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Abstract  This study aims to accurately detect the surface shape of large-aperture high-order aspheric mirrors. A
compensation detection system is designed, and lightweight analysis of a semi-annular concave high-order aspheric mirror with
inner and outer diameters of 572 mm and 800 mm, respectively, is performed. Based on the theory of three-order aberration,
the aspheric mirror is compensated for and detected using the double-lens structure and single-reflecting surface, and a
compensation detection system with a root-mean-square (RMS) value of 0. 00374 (1=632.8 nm) is developed. Triangular
holes are used to lighten the high-order aspheric mirror. After achieving light weight, the weight of the lens body becomes less
than 30 kg, and the weight reduction rate is 32. 7%. A finite element analysis of the high-order aspheric mirror and the support
structure under its gravity, combined with the mechanical support structure, is conducted. The RMS values obtained when the
optical axis is parallel and perpendicular to the direction of gravity are 0.0124 and 0. 0134, respectively. The maximum
stresses on the mirror body and mechanical support structure are 1.308>X10” Pa and 1.381X10" Pa, respectively. The
stresses on the aspheric mirror and support structure are lower than the ultimate stress of the respective material.
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Table 1 Compensate test system structure parameters
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Table 2 Surface tolerance parameters

Compensator Refractive index ~ Decenter /mm Tilt /() Thickness /mm  Radius /mm Surface irregularity /2
Compensator 1 0. 0005 +0.01 +0.001 +0.02 +0.1 0.1
Compensator 2 0. 0005 +0.01 +0.001 +0.02 +0.1 0.1
Compensator 3 +0.001 - +0.1 0.2
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Fig. 8 Deformation cloud maps. (a) Deformation cloud map before lightweight; (b) deformation cloud map after lightweight
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Fig. 9 Stress cloud maps of the aspherical mirror. (a) Frontal stress cloud map; (b) rear stress cloud map
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(b) optical axis is perpendicular to the direction of gravity

/MBS —9.508 nm. B AR T 45 RECHE S # R
K (22) 3 AT 42, RMS 43 51 A 7.589X10 " m
8.002>10 ° m, BI 0.0124 #1 0. 0132 (A=632.8 nm) ,
i L B3R

SEHh 5 E ) 5 ) A R R e Al B ) LS ER

0.001 0.000 0.350(m)

K12

B, DR %o AR KT R S 8 25 R B AT N ) 4 T
[ 12 Ca) F1(b) g A BR 1 45 A S PG5 N ) = |, 3R
BRI 8% T A2 2 9 5 K 1ok 1,308 X 10° Pa, 32 /b F i
il BE B A BRI ) o 3P S5 R BT 2 e RN 1 ol
1. 381X 10° Pa, /N T K& 4 I BRIV 77 .

0.614
0.461
0.308
0.155
0.001 0.000

0.350 (m)

S 73 25 P o Ca) A BR TGN 3 25 €15 (b) S 4% S5 F B g 2= P

Fig. 12 Stress cloud maps. (a) Stress cloud map of aspherical mirror; (b) stress cloud map of supporting structure

5 4% 1w

A SCEE X @800 mm K 428 2 PR i Uk JE 3K 1T 1Y
TG I L R OB B R G A 4 A I 45
JE 2, 15 203 TR Bl 0. 00372 I #2462 48 . 3F
PO E=2 SRl i /AN = & N AT S 7 Y = iRl EE
BT R . GRS ) Oy AT OGS ) 5 )
e EAF 6 v Uk AR BRI e R S L5 A A2 [ 5 R
AT T 8 12 0, e e 4 R R W ) T T Y R
RMS B 43 1/ 0. 0124 F10. 0131(1=632. 8 nm) , ¢ £k
T B8 A S 235 ¥ T 37 18 7 B /N T 45 B A4 Rk 8 AR IR 1o
T3, R BT EESR o A ST A A R Ty ik R Ak
gl P I % R K 1 A% 2 BRI i vk A R v B A T A
HARITEAG —~EMSEME.

Z £ x #

(1] XU f, RAKHT, BRo, % . R ARl 2 A 2R w5 o it
il B AR [T]. S T, 2020, 47(10): 200203.
Liu F W, Wu Y Q, Chen Q,
advanced manufacturing technology of large-aperture

et al. Overview of

aspheric mirror[J]. Opto-Electronic Engineering, 2020,
47(10): 200203.
(2] XUJy, Mo As, RERY, &5 . R 0 AR sk T 4 4G U0 o O R
EEASC i 22 B SELT ). EHOG, 2016, 43(11): 1104003,
Liu L, Chen X D, Xiong L,
investigation in laser tracker testing large aspheric mirrors
[J]. Chinese Journal of Lasers, 2016, 43(11): 1104003.
(3] &AmbEE, S5, sk, A5 AR s IR Bk T Ab £
i 77 3 (w5 (D], WO 50t = #E R, 2020, 57(7):
072203.
Zhao C C, Hu M Y, Zhang S W, et al. Research on
compensation testing method for large-aperture and high-

et al. Angle error

order aspheric surface[J]. Laser & Optoelectronics Progress,
2020, 57(7): 072203.

