nm 2 [H]
9 A~k B iy R B I, R X 3 A R B b
(WP1/WP2) 75 v 1 B i 45°, & B b B2 vl % A
S 43 % S Wik 2 5 ) ERE AR A T R 2R Ak O
XSG 5 9 o g S R 30 Oy w0 Sl 00
45° . 90°F1 135/ 4 >4 i 41 O , B A~ 38 18 19O 3%
FoaREEAMNRME T TR 4, W4
Pickering Y 37 48 5 7 55 1 #5800 Jit 380 0T £ Ar s B A
11 i 4 5 2

telescope field collimator Wollaston

I lens stop lens prism dual element
1 ' rd ¥ detectors
R R
S P \ ' /N L < bandpass filter
! P P P
' ! Iyl / AN
L t ‘ ] 7 focusing lens
| S— — —
RN SNV o - 7.
1 = 5
I M Y wpreoe - L X dichroic beam splitter
: / \ \,
v X : s || I i
scanning mirrors assembly WEZ @28 i Al L
Y W VY

1 B IR 41 O 27 s R R
Fig. 1 Optical schematic of POSP

ARG5S 9 AR B, 36 A~ T8IE 8 A 1]
M A BER T 90 26, B4 U B i O % 0 62 K5 38 1
T 0.5 % (R AmiRE P<<0.3), R POSP #y G
RGN i S R TT A R K POSP B HL A R 14
A F M 4 AR L Em S A
LI BRI, | 2 5 POSP 45 kg #1614,

o K R 31 100 ek ) SEE B, 2R POSP 7R 45 28 84
BUBE S5 R T 1) Hb T DL S 7R 03 A7 i 2 PR R R A1 T

PEVEBE » ¥ o I R 1 8 A K2 6 O 18y W R 5
BEAh B ML iz T 23 (8] BR8N 2 7K 32 52 2% 1Y IR I
POSP PN E G 27 B2 R 149 AR 3 R 42 52 i i 41 00 4
ARG .

3 MEEiE MRt

ST EER A IERF
LT i 4R e At P T S 1149 R o 5 1) 2 2K L A

3.1

0704002-2



radiation cooling
components

hood

assembly and
polarized reference
assembly

scanning motor
assembly

dark refefénce
assembly

main optical
component

electornics
module

scolar reference
assembly

Bl 2 POSP 54 %% it
Fig. 2 Structural assembly drawing of POSP

FIFRN 7 A 19 7 T3 XU S K B 4 52 ) 2% ¢ i 41 DU
ORGSR B S B A Y Ak T =X DR
BLSTE 43 R 2R ff 5T AR D) 5L TR PR S AL L
FRARDI AN S MLE B RS . B3 S AR U A T
SRR B EmME 3 s, MERIE G 1w Al
HUAH AT 5% e 72— S I , P AR 2 R A s M AR 08 L
W— A AR 2R W IR 2 il m (i R o A
Yoder™ EZEH A A AN

A ==R?, Q)
3
K.P
R.=0.721 , 2
. K, (2)

XK, MK, MR %, X Tt Rm,
K, =D, +D,)/(D /D) ¥FMNEERmE.K, =
(D,—D,)/(D,D,),K,=[(1—v})/Eq]+[(1—
UM)/EM:IO /ﬁ\:':':' D, ﬂﬂ%%%ﬁﬁ?ﬁ»i{ﬁﬂﬂ mm;
D, AR S T AR B AL N mms Eq  Ev 4
Ry O 5 TT A RN A TT A A R & s v o 53 5]

structural
parts

LN
é e |

convex
lens

lens

concave /

R TR RIS #E ST A A A 1

Xf T A FR UL Tﬁﬁﬂﬁﬂﬁ JEE K, H
D B B WK /N . Yoder'™ 38 BF 5 B 45 H 45 Fh
ST LT BRI R A AR

K,P

K, °
b S RoR Ak i 0 I3 {8, B0 MPas P RoR
il 17 571 %, B 0.4 MPa,

FRMAFAM, K, =10 mm ' X F Y m #
M,.K,=1/(2D,) mm '; X} T ¥ 5w, # 8
JeE R LW K, =11/(10D,) mm™ ', %5 0 M2
Zm, W Ky=1/D; mm™', £, D, ¥ K F
0.05 mm, ff LATE b 3R 3 A6 AL w4k . U] 1) 51
R B2 TR G I R 32 N VA [ R O B 3 W )
e B IR F N A A ) A T 3 B O BIL S T i
AH) ST, %k T T 2 T AH U0 B T Ay 15 4 ik
i B S

structural
parts

S =0.798 (3

.
0 center of:,‘
\hypertorus *

(@

3 AU AW SR AR A

(b)
Ca) AHYI AT 5 (b) 8 28 A

Fig. 3 Diagram of tangential interface and hyperloop interface. (a) Tangential interface; (b) hyperloop interface

3.2 BEHEAERRT piy 2 SEEVE e N IVIP e o8-S L IV O
BEPLIE T 23 1) IR T I 23 52 B 2 2 AR S5 10 52 Reiss"" $& t—Fp 7 77 1, ok DAl B8 3

