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Structure design and verification of primary mirror

assembly for large off-axis TMA camera

Yuan Jian, Zhang Lei’
(Chang Guang Satellite Technology Co., LTD, Changchun 130033, China)

Abstract: Large aperture rectangular mirror is one of the core components in large off-axis TMA camera,
focusing on the primary mirror with clear aperture of 1250 mmx=460 mm in Jilin-1KF01C satellite, the structural
design method for 1.2 m scale mirror assembly with large aspect ratio was systematically discussed, and the
developed mirror was verified in detail. Based on material properties and existing processes, the mirror body was
made of reaction bonded silicon carbide, semi-closed lightweight form was adopted, the optimal combination of
structural parameters was determined through two-objective global optimization. The final design weight of
mirror body was 41.8 kg, with the facepanel 5 mm thick and the thinnest stiffener 3 mm thick. The classical back
three-point support scheme was adopted, the structural parameters of the biaxial flexure hinge in the flexible
support were optimized, so as to take into account fundamental frequency and thermal stability of the component,
and match the centroid position of the mirror body. The assembling process for the primary mirror assembly and
the corresponding stress relief measures were put forward. Test results showed that the full aperture surface
accuracy of primary mirror under testing gravitational condition was 0.0164 (4=632.8 nm) in root mean square

value, and the full aperture was 0.0194 after turning 180°. The tested 1st fundamental frequency of the assembly
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was 128.5 Hz, and the root mean square value of primary mirror basically remained stable after large scale

random vibrations and wide range temperature cycles. The primary mirror assembly not only has good dynamic

and static characteristics, but also has the features of high surface accuracy and good stability, which can meet the

application requirements of high-performance space optical system.

Key words: space optics;  large aperture mirror;
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Tab.1 Design requirements for primary mirror

assembly
Item Requirement
Clear aperture 1250 mmx460 mm
Mass <80kg
Tilt 6<10"
Displacement 0<20 um
Surface accuracy RMS=<1/50/ (any 400 mm area)
Working temperature (20£2) °C
Frequency =110 Hz
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Fig.1 Status of primary mirror testing and system alignment
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Tab.2 Properties of common materials for large mirror

Property RB-SiC Be ULE Zerodur
Density, p/kg'm™ 3050 1850 2210 2530
Elastic modulus, E/GPa 340 287 67 91
Poisson ratio, u 0.2 0.08 0.17 0.24

Thermal conductivity, 155 216 131 164

A/W-K'm™
Thermal expansion coefficient,
/105K 2.50 114 0.03 0.05
Specific stiffness, E/p 111.5 155 303 36
Thermal stability, A/a 62 18.9 43.7 32.8

Comprehensive performance,

(Elp)-(a) 6913 2939 1324 1180
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Fig.2 Diameter-thickness ratio of lightweight mirror
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Fig.3 Parameters of lightweight structure in primary mirror
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Fig.4 Main contents of integrated analysis model
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Tab.3 Variable ranges and optimization results
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e e e se s K PSR IR B B 3 T,
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Fig.5 Solution process of two objective optimization problem
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Fig.6 Supporting structure of primary mirror
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Fig.7 Structure of flexure
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Fig.8 Relationship between flexure structure slot position and mirror

deformation
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Tab.4 Material properties of supporting structure

Part Cone Flexure Base
Material 4J36  TC4  SiC/Al
Density, p/kg-m™ 8.1 44 3.0
Elastic modulus, E/GPa 141 114 180
Poisson ratio, u 0.25 0.34 0.18
Thermal expansion coefficient, /10 °K™" 2.5 9.1 8.0
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Fig.9 Finite element model of primary mirror assembly
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Tab.5 Simulation results under main conditions

Temperature change, Gravity, Unflatness,
4°C lg,-Y 0.01 mm
RMS/nm 3.983 2.035 0.295
Ox/(") - 1.217
Jy/um - 9.541
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Fig.10 Thermal deformation nephogram of primary mirror
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Fig.11 First order vibration mode of primary mirror assembly
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Tab.6 Modal analysis results of primary mirror

assembly
Order Frequency/Hz Vibration mode description
1 126.7 Mirror rotation around Y axis
2 146.6 Mirror rotation around X axis
3 160.1 Mirror rotation around Z axis
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Fig.12 Auxiliary bonding device for primary mirror assembly
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Fig.13 Flow chart of stress relieving for primary mirror assembly
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Fig.14 Layout of optical accuracy test for primary mirror
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Fig.15 Interferogram of primary mirror during optical accuracy test
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Fig.16 Sweep test results of primary mirror assembly
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