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Design of three-band optical system used in corona detection
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Abstract: In order to detect corona discharge in all weather situations, a three-band optical system
worked at three bands of the solar blind UV, visible and the long infrared was designed for the corona
detection. To reduce the system volume and improve the performance merits, a co-lens system was
used for both the solar blind UV and visible bands, and an independent lens system containing aspher-
ic surfaces and diffraction surface was adopted for the long infrared band to correct monochromatic and
chromatic aberrations. Furthermore,the focusing system was designed with a single lens to ensure an
excellent imaging in the temperature from —40 C to 60 ‘C. The image quality of the system was eval-

uated,and it is shown that at the temperature of 20 C, the MTF at the spatial frequency of 60 lp/mm
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is greater than 0. 37 in the solar blind UV, and greater than 0. 35 in the visible band for the whole

fields of view; the MTF at the spatial frequency of 20 Ip/mm is greater than 0. 6 in the long infrared

band for the whole fields of view. These results indicate that the system has excellent imaging charac-

teristics at all three bands, and can be used in the detection of corona discharge in all weather situa-

tions.
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Fig. 3 Structure of system
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Fig.4 Structure of solar blind UV and visible system
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Fig.5 Structure of long infrared system
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TS DIFF, LIMIT TS : | . TS IIFE. LIMIT TS 0.0000° 33000 k] "
50,0000 0.0000° 0,000 35000 (TS 00000 0.0000° i S0,0000 33000
10 50,0000 16000° 10 ||[[T5 0.0000° 16000
09 0.9 o — e
Mt |
08 I~ [T 08l el |
~ —] [ ol I
07 - 07} B e
" S £
=T 3 Py = 06¢ \"\:-; -
Z0s %H‘::E Fos S 50 =
- ’ 2 | e | =
élu — 3 04y B A 304 -
2 =
Z03 = 03t = 0.3
02 Ull 02
[iY] OlF 0ol
00 00k - ~ T 0
0 6 12 18 24 30 36 42 48 84 60 0 6 12 1B M 30 36 4 48 54 6 To 6 12 18 M4 30 36 42 48 M 60

Spatial frequency/ieyelemm ')

(20 CHJ ULt 2% R 4% 8 R
Kol £t

(a) MTF of visible optical system
at 20 C

PR 0 £

at —40 C

Spatial frequency/{evelemm )

(b)—40 CH[ LI R G538

(b) MTF of visible optical system

Spatinl frequencyicyelemm ')

()60 CHJ W%t R g4k 14w
Bl £

(¢) MTF of visible optical system
at 60 C

B8 Al UL 2R 4 A% i e Bl 46
Fig. 8 MTFs of visible optical system



> Ay EIE e S R T S 22 é}i NN »+
56 9 XA S5 B BRI R 1233
- r - 'S DIFF. TS 4. 10K TS FF 1, i
TS DIFE LIMIT TS 2.0000 TS DIFE. LiM11 IS 4.10¢ T3 DIFE LMt TS 4.1000
||| TS 41000 10 |75 20000 | - || (TS 20000
10 - T -“"""H,..,_‘a | [ =
0,98 - L 0.9 ST - 0 _:'_‘Lh e 1
0.8+ L Hﬁai?—-‘ 0.8 - B T 08 3;2; ::T 5|
07} T e 07— —— e L
S 06 f—t—t——— .__l Tl 1 206 b
?r;_‘u . 205 =
_Eg 04 | [~ % 0.4
2 0] [ | =03
02 0.2} I i I 02
0.1 ol T i ol
00— § 00 12 14 16 15 2 T B S S T N ¥R T T M6 & w0 1z 1@ 16 1§ 2

Spatial frequencydeyelemm ™)

()20 CRPLAMEE R G fl i
B 5 2%

(a) MTF of long infrared optical
system at 20 C

& 9

Spatial frequeney feyelemm ')

(b)—40 C K L1 52 R G A%
1o bR 22

(b) MTF of long infrared optical
system at —40 C

Spatial frequencyovclemm™=1)

()60 C R P LI % R Gt i
B3 £

(¢) MTF of long infrared optical
system at 60 C

RAPLLING 2 R G 15 3 o R ity 25

Fig. 9 MTFs of long infrared optical system

i/\

%
= U BRI R G RS AE R L BHE LR
55 RANKRE KA R RO - 28 B g 2800 o s
P 19 R AP L O O L o R A AT RS
SE A3 DA T 0 BT 8 s A L 5 A B DR R JEE L g v
TR TT B O ) Y A AR SR T ROR R B
AV T —E =B R RN RS
W HE MBS BRI P LD B

S E 3k

(1] R4, LS, BAEA mEAB2BERE L
i) 1. ol 5 Ak, 2006,43(482) :6-8.

