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Abstract A mobile solar simulator is a requisite apparatus for conducting the field test prior to launching a coded
solar-sensor-equipped satellite, which can provide simulated sunlight signal and sunlight vector signal for the test.
This study provides a discussion on the structural configuration and working principle of the mobile solar simulator.
Specifically, we present the description and design of the LED array light source and the collimating optical system
in the device. For the light source, a power formula is applied to determining the number of LEDs, and the Sparrow
criterion is considered to be the basis for analyzing the LED spacing. In particular, the array spacing is determined
from the effect of irradiation uniformity. Furthermore, a mathematical model of cylindrical mirror is established
based on the principle of an edge ray. The design and simulation of the collimating optical system are performed
using the LightTools software. The experimental results denote that the mobile solar simulator has an irradiation

area of 10 mm X 50 mm, where the irradiance becomes 393 W.m™? at a working distance of 50 mm. Further, the

Wi EHES: 2019-02-21; 1EE BHA: 2019-04-10; RABHI: 2019-05-05
HEE&WmB. EEXARE IS (61603061 .35 M B & J@ TR & 551 H (20150204048G) 75 M 4 9™ b A 37 4 10 5%
4T H (2016C084)

* E-mail : sushi@cust.edu.cn

0808001-1



% {5

irradiation nonuniformities at three incident angles of —13°, 0°, 38" are better than £7.3%, and the exit angle is

0.78°. This solar simulator can complete the encoded solar sensor field test after the installation of a satellite.

Key words geometric optics; mobile solar simulator; LED array source; principle of edge ray; collimating optical

system
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Fig. 5 Structure of collimating optical system
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Table 1 Parameters of collimating optical system

Refractive index of Bottom radius of Height of cylindrical Aperture angle / Field /
Focus /mm
cylindrical lens cylindrical lens /mm lens /mm * (mm X mm)
1.516 14.93 62 21.93 50 1X47.2
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Fig. 6 Simulation results of optical system. (a) Irradiation distribution of receiving surface when incident angle is 13°; (b)

irradiation distribution of receiving surface when incident angle is 0°;

(c) irradiation distribution of receiving surface

when incident angle is 38°
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Table 2 Test results of non-uniformity for simulated radiation surface

Incident angle /(*) Maximal incidence /(W « m %)

Minimal incidence /(W ¢« m %) Non-uniformity /%

—13 788.89
0 8§15.48
38 615.59

721.92 4.4
746.53 4.4
565.02 4.3
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Table 3 Measurement results of irradiance under three

special incident angles

. R
Incidence angle / Irradiance /(W « m™%)

® Pointl Point2 Point3 Point4 Point5
—13 482 511 551 525 489
0 497 530 564 540 506
38 388 414 450 424 393
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Table 4 Test results of irradiation non-uniformity for three incident angles

Incident angle /(%) Maximal incidence /(W * m ™ *)

Minimal incidence /(W » m™ %) Non-uniformity /%

—13 549
0 563
38 452

481 +6.1
495 +5.6
389 +7.3
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