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Abstract: In order to improve the manufacturing accuracy and efficiency of the secondary mirror in the off-axis
three mirror anastigmatic (TMA), the combined fabrication and testing technologies of the off-axis convex
aspheric mirror were studied. Firstly, the optical parameters, technical specifications and overall processing route
of square (298 mmx264 mm) high order off-axis convex aspheric mirror were introduced. Then, the grinding
processing strategy and the combined processing technology based on bonnet and pitch polishing were presented.
At last, offner-type compensator was used to meet the back transmission null lens testing in the polishing stage,
and then the surface distortion was corrected by ray tracing method, the final RMS value was 0.0254 (/=
632.8 nm), which meet the target requirements. The above combined processing technology and back
transmission null lens testing detection scheme can significantly improve the processing accuracy and efficiency
of off-axis convex aspheric mirror.
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Tab.1 Main technical parameters

Material D/mm R/mm K Off axis/mm Ag Ag Ay RMS/nm
Fused quartz 298%264 3662.528 —9.75 196.45 3.055E-18 —2.658E-23 5.8136E-29 1/404
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Fig.l Aspheric departure
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Fig.3 Process flow of combined processing
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Tab.2 Processing parameters

Step  Size/um  Speed/m's'  Depth/um  Feed/m'min'
1 91 18 100 300
2 18 18 10 150
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Fig.4 Mill-grinding process of optical parts
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Fig.6 Schematic diagram of bonnet polishing
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Fig.8 Schematic diagram of pitch smoothing
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Fig.10 Results after second combined process. (a) Surface error;
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Fig.13 Actual detection optical path

T KRG B T R TR R T B T AL bR R S T
ASCH I 5L A AR R 22 ) A7 R AR R 4R W R, S B0
TR 25 0 A5 A Z R AEAR X oL 8 221 SCrsRe
5 ARG A 1 1) M 20 3 3 3 o A I W A58 304 76 I
IR IR 2 J A E G B . BRI R B R A 14
IR

et _E A PRI (B 14(a)), HaEad = Ak
o A 0 AR A5 52 BR Py B A AR s LR EAT TR 5
(&1 14(b)) I $2 WUbRIC 22 7E T 54 CCD i for 5 A
i (18] 14(c)); 5 Ja 2 T 52 1 4 3 AR AR AT CCD {7 8 Ak
i, R FH AR L 40 & o T Y B8 1A T AL, B0 R
PET 0.3 mm ] ] T45 T L.

Mirror coordinates

Measured mirror

& 14 BREFIE R E R, (2) WHEALEE; (b) FOLAMER R ; () CCD
ALt
Fig.14 Schematic diagram of distortion correction. (a) Physical

coordinates; (b) Null lens testing; (¢) CCD coordinates

4 & i

SCHER X R E R R A Al R L
TR A ROR AR B[R], 2 T BT RO R AL A
T2, I 28T A Mo I 0 18 T W A8 A
1E o FEIN T 7T, 8546 55 /K 0 Torbe ks B ke
U8 I A R TR 2 M 5 BTN S 1Y i
S TR T B Sk 0 S T R R R AR S O T
2o AERTIN T IE, PR T A G A A MR A
Offner AUZ {7 #MZ A, IR I CLIB IR 1 X0 B2 v (%
AR MRS 55 TP A8 A TR IE

W bR T2 BRI T 75 T8 e s it ™ Al 3R v
T, AT RMS (HIAE] 0.0257, 1 L 5 AR F6 b5
Bk, RRAAIN T T BRI SeR B, AR T
JE 0 D 4 0 R A TEORG BE AR T 0.3 mm, A AR
THEREHEIN T . R A I TR S A
AMEEAGIN 5 %8RI LA 2 95 T A S p ek v vk s il AR
KA BB 00 0 TORG BE RS

5% 3k

[1] Zhang Feng. Fabrication and testing of precise off-axis convex
aspheric mirror [J]. Optics and Precision Engineering, 2010,
18(12): 2557-2563. (in Chinese)

[2] Xiong Ling, Luo Xiao, Qi Erhui, et al. Sensitivity analysis of

different scan arcs forswing arm profilometer test [J]. Infrared

20220611-6


https://doi.org/10.3788/OPE.20101812.2557
https://doi.org/10.3788/IRLA201847.0217003
https://doi.org/10.3788/OPE.20101812.2557
https://doi.org/10.3788/IRLA201847.0217003

