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Lightweight structural design of rectangular space mirror assembly
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Abstract: According to the structural design requirements of a 700 mmx249 mm rectangular space mirror
assembly, the mirror and its support structure were designed in detail. First of all, from the perspectives of
material selection, diameter-to-thickness ratio, support scheme and lightweight form, the structure design of the
mirror was carried out. The number of support points of the rectangular mirror was obtained by theoretical
calculation. The support points were optimized, and the influence of the support holes on the deformation of the
mirror's weight was explored. Secondly, in order to meet the requirements of the force and thermal environment
adaptability of the mirror assembly, a new type of flexible support structure was designed, and the influence of the
weak link of the flexible hinge on the surface accuracy of the reflector was proposed; the position of the support
structure was optimized, and the change rule of the reflector shape accuracy with respect to the position of the

support structure was proposed. Then the finite element analysis of the mirror assembly was carried out. Under
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the load conditions of self-weight and 5 °C temperature rise, the maximum Peak Value (PV) and Root Mean

Square (RMS) of the mirror surface reach 58.2 nm and 12.3 nm; the first-order natural frequency of the mirror

assembly is 259 Hz, and the maximum stress response of the flexible support under the condition of low-

frequency sinusoidal sweeping vibration is 138 MPa. Finally, a kinetic test was carried out. The test results show

that the first-order natural frequency of the mirror assembly is 255 Hz, and the finite element analysis error is

1.7%. Analysis and test results show that the design of the mirror assembly is reasonable and meets the design

index requirements.
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Tab.1 Performance and quality factors of rational materials for mirror

19]

RB-SiC Si Be ULE Zerodur Al Fused silica

Poisson’s ratio u 0.2 0.278 0.08 0.17 0.24 0.33 0.17
Elastic modulus £/GPa 340 131 287 67 91 78 72

Density p/g-cm™ 3.05 2.33 1.85 2.21 2.53 2.68 2.19
Specific stiffness E/p/GN-m-g”! 111.50 56.22 155.14 30.32 35.97 29.10 32.88
Thermal conductivity 2/W-(m-K)™ 155 156 216 1.31 1.64 167 1.40
Thermal expansion coefficient o/10 %K™ 2.50 2.60 11.40 0.03 0.05 23.6 0.50
Thermal stability /a/10° W-m™ 62 60 18.95 43.67 32.80 7.08 2.80
Integrated quality (E/p) - (A/a) 6913 33732 2939.40 1324.07 1179.76 206.03 92.06
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Fig.1 Light-weighting structure of rectangular mirror
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Fig.2 Iteration curve of support point position optimization
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(a) Front view of flexible hinge  (b) Isometric view of flexible hinge
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Fig.4 The schematic diagram of key parameters of flexure hinge
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Tab.2 Influence of flexible hinge ¢ value on mirror

assembly
X-direction  X-direction  X-direction
. . . Fundamental
t/mm  self-weight  self-weight  self-weight frequency/H
RMS/nm  RMS/mm  RMS/nm quency’tiz
2 13.69 8.92 11.54 252.6
2.5 13.68 8.66 11.46 256.1
3 12.43 8.81 10.10 259.3
3.5 13.63 8.96 11.32 262.3
4 13.62 9.09 11.47 265.0
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Fig.5 Curves of influence of ¢ value of flexible hinge on RMS of self-

weight surface of mirror

22 XEZEMREMERL

7E SolidWorks B 4 57 42 Ak S S B A, JF:
VAl oA R AT B SO R B AL, O TR U B
JREBE 7 1) B 2 B B 7 - 1T 46 mm (9P Lo A
BCE B G e, RO SRR IR b AL, h SR AE
Tt 5 S S5 45 0 1 I % e 1 5 A RO B A
X, Y, Z =Bl E )T B BB BT AR, M RE S
FEEEMIE STHEAL PP IR, 1] 6 N STHEEAN 25

Kl 6 SCHEEAIERIRE

Fig.6 Supporting structure constraint depth
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(a) Exploded view of mirror assembly
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Fig.8 Model of mirror assembly
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Fig.9 Finite element model of mirror assembly
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Tab.3 Material parameters of mirror assembly

Density p / Elastic modulus Poisson’s Thermal expansion

Material g-em’® E /GPa ratio u ;Zegﬂfgﬁ

RB-SiC 3.05 340 0.2 2.5
4J32 8.1 150 0.28 2.5
TC4 4.44 109 0.34 8.9

SiC/Al 2.95 190 0.2 8.1
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RMS<12.6 nm (243 PR EEK
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Tab.4 Analysis results of the self-weight and

temperature rise of the mirror assembly

Maximum PV/ RMS/

deformation/uym nm nm

X-direction 1 g gravity 1.53 582 123
Y-direction 1 g gravity 2.82 515 10.7
Z-direction 1 g gravity 3.06 552 11.8

5 °C uniform temperature rise 9.5 172 3.9

Y-direction 1 g gravity + 5 °C uniform

temperature rise 9.23 33 638
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JE S P9 T 2 3 ) B 7 8 9 1 2 BT o R B Bl ) 23R
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Bty shaS et .
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Tab.5 Analysis results of the first six order mode

shapes of mirror assembly

Order Frequency/Hz Mode shapes

1 259 Mirror moves in the Z direction
2 311 Mirror moves in the Y direction
3 335 Mirror rotates around the X axis
4 408 Mirror rotates around the Z axis
5 438 Mirror rotates around the Y axis
6 484 Mirror moves in the X direction

Mode 1: Frequency=259.34 Hz

1.06+01
9.93+00
9.22+00
8.51+00
7.80+00

(a) IBITAEES
(a) The 1st mode shape

Mode 2: Frequency=310.97 Hz

(b) 2B
(b) The 2nd mode shape

(c) 3BT
(c¢) The 3rd mode shape

10 St Bl FaT 3 Brikad

Fig.10 The first three order mode shapes of mirror assembly
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Tab.6 Sine vibration excitation conditions

Frequency/Hz Vibration amplitude Incentive direction
5-15 8.89 mm
15-70 8g
XYz
70-75 57g
75-100 57g
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Fig.11 Acceleration response curves of sinusoidal vibration
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Fig.12 Vibration test device of mirror assembly
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Fig.13 Result curves of dynamic test
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