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Abstract In order to solve the problem of low radiation energy at the edge of the output spot of the equal curvature
optical integrator, which leads to the poor uniformity of the radiation surface, the differential and integration
method of radiation energy based on the diffraction theory is proposed, and a variable curvature optical integrator is
designed. The aperture and number of the integrator channel are determined according to the Fresnel number, and
the radiation distribution curve is divided equidistant. According to the difference of the focal length of each eye lens
in the integrator, the radiation distribution curve is superimposed step by step. Based on the diffraction theory, the
mathematical model of variable curvature optical integrator in two-dimensional plane is established, and the
mathematical function of light intensity distribution on the working face is deduced. The aspheric optimization
design of each circle eye lens in the field lens group is carried out by using Zemax software to improve the imaging

quality and eliminate the sidelobe effect. The variable curvature optical integrator and the constant curvature optical

WA BEHE. 2021-07-09; f&E HEA: 2021-09-10; A HEHHI: 2021-09-29
BB EXARBIH¥IES (61603061 .35 A BHE 1181 (20190302064GX,20190302124GX)
BEEE. *sushi@cust. edu. cn

0708001-1



MR

E 425 FT7H/2022 F 4 B/RFEFIR

integrator are simulated by LightTools software, and their performance differences are compared and analyzed. The

results show that the variable curvature optical integrator can significantly improve the edge radiation energy of the

output spot of the solar simulator, up to 56% higher than that of the equal curvature optical integrator, the

irradiation non-uniformity in the @100 mm radiation plane is better than +0.5%, and the radiation inhomogeneity

in the @200 mm radiation plane is better than £1%.
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A, field lens; A,: projector lens; B;: collimating lens; B,: focusing lens; D: aperture of optical integrator; D: lens aperture;
L,,L,: lens spacing; d: lens thickness; f: lens focal length; 6: Divergence angle; S: irradiation area
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Fig. 1 Working principle of variable curvature optical integrator
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Fig. 2 Partition curve of irradiation distribution before integration
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Table 1 Aperture and number of integrator channels

I Lens Number of Number of Irradiated Minimum value
tem

aperture /mm radial channels channels area /mm  of Fresnel number
Variable curvature optical integrator 7.1 5 25 200 576. 3
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Table 2 Function of each circle sub-eye lens

Sub-eye lens Function

Central
Ri(x, sy )=rss Tt tryn

sub-eye lens

R,(x,sy)=r,ntry,tr,+
Fryna R,y
Ry(x sy)=ri FTroatr tr o+
sub-eye lens ru~x R (x,.y,)—R,(x,.y,)
£ 3 KB FIRBENE RS 3R

Table 3 Complex amplitude transmittance function
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Table 4 Focal length of each circlet lens in integrator

unit: mm
Central sub-eye  Second Outermost
Sub-eye lens
lens sub-eye lens  sub-eye lens
Focal length 26.4 27.4 28. 4
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Table 5 Structure parameters of central sub-eye lens

Lens Radius /mm Interval /mm Material Aperture /mm

Before oo 5.0 JGS3 7.1

optimization

After —12.10 26. 4 . 7.1
optimization
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Fig. 7 Optical path diagram before and after optimization. (a) Before optimization; (b) after optimization
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Fig. 8 Point plot before and after optimization. (a) Before optimization; (b) after optimization
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Table 6 Optimization results of each circlet lens in field lens group

Lens type Number of lenses Aperture /mm  Radius /mm Thickness /mm  Quadratic conic coefficient
Central sub-eye lens 1 7.1 12.10 5 —2.231
Second sub-eye lens 8 7.1 12. 56 4 —2.335
Outermost sub-eye lens 16 7.1 13.02 3 —2.430
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Fig. 9 Structure diagram of equal curvature

optical integrator

I
N A i N A I |
|

B 10 AR A6 R A

Fig. 10 Structure diagram of variable curvature

optical integrator
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Fig. 11 Simulation diagram of solar simulator
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Table 7 Comparison of irradiance non-uniformity between equal curvature and variable curvature optical integrators
Equal curvature optical integrator Variable curvature optical integrator Uniformity
Diameter /mm improvement
Ep /(OWem ) By /(Wem ) & /% Ep /(Wem ) Eyy /(Wem ) e /% ey /%
@50 1469 1452 +0.58 1390 1382 +0. 28 51.7
D100 1469 1440 +0.99 1390 1377 +0. 47 52.5
P150 1469 1423 +1.59 1390 1370 +0.72 54.7
D200 1469 1404 +2.26 1390 1363 +0.98 56. 6
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