[4] MacGovern A 7,
holograms for testing optical elements[J]. Applied Optics,
1971, 10(3): 619-624.

(5] fufmm, wkHp A, BEdte, 45 . KRRk m R E R RO
fe U BRI A (T] O 5okl TR RE R, 2016, 53
(12): 122201.

He L, Wu Z H, Kang Y, et al. High order aspheric
testing with large asphericity, fast focal ratio and large

Wyant J C. Computer generated

0722003-7



(7]

(8]

[9]

diameter[J]. Laser & Optoelectronics Progress, 2016, 53
(12): 122201.

i BEHE, EOKE, A5 30, 45 420 mm = IR BK I &
e TS AW [T]. O R TR, 2016, 24(12):
3068-3075.

Meng X H, Wang Y G, Li W Q, et al. Fabricating and
testing of @420 mm high-order aspheric lens[J]. Optics
and Precision Engineering, 2016, 24(12): 3068-3075.

W SCFEE, M, T . o4 m T4 MY BT IR
L AMEAR IR LT, 7 HL 7244, 2017, 34(4): 394-399.
Hu W Q, Ye L, He Y,
compensation test of a concave paraboloidal mirror with 4 m

et al. Catadioptric null

aperture[J]. Chinese Journal of Quantum Electronics,
2017, 34(4): 394-399.

Fow, sk, B, A ORI T E A kRS A R
BRIA 5 [T]. 62, 2020, 40(17): 1722003.

Wang X, Liu Q, Zhou H, et al. Aspheric test combining
front and back null compensation for infinite optical path
[J]. Acta Optica Sinica, 2020, 40(17): 1722003.

JaE R, RS, GF BT T % Offner #0325 K 35
Ak kw2 R g ik U Mot 50 7ot
2020, 57(19): 190801.

Zhou H, Wang X, Liu Q, et al. Optical system design of
offner compensator with infinity object distance applied
on aspheric mirror testing[J]. Laser &. Optoelectronics
Progress, 2020, 57(19): 190801.

WARF . RO AR AR BRI 7 1L WF 52 (D). i /R 3 iy /R
BTl K2, 2007: 3-9.

Fan J L. The research on the testing methods of large
aperture aspheric mirror[D]. Harbin: Harbin Institute of
Technology, 2007: 3-9.

R it BT Sl TR A 36 1 T Ot oE R g o IML b st B

[12]

[13]

[14]

[16]

[17]

0722003-8

B 605 FETH/2023F 4 A/HAEREFRHE
SR, 2017: 161-163.
Hao P M. Design of auxiliary optical system for aspheric

surface inspection[M ]. Beijing: Science Press, 2017: 161-163.
R e A BRI p B i S A SR M. g5 M g
WA A, 2004 4-5.

Pan J H. The design, manufacture and test of the
aspherical optical surfaces[]M]. Suzhou: Soochow University
Press, 2004: 4-5.

IR, I 5, o, 5 — AR g R B R =%
Pl Az RGN IE[T]. s A, 2021, 41(4): 0422001,
LiZY, HuM Y, Bai Q, et al. Assembly-alignment and
compensation of imperfect imaging off-axis three mirror
system[J]. Acta Optica Sinica, 2021, 41(4): 0422001.
Ak, RE, YR 1.5 m DRSS AL T BEA 1F 1Y
BT e R TR, 2015, 23(6): 1635-1641.
Li Z L, Xu H, Guan Y J. Structural design of 1.5 m
mirror subassembly for space camera[J]. Optics and
Precision Engineering, 2015, 23(6): 1635-1641.

ERE, A, B, % 1.2m SIC ESERELRE
5[], e K% TR, 2009, 17(1): 85-91.

Wang F G, Yang H B, Zhao W X, et al. Lightweight
design and analysis of a 1.2 m SiC primary mirror[J].
Optics and Precision Engineering, 2009, 17(1): 85-91.
FEK, ERLE . KRR IR R LA B
4T (0]. e K% TR, 2000, 8(6): 518-521.

Guo X Q, Wang Y Y. Analysis of structural forms of
lightweight hole for heavy caliber mirror[J]. Optics and
Precision Engineering, 2000, 8(6): 518-521.

ATREF, STEA . KORERSEMR AT ZRIT
[J1. 2041, 2007, 28(8): 6-10.

Yu T Y, Jia J J. Light weight design of large-diameter
mirror[J]. Infrared, 2007, 28(8): 6-10.



	1　引言
	2　高次非球面参数与补偿检测结构计算
	2.1　大口径异形凹高次非球面反射镜的相关参数
	2.3　补偿检测系统求解

	3　设计结果及分析
	3.1　设计结果
	3.2　公差分析

	4　高次非球面镜轻量化分析
	4.1　非球面镜材料与轻量化形式的确定
	4.2　支撑方式
	4.3　静力学分析

	5　结论