ZHANG H F, PANG Q CH, CHENG X CH. The
characteristics of high-voltage corona and its detec-

tion [J]. Electrical Measurement & Instrumenta-

tion, 2006,43(482):6-8. (in Chinese)

(2] sk mgEmm AHAFEI] X afH, 2005
(6):35.
ZHANG W H. Corona discharge and its hazards
[J]. Da Zhong Ke Ji, 2005(6):35. (in Chinese)
(3] MERA, A AR, ¥, 5. Il 52K AUAS M 2%

BRI IR ], 4 A& 5 ,2005,33(6):
50-53.
FU CH Z,ZHOU J G,XIAO R,et al.. Simulation

experiments of UV corona detectors for monitoring

Hrr, HE SR WG I BCR A6 ER 451, 32
A G R A A T R A AL 3
LLAMB B R A <7 6 B 5 5 ) I AT S8 1o A 3 3K T
FORX RGEHATIR AL IE BRI 2> T REE M5
B, RS T RE MR R E . ZRGE R R
L BB e —40~+60 CHI 5~200 m
R 25 4T B IR AR B AR EOR . Rt
RRW X RGACAE IR Z R B PR T ] BB 051
W7 BCAR T A2 FE T A R A Y 5K

of line insulators[ J]. East China Electric Power ,
2005,33(6):50-53. (in Chinese)

GRUM F,COSTA L F. Spectral emission of corona
discharges[J]. Applied Optics, 1976,15 (1) 76-
79.

STOLPER R, JACO H,MAHATHO N,ez al.. The

design and evaluation of a multi-spectral imaging cam-

(4]

(5]

era for the inspection of transmission lines and substa-
tion equipment| EB/OL]. http://www. corocam. co. a/
papers/inmr_publication-2005-hk. pdf.

Pt e B RN R AT T R,
2003,32(3) :294-296.

JIN G P, PANG Q CH. The key points of UV ima-
ging and detecting system[]]. Acta Photonica Sini-
ca, 2003,32(3):294-296. (in Chinese)

FORSYTH K W. Corna discharge imaging system
for outdoor daylight use: United States Patent, No.
6323491B1[P]. 2001.

[6]

L7]



1234 e M LRE 519 %
[8] &, E35. e, 5. A -0 S B LML BE % [10] I 3&, 305, % K, 3. 47 55 /98 117 5 240 S0 B0 B,
wotE )], b5 H % £ 42.2010,18(6) ;1243 ARG AR G FELT ] 22 5 4R, 2010, 59(10)
1248. 6977-6984.
LIU Y.WANG J,QU F,et al.. Optical design of a LIU Y, SUN Q. LU ZH W, etal.. Study on hy-
high precision wide-angle lens for static infrared per-spectral imaging system with harmonic diffrac-
earth sensors[J]. Opt. precision Eng., 2010, 18 tion element in medium and long infrared[]J]. Acta
(6):1243-1248. (in Chinese) phys. Sin. ,2010,59(10) :6977-6984. (in Chinese)
(9] 3,703, F 3R F. AT P Kk a /b EEE [11] x3&.#% 2 A, 253, F. BN/ ITH KHEZEL

WA RG] 8 5 4% T 42,2010, 18(3),
579-585.

LIU Y, SUN Q, LU ZH W, etal.. Design of hy-
per-spectral imaging system with harmonic diffrac-
tion element in medium and long infrareds[J]. Op-
ti. precision Eng., 2010, 18( 3):579-585. (in Chi-

nese)

EER N

X (1983 =), 55 . WA IR L [
WF5E4E 2005 48 F H Ak R4 315 % L
24,2008 AF T RE BE K A OL 2R
BUBK 5 Wy BT 5 i AR A L2 o, 8
MEFGH AR S . E-mail: 1j20220
@163. com

EHAHRA983—) B, m T AL B
WS¢ 51,2006 4F 2008 4F T35 bk 2 43
FRAG 2 2, RN G
NG I (I R R )
huangjianbo208@163. com

E-mail;

B 984 FL IR BELAN L
WHoE A, 2006 4F F K F F TR 2% 4R 15
e 2E AL, E BN FLANER A 1
TS . E-mail: qu8888@ sohu. com

FPAHE (1983 —), I WAL SE M BF 5L
23] 51,2006 4F 2008 4= FAE R H K
ARG A, E B
JeHL I A B Ot B IS, E-
mail: gbhyxl@163. com

WB AR R g % [J]. k% # % T 42,2008, 16
(11):2065-2071.

LIU Y,PAN Y L, WANG X J, et al.. Design on
imaging system with harmonic diffraction element
in terahertz multi-band[J]. Opt. precision Eng. ,
2008,16(11) :2065-2071. (in Chinese)

T OEASO—) B EMMEE AL
WFFE A B B 9T B, 2002 4, 2005 48
TR TE K2 23 M B AS 2 b 2
FENGLOI RGO IR
4 WK U5 H A F 5% . E-mail: mr-

wangj@ hotmail. com

SUmE I

Q65 ) L L THIHA LR
Gy T AR S0, 1987 4B T 1l AR K 3k
3212500, 1997 4F 12005 4F F BB
KR 2 LA 5 ) B F 5% T 40 )
FRAFAR A P8 5 07, 5 B A 6 AT
S ] o 2 B R AL AR W TF . E

mail : fangw (@ ciomp. ac. cn

FhOBRA97TI )5 RIR TR AL
S, A T, 2003 4FF R R
SARAR 1 £ 25 7. 2006 4E T RL B K
BOLFREN S YIRS
W, FENFIALAN =S T |
5T . E-mail: sunq@ciomp. an. cn



