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Design and manufacture of a large-area collimation solar simulator
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Abstract; A large-area collimation solar simulator is designed and manufactured. The diameter of effective ir-
radiated surface reaches 1 100 mm, the average irradiance reaches 1. 3 sun constants( AMO) , and the angle of
collimation beam is +1.59°. This paper firstly describes the optical system of the solar simulator, and ex-
pounds the light source selection and layout, ellipsoidal reflector and collimating mirror design respectively.
Secondly, this paper introduces the system structure, and then expounds the system simulation and implemen-
tation. The experiments show that the average irradiance reaches 1 760 W/m’; the irradiance non-uniformity
reaches 4. 6% ; the irradiance temporal instability is up to +1.36% ; and the solar simulator spectral match
meets the ASTM E927-10 the AMO class B requirements in the wavelength range of 300 — 1400 nm. The solar
simulator provides a precise and reliable platform of thermal vacuum and heat balance tests for the space pay-

load.
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Fig.1 Optical system of solar simulator
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(a) Xenon lamp positioned vertically
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(b) Xenon lamp positioned horizontally
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Fig.2  Optical configuration for Xenon lamp and ellip-

soidal reflector
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Fig.3 Flux distribution of Xenon lamp
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Fig.4 Optical parameters of ellipsoidal reflector
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Fig.5 Ellipsoidal reflector array
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Fig.7 Monte Carlo ray-tracing for the system
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Fig. 8 Simulation result of the system
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Fig.9 Structural layout of the system
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Fig. 10  Testing of solar simulation
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Fig. 13 Test of Xenon-lamp spectrum with optical filter
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Tab.1 Contrast of spectrum test results

B/ nm TME/ (WW - em™2) BT 5 E 43 /% AMO/ % FHXHR2E/ %
300 ~ 400 1413.2 6.78 8.00 -15.19
400 ~ 500 2 803.7 13.46 16.40 -17.92
500 ~ 600 2 856.8 13.72 16.30 -15.86
600 ~ 700 2 666.3 12.80 13.90 -7.91
700 ~ 800 2159.7 10.37 11.20 -7.42
800 ~ 900 2192 10.52 9.00 16.93

900 ~1 100 3378.8 16.22 13.10 23.83

1 100 ~ 1 400 3358.9 16.13 12.20 32.18

AN 20 829.4 - - -
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