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Fig.1 TIllustration of the FMG image stabilization system
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Table 1 Properties of some structure components of the tip/tilt mirror

Structures Materials Density p/(g-cm®) Young’s Modulus E/GPa  Poisson Ratio u

Mirror Cell LC4# 2.82 75.00 0.35
Elastic Presser 65Mn 7.82 211.00 0.29
Mirror Shim PTFE 1.37 2.41 0.39
Mirror Fulcrum PTFE 1.37 2.41 0.39
Plane Mirror Glass 2.46 68.94 0.23

N T RE & B R REVE B, AR (1) FORAFAN R SCRF 0 RN T i s R
SRR P AT ) AR A AE A, BT R R SRR B S A B = A e
HOIEAT e, HREPRIN T T2, W SR REBUEE, 1 52 3P AN R SCRF 7 R B AR R,
2P, ik — S a5

x2 XBOFBRBERREE

Table 2 Conversion between supporting force and shim thickness

Model 1 1T 111
Supporting Force/N 10 30 50
Deflection w/mm 0.0691 0.2073  0.3455

Additional Shim Thickness/mm  0.0798 0.2394  0.3989
Overall Shim Thickness/mm 1.08 1.24 1.40

4 RSO
4.1 EYARTRE

FEBEHUM A2 R A B 52 AR bR 2 X AR R ER Bl 5 1), Y Rl B TR BOL A,
1T T EREE U 5 B AT R R T, 27 3 BT 3 A R T ) L, 3 R A& A TE
W R A 015 B B R R B TG B, DI/ B SR, SOR AR R S AT BR TR A F
R R e A S BE 2 P D Ee i (5 W= NS OF b2 i1 i L 15 1 s 1 T N R
Je b BRESCRHHT TR MR, A% E3ETR. B b, SRR gAY
RS B I IR 2432 K F1000 Hz.

4.2 BhFHE
EEXTEVTC B IR AT 8 1 B, e 5 g R, &5 RS B %
AMER PV FIRMSIE, N3 7xs.
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Fig.3 Finite element model of the swing part of the tip/tilt mirror

*3 RENEMABSEMPV. RMSHE
Table 3 PV and RMS of the static surface under zero gravity

Model PV/mm RMS/mm

I 1.4881x107°  2.3262x10°
11 5.1733x107°  7.6630x107°
111 8.4737x107°  1.2395%x107°
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Fig.4 The contour of Model I of static surface under zero gravity (left); the contour of Model II of static

surface under zero gravity (middle); the contour of Model III of static surface under zero gravity (right).

BB GEE HR5CE, TSR E RS BRI C4R, 8Os A L
BB AT AR, PRI 2 N B S TR E SRR,

A B B R AS FE (PV. RMSH) fhZk 6 7~. Bl H Aperture PV, Aperture
RMS T 8 10 5 T 38 ' 142 P A T T A B2

ST AR, SRS R SR A k. R3S, Ben UG H, iy &
FEREIN, A R R, MR EPV. RMSIEWEE 2 K. HIs2 Ak, “Pis g4
[HIJE A

[FIF, B E4-50] LAE i, 20T SCHEE RS20, 11 85 1 A2 T 8 4R B2 S RN
T8 A AL, (BP0 AR R R S AP Be i, B DURE 2 ih G A28 T 520, ~F

35-5



61 & A - R 4

THI 6 B AR RO THT T A BEP VAR, (EREE 06 A% A (R T ¥ 2 2 5. BT LU s
oMt VAR Y THI TR B A8 0T BE AR TR TR , V- 1 858 120 2 ) AR T VA R M 38y 1E 5 RRAR, 3FISERY
AT 1A% P i 2 THD T 220 A A

|

%108 %108 %108

K5 BATCE S i s DR NS T = B () BRITEE J)(F s DA NS g = B (1), BRITITEE i1E
MG A SR B ().

-20

[ . A

F T N
Deformation/mm
>
Deformation/mm

N
L oL & ©
n o
Deformation/mm

Fig.5 The contour of Model I of static aperture surface under zero gravity (left); the contour of Model II
of static aperture surface under zero gravity (middle); the contour of Model III of static aperture surface

under zero gravity (right).
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Fig.6 PV and RMS curves of the whole and the aperture static surfaces
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Fig.7 Curve of excitation (left); curve of model of Z axis swing response (right).
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Table 4 PV and RMS of dynamic surface under zero gravity at the Z axis swing

Model I Model II Model IIT

Time/s
PV/mm RMS/mm PV/mm RMS/mm PV/mm RMS/mm

0.0005 1.4982x107° 2.3428x107% 5.1767x107° 7.6667x10% 8.4740x107° 1.2399x107°
0.0015 1.5054x107° 2.3487x107°% 5.1753x107° 7.6683x107 % 8.4741x107° 1.2401x107°
0.0025 1.4905x107° 2.3350x107% 5.1746x107° 7.6662x10% 8.4753x107° 1.2402x107°
0.0035 1.4901x107° 2.3352x107°% 5.1695x107° 7.6582x107 % 8.4751x107° 1.2405x107°
0.0050 1.4908x1075 2.3346x107°% 5.1764x107° 7.6717x107% 8.4748x107° 1.2402x107°
0.0100 1.4926x107° 2.3365x107° 5.1779x107° 7.6663x10¢ 8.4776x107° 1.2402x107°
0.0150 1.4934x107° 2.3369x107° 5.1748x107° 7.6671x107°% 8.4726x107° 1.2402x107°
0.0200 1.4930x107° 2.3370x107% 5.1762x107° 7.6669x10 % 8.4737x107° 1.2402x107°

4

N & °
o
Deformation/mm
\
\
[ZIN CEEENE
Deformation/mm
[
& IS ) ©
Deformation/mm

%108 %10 %10

8 MRIETCE JIMEH T 9 ZHh3%5)0.0015 sHIBNATIE = Bl (F); BAIE TG E /A T 5 Z flii%3)0.0100 sizh#&
Mz B (H); SEIIIETEE I1E R R 9 Z 5% 500.0100 sMBIATTE = B ().

