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Design of large-aperture and wide-spectrum zoom lens

LUO Rui, LIANG Xiuling
(Fujian Provincial Key Laboratory of Photonics Technology, Key Laboratory of Optoelectronic Science and
Technology for Medicine (Ministry of Education), College of Photonic and Electronic Engineering,
Fujian Normal University, Fuzhou 350007, China)

Abstract: In the process of high-voltage power line transportation, the corona discharge is easy to occur, which
has potential safety hazards. Therefore, it is necessary to detect the corona discharge. Corona detection using
solar blind ultraviolet (UV) lens is one of the detection methods. Based on the multiple configuration function
of Zemax, a large-aperture and wide-spectrum zoom lens was designed to cooperate with the application of UV
lens with the zoom range of 90 mm~165 mm, which could quickly and accurately find out the position of the
damaged line in all-weather conditions when detecting the corona discharge signal. The four components and
near-symmetrical structure were adopted by the proposed large-aperture and wide-spectrum zoom lens with the
F number of 1.4, the zoom range of 30 mm~55 mm, the working spectral band of 400 nm~850 nm, the full
field MTF=0.4 at spatial frequency of 100 Ip/mm, and the maximum distortion<+3 %, all adopting standard
spherical design, total length of the system is 110 mm, which is suitable for 0.847 cm (1/3 inch) CCD, and can
better correct all kinds of aberrations as well as meet the basic processing requirements of each part.

Key words: optical design; zoom lens; Zemax; large aperture
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Table 1 Parameter requirements of optical system
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Fig. 1 2D diagram of initial structure
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Fig.2 2D structure diagram of final design results
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Fig. 3 MTF curves
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Table2 RMS radius of spot diagram of each

focal length pm
. FEHE /mm
Wlo
35 40 45 50 55
0 3.121  3.008  3.024 3.066 2.853  2.726
0.5 3461 2968 2982 3120 2994 2.834
0.7 3.727 2947 3.005 3234 3219 3.091
1 3971 3.195 3380 3.793 4328 4311

FR A BR 22 19 E X, RMS 375 MR 2 42 e e 1) fig
e MR B IR ZE RN, S T A T
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Table 3 Spherical aberration values of six focal segments

fElF/mm 30 35 40 45 50 55
BR2Z/mm  0.0131 0.0087 0.0009 0.0042 0.0003 0.0198

YemEEA%2: 10.714 3 mm

ali

—0.03 —0.01 0.01 0.03 0.05
A7) 4 22/mm
(a) JHHEFL=30 mm

JeREEAE: 15 mm

—-0.05

-0.01 0.01 0.03 0.05
Bl 2% /mm
(b) FHEEFL=45 mm

—-0.05 —-0.03
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JGIEEA%: 19.642 9 mm
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Fig.4 Curves of longitudinal aberration
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Fig. 5 Curves of distortion
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Table 4 Results of Monte Carlo tolerance analysis

SR IE R FEE/mm
AHFW% 3 35 20 45 " "

=90 0.3242 03305 0.3217 03117 0.3041 0.284 4
=80 0.3435 03528 03442 0.3334 0.3333 0.3134
=50 03756 03917 03822 03897 0.3824 0.3569
=20 0.4022 04259 04160 0.4211 0.4226 0.3944

=10 04164 0.4373 0.4303 0.4367 0.4383 0.406 2

BEMEAE ARV AZMES PR, hESH
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32 OiiRHh&E
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ML DR 2 S Je — TR 30 e o i ) PR R Sl A Al
i, Horp 6 A~ F 2 BB an g 6 Frs .

G2 6 15t B9 %, {8 H Origin B A7 X ix 4
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Table 5 Allowable tolerances for parts

