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Cassegrain System Structural Design and Simulation
Wang Jian, Zhang Meijun, Yu Linyao, Zhang Yupeng, Li Yonggang
(Changchun Institute of Optics, Fine Mechanics and Physics, Chinese Academy of Sciences, Changchun 13000, China)

Abstract: Cassegrain system is often used in photoelectric equipment of aerospace and military equipment. In Cassegrain system, the shape of
the main mirror determines the imaging quality of the whole optical system. With the development of photoelectric industry, the optical system
is required to have small quality and high performance, and the quality and stiffness of the system are contradictory. It is necessary to reduce
the system quality and ensure that the system can resist the surface shape change caused by temperature change. The mass of the primary
mirror system before optimization was 3.6 kg and the RMS of the reflecting surface was 1/ 33 . The sensitivity of the primary mirror system to
temperature was analyzed by using the method of optical mechanical thermal integration simulation analysis. The RMS value of the reflecting
surface of the main mirror changeed by 2.5 nm every 5 °C increase (or decrease). According to the analysis results, the main mirror structure
and the main mirror support structure were optimized, and the three—point support structure was changed to the central support structure. The
optimized system mass was 3.1kg and the reflecting surface RMS was 1/ 35 \. The sensitivity of the optimized primary mirror system to
temperature was analyzed. The RMS value of the primary mirror reflector changes by 3.9 nm every 5 °C rise (or fall), which had no impact on
the imaging quality. The design achieves the goal of reducing system quality and ensuring imaging quality.
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Fig.2 Primary mirror inspection map
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Fig.3 Flow chart of temperature sensitivity analysis of Cassegrain system
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Fig.7 The fitting result of the primary mirror surface at 35°C

A RE AT T /Y B R IR S IR E (RMS)
LA T5 1o RS FIMBUR AN 2 s o D20 CoRrpls,
BIE (BCFFE) 5°C, RMSIHZREZ) 2.5 nm.

®2 EBENEBEESFTHIRRSEEEHATRE (RMS)

Tab.2 The RMS of the surface of the primary mirror reflection

surface for each temperature load

RMS / FH & /nm Ak /%1072 (")
nm T, T, T, R R R
5(35) 737 1364 11737 57086 672 023 6.06
10 (30) 492 9.09 7825 38058 448 0.5 405

15 (25) 245 4.55 39.12 19029 224 0.076 2.02

MR C

3 FEERMRSEMAIEIT
/NF 6300 mm AR F 80 A = 5528, Fao

AR AT DL i R EOR, K 8 R . LREHIE
R E RE AN 5 & BRI, A 1 %o 2 i 30k 438 245 A
Bho EBAMEISCRRE, BAREER 1A ERERY S TRk ik
RE, HOR i R ZK . o, mERA PR E A
TR . BEARA R . BB O L 3
P, BB WA AR AR, BUBK £, B
BOANM BRI ZRTT, HES E5 DR i . HoAh
FTAF AR 2 7 A . PiAb)E RGeS aEE 3.1 ke,
20 CEBELLET WA 2E 1/35 X, WE9 s,

8 RALIE B R GEL 9
Fig. 8 Optimized system

AL 1 FE A ]
Fig. 9 The optimized primary

structure mirror detection map

X AR L E AT AL AR L BT o 2 B N R 4y
2 mm K/ A, JEE R SOLID . HoAl 2 4 %) 43 /N T
5 mm BRIk, JETE R SOLID, fIN#k 5~35 °CHY I EE 484
R S Co BEMMER R R, B2k . TR o
h135 CHHAA BROTATZE S, 10 fin . R R
TCOM AT SUNE 11 FroR . TR Ak 35 CIN 35 S T
T AL 25 SR ] 12 i o

F10 35 CHMLALE e ikai iy P 35 e ibn g

A BRI AR

Fig.10 Finite element analysis re-

sults of overall structure after opti-

mization at 35 °C

A BRICIM a2
Fig.11 Finite element analysis re-
sults of the primary mirror after op-

timization at 35 °C

NIRRT N 0 BB IR AR (RMS)
Lo BAT5 1 B WA A% FUiERE B, e 3 . LA20 °C
Hyrbuty, BTbE (SRR 5°C, RMS{AAE(L293.9 nm.
SRACTIAR FUAL, R GEa o e B A U RE W I v

(RN B o TG 2 2

4 LEWRIE

AR R ZEM R R GE P ) R A AT T a5 ik
Ll B A LR 0 B BT i 71k, bR 264

. 86 .
(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

(F#H%9ITR)

http://www.cnki.net



B, e RGN MRS N T SR R BOE B AL S

Science, 1988(34):1221-1230.

[2] Herbers,Jorg, Hromkovic,et al.Models and Algorithms for Ground
Staff Scheduling on Airports[J]. Rwth Aachen, 2005.

[3] Raik Stolletz. Operational workforce planning for check—in coun-
ters at airports[J]. Elsevier India Pvt Ltd.,2010,46(3):414-425.

[4] Lishun Zeng, Mingyu Zhao, Yangfan Liu. Airport ground work-
force planning with hierarchical skills: a new formulation and
branch—and—price approach[]]. Springer US,2017(8): 245 - 258.

