%48 A% 11 air sk LA 2019 4 11 A
Vol.48 No.11 Infrared and Laser Engineering Nov. 2019

= I BB R ST AR
A F AR EME T, 2R

(1. PEARFREELFHEIRE WEHRZIT, T4 KA 130033;
2. P EAF KRS, LT 100049)

B OE:RBEEAN ST E AR RIEARER, SRR R LR T Fmay kit 5 54, Bk

BT =N BRAE SRTERGE TSR HL R, éﬂﬂ“%ﬁé#ﬂ#}b%%%u%ﬁ%i%
MERIR, RETRBEEAG P REXT T E, SRIEABH T T EHREHE; RERAR
TEN R EARITT @, 0N ERER, RBEE LA KN 184 Hz, & K Ti#& &ALk
106 Hz, R A B IF ey sh SMak; B E LA B € 225 CTRAEH T, A FRARBREELEFZ . TR
BEARAITT A F A RFRE, W FRBEREVRGE LT — M EH 185 Hz, 5 2t 547
R — MBI, R F RIS RN R AT AU S AR e AR D & TR A8 AR 3G B R

&K
R T Z AN, RBET; AMRAGE; Bk, #HEF
FESES: Vis MEtFRERD: A DOI: 10.3788/IRLA201948.1114002

Structural design for the imaging unit of space optical
remote camera

Liu Xiaofeng'?, Cheng Zhifeng', Wang Dejiang'
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2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: An imaging unit was designed and researched in detail according to the design demands of the
space optical remote camera. Firstly, a structure of the imaging unit was proposed, which had smaller
size, lighter weight and higher stability. Secondly, in view of the complex working conditions of the
optical remote camera electronic device, the protective design method was provided, and an active
thermal control method was designed. Finally, the imaging unit was analyzed using FEM. The results
show that the imaging unit has a better dynamic performance, as the fundamental frequency of the
imaging unit has achieved 184 Hz, which is much higher than the natural frequency 106 Hz of the
optical remote camera. The mechanical and thermal stability is higher under the conditions of gravity and
+25 C. The mechanical and thermal optical tests are carried out on the imaging unit, and the mechanical
test results show that the fundamental frequency of the imaging unit is 185 Hz, which maintains a good

consistency with the theoretical analysis result. The thermal optical test results show that the imaging unit

%5 H #9:2019-07-11; {&1iT H 87 :2019-08-21
PEE @ A 0B (1984-), 55, BY FIAF 5% B, A, 32 28 DA o Ol 2 3 SR 28 25 K % 11 O I 19 F 9% . Email: liuxiaofengshen@163.com

1114002-1



bl ok TR

%11 4

www.irla.cn

% 48 %

has little influence on the thermal optical performance of the whole machine, and all the indicators meet

the design requirements.

Key words: space optical remote camera;
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Fig.1 Design flow of the imaging unit
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(a) Plug—in structure
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(b) Series connection structure
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Fig.2 Comparison diagram of plug—in and

series—connected structure
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Tab.1 Parameters comparison of plug—in and

series—connected mechanical structure

Parameter comparison Plug=in Serief.
structure connection
Material MB15 MB15
Volume/mm 525%254x310 497x216x280
Mechanical structure mass/kg 7.8 5.1
Assembly quality/kg 16.4 14.1
Fundamental frequency/Hz 176 181
Bonding resistance/m{) 0.5 1.8
Thermal conductivity Bad Good
Performance in air defense Good Good
EMC Performance Good Good
Modal inﬂ:;;zaon remote Big Small
Effect Oofnr :rfs::all 1::11]]6 rs;ablllty Big Small
Effect on thermal stability of Big Small

remote camera

2.2 MEHERE

BEXS AR B0 AR MR SRS S, RS R BT ik
B b 3 B R e L W E R R A AR E T AN T
T o LU W52 0 Ao Aok P A6 5 3 B ) LU {EL o A B0 1
R AR RE D5 i T 2 B8 b R T B AR RO 2RI R
WP Y B2 5, Gl 5 ARG S 3R B R
2R I A B R 4 e AR IR E M, VR E
PR 1) A JHG s 1) 17 T A R O P B o s )
JEARAIL AR B o0 3 2200 9 A4 ks PR 3k 2 B st

R2ERABBETMBSHR
Tab.2 Material parameter commonly used

for imaging unit

. Thermal  Coefficient of
. Density/kg - Young .. .
Material g conductivi- linear
m™ modulus/GPa _ .
ty/W K™ expansion
TC4 4 400 114 7.4 9.1x10~°
2A12 2 700 68 167 22.5%107°
MB15 1 800 40 201 20.9x107°
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Fig.3 Heat dissipation scheme of the high power device
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Fig.4 Active thermal control measures for high power devices
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Tab.3 First three modes of the imaging unit

