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Design of a solar blind ultraviolet optical system for
corona detection
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Abstract: The solar blind ultraviolet optical detector accurately captures the ultraviolet radiation
generated by corona discharge. In this paper, a fixed focal solar blind optical system was designed
by using Zemax. The system comprises five standard spherical lens and has a working wavelength
range of 240-280 nm, the F number of 2.5, the focal distance of 50 mm, a field angle of 20.4°, an
optical length of 72 mm and matches with a ultraviolet image intensifier with a target diameter of
18 mm. The full field of modulation transfer function is greater than 0.8 at the spatial frequency of
20 Ip/mm, the maximum distortion is less than 0.5% . The defocusing phenomenon of the system
was analyzed across a temperature range of —20°C to 60°C. The thermal defocusing amount was
calculated at different temperatures, and a Passive mechanical compensation method was employed

to correct thermal dispersion caused by temperature changes. Finally, through Monte Carlo

RS HER : 2022-12-11

EL£WHE . MEEAHUTEI ST E (2017H0010); A AR E AL (2021Y2040012)

E—EE . WL (1997, B, WA, BT EEI T, B-mail: 2865296947@qq.com
BIEESE . BHR (1964—), L, ST, BT SR, E-mail: xlliang@fjnu.edu.cn



o5 4 1 s, A TSR HE SO R Gt « 41 ¢

simulation analysis, the system is given a reasonable tolerance allocation. The analysis results show

that the system still maintains good imaging quality even after processing and assembly.
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Tab.1 Key design parameters of optical system
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Fig. 1 2D diagram of initial structure
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Fig.2 2D diagram of final structure
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Tab.3 Tolerance allocation of the system

®/E FRAE  WE RWRD WD ARG REAAL GeR RO
R OB mm A%mm Admm A% s D% A
1 +4 +0.03 +0.02 +0.5
+0.02 +0.05 +0.001 +1
2 +4 +0.03 +0.02 +0.5
3 +4 +0.03 +0.02 +0.5
+0.02 +0.05 +0.001 +1
4 +4 +0.03 +0.02 +0.5
5 +4 +0.03 +0.02 +0.5
+0.02 +0.05 +0.001 =1
6 +4 +0.03 +0.02 +0.5
7 +4 +0.03 +0.02 +0.5
+0.02 +0.05 +0.001 +1
8 +4 +0.03 +0.02 +0.5
9 +4 +0.03 +0.02 +0.5
+0.02 +0.05 +0.001 +1
10 +4 +0.03 +0.02 +0.5
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Tab.4 Results of Monte Carlo tolerance analysis

SR SN/ %  MTF(@ 20 Ip/mm)  RMSYEEEE 4% /mm
=90 0.4391 0.0205
=80 0.5118 0.0198
=50 0.5824 0.0167
=20 0.6255 0.0122
=10 0.6494 0.0106

TuciHErR 0.3,

i#

5 4

AR SN HL ARG A SE PR 2R, B8 T AR
X FLAR AN 37 v = K FH 3k () H B 584624 B
S, MAEH S AeRmES, BN 50mm
F4 k2.5, ¥ H42 18 mm, W35 20.4°,
T AE I BE 240 ~280 nm, 627 A Kb 72 mm,
MTE 7& %5 [6] $ 3 20 Ip/mm Ab 4= #1353 24 K F
0.8, FARBAE/NT 0.5% ., ASCRFHAE A% H
A EERITTR, S PERE . SRR UM
RIS BE 254, AROAME T3, fRIUET
RYAE—20 ~60 °C B BN TAER R e 1,
G A TS TS R R T 55k in T2
AT . ek A R G i, T 20
U, kR SCPRTR R

S -

(1] ki, PEHLB, BRFBHF. &R H 2 B FR e K A
M [J]. ISR, 2006, 43(2): 6 — 8,31.

(2] FERL, FREEIT, BiEK, 45 HE SN ES RN
AR ARDITE [1]. A B TR, 2022(2): 37 - 4.
TR E, BARER, KO, S F T R R A R
LN AR U] B E AR S TR, 2012,
12(11): 2683 — 2687.

R HF RSN HE LI R FER
i [D]. K&: KEB TR, 2018.

R PO A ANV Rk (D]
R AR ERITE R, 2020.

W KRG HE LI ELE R G )T D] K
F: KA TR, 2018,

Mgy, B, XEET, &, T HRaamn 05 L4t
WG RGBT (1], Y6F 2R, 2022, 51(9): 0922001.
WH. B H B RINUER e R BT 0], /B
ARG TR, 2020(5): 28 — 29.

TRE, TR, REE, % K EE B 585
HERGE R 7). Bt S e TR, 2020,
57(19): 192201.

PE. YRR H B EINEG LT (1. 6ES
MR, 2022(7): 52 — 54,245.

ZERIE, AR, TG 822 D6t M. A:
WL R4 1 T, 2003: 128 — 130.

BHL, BFH . RAA S 5 L (1], M H
S, 2022, 43(5): 839 — 845.

TSR, AL, XIREY. ZEMAX St RGBS
FRE (M]. DL AR A= L ikt 2018: 54 - 56.
FETED. St RGeS M 38 FH A 0], 2 HIE
2, 2006, 27(3): 195 — 197.

. AU Sh 2R B 1 3 I 4T A Sk kM 4y
Br [D]. EEBH: REHABE T 2%, 2014.

HORAE, BVT, AR, 45 PP IK 2R BT B I
B ST BRI (1], 46 T243R, 2016, 67(S2):
38— 45.

(3]

[4]

[5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

(i 5k &)


http://dx.doi.org/10.3969/j.issn.1001-1390.2006.02.002
http://dx.doi.org/10.16540/j.cnki.cn11-2485/tn.2022.02.06
http://dx.doi.org/10.3969/j.issn.1671-1815.2012.11.036
http://dx.doi.org/10.3969/j.issn.1001-2362.2020.05.014
http://dx.doi.org/10.3969/j.issn.1001-2362.2020.05.014
http://dx.doi.org/10.3969/j.issn.1002-2082.2006.03.007
http://dx.doi.org/10.3969/j.issn.1002-2082.2006.03.007

	引　言
	1 光学系统设计
	1.1 设计指标
	1.2 材料选取与初始结构确定
	1.3 优化设计

	2 像质评价
	3 系统热差分析
	4 公差分析
	5 结　论
	参考文献

