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Integrated Opto-Mechanical Analysis of Optical
Mirror for Remote Sensing Instrument
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This article reports the integrated opto-mechanical analysis approach to design, analysis, and optimization of the
performance of optical light-weighted mirror subjected to environmental influences including static, dynamic and
thermal loading. Emphasized is the application of the finite element technique to develop practical model for light-
weighted mirror, and Zernike polynomials fitting from thermal and structural response quantities into optical design
such as wave-front error are mainly used to fulfill this analysis. The numerical result shows that the large lightweight
mirror is obtained by this approach and the calculated deformation is below the requirements of optical design.
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Diameter of the inseribe B = 40 mm
Thickness of the rib T =4 mm
Weight reduction R = 47.15%

Cross-section A-A
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: % 1.
SOlguiil/ri(t)iél?i)e;}??drs £ace Grid Refine 0 | Grid Refine 1.5 | Grid Refine 2.0 b2 B LA B A T B R A
Number of nodes (n) 108,499 161,847 242,272 L (P-method) ©
ng;’;fglleﬁd(‘gfn) 48.0 485 48.6
Convergence error (%) NA 1.04 0.20
* 2.
var36 | CEIOUT | A17075T6 R -
Young’s Modulus E (GPa) 140.8 90.3 71.7
Density p (g/em’) 8.055 2.53 2.79
CTE o (10°/°C) 1.18 +0.05 23.4
Specific Heat C, (J/Kg/°C) 515 821 960
Corermal y | KWmeo) 10.5 1.64 130
Poisson’s Ratio \% 0.29 0.243 0.33
Yield Strength S, (MPa) 276 N/A 505
Tensile Strength S, (MPa) 448.5 N/A 570
Specific Stiffness Eip 17.48 35.69 25.70
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R 1g BG4 EE T 4T - HEERT B R
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BB N K E S 354 1E ISM Bl E @ - Hix
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TEMIFRIGRAE TR TR e i (E - e m] HA R
B MR R E S F AR/ ISM B E &I - Higk
€ J1{E Ry 2.63 MPa * JZ/NA ISM #'E Invar36 .~
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13.
2 Fib T 45w £ ISM b -F
FANg EAZLABEEN 5

A o (a) fLAs A+ (b) J& 1o s s r—— e ——

A o (a)

AR RIS - RS R KRR T EE S
s A TR A R S E A - R LER R
PR B T 5@ iE B N e A E
4 (BFEEETRY AR R K T TR A IR 2%
AL - —RIME - MRS I ZGEE =TEEi
R RS T - B (opening mode) -
SEHRE Y BEAE SRS B I 1R
f&i5 (shearing mode) * 2 FH A H A BY fE T FTIE AL
s 1 2 #T 2= (tearing mode) » 2 HHEIYNETE
JIFERL - EE B 1 SRR B Ry e
WO A SR AmE S -

— AR S T 2 S s Al > ATREH
DTS ARG S

K, = 20‘0\/;
WH K, > K, MR EERA - RIBESUR 8 15

H1 Zerodur MEMRE 1 Z WG FUET & K+ 5 K

= 0.9MPa./3 * [fil Zerodur BEIEKEIRIT (surface
condition) £y D64 IF » Fff#5EE (characteristic

strength) £ 62.8 MPa °
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FHETREASRIGH » B E(CEHBMRE IR 51.34
pum ° K ISM AETERER LB iR SN IR - AlKE
6g EII5IEH N ANERGE B B -

2. ENREAR R DR
B4 A i ED RE o A BR O 22 & U
(subspace) @ FtF I #EEEEESNAYET 6 ([ FREHRAY -
% FriEm fixed-mode BY free-mode HZ5—E HAASA
REZAETE 921 Hz DAL - 7EEEHE & HIBAH S 1
e ET bR o T SR R — TR AR B R A R 2B
—IERAERE BT o AN - HEBUE TR SR
T fixed-mode $EEALRFT T 28R > 55—
TRREIRIE o3 B8 P~ (X-Y ~FHD) WOHE (Z )
TRy T IRBAERE o AR AR = PR RRIR Y Ry
CHIEEEERE | o SRR WOLE S AT R IE) - WEE



* 3.
Modes (Hz) 1 2 3 4 5 6 s e ‘
wELERES —MA R
Primary mirror 1284 1316 1317 1990 2798 2799 SARILER
“mm%ﬁm“+ 302.93 | 302.99 | 45438 | 454.82 | 45577 | 564.13
AN AN
14.
BEBIKEA (fixed mode/ %

SAERHEPAANE - BIUERELIRP R 8
HETERE | - SEF NEIER O T R 23R S iR
RE) - 58 AIRERISE ANIERE AR T HERAE
AFAEHEE ANAE - A0 14 FoR o 1 free-
mode ¥ERALELET S - FHHUE 7 AT IR RS R
T (A 15 Fr) BRES =P R IRID T Bt
& SR NIEER D oL E A 23RS M IR B
b HEREREE R T HEHERE , - 2R BHEPA