First order Second order Third order

Frequency/Hz 184 252 338

Rotate around
the X—axis

Vibration along
the X—axis

Swing along

Vibration .
the Y-axis

(a) — B iz 24 [&]

(a) First order vibration mode

(b) =B fix 2 &

(b) Second order vibration mode
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(c) = Wizl &
(c) Third order vibration mode
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Fig.5 First three order vibration mode of the imaging unit
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Tab.4 Position change of mirrors after

assembly of imaging unit

Main mirror
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Tab.5 Position change of mirrors under

temperature variation of imaging

unit (£25 °C)

Direction of gravity X Y V4 Tolerance
AX 1.72 -0.02 0.20 +3
Rigid bod
_eid body AY 001 141  -0.95 +3
displacement/pm
AZ 0.16 0.03 1.06 +3
Mirror inclination 6k 0.05 0.42 0.58 +2
angle/(") 6, -0.25 -0.20 0.61 +2
Second mirror
Direction of gravity X Y V4 Tolerance
AX 0.5 0.03 -0.19 +3
Rigid bod
(NBIEDOT Ay o010 035 0.01 +3
displacement/pm
AZ -0.01 0.05 -1.85 +3
Mirror inclination 0 -0.02  -0.70  0.02 +2
angle/(") 6,  0.60  -0.05 0.76 +2
Third mirror
Direction of gravity X Y V4 Tolerance
AX 0.84 -0.05 0.10 +3
Rigid bod:
, gia hoty AY 039 150 0.2 +3
displacement/pm
AZ 0.26 0.28 0.80 +3
Mirror inclination 0, 0.02 -0.50 0.40 +2
angle/(") 0,  0.26 0.08  0.39 +2

. Position Direction Toler-
Mirror . X Y VA
change of gravity ance
o AX 1.72 -0.02 0.20 =3
Rigid body
displace- AY 0.01 1.41 -0.95 +3
Mai ment/pwm
Vam " AZ 0.16 0.03 1.06 +3
mirro
Mirrorine 0, 0.05 0.42 0.58 +2
lination
angle/(") 0, -0.25 -0.20 0.61 +2
o AX 0.5 0.03 -0.19 %3
Rigid body
displace- AY -0.01 0.35 0.01 +3
ment/pwm
Second " AZ  -0.01 0.05 -1.85 =3
mirror
Mirrorincl 6, —0.02 -0.70 0.02 +2
ination
angle/(") 6, 0.60 -0.05 0.76 +2
o AX 0.84 -0.05 0.10 +3
Rigid body
displace- AY 0.39 1.50 0.12 +3
Third ment/pm
. AZ 0.26  0.28 0.80 +3
mirror
Inclination OA 0.02 -0.50 0.40 +2
angle/(") 0, 026 0.08 039 =2
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Tab.6 Radiation resistance analysis of

electronic devices

Radiation resistance/ Space irradiation

Device krad(Si) dose/krad(Si)

FPGA1 100 10

FPGA2 50 10
Manostat 1 15 10
Manostat 2 15 10

35 RRFHEHRSF

SCH O AR g I RE R AT T B A, DA E
KT 0.3 W i &0l 2 B2 1 B0 o 76 A BIUIE JE I Y
JAG B0 TT 1 AR BN F 48 F 20 min, #4504 R
M it T 00, FATT IR B B 45 T, ) TR BE A X 5 480U Y
T (N FER , BN BEAT T B SRS
WME 6 frmxs.

70

~ High power device A
~ High power device B
| | |

50

30H

7/°C
=

~10 . . . . . . .
0 100 200 300400 500600700 800

T/min

Bl 6 I Iy = 4 A i B2 K T

Fig.6 Temperature of high power devices
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Tab.7 Temperature derating performances of

devices above 0.3 W

Allowabl
. . ow.a ¢ Derating junction Maximum shell
Device junction
temperature/ C  temperature/C
temperature/ C
High power
150 75 58
device A ?
High power
150 75 52
device B

4 X IIE
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Fig.7 Mechanical test for the imaging unit
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Tab.8 Mechanical test results of the imaging unit

Mode Frequency/Hz
First order 185
Second order 244
Third order 327

I AE R R W], AL — Jm R O 185 Hz, il

AART 140 Hz W Bt r 20K o ilged f b, i1
=7 A I 4 G

LT TAR AR E T EE o
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4.2 HAEFHE
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Fig.8 Thermal vacuum test of the imaging unit
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Fig.9 MTF of camera in the thermal optical test
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