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Design of effective reflection area of laser retro-reflectors
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Abstract: The structure of laser retro-reflector array dominates the distribution of the effective reflection
area and influences the intensity of echo signals. However, for the special purpose of compact
experimental satellites the observational activities are only performed in the certain sky region by the
ground station. But the laser retro-reflector needs tens of square centimeters of the effective reflection
area, and the weight and size are limited. For that the reasonable design of the normal pointing of the
cube corners within the retro-reflectors array should be implemented in order to achieve the requirements
of large reflection area. The calculation model of the effective reflection area for laser retro-reflector with
different normal pointing cube corner was derived and taking laser retro-reflector array designed for one
of the regional observational satellites as an example, the simulated calculation and the laboratory test of
the effective reflection were given. The results show that the simulations of the effective reflection area

of laser retro-reflector for satellite regional observation accord with the testing results. The practicability
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of the design of laser retro-reflectors for satellite regional observation lays the foundation of its further

applications in the future.

Key words: optical design;
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effective reflection area;

laser retro-reflector
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Fig.1 Relative effective reflection area vs incidence angle
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Tab.1 Normal pointing angle of 10 cube corners

Normal pointing angle(a, B) Number of cube corner

(n=30°, B,=8°) 4
(@=12°, B=15°) 2
(az=—8° 5 3352230) 4
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Fig.2 Simulated calculation of the effective reflection area of laser

retro-reflector
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Fig.3 Principle of optical system of measuring the effective

reflection area
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Tab.2 Reflected power of laser retro-reflectors at

the different angle of ¢ & s (Unit: pW)

¢

P
-41°  -30° -20° -10° 0° 10° 20° 30°

0° 6.33 8.80 9.04 8.14 633 452 3.02 1.58

10° 7.86 11.58 11.37 10.38 8.72 6.38 4.12 2.33

20°  7.07 10.13 10.89 10.65 9.69 7.52 4.84 2.74

30°  4.54 748 8,57 8.85 852 6.75 4.60 2.67

41° 293 4.83 5.60 6.00 569 490 3.64 2.23
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Tab.3 Measured effective reflection area of laser

retro-reflectors at the different angle of
¢ & s (Unit: cm?)

-41° -30° -20° -10° 0° 10° 20° 30°

0° 30.3 42.1 43.2 389 303 21.6 144 7.6

10° 37.6 554 54.3 49.6 41.7 30.5 19.7 11.1

20°  33.8 484 521 509 463 359 23.1 13.1

30°  21.7 358 41.0 42.3 40.7 323 220 12.8

41°  14.0 23.3 268 28.7 27.2 234 174 107
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Tab.4 Simulated calculation of the effective
reflection area of laser retro-reflectors

(Unit: cm?)

[4
-41° =-30° -20° -10° 0° 10° 20° 30°
0° 27.0 36.8 39.1 375 326 255 17.5 10.7
10° 30.2 455 473 473 423 345 241 145
20°  28.5 399 46.3 48.7 46.7 40.6 275 16.8
30° 22.8 320 376 40.8 403 355 254 16.0
41° 152 21.2 253 275 27.0 235 183 12.1
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Fig.4 Comparison the simulated calculation of effective reflection

area of laser retro-reflectors with the measured value
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