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Design of opto-mechanical structure of large aperture
off-axis reflector star simulator
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Abstract: In this paper,based on the practical application requirements of simulating infinitely distant target stars in
high-precision star sensor ground testing tasks,and in view of the practical problems of large volume, difficult installa-
tion and calibration of conventional star simulators ,an opto-mechanical structure of off-axis reflector star simulator with
large aperture,long focal length and self-collimation function is designed to simulate the parallel light emitted from
stars at infinitely distant distances. The design adopts off-axis reflective optical design to avoid center blocking. By a-
dopting the focal plane splitting method of the optical tube,the transmission of the optical path through the reflection
and transmission function of the semi-transparent semi-trans spectroscope is realized ,and the length of the mirror tube
is compressed. Collimation performance of the optical system can be directly distinguished by the detector receiving the
light image transmitted by the beam splitter, which is easy to install and convenient for later use and calibration. And
the use of the jackscrew to adjust the posture reduces the difficulty of mounting and adjusting. The actual test results
show that the optical machine system has an inlet pupil aperture of ¢ 210 mm and outlet pupil distance of 2100 mm,

whose wave aberration (rms) of the whole optical machine system is 0. 030\, can accurately simulate O ~7 magnitude
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stars ,and the working band is 500 ~ 800 nm. The design meets the requirement of calibration technical index for high-

precision star sensor,and provides a design method for the efficient and rapid development of star simulator.

Keywords : star simulator; optical and mechanical structure ; off-axis reflection ; autocollimation
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Fig. 1 Working principle of star simulator
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Tab. 1 Technical specifications of star simulator
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Fig. 2 Optical path diagram of the star simulator
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Fig. 5 Mechanical structure of star simulator
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4 FFSKEN
4.1 EHEPE N RN

BT BRI, A AR RS B S
B TARGF I ORIE . X HE R RN 7R 1% B A
i R GUAE R B 8 I AR DU s 0 DGR T B HE DG
RYE MRS 8 OB S A TR 22 8 T i i AT
X R GELH AT DA B SR ' B B e I T
LR ZJE I A AR A G B TH E A 1R
FARTFFIRAE S BEUE 2, 3 o T B T 22 R 1
S50 2 BEUKEIRES, 1 E BN E SRS,
FEAR S BIS BO R UK & AR CE R I T
S e (A S R D RS SR L TR PSS N
PEJS AT BRI, 8 i W52 45 2 b 90 i B4R
D25 P BSCAGRE R, T 25 2L T 22 | L B ZE AR I
L LS ETE T B SE R CHE , SR 2O =
TR B 58 BUS I R AR 9 Fis .

Ko BBy
Fig. 9 Star simulator physical image

4.2 KEFHEAFAN
4.2.1 FH@Epien

TP S22 il 1 v ) B RS P HR R 2 — | TR 2R
RULRREATEERE  HIEH 2S5 PV Al RMS

B, PV J2& 3R B 18I 9 f e Ak 5 e AR AL ) 2218, RV
UEE I 7 (B s RMIS R /2 4 66 T v AU 1) - 39 0L, B34
HRAE . ARSCHIH ZYGO TG A2 R EE Y
I, 45 R E 10 R, &2 45 RMS {H N
0.030 A, R B ITHERR A /20 ZOK,

Kl 10 4L RMS {6
Fig. 10 The system RMS value

4.2.2 ARk

FIFF RO IR, FF IR 3 min J5, >R H
PR745 '3 4 G 1 X g Xof o 2 B UL 8 6 TR 0 o
B CIR A R B, I A 11
Mo TR OIS S A ST 25 R Aan &l 12 BR O
T I P 35 500 ~ 900 nm, i R FEARER

Bl

BUrER TR A T

PR &%
BT AR Bk I

Fig. 11 Working band detection principle

400 500 600 700 800 900 1000
¥et/mm
B 12 St i mgs
Fig. 12 Spectral distribution detection results
4.2.3  EZFaR
PRAETTIE AP 13 FR , ROCRRBE Tk B A A
AR T £ 0 My 1 m] 4 R R 39 U5 S Al



WOt 5 44 No.6 2024

A RO R SR AU AL HLES S B 969

R A 7 AR RN e | 22 T A0 i 1) g o 26 P
PEHIFTSEI 0 ~7 My S Bl P A e 0 A i
LI

pitAs
FEIR 5L

BRI &% TATE RO

13 BAERRE Tk
Fig. 13 Magnitude calibration method

[ P 122 B R IR BERLE O 2. 54 > e~ Ix, B2 AE
55 BB 2 ) Ry e AR

E
m—n=—2.512xlgfm (1)

K, E, Fm m 5T ek R R IRE; £

Iy IR n 25 R R ST 2 R i p R R L Rt
BT HEMREE R 4.026 x e lx,

SR O JERE T4 S (B0 U8 A R I R )

TR HESRIN 5 0 A S W Y R 5 0 ~ 7 A5 AL T LA
PIERICUR AT LR, UL AT SC e 0 A5 3] 7 45 2T
AL, Hb o % R R IRCR I E 14
7,7 S B BAIRCR A 15 FoR .,

SRR R

S 0% Bletrili 3 PRSI0 COMI3 )
80000
FbR (1x) : 2-54E-6 60000

1240000
SEMTEE: 572399 50000

8 0
S (%) = 2.516E-6 737 837
]

FERE  AIRbRE EILRSE  RAELS P gLl B
S HE
comil CoMI2

AZE (&TF)
Bk
150000
i *
4.5E+5
It

& 14 0 5 EBAIRCR
Fig. 14 0 Magnitude star simulation effect
5 R %
ASCER X H BT E A 8RB g Y SR BRI
T —3OR B AR K AR BE Bl i o =X Y R AR DL

JEHLEEHE , LA H R HT A o B PR
SRR AT A DN R AR DL 45 1) v R AR o T 22

Tl Bl /1 B3R 114 ) 2 80 X JEE Ej“ﬁ%%l_ﬂfrz*'
i 2 S A e B 5 I B B A B 1 K
BN ARG R, H AT, % B 20 58

W}E’%ﬁ%%ﬂé%,ZIKXCE?E}F?EE@E*%H%%MS H
ARXT AL /IN K BE i, 26 A ] 50 w2 B A 4D 1 1
THEPRZER AR H 4% KRR R AR 1) 0F ]
PET —Fiit oy ik,

SRR R

R 7 ez BEM#RH: COMI3 {th£ko
80000
FIBR (1x) © 4.026E-9_ 60000
1240000
SFFERE: 223.647 50000
0
SEIF (1x) : 4.059E-9 1065 1165
IR [

THERE  AIEbRE LR RIS e an KA B H
S B
coMmil COMI2

AE (77
Bk
100
Bt *
S.7E+S
bi

E15 7 5 EEHCER

Fig. 15 7 Magnitude star simulation effect
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