s Gk A2

%94 www.irla.cn %51 A
and Laser Engineering, 2018, 47(2): 0217003. (in Chinese) [77 Lin B, Li S P, Cao Z H, et al. Theoretical modeling and
[3] Chen Qinfang, Li Yingcai, Ma Zhen, et al. Alignment of off-axis experimental analysis of single-grain scratching mechanism of
conic aspheric mirrors in stigmatic null test [J]. Acta Optica fused quartz glass [J]. Journal of Materials Processing
Sinica, 2011, 31(2): 0222001. (in Chinese) Technology, 2021, 293: 117090.
[4]  Gao Songtao, Sui Yongxing, Yang Huaijiang. High precise [8] Wang Peng, Chen Ya, Xuan Bin, et al. Polishing large aperture
testing of asphere with computer-generated hologram and error . . . . X i
mirrors by manipulator [J]. Optics and Precision Engineering,
evaluation [J]. Acta Optica Sinica, 2013, 33(6): 0612003. (in
2010, 18(5): 1077-1085. (in Chinese)
Chinese)
[91 Wang Fei, Zhang Jian, Peng Lirong, et al. Motion precision
[5] Cai Zhihua, Wang Xiaokun, Hu Haixiang, et al. Non-null
Lo . . control in bonnet polishing [J]. Optics and Precision
stitching test convex aspheric metal mirror [J]. Infrared and
Laser Engineering, 2021, 50(11): 20210061, (in Chinese) Engineering, 2015, 23(8): 2220-2228. (in Chinese)
[6] Zhou Hao, Wang Xing, Liu Qiang,et al. Optical system design [10] Zeng Xuefeng, Yan Feng, Xue Donglin, et al. Distortion

of Offner compensator with infinity object distance applied on
aspheric mirror testing [J]. Laser & Optoelectronics Progress,

2020, 57(19): 190801. (in Chinese)

20220611-7

correction in testing of off-axis asphere with computer generated
hologram [J]. Chinese Journal of Lasers, 2013, 40(11):
1109003. (in Chinese)


https://doi.org/10.3788/IRLA201847.0217003
https://doi.org/10.3788/AOS201131.0222001
https://doi.org/10.3788/AOS201131.0222001
https://doi.org/10.3788/AOS.201333.0612003
https://doi.org/10.3788/IRLA20210061
https://doi.org/10.3788/IRLA20210061
https://doi.org/10.3788/LOP57.190801
https://doi.org/10.1016/j.jmatprotec.2021.117090
https://doi.org/10.1016/j.jmatprotec.2021.117090
https://doi.org/10.3788/OPE.20101805.1077
https://doi.org/10.3788/OPE.20152308.2220
https://doi.org/10.3788/OPE.20152308.2220
https://doi.org/10.3788/CJL.201340.1109003
https://doi.org/10.3788/IRLA201847.0217003
https://doi.org/10.3788/AOS201131.0222001
https://doi.org/10.3788/AOS201131.0222001
https://doi.org/10.3788/AOS.201333.0612003
https://doi.org/10.3788/IRLA20210061
https://doi.org/10.3788/IRLA20210061
https://doi.org/10.3788/LOP57.190801
https://doi.org/10.1016/j.jmatprotec.2021.117090
https://doi.org/10.1016/j.jmatprotec.2021.117090
https://doi.org/10.3788/OPE.20101805.1077
https://doi.org/10.3788/OPE.20152308.2220
https://doi.org/10.3788/OPE.20152308.2220
https://doi.org/10.3788/CJL.201340.1109003
https://doi.org/10.3788/IRLA201847.0217003
https://doi.org/10.3788/AOS201131.0222001
https://doi.org/10.3788/AOS201131.0222001
https://doi.org/10.3788/AOS.201333.0612003
https://doi.org/10.3788/IRLA20210061
https://doi.org/10.3788/IRLA20210061
https://doi.org/10.3788/LOP57.190801
https://doi.org/10.3788/IRLA201847.0217003
https://doi.org/10.3788/AOS201131.0222001
https://doi.org/10.3788/AOS201131.0222001
https://doi.org/10.3788/AOS.201333.0612003
https://doi.org/10.3788/IRLA20210061
https://doi.org/10.3788/IRLA20210061
https://doi.org/10.3788/LOP57.190801
https://doi.org/10.1016/j.jmatprotec.2021.117090
https://doi.org/10.1016/j.jmatprotec.2021.117090
https://doi.org/10.3788/OPE.20101805.1077
https://doi.org/10.3788/OPE.20152308.2220
https://doi.org/10.3788/OPE.20152308.2220
https://doi.org/10.3788/CJL.201340.1109003
https://doi.org/10.1016/j.jmatprotec.2021.117090
https://doi.org/10.1016/j.jmatprotec.2021.117090
https://doi.org/10.3788/OPE.20101805.1077
https://doi.org/10.3788/OPE.20152308.2220
https://doi.org/10.3788/OPE.20152308.2220
https://doi.org/10.3788/CJL.201340.1109003

	0 引　言
	1 离轴非球面设计指标与总体工艺路线
	2 离轴凸非球面加工
	2.1 离轴凸非球面铣磨加工
	2.2 离轴凸非球面抛光加工
	2.3 全频段误差收敛结果分析

	3 面形检测技术
	4 结　论