—MEARHA%E 1284 Hz) -

HIANE] -

16 AR L ESII L ISM & fixed-
mode $iFAETEBIRE TG R - 55— FEELSE R
IR Ry T IR HRE, - BREPEEELE ISM
BE - ISP ISM (R RIS » AR R S
AR - & 3 RE-EEAEREN L ISM
REEEACETL AT E RIAR LT - RS
BRERAHZE 4 5 DAL -

15.
B AEIRA (free mode/ %

s

—[ A AR¥E% 921 Hz) -
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& 16.
HAERA (fixed
mode/ % — ¥ A &R

A % 302.93 Hz) -

3. Bid R SR A

R H R RALEGT IR R EE
BEZ R - WS EREGEBRENE - E
HMEBRSEIRR O FE B LR > B Rt A BV I
AIREE SRR RO EERRET 2K - IS B s fr
i T LR AR B - AN B IR R A7 & S
P Rt R R B Z AR o FRSE T
SO R DS EOR - BAES A EE S

BRI - — i EE IR S — e —m
B 5RO BVE ES I - SRR L pTE
BB P I R A SR e amA RS - B 17 AR E
bgE Z IR ~ (535 K e T 15 BUE R A
FER S EHEAWEAY 5 °C ZIEEWER > S
AREVEIE Ry 402 nm » e NEVE TRy 394.87 kPa
P & RO SR EOR AT HIE - RI AR
PR BV 5 R PR 3T A 1 Ry B R -

17.

FALEE R AR S T -
(a) B h R4t @2 A 0 (b)
WA RE@BE S 0 (c) B

AAET A 0 (d) Bt h )
7197 o ©
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Y normalized

18.

Iprintu nodal solution per node

-0.8 -06 04 -02 0

2 04 06 08 1
X normalized

wgibsEh kdm e AR E
RBEEF -

%A

Zernike

4.6849e-006, Min = 7.7507e-006

Max =

4. REEF 2 Zernike HE
% 4 BEREb FHEAES IR ZE 5 °C AT
BB - & 66 JH Zernike ZIERE S S

R Hfas
18 AR EE B LS Fr R 2V 2

R F 3,13 nm RMS 2 26.33 nm PV ©
FE#E Zernike

ZIHAREEY - HEEREIRE ANE B

IEb i FEE 3 AT P i B A SR T o 7 R A

EBNIINES

72 0 DU ISM =B EE g BRI = 2K ~ 7A2K

eE

BARAREEE - TR 19 K8 20 AR R

EFOCHIEE TR 1g B2 AR AR E

Zernike ZZIE A 5 [E
HLER S I RAHE & -

R

I M1 Cell

o - RIS AS R Z B

& 19.

2FAL 5oL R A A
lg &1 X A5 H oA #2142
# Zernike % A X #t 5B
oo (a) 21 B EEW
(b) Zernike % A K # &

Y normalized X normalized
(a) (b) W o
k4 BEALSR R\ AR A Zernike $PAX £ RIAR -
Radial (n) and . .
,?er gﬁ; Zernike polynomials circumferential (m)| Coefficient | Aberration types RMi;reos;dual P_Ver:;ilrdual
wave number
5 2r7 -1 n=2,m=0 -1.9760 x 10~ Focus
10 ’sin(6) n=3,m=3 33319 x 107 Pri Trefoil-Y
13 6r'—6r’+1 n=4m=0 6.4419 X 107 Pri Spherical
20 (57° — 4r°) sin(360) n=5m=3 -5.2342 x 10” | Sec Trefoil-Y
22 7® (cos60) n=6,m=—6 —3.5704 x 10° | Pri Hexafoil-X
25 20r° = 307 + 1217 — 1 n=6m=0 —1.3354 x 10° | Sec Spherical 3.13 nm 26.33 nm
34 | (2177 =307 + 107°) sin(30) n=7,m=3 1.6122 x 10° | Ter Trefoil-Y
38 87° (cos60) — 7r° (cos60) n=8,m=-6 —1.3644 x 10”° | Sec Hexafoil-X
41 | 707° — 1407° + 90r* — 207" + 1 n=8m=0 9.1245 % 10°° Ter Spherical
8477 (sin3@) — 1687 (sin36) + _ _ 5 .
52 1057 (sin38) — 207 (sin30) n=9,m=3 —1.0788 x 10 Qua Trefoil-Y
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20.

2 &b £ 550 dh P AT A
lg 5 ZA45# n A $142
#& Zernike % A X H AR
oo (a) phieg B B HF -

.