Wil , B 2226 N A0 B SO n RIS R 22 OB TTAR S B TR R AL 1 25 0 ROT AR AR A

0704002-3



i ot

AP JVA: /NS WS
o (QM —(1<;)ATS(‘tanh(,8L)

S, o 4)
So=_ B (5)
2014w’
S. 1 1
B\/Ze(E\AZMjLE(;f(;j ’ 6

KX E. MBI R & 3 N REREG T e
RANFRHEN S, NRHEAL N 7, A2 MPajay fil
a3 ) Ry B JRE RO 2 T 1 1 B K AR B BB
mm/C ;AT Ny 54 Wi BE i 2218, 6 R C S ok
RO & L S B4 A 19 5 KRS, B oy
mm;t, HRHELIERE AN mms E v A E 205k

B J3E G 7 TC1F B A7 TOBE B 5 0y 86 45 A TR AL
P s M1 2 23 01 O B A R O'G 7 TG P 1 IR JEE B A Dy

VB 5 3 1Y) R0 2 700 0 G 45 TR R, T A ARk
& G AT N R B R S . Bayar' ' HE
T R RN R B Y 8 2

~ (De/2>—vo)(au —ag)

a. —ay —v.lag —a.)

Ao O R0 Y B2 Ik &R B B 2. 48 X
107° C7's Do HE B H AR, 8 E A 14Ok
EER R MRZEE, U RIEMRM BN, £ 2
A HR T R AU T A LD B 50 e R ge b ) — HAR
(95627 0 PKS1 (2 T PE B

) D)

F2 ORI RGN Y PR S

Table 2 Heat dissipation thicknesses of different adhesives
Adhesive D¢ /mm ag /°C! ayv /°C7! a. /(107 C™ 1) Ve t. /mm
DG-3S 81 0.43 0.73
GD414-C 19 12.4X10°5 7.9X10°° 590-790 0.33 0.07-0.09
XM23(RTV) 270 0.47 0.20
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Table 3 Material properties of titanium alloy
Material Modulus of elasticity /GPa Linear expansion coefficient /°C !
88.2 (parallel to axis of light) 25.0X 10 ° (parallel to axis of light)
Calcspar

72.4 (perpendicular to axis of light)

5.8 X 10 ° (perpendicular to axis of light)

Titanium alloy 104.0

7.9X10°°

4 AR 2R BT N E
Table 4 Stress values under different temperatures

and thicknesses of rubber layer

AT /mm 0.02 0.03 0.04 0.05
10 /MPa 1.06 0.85 0.73 0.64
20 /MPa 2.11 1.71 1.46 1.28
30 /MPa 3.17 2.56 2.19 1.92

3.4 MEBAHREIU

ML FR GBS b A AR B TR TR R 2 R e IR
FE. APRIEREHL R 47 09 76 B AR PR 8, X B R B
P, SR 3 WS A S B T R R T R
T IR R AT OIN A  E S F B, FOb AR
H ARG AR B A% O A R B A 6 R i

Wollaston prism,
color separation filter,
focus lens

6 ENFHIREE

Fig. 6 Diagram of main optical component

telescope

amplifier
system

circuits

FOCF A T IRA IR B A F e S
I A R P 6 DA R T A i R 0 sl R 2 1
HERER A 15~20 C, FH¥AMLINFE, 1] £
JZ AL 7 LA 8 2 T I A A I A A 4 U 5 R B
o T HIFEBN (L 2 WL rR R 2 = B
(975 20 I B — S 9 FECRA T o i) 52 458 A R G AR
210 A T HE R 1] SR IR A 5 5 A DS/ A T A
Ui AL Aty S 1 T BE B 8

(NI i

4.1 H=ZEHW

H Tk POSP TAE (A &2, 3¢ 7= 5O pL g
FATE SN AT VE T B 1 R0 sl 7w 182 398 47 43 B AL
Bt FAESE POSP & A5 0l i TR b A i 5 0 ) i L
SRo R LT B S BR R Ry AN — B [ A A
KT 100 Hz FEAFI 4G ) 15 T T ALAR B A
A R 5 B LA M R AR A AN B R AR R
SR BEAR T RIS, 76 AS 52 ) 3R 45 5 B8 R IR 11 i 4
T SR AT T AL AE B, POSP A R JT
BRI 2 5B A R E M3 5 iR,

WA AL AR e B TR 2 A Jmy L SR B AR &
b Sy A 6~8 FoR, Hoth g R i
BRRE XL Y 42 2 A it fin [ E 24 3R, O X B
PR A HT AR BN 25 a3k 9 FIIE 7 iR,

