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Structural design of primary mirror subassembly for spatial

gravitational wave telescope
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Abstract: Aiming at the extremely high optical path stability requirements of the spatial gravitational
wave telescope in the order of picometer, the main mirror components in the system were optimized.
Zerodur was chosen as the material of the primary mirror, the support structure was Invar. Firstly,
through the optimization of the parameters of the mirror analysis, while ensuring the accuracy of the
surface, the mirror light weight rate reached 72% . Then a biaxial joint Bipod flexible mirror support
structure was designed, using the side of the three-point support form. In order to ensure the effective
support stiffness and unloading effect, the mathematical model of the mechanism was established, and its

size parameters were optimized based on Matlab. Finally, the modal analysis and vibration test of the
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primary mirror components were optimized, and the on-orbit analysis and wavefront quality calculation
were completed. The results show that the first-order natural frequency of the primary mirror component
is 373 Hz, and the relative error of the test result is 3.5%. The main mirror accuracy is 8.9 nm(RMS);
wavefront accuracy is A/5 (A=1064 nm). The analysis results show that the reflector assembly meets the
design requirements.
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, o ,SiC 2
N o Tab.2 On-orbit dimensional deformation
SiC, Zerodur , SiC+4732 Zerodur+4J36
171 1 Index
’ ° Ml Ml
: PV/nm 647.941 82.721
1 RMS/nm 135.608 23.01
Tab.1 Properties of mirror body and supporting AX/pm 0.005 0.000
material AY/pm 92565 ~0.902
. Elasticity ~ Thermal Thermal . AZ/pm 43.800 1.936
o Density : L o Possion
Material /kg - mm-* modulus/ conductivity — expansion ratio A6/(") -16.503 _1.295
MPa  /W-(m-K)™ /K
AB/(") 4.915 0.801
SiC 3.1x10° 400 000 155 2.5x10°  0.18
4732 8.1x10™° 138180 14.7 2.4x10°  0.25 2.2
2.2.1
Zerodur 2.53x107° 90 300 1.64 0.007x10°  0.24
4736 8.9x10™° 141 000 15 0.05x10° 0.3
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Fig.5 Bipod flexible support structure
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Fig.7 Diagram of outrigger structural parameters
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Tab.4 Modal analysis results of primary mirror
subassembly
Material Order Frequency/Hz  Mode of vibration
Glass 1 373 Along the X axis
ceramic
(Zerodur) 2 373.5 Along the Y axis
Aluminum 1 346 Along the X axis o Lo
(2A12) 2 346.2 Al he Y axi
o ong the I axis Fig.10 Frequency response curve swept at 1 g characteristic
, frequency
s Zerodur 3.2
. 1:1 oD
4J36, o o )
9 , LDS V964 23.01 nm 8.927 nm,
, A60, .
0 lg 5
10 ° Tab.5 Data change under different operating
conditions
Condition On-orbit environment
PV/nm 45.721
RMS/nm 8.927
AX/pum 0.001
AY/pm -0.403
AZ/pm 0.855
AB/(") ~0.363
9 AB/(") 0.104
Fig.9 Main mirror vibration test site
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Fig.11 Wavefront performance on-orbit of all fields of telescope
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Tab.6 Accuracy of each field of view
Field PV RMS
(0.000,0.000) 0.097 36\ 0.019A
(0.000,0.012) 0.094 141 0.018 9A
(0.000,-0.012) 0.099 16A 0.020 1A (4]
(0.012,0.000) 0.101 421 0.020 OA
(-0.012,0.000) 0.094 78\ 0.019 0A
[5]
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M30(RMS),
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o
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