[5] #AtE K, w42, 2 A4 v P A AT 7T e JE 69 4R 4L
JEFAL[]]. &% T42,2019,37(5):139-149.

[6] A% K, E 3 A2, 2 H A R IEAF 29 R g oF ol O H AR AL
BA L H k()] Tk 1425 22 2020,25(2):51-58.

[7] Bard J F', Purnomo H W . Preference scheduling for nurses using
column generation|J]. European Journal of Operational Research,
2005 (2):510-534.

[8] A& AT X RRAHaF L HERARA A FHARS

T£2,2012,12(13):3074-3077.

[9] 45 3,2 Sk A Z % 5 8 &) B BB R R B E Ry e
E A B HEIE T kA R)]. Tk TA2 5 % 2 2020,25(3):171-178.

[10] Z= ik & sk 4o K T ad ) A€ 90 64 3R 77 Huid 38 e 4-HE L
AL[T]. 4k38 3 3R, 2007, 29(1):21-25.

[11] 7K 3% B 2404 Mg, 5 K T8 350 % 0 09 3% 7 Huid 5038 £ 4
FEPERACAE A 5 S k()] B A My A R TA2 542 .8:,2014(2):
117-124.

[12] 3% PR 2890 AL MG 4 f B Ji] 34 48 2 04 3 T il 3038 R 53
Yeat X AL 7 ()] B iR R 4 LA 545 8.,2014,14(6):
164-170.

E—EEFN: B ZE (1984-), B, WIEMGHA, B, &5
RTRI, TFRGECAE R RGP E, R 3R.

XEIEE®E v ke (1996-), B, WIEMA, -HHF
ik, WS s Ak (%%t 7 Y 4e)

B e e S B T e e e T T T e A e ST T e e e St T e s

(L% 867)

P12 35 CaMLA G 5 S g LA 45
Fig. 12 Surface fitting results of the primary mirror
reflecting surface after optimization at 35 C
#3 A MRERGTAY ER SN HNEE L R (RMS) (EfL)R)

Tab.3 The RMS of primary mirror reflector surface for each temperature load

RMS/ WIAT-# 5 /nm WA i/ x102(")
nm T, T, T R, R R,
5(35) 1170 1539 18380 8762 235 3308 5.15
10 (30)  7.80 1026 12250 5841 157 2204 343

15 (25) 3.90 5.13 6125 2921 078 11.02 172

L /°C

MR R R BB E . BT (BGRFE) 5°C, &
iR A1 RMS 246 T 2.5 nmo ARG SHT 45 SRR AL F i dh
PRI B BT SO EEM , BUR BRSO SIS, B
iK1 0.5 kg (YRGS Hr AL 19 R ZER AR GExT
i HE AU, DUA e B BTN AR (B FE)
5°C, RMSZEAE T 3.9 nm. K 52 G845 F4 0 i BE 14 UK
P LM R i, (X R B B B . SCBL T
W PR 2R G0l BE U B, SR T B H

. 97 .
(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

SE 3k

[1] #Fwe AR 205 Ko RFeT B8 IHRES ALY
). 858 55 22 98,2019,49(2):222-229

2] & & .k 2 2 ZA AR ZAMNBEARHTD]. 7P BA
F 2K (F BAF R 3 KB A),2019.

[3] 4p g . AT FEKKEF RO B AR B HARBR
[D]. &b 7L R Lk 5 .2015.

[4] 3 £ 4. K RT & #h BgF XAapLag 45 45 R4 77 k)] AR
= 5 i B ,2018,39(1):78-86.

[5] B BN G R M AT BAEAURALI R T 4738 (] 4o 5h
3 AK.2019,41(2):134-141.

[6] Z=4h36, 8 B, 3 M85 R TARAR S SiC/AL £4EAERY = @] ABAL
T AEEMBAF LS IE]]. T 57 4%,2021,50(4):215-225.

[7] Z=9m B . A T R AU 4R R o AT 09 = B AKGR 4o 1 SR AU R
D] P EHZRXF(FEHFZRREALZHEIMRS
3 HF 5T F),2021.

[8] & Ao . MEHAIMIE R B R F R A AMKE RS E AR
[D]. ¥ A% A& Tk X 5,2020

[9] 3K, Ei%, 3K L, 5 48459 1E R TR AR %BAL R4
HER]. B 5 32 4),2018,25(9):71-74.

[10] i EH0 AR L, ¥ &5  F R L F RA RIS R LM
RAL[N). £ 4h S5 38k T42,2012,41(7):1872-1878.

[11] E3 2 5k 3F, BAEE, S Z A ADEO R 2 B SLAT S A2 P 0d
SeoR B [J]. R F - 3056,2020,31(7):731-737.

[12] #65k 5k, FM0E SRR 5 L RFERL S AKX G b @6 AL
MBI, AT K F SR F1R),2008,42(12):2202-2206.

EEREAN:
Toofd (1995-), B, Lo, LML, RS
FHLRGTEATHT, B AT,

ikER (1987-), B, i+, BhBEAFSE O, WESE4UE el 5
Giikit, BERIBAR.

BEMEE (1987-), B, {4, ®IFER, W5
T, EERIBAR.

SR
(%7 rie)

http://www.cnki.net