i RN JEREANZE e ﬁﬁﬂfﬁﬂ TR fn{ﬂtﬁﬂ ARIEA Tﬁ%ﬂ“f?ﬁ Bl D
HtE% /mm A/ mm N @) A2/ mm INFEIC) FR B N N FEIY%
1 +4 +0.05 +0.02 +0.04 +0.02 +0.1 +0.5 +0.001 £0.8
2 +4 +0.05 +0.02 +0.04 £0.5
3 +4 +0.05 +0.02 +0.1 +0.02 +0.1 +0.5 +0.001 +]
4 +4 £0.05 +0.02 +0.04 +0.5 £0.001 £0.5
5 +4 +0.03 +0.02 +0.04 +0.5
6 +4 +0.03 +0.02 +0.04 £0.02 £0.03 £0.5 +0.0008 +0.4
7 +4 +0.03 +0.02 £0.1 £0.5 £0.001 £0.6
8 +4 +0.03 +0.02 +0.03 £0.5
9 +4 £0.05 +0.02 £0.03 £0.02 £0.03 £0.5 +0.001 £0.6
10 +4 +0.05 +0.02 £0.1 £0.5
11 +4 +0.05 +0.02 +0.04 +0.02 +0.06 +0.5 +0.001 +]
12 +4 £0.05 +0.02 £0.1 £0.5
13 +4 +0.05 +0.02 +0.08 +0.5
14 +4 £0.05 +0.02 +0.06 £0.02 £0.1 £0.5 £0.001 £1
15 +4 £0.05 +0.02 +0.06 £0.5
16 +4 +0.05 +0.02 £0.1 +0.02 +0.1 £0.5 +0.001 +1
17 +4 +0.05 +0.02 £0.1 +0.5
18 +4 £0.05 +0.02 £0.1 £0.02 £0.1 £0.5 £0.001 £1
19 +4 £0.05 £0.02 +0.06 £0.5 £0.001 £0.6
20 +4 £0.05 +0.02 +0.06 £0.5
21 +4 +0.05 +0.02 +0.06 £0.02 £0.1 £0.5 +0.001 £]
22 +4 +0.05 +0.02 +0.04 £0.5
23 +4 +0.05 +0.015 +0.04 +0.02 +0.1 +0.5 +0.001 +]
24 +4 +0.05 +0.015 +0.06 £0.5
%6 TENERE 4 &L
Table 6 Zoom trajectory data SR ZEMAX B PF, Bt T —3K0F 500 1.4,
T AR B 400 nm~ 850 nm [ K FLA% 5 6 1 A8 42 W
B A4 /mm 30 35 40 45 50 55

AR R /mm 66.654 61.906 57.879 54.348 51.164 48.222
AMEAPA PR/ mm  7.007 7.244 7361 7.360 7.239 6.987
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Fig. 6 Cam curve of zoom system

PEBE sk o MRPEAS 22 B, SH 0L 22 Fh T vk PR AL LA
Z Mk, 159288 3k % 9% 1) MTF £ 100 lp/mm
K TF 0.4, B 5 RMS ¥ HIAE 4.5 pm LT, B
TR, WA RAERA H O RN L T
VEo NZESMEEREFN, AESBEH, TR
U, YR FH I 7 s o BRI B 5 13, AR R AR AR,
A BT O R

SE 30Hk:

(1] WEL HTHRERNEHERIMEFLERE R
TT[D]. £FF: KHFEHT K, 2018.
KANG Ruisi. Design of solar blind UV zoom optical sys-
tem for corona detection [D]. Changchun: Changchun

University of Science and Technology, 2018.
(2] fhll. KMERE 054N 5 H i SAMUER Bk [D].



MG 2022, 43(5)

BB, A R SOLIE AR BT .+ 845

[3]

[4]

[5]

(6]

(7]

[8]

(9]

FN: RERITE R, 2017,

XU Miao. Long focal length solar blind UV lens and sol-
ar blind UV bifocal lens [D]. Fuzhou: Fujian Normal
University, 2017.

FEII, A1, FE—, % B ELEHDOR RGO
1) READE#, 2018, 39(1): 22-27.

WANG Xiaofeng, SHI Yan, ZHUANG Yi, et al. Optical
design of zoom structured light imaging system[J]. Journ-
al of Applied Optics, 2018, 39(1): 22-27.

R, AR, Ak, 45, R I FLAE H B 540
HESLF RG] AN ROE TR, 2021, 50(2):
167-172.

ZHENG Guoxian, JIAO Jianchao, YU Yue, et al. Design
of solar blind ultraviolet warning optical system with large
field of view and large relative aperture[J]. Infrared and
Laser Engineering, 2021, 50(2): 167-172.

PRBL. 215MES AR SRk /NI (D] e 7 a3
TR, 2016.