# 5 POSP A RITH R b 2 555 0 b oRLE 1

Table 5

Material properties of POSP finite element model for calculation

Modulus of

Linear expansion

Material Density /(10° kgem *) Poisson's ratio
elasticity /GPa coefficient /(107°* K™')
Pyrocream 2500 90.0 0.25 0.5
Aluminum alloy 2800 72.4 0.33 23.0
Carbon fiber 1780 >2100.0 0.30 —1.4
FR-4 1800 11.0 0.28 -
6 bl THAEC B RTOIEZERIN A D
Table 6 Impact working condition (triaxiality) Table 7 Sine vibration condition (triaxiality)
Frequency /Hz Shock response spectrum Frequency /Hz Amplitude
100 179 10 2.3¢
600 600g 20 9g
4000 600g 100 9g
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Displacement amplitude /mm (a) Displacement azngég:ude /mm (b)

2.243 | e
! 2.056 £0.641
1.869 0.583
1.682 0.524
1.495 0.466
. 1.308 - 0.408
(1)5133411 0.350
§ 0.748 A 0.291
- 0.561 . 0.233
’ 0.175

0.374
0.187 0.117
0 0.058
0

Bl 7 POSPHE. () BHL—MAE ;s (b) B HES

Fig. 7 Modal of POSP. (a) First order mode of whole machine; (b) mode of main optical component
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Table 8 Random vibration condition (triaxiality)

Frequency /Hz Power spectral density /Hz '

10 0.03g*
50 0.7g*
110 0.7g*
150 0.08g*
450 0.08g°
2000 0

F9 BB HER
Table 9 Modal analysis result

Order No. 1 2 3 4 5
Natural frequency /Hz 110 120 129 139 145

HEHLAY — B [5G B3 110 Hz, 3k 37 18] 4y 48

AR Y J7 1), i R B L — B [ A 4R K F 100
Hz B BoR . 05 40 BV A AL 3R 13 B Ao
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IR AR LN E =3 YDA = B A N w v B S MO E /1 A4
B L e A B
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Table 10 Thermal analysis of working conditions

Installation Active
State Heat flow condition Heat /W boundary temperature
temperature /°C control mode
Local time at ascending intersection
is 13:15, November 4, 2018; Temperature
Early orbit Not working —5

coating is at early state;

solar constant is 1323 Wem ™2

control barrier

Local time at ascending

High temperature ntersection is 13330, July 8, 2018;

condition coating is at early state;

solar constant is 1414 Wem 2

Local time at ascending intersection
Low temperature is 13:15, November 4, 2018;
condition coating is at early state;

solar constant is 1323 Wem *

15
Work for 57 min,
stand by 41.8 min, Normal
average heat operating mode
consumption 39.4 W —5

X EG A A AE AN R T 00T S AT IR E i, K
M2 an & 8 Fra . w LUK HL F0e A AT TAR R
JEE I W6 R TARARAS R

5 I IR UE S PERE I

POSP % 3 Aif i 248 13 48 58 901 5 DL e R 253
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Fig. 10 Mechanical response curves of POSP. (a) Sine vibration response curve; (b) random vibration response curve
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Table 11  Conditions of thermal vacuum tests

Parameter Vacuum degree /Pa  Temperature /°C Number of cycles  Temperature range rate /(°C emin~ ')

Value 6.6X10° —15-55 6.5 =1

* 12 W EGEARESR

Table 12  Field of view coincidence test results

Waveband Pretest After thermal vacuum test After mechanical test

Whole spectral region 91.5 91.8 92.0

13 R PRI TR IR 4

Table 13 Experimental results of polarization measurement accuracy

Measurement accuracy

Waveband /nm Theoretical polarization -
Pretest After thermal vacuum test After mechanical test
0.0522 0.30 0.27 0.29
0.1039 0.27 0.24 0.28
380 0.1556 0.20 0.20 0.15
0.2123 0.21 0.45 0.27
0.3075 0.33 0.35 0.32
0.0517 0.17 0.12 0.10
0.1030 0.10 0.08 0.02
410 0.1543 0.05 0.07 0.03
0.2106 0.18 0.15 0.21
0.3053 0.45 0.38 0.40
0.0513 0.38 0.06 0.04
0.1022 0.05 0.06 0.01
443 0.1531 0.35 0.44 0.48
0.2091 0.09 0.12 0.03
0.3033 0.11 0.32 0.05
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Waveband /nm Theoretical polarization Measurement accuracy
Pretest After thermal vacuum test After mechanical test

0.0508 0.30 0.20 0.27

0.1013 0.25 0.31 0.29

490 0.1519 0.18 0.20 0.14

0.2075 0.23 0.35 0.20

0.3012 0.45 0.17 0.10

0.0499 0.24 0.08 0.05

0.0995 0.43 0.33 0.04

670 0.1492 0.05 0.11 0.04

0.2040 0.07 0.02 0.04

0.2966 0.04 0.05 0.00

0.0493 0.42 0.32 0.36

0.0984 0.45 0.36 0.39

865 0.1477 0.40 0.40 0.38

0.2021 0.41 0.23 0.36

0.2940 0.46 0.36 0.32

0.0485 0.29 0.20 0.19

0.0968 0.33 0.17 0.12

1380 0.1453 0.12 0.10 0.06

0.1989 0.34 0.33 0.01

0.2898 0.27 0.10 0.09
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