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Abstract Aiming at the deficiency of the design of irradiance attenuators for solar simulators, we proposed a new
design method of attenuators to improve their irradiance uniformity. According to the theory of Etendue, the mesh
area of an attenuator was calculated and the radiation flux in the convergent optical path was modulated.
Furthermore, the radiation distribution on the attenuator was theoretically analyzed by the zoned method of
condenser. Then, the structure of non-uniform mesh distribution was designed to modulate the radiation distribution
in the convergent optical path and the specific design parameters were provided. In addition, the effects of
attenuators with uniform and non-uniform mesh distributions on radiation modulation and irradiance uniformity were
compared and analyzed. The results suggest that the irradiance of 0.1-1.0 solar constant can be output continuously

after an attenuator with non-uniform mesh distribution was installed and the power of xenon lamp was adjusted.
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Besides, after the modulation of radiation distribution, the maximum reduction rate of irradiance non-uniformity in

the spots is 48.7%, and the wide adjustment of irradiance at low irradiance non-uniformity can be realized, which

has certain reference significance for improving the performance of solar simulators.
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Fig. 1 Wide range irradiance adjustment method based on the attenuator
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Fig. 3 Attenuator band distribution
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Table 1 Irradiance in each band of attenuator
R, /mm F,<R1>/W E./ (We+mm %)
30 158. 336 0. 056
60 565. 486 0.048
90 975. 464 0.029
120 1232. 760 0.013
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Table 2 Mesh design parameters of attenuator

Radius /mm Total mesh area /mm” Radius of mesh /mm Number of mesh
0~30 1262.7 6 8
30~60 1474.9 6.5 12
60~90 2438.3 8 12
90~120 5442.6 10 18
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Fig. 4 Models of irradiance attenuators with different structures. (a) Irradiance attenuator with uniform mesh distribution;

(b) irradiance attenuator with non-uniform mesh distribution
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Fig. 5 Sun simulator optical system modeling and simulation
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Fig. 6 Radiation distribution of the light output area under different attenuators. (a) Radiation distribution under attenuator

with uniform mesh distribution; (b) radiation distribution under attenuator with non-uniform mesh distribution
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Fig. 7 Radiation distribution of the light inlet of the integrator under different attenuators. (a) Radiation distribution under

attenuator with uniform mesh distribution; (b) radiation distribution under attenuator with non-uniform mesh distribution
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Fig. 8 Irradiance uniformity in the spot under different attenuators. (a) Irradiance uniformity under attenuator with

uniform mesh distribution; (b) irradiance uniformity under attenuator with non-uniform mesh distribution
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Fig. 10 Test method of irradiance non-uniformity
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Table 3 Irradiance non-uniformity test under different attenuators
Central Attenuator with uniform Attenuator with non-uniform
irradiance mesh distribution mesh distribution Lower value  Reduction
setting value / E. ./ E.../ /% E i/ E.../ e /% A% rate 9 /%
(Wem %) (Wem?*) (Wem?®) (Wem ?) (Wem %)
600 624 581 +3.57 613 590 +1.91 +1.66 46.5
500 522 483 +3.88 511 491 +1.99 +1.89 48.7
400 419 387 +3.97 409 392 +2.12 +1.85 46. 6
300 315 290 +4.13 307 294 +2.16 +1.97 47.7
200 209 192 +4.24 204 195 +2.26 +1.98 46.7
100 105 96 +4.48 106 101 +2.42 +2.06 46.0
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