CHEN Ji. Miniaturization design of infrared continuous
zoom lens [D]. Nanjing: Nanjing University of Science
and Technology, 2016.

BETENSKY E. Zoom lens NCL 30 ECL 1 NDR 4 NFG 9
COD 02 RLAP COD 72 APN 335151 APD 19811228
PSC 03 CLAS EDF 3: US04466708 [P]. 1984-08-21.
M, bR OGO (M bt st TR
A, 2009: 83-101.

HUANG Yifan, LI Lin. Optical design tutorial [M].
Beijing: Beijing Institute of Technology Press, 2009: 83-
101.

JOSEPH M. G. Introduction to lens design with practical
ZEMAX examples[M]. Huntsville: Center for Applied
Optics, 2002.

Fule, AR AR RGBT [D]. K&: K
BFHT R, 2019.

WANG Jingfeng. Research on miniaturization techno-

logy of zoom optical system [D]. Changchun: Changchun

[10]

[11]

[12]

[13]

[14]

[15]

University of Science and Technology, 2019.

BRIE, HIE. TUE 1522 St [M]. i
W7 A, 2003: 98-101.

LI Xiaotong, CEN Zhaofeng. Geometrical optics, aberra-
tion and optical design [M]. Hangzhou: Zhejiang Uni-
versity Press, 2003: 98-101.

MILTON Laikin. Jt2¢ R g it M), %8, #2205,
PE. AR JEat: AU R, 2011.

MILTON L. Design of optical system[M]. Translated by
ZHOU Haixian, CHENG Yunfang. 4th ed. Beijing: China
Machine Press, 2011.

FRRER, ER K, BRIV, 4. LTl AL AR 1 LR
13007 8 &R FHLBE L BEiT [, B A%, 2018, 39(6):
902-907.

WANG Sicong, WANG Qifei, CHEN Xiaoxi, et al.
Design of large aperture 13 million pixel mobile phone
lens based on curved surface sensor[J]. Journal of Ap-
plied Optics, 2018, 39(6): 902-907.

TR, BV, R, . AR FLAR SIS B U
hE vt 7). 08 SH0E TR, 2019, 48(7): 190-197.
MENG Xiangyue, WANG Yang, ZHANG Lei, et al.
Design of optical lens for star sensor with large relative
aperture and wide spectrum[J]. Infrared and Laser Engin-
eering, 2019, 48(7): 190-197.

XU, PRER, B, 45 AE T Ak PRt/ NSO AL
MR L et (1], R DG, 2020, 41(5): 1060-1066.

LIU Xiaochan, CHEN Chen, SHAN Hong, et al. Design
of fisheye lens based on 4k resolution small projector[J].
Journal of Applied Optics, 2020, 41(5): 1060-1066.
B, bR, AL AT B R B SOt R S
Bt (7], REAEA, 2016, 37(1): 45-51.

HUANG Wenhua, LIN Feng. Design of day and night
monitoring lens optical system with large aperture and
large target surface[J]. Journal of Applied Optics, 2016,
37(1): 45-51.


https://doi.org/10.5768/JAO202041.0505002
https://doi.org/10.5768/JAO202041.0505002
https://doi.org/10.5768/JAO201637.0101008
https://doi.org/10.5768/JAO201637.0101008
https://doi.org/10.5768/JAO202041.0505002
https://doi.org/10.5768/JAO202041.0505002
https://doi.org/10.5768/JAO201637.0101008
https://doi.org/10.5768/JAO201637.0101008
https://doi.org/10.5768/JAO202041.0505002
https://doi.org/10.5768/JAO202041.0505002
https://doi.org/10.5768/JAO201637.0101008
https://doi.org/10.5768/JAO201637.0101008
https://doi.org/10.5768/JAO202041.0505002
https://doi.org/10.5768/JAO202041.0505002
https://doi.org/10.5768/JAO201637.0101008
https://doi.org/10.5768/JAO201637.0101008

	引言
	1 光学系统设计
	1.1 设计指标
	1.2 初始结构选取和优化设计
	1.3 设计结果

	2 像质评价
	3 公差分析与凸轮曲线拟合
	3.1 公差分析
	3.2 凸轮曲线拟合

	4 结论

