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Abstract Aiming to address the demand for high-capacity and high-reliability data transmission be-
tween a rotating imaging ultra-wide-field space camera and the satellite platform, a space optical trans-
mission device based on laser communication was designed, and the high-precision optical testing and
alignment scheme was studied. The device’s reliability was enhanced by installing the primary and back-
up collimators at both the transmitter and the receiver, with mutual backup achieved through the de-
sign of multiple optical channels. At the same time, a high-precision alignment scheme to ensure accu-

rate measurement and alignment of the collimator’s optical axis was proposed. Finally, the modal analy-
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sis of the space optical transmission device was carried out by using the finite element analysis software

MSC.PATRAN and the vibration test of the installed space optical transmission device was completed.

The results show that the first-order frequency of the transmitter of the space optical transmission de-
vice is 264.25 Hz, and the first-order frequency of the receiver is 434.35 Hz. After the vibration test, the

maximum optical power penalty between the transceiver collimator is 1.94 dB, and the spatial angle

change of each prism reference surface normal is within 5". It shows that the space optical transmission

device can overcome the influence of a complex mechanical environment during the satellite launch, has

high alignment precision and reliability, and meets the requirements of laser communication data trans-

mission between satellite-borne rotating components.
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Table 2 Main parameters of the worm gears
Object Parameter Object Parameter
Modulus 1 Number of threads of worm 1
Reference circle diameter of worm 18 mm Lead angle 3.17983°
Reference circle diameter of worm gear 40 mm Pressure angle 20°
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Table 3 Material parameters of each components
Component name Material name Density/ (kg-mig) Poisson ratio Elastic modulus/MPa
Transmitter and receiver fixed bracket TC4 4440 0.34 106820
Linear guideway, lead screw 9 Crl8 7700 0.3 196000
Worm gear QSn4-3 8800 0.3 98686
Worm 40 Cr 7820 0.277 206780
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Fig. 10  The first 4 order mode shapes of the transmitter. (a) 1st order, (b) 2nd order, (¢) 3rd order, (d) 4th order
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Fig. 11  The first 4 order mode shapes of the receiver. (a) 1st order, (b) 2nd order, (c) 3rd order, (d) 4th order
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Table 4 The first 4 order modal frequencies of

the transmitter and receiver

Order  Transmitter frequency/Hz  Receiver frequency/Hz
1 274.57 402.84
2 276.54 441.48
3 459.38 459.02
4 476.74 568.43
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Vibration test of the space optical
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Fig. 12
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Table 5 Vibration test results
Sinusoidal vibration Random vibration
Position Direction Fundamental C 1 R
frequency/Hz ontro .esponse ,
/ amplitude/g amplitude /g Control RMS/g  Response RMS/g
Transmitter T 517.94 6 8.2 7.3 14.5
system
y 264.25 6 8.4 7.3 10.5
z 271.88 6 8.4 7.2 11.3
Receiver T 1939.01 6 8.4 7.3 14.1
system
y 434.35 6 7.9 7.3 11.9
z 455.07 6 8.0 7.2 11.9
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% 4

18 2 B BRI 98RBT U i B R S X

x6 HEJ|EHINE 11 dBm THRENXKHIEE TIEE TR
Table 6 Optical power penalty in each operating mode before and after vibration test

at 11 dBm laser emission power

Before vibration test After vibration test

Channel
mode Optical power range during one full ~Maximum loss  Optical power range during one full ~Maximum loss
rotation/dBm /dB rotation/dBm /dB
1 10.07~10.25 0.93 9.80~10.05 1.20
2 9.70~10.00 1.30 9.41~9.76 1.59
3 9.70~10.01 1.30 9.38~10.07 1.62
4 9.50~9.80 1.50 9.06~9.74 1.94
=7 RBXBAIERERRETL
Table 7 Changes in calibration data before and after vibration test

Calibration data Theodolite readings Change before and after vibration
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Measurement objects

Direction y z Ay Az
Before vibration 89°59’58" 89°59'59"

Transmitter reference prism 3" 2"
After vibration 90°0001"" 90°0001""
Before vibration 89°59'57" 90°00’03""

Receiver reference prism 3" 4"
After vibration 90°00’00"" 90°00’07""
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