Fig.8 The contour of Model I of dynamic surface under zero gravity at the 0.0015 s Z axis swing (left);
the contour of Model II of dynamic surface under zero gravity at the 0.0100 s Z axis swing (middle); the
contour of Model III of dynamic surface under zero gravity at the 0.0100 s Z axis swing (right).
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Table 5 PV and RMS of dynamic surface under zero gravity at the Y axis swing

Model 1 Model II Model III

Time/s
PV/mm RMS/mm PV/mm RMS/mm PV/mm RMS/mm

0.0005 1.4818x107° 2.3235x107°% 5.1746x107° 7.6627x107 % 8.4756x107° 1.2398x107°
0.0015 1.4742x107° 2.3204x107°% 5.1691x107° 7.6625x107% 8.4748x107° 1.2400x10~°
0.0025 1.5000x107° 2.3416x107° 5.1780x107° 7.6686x107 % 8.4805x107° 1.2405x107°
0.0035 1.4941x1075 2.3384x107°% 5.2027x107° 7.6793x107% 8.4784x107° 1.2405x107°
0.0050 1.4985x107° 2.3414x107% 5.1629x107° 7.6624x10~% 8.4805x107° 1.2404x107°
0.0100 1.4937x107° 2.3377x107°% 5.1761x107° 7.6667x107% 8.4777x107° 1.2405x107°
0.0150 1.4919x107° 2.3368x107% 5.1747x107° 7.6672x107°% 8.4788x107° 1.2404x107°
0.0200 1.4922x107° 2.3369x107°% 5.1761x107° 7.6677x107 % 8.4767x107° 1.2405x107°

Il ol

%108 %10 %10

K9 BRIETEER TSRY #3%570.0025 sBIATIE = B (4h); BRI E ER TSY #h32570.0035 szl
MK = B () BORIIIE TG E ifEH T 9RY 4hi%3)0.0025 sBhATHIE = B (4).

w N
Deformation/mm

Deformation/mm
Deformation/mm

Fig.9 The contour of Model I of dynamic surface under zero gravity at the 0.0025 s Y axis swing (left);
the contour of Model II of dynamic surface under zero gravity at the 0.0035 s Y axis swing (middle); the
contour of Model III of dynamic surface under zero gravity at the 0.0025 s Y axis swing (right).
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Fig.10 Maximum stress curves of the plane mirror back (left); the contour of Model III of plane mirror

back stress under zero gravity at the 0.0025 s Y axis swing (right).
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Fig.11 PV and RMS curves of Model III of dynamic surface at the Z axis swing (left); PV and RMS

curves of Model III of dynamic surface at the Y axis swing (right).
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Design and Simulation of a Flexible-support Tip/tilt
Mirror in the ASO-S/FMG Image Stabilization
System

CHEN Ji-zhe!'?3  ZHANG Hai-ying'?* ZHENG Zhao-ying’? NI Hou-kun!:?

(1 National Astronomical Observatories / Nanjing Institute of Astronomical Optics € Technology,
Chinese Academy of Sciences, Nanjing 210042)
(2 CAS Key Laboratory of Astronomical Optics & Technology, Nanjing Institute of Astronomical
Optics & Technology, Nanjing 210042)
(8 University of Chinese Academy of Sciences, Beijing 100049)
(4 School of Astronomy and Space Science, University of Chinese Academy of Sciences,
Beiging 100049)

Asstract The Full-disc vector MagnetoGraph (FMG) is one of the payloads deployed
in the Advanced Space-based Solar Observatory (ASO-S). As an important part of the
FMG image stabilization system, the tip/tilt mirror will determine the observational
performance of the payload. Therefore, it is necessary to analyze the mechanical per-
formance of the tip/tilt mirror. In this paper, we design a side-fixed flexible supporting
mirror structure, of which the supporting force is provided by elastic presser, and the
force can be changed by adjusting the thickness of mirror shims. In order to determine
the appropriate thickness setting, we construct 3 models with different parameters.
For each model, we simulate static analysis and transient dynamic analysis at 100 Hz
and £0.1 mrad in zero gravity field by finite element software. The effect of gravity
on the surface is also considered. Simulation results show that the designed tip/tilt
mirror meets the performance requirements of the optical systems, PV (Peak-Valley)
< 1/10 wavelength, RMS (Root Mean Square) < 1/40 wavelength, and gravity has no
significant effect on the surface. Based on the simulation results, we further process,
assemble, and test one of the models. Test results verify that the design of the tip/tilt
mirror structure is satisfactory, and the simulation results are valid.
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