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Design of solar simulator in the meteorological radiation
calibration system
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Abstract: In order to solve the problem that how to measure solar radiation measure instrument, a kind of
high precision meteorological radiation calibration system was put forward. The optimization technique of
focusing system and optical integrator was described; integrator aberration which influenced the uniformity
of sun simulator in detail and defocusing effect of projector lens were discussed. The optimal defocus
distance formula was put forward at the same time. The collimating optical system and simulated the system
in LightTools were designed. Finally, solar simulator was tested. The results show that it can simulate one
solar constant with irradiation range of @200 mm, working distance of 1000 mm. Irradiation nonuniformity
in 60 mm range is less than 1%, and in(®60-200)mm is less than 2%, instability is better than 1%/h,
which meets the requirements of meteorological radiation calibration system.
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Fig.1 General layout of meteorological radiation calibration system
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Fig.2 Composition and working principle
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Fig.3 Ellipsoid condenser outline dimension



% 544 : X BE . AZBHARE RGP KA 6K 1347

H 40 (5 A9 P TR A TS R B R X
5. y?>=2Rx-(1-e?)x? (1)

S R B T g 2ok 42 R=20R e S

fi+f
BID = st MRS — s e 9
AR
R R R B | P I
(G RALEE i u R D
M, =(e*+2ecosu +1)/(e*-1) 2)
PR T 45— A 0 TR 2 R A 4
525 = A 0L IR R 46 50 k0 A LRI
585 8 B 0 5 A 4 B T 2T
SMAT N
9 FE SRR RE BRSO BER B2 D - g
(P 3 %) AL RRAF, ER B BEXY (RIL R
S5 TR 25 1 /R O AR L R SO Bk
T2 4 — T A 46 60 B 2 1 2 4
SR 0 PR Ko Ko SR T AILAR S 1 £A5 )y
6L A7 () 0 R B9 28 0 5
HEKR N

u,

2 Jumt(u)sinudu

c=

180° (3)
21 Joo t(u)sinudu
A AT SR DG B A — £ T N A 4 RS O A DE T
Bl IR PN A1 24 4 IR R BRI S, Rl AR
VAN BOLFOGA BOH R e Ot B Aot E £ B
AR o 7ERE £ 2 R A F DL T, L RBSE B 45
e AR A IR T R RO B4 ) B X — E SRR R
AT LU R T B O v ok B i RO B Ik
B, sk R

y*=ax+hx? (4)
A x B8 AR U T, i 5 e A Sy e T e
y2=ax+bx¥2+Cx+ xS 2+ X+ - - (5)

A RO AR KO, W ORI R B, I A
AT BT L x 8 A0 U RE 000 SROL 85 TR 32 = AR
FH 5 7 BOU Bt Bl LA, x 1) e DR B4 1F I G
BRI B AR — AR TR BT A BT x
T 14 A U 5 HG A% R B0 T A DG 9 ) SROE B Y T
Ay Bl x b 3G 922 At # , BORIE T OB R A
T A St . T IX R T ik 1 B o ROL BT RO
F [ Pk P At G5 4 T N R TR A

4 K& h Ay 22 a0iR it

PN RV B RS AR e e o (e R e R P 1)
AJHEH B A G IR 4 RO AR B 418 Ot 1 AR N BIr
B R BEBE 3 A, S B e R A B BOY T R L
1%, B INBEE L2 BN AR , SR 5 15 5 e e 4w IR
SETE b, NI SEEE T A REBH By 2 P AL AT S
HEB i) B BB Lk, Ml BB b5 o a5
2 37 5% W 5 S B R B AL, B AL 1 i T R 4% R B 4
4 I T A U B s T RN BRE s I, L&k A P
K4 iR,

Additional lens I Field lens Projector lens  Additional lens II

I 4 St oSt K

Fig.4 Optical integrator structure
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Fig.5 Optical integrator imaging principle
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Fig.6 Construction diagram of collimator lens
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Fig.7 Characteristic curves of system aberration
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Fig.8 Curves of spherical aberration and axial chromatic aberration
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Tab.1l Text data

Diameter/mm P30 »60 9100 P150 200

Max value/W -m™? 1379 1379 1379 1379 1379
Min value/W-m2 1371 1365 1358 1346 1332

Nonuniformity/% 0.3 0.5 0.8 1.2 1.7

SR ZE ST AT AR RN Y 51 B 7 960 mm
S A 0.5% , 75 (P60~ P200) mm JEE NN 1.7%,
55 A RMAT , Bl R ERTE AR EEK

7 4 &

SCHRA G T — R T R R AR E R G Y
R PEREUA, M 1R PSS O B 4%
825 BB R R R IR ST R A9 R | R T R
BAASROL R G Dt as il B R SR EOR

FEAd H LightTools 14 X5 it 15 11 /9 A BH BT HL #5 #E 17
TR, DF B RS B 5 A2 A — 2. 1
@60 mm JEL [ P AR 5] BN 0.5%, 16 (P60~ P200) mm
LN ARSI N 1.7%, W B SR SHr 2 R4 K
BARSEIRE R

SE

[1] Wang Jun, Huang Bencheng, Wan Caida, et al. Environment
simulation technology[M]. Beijing: National Defense Industry
Press, 1996. (in Chinese)

[2] Eddy. Design and construction of the JPLSS15B solar
simulate[C]//USA: Third Space Simulation Conference, 1968.
(in Chinese)

[3] Zhang Guoyun, Lv Wenhua, He Xiaolei et al. Analysis on
irradiation uniformity of sun simulator [J]. Chinese Journal
of Optics and Applied Optics, 2009, 2(1): 41-45. (in Chinese)

[4] An Guifang, Zhang Guoyu. Research of the solar simulator
for weather sonde experiment [J]. Acta Energiae Solaris
Sinica, 2011, 32(9): 1408-1412. (in Chinese)

[5] Zhong J G. On some questions in optical system of the solar
simulator [J]. Acta Energiae Solaris Sinica, 1983, 4 (2):
187-193. (in Chinese)

[6] Zhang Yimo. Application Optics [M]. Beijing: Publishing
House of Electronics Industry, 2008. (in Chinese)

[7] Wang Yuan, Zhang Linhua. Design of a new type of full-
spectrum solar simulator [J]. Acat Energiae Solaris Sinica,
2006, 27(11): 1133-1136. (in Chinese)

[8] Liu Hongbo. Solar simulator technique [J]. Opt Precision
Eng, 2001, 9(2): 177-181. (in Chinese)

[9] Cao Zhaolou, Zhan Zhenxian, Wang Keyi. Structural design
of spherical compound eye lens for moving object detection
[J]. Infrared and Laser Engineering, 2011, 40(1): 71-73. (in
Chinese)

[10] Ke Caijun, Yi Xinjian, Lai Jianjun. Research microlens array
for improving the fill factor of CCD image sensors. Infrared
and Laser Engineering [J]. Infrared and Laser Engineering,
2004, 33(2): 209-212. (in Chinese)

[11] Huang Lei, Hu Wenwen, Yang Zhiwen. Optical design of
wide bands and long focal length collimating lens. Infrared
and Laser Engineering [J]. Infrared and Laser Engineering,

2007, 36(S): 126-127. (in Chinese)



