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Abstract High-resolution imaging in space cameras requires a long focal length, leading to increased distance between
the primary and secondary mirrors. Consequently, this results in a larger camera volume and inefficient space utilization.
To decrease the launch cost and envelope size of the space camera during launch, a high-precision, repeatable secondary
mirror deployment mechanism is designed based on the four-link space structure for the coaxial three-mirror optical
system. The mechanism’s error was analyzed, and finite element analysis was conducted to evaluate its reliability.
Additionally, a repeatability test plan was devised to ensure the mechanism’s consistency. Following the folding of the
secondary mirror deployment mechanism, the optical axis direction length of the space camera is reduced from 875 mm to
324 mm, achieving a 63% compression in volume. In its unfolded state, the mechanism exhibits a fundamental frequency
of 96. 64 Hz. The maximum deviation in repeated unfolding displacement is measured at 15. 61 pm, and the maximum
inclination deviation is 16. 89”. These results demonstrate the mechanism’s effectiveness in minimizing the space camera’s
volume and meeting the in-orbit requirements, attributable to its locked state fundamental frequency. Furthermore, the
mechanism maintains the optical system’s repeatability and can accommodate the payload conditions of micro and nano
satellites, making it an ideal solution for aerospace applications.
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Table 1 Optical system parameters

Index Value
Focal length /mm 3500
Spectral range /nm 450-900
Field of view /(°X°) 1.68X%0.1
Cell size /pum 3.5
Primary mirror calibre /mm 520. 80
Secondary mirror calibre /mm 112.71

Distance between primary and secondary mirror /mm  602. 73

Total length of optical system /mm 784.59
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Fig. 1 Optical system optical path diagram
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Table 2 Secondary mirror tolerance allocation results

X-axis Y-axis Z-axis X-axis Y-axis Z-axis
Tolerance . . ) . . .
displacement /pm displacement /pm displacement /pm  rotation /(")  rotation /(")  rotation /(")
Value 20 20 20 20 20" 20"
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Fig. 2 The distribution of the components
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C'B” = C'A* + AB” — 2C'A+AB'cos( £ C'AD — 9),

(1)
AB'+ B C'=AcC, (2)
h=AB'X sin0. (3)
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Fig. 4 Secondary mirror deployment mechanism model
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Table 3 Material parameter

Titanium Carbon
Parameter )
alloy fiber
Density /(g-cm*) 4.43 1.56
Elastic modulus /GPa 110 140
Micro yield stress /MPa 482 138
Linear expansivity /(10 °-K™") 8.8 0.3
Thermal conductivity /(W-m =K ™") 7.2 35
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Fig. 5 Calculation diagram of micro-displacement

synthesis method

JE& - T 1 - T ) 915 22 52 1 4
A AR L RS N
20C
— (8)
3 s Ay YR 0 U 1 4R 5 AC KK R 1)
BREis 2% Lo X7 [ B R ALK

T 45452 22 22 1) AT BEAILME L R JH AR X 4%
IR A R AR T

o= />a)". (9)
5 2 U R TF LR 1 B 1592 R 4 R

| Aa|=

Fd o UERITHL RS R 22

Table 4 Theoretical error of secondary mirror deployment mechanism

X-axis Y-axis
Index

displacement /pm displacement /pm

Z-axis

displacement /pm

Z-axis

rotation /(")

Y-axis

rotation /(")

X-axis

rotation /(")

Value 5.82 10. 6 pm

2.78 pm 4.04 2.72 2.72
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(a) Folded state; (b) intermediate state; (c¢) unfolded state
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Table 6 The first six natural frequencies and mode shapes

Mode shape

Order Frequency /Hz

1 96. 64 Twist around the X-axis
ST [ B R T EE SRS T 2 111.68 Twist around the Z-axis
£5 BEEILSH 3 156. 87 Translate along the Y-axis
Table 5 Ultrasound motor parameters 4 188. 53 Twist around the Z-axis
Parameter Acrot orque / Self-lock Range of speeds of 5 242.59 Twist around the Z-axis
(N+m) torque /(N+m) rotation /(r/min) 6 659. 03 Twist around the X-axis
Value 1.6 1.2 4-150
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Table 7 Acceleration in each frequency band"”
0-70 70-100
0.005g 0.004g

Frequency band /Hz 100-120

0.007g

Amplitude of acceleration
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Fig. 8 Deformation-frequency curve along each axis under X-oriented acceleration
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Fig. 9 Deformation-frequency curve along each axis under Y-oriented acceleration
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Fig. 10 Deformation-frequency curve along each axis under Z-oriented acceleration
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Table 8 The amount of change in each degree of freedom

Serial number AX /pm AY /pm AZ /pm Aa /(") AR /(") Ay /(")

1 —13.50 32.00 13.60 0.72 —10.80 9.36

2 —17.70 —3.60 10. 20 —20.24 27.72 —4.68

3 —21.30 23.00 —0.10 —0.72 —4.32 —1.80

4 17.30 —21.40 —3.20 23.12 —11.16 —34.20

5 14. 90 24.50 11.10 11.16 —13.32 7.92

6 —12.80 20.10 9.40 —16.92 7.92 9.00

7 20.70 19.70 —13.80 27.00 —9.36 —20.52

8 —11.90 14.50 12.30 22.68 —25.56 5.76

9 12.10 —10.70 7.40 —1.80 14.04 3.96

10 —19.20 16. 90 10.90 34.56 —30.24 —24.84

E —3.14 11.50 5.78 7.96 —5.51 —5.00

Oiim +15.37 +15.61 +7.90 +16.89 +15.94 +14.28
40.00
20.00
0
-20.00
-40.00
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15 SLRBIEIrLE
Fig. 15 Line plot of the experimental data
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