AN | M1-Cell-Xdisp x 105

0.00012335, Min = 7.0671e-005

Max =

(b) Zernike %A KX # &
BRI (a)

5. pki%ME MTF StE S

T~ KL KA s B R UR A E R
FEE % - AREERE - R E - BIR=20%
NP BN FE W RN - FRHEERE - #5H
Zernike ZIAABEG 34T - AIISHISE A AERFE S
SRR AZIERT - R & K HAIRE - (&Lt
B E RGBSR - MR R EE ]
BE AR EL (modulation transfer function, MTF) 2 2
B o MTF & — IR B2 R 00 B 5 6 EL R R A
FERIEHE 5% - MTF HU{E A] DL 8 SO 22 4
RO EEZR BT AN F A BRI E - ARSCH]
ST TR AL N ITE 5 °C BT » 375
HEVE B HCRM MTF RV (LIS - 1§ T om e
oG AR Zernike ZTH (7% » LA CODE
VOLEEEETETE - LR MTF Fiaax
FHEE R 2R o [EH 21 RJRIAEEEET MTF

X normalized

Y normalized

(b)

{6 - TiE 22 AR A5 Fr RS T v B S BV 1 Pl
HCRHT MTF SUBE T - FEme g &l P B E rT A H
HRBVETY 2 B A MTF {HEE T8k - &K
[T 0.06 - bRy B Al 1 S BVETE FTEL 2 MTF 1Y
T CEECERGT AT HE - IR AE
il 2 R R B D R A R

b EmEAER

A FARIBE R LI B Zerodur Y8 55
FrFER TS &I R E T EK » (ERE TRt R LS
M G 85 Fr 2 BFResm e - BREMI1: R 2GR & 55
MERE » R AOLER T E R E I E E SIS EA
T~ ERmEEP P-V HEFE/R /4 (A2 = 633 nm)
JEFET/ INA SR RS - BB TS —H
PRBER ERERE 80 Hz - HIKE S Lt 8% i B bEkaET

Wavelength weight

F =3600, Fov = 1.91X0D, Tt 2:]'5'50”0" fimit 7000nm 219

FI110121 Resp . ggg.g nm ;3:
T L o7 field(067) .0 nm

Diffraction mtf R 550.0nm 174

T ! 10 field (0.95°) 5000nm 76

STC 22-Apr-09| — —-— - — R 450.0 nm 5

= = - - - ------- Diffraction limit Wavelength weight
F = 3600, Fov = 1.91X0D, ; : 200.0mm 21
FI110121, Thermal — o= x 00 field (0.00%) 650.0nm 324
I _ . 600.0nm 273
Diffraction mtf T ) 07 field(0.67°) oo e
T ! 10 field (0.95°) 500.0nm 76
STC 22- Apr-09 x 4500 nm

Defocusing 0.00000

Modulation
)

| ! | !
50 10.0 150 200 250 30.0 350 200 450 50.0
Spatial frequency (cycles/mm)

5
Defocusing 0.00000

Modulation
o

I I I
10.0 200 30.0 40.0 50.0

Spatial frequency (cycles/mm)

22. EAEIR AT E LS A % MTF 14 -
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SHTRESR AT DU T Al a

18 RIRERT R 20.29 kg » f&A A B E IR
R %R 10.72 kg WEILEHS LR
47.15% e

2. FREEHEBP TR - SRR RE
KIESEERFGaEr K -

3. BREMITE TS SR B H AR R AT
900 Hz LA I » BB RCHE BRI R A L IR AER -

4. $EFTREE Y Zemike BEFE BB~ » M
FARTE S BN TS B R AR R 2= Ry e
o BREEE - DU ISM = BE[EH E A i R ER IR
S RPGER TP F P IRARETE -

5. ERELEHFHMAGE/ N 51.34 um - DK ISM
TS RE A R BRI 2 - HITE 6g E 135
TEF FANBUE R 8 i -

6. EALEEMENSL BRI 5 °C RET - B
RS BCRAE MTF {EFERT 0.06 » HEE T EER
FrotEREREt PR A R EIE - R A AT AR
T AR BB T R b B SRR -

ZER

1. A. C. Tribble, The Space Environment: Implications for
Spacecraft Design, Princeton University Press, 3 (1995).

2.Y. C. Lin, L. J. Lee, S. T. Chang, T. M. Huang and C. H.
Hwang, Design and Simulation of Lightweight Mirror for Space
Application, ETIP Press, 334 (2009).

3.Y.C. Lin, L. J. Lee, S. T. Chang, T. M. Huang and C. H. Hwang,
Integrated Optomechanical Analysis of Large Optical Mirror for
Space-based Telescope System, MES Press, 624 (2009).

4. P. R. Yoder, Optomechanical Design, San Diego: SPIE Press, 50
(1993).

5. A. Ahmad, Handbook of Optomechanical Engineering, New
York: CRC Press, 133 (1997).

6.K. B. Doyle, V. L. Genberg, and G. J. Michels, Integrated

Optomechanical Analysis, Washington: SPIE Press, 51 (2002).
7. P. R. Yoder, Optomechanical System Design, New York: Marcel
Dekker, 119 (1993).
8. TIE-33: Design Strength of Optical Glass and Zerodur, Technical
Information, SCHOTT, 8 (2009).

MEEEEABELRARERBTE
BEEEA AEEXTRALITE
BHBEARF OB EFIRTE ©

Yu-Chuan Lin is a Ph.D. candidate
in the Department of Mechanical
Engineering at National Cheng Kung University. He is
currently an assistant researcher at Instrument Technology

Research Center, National Applied Research Laboratories.

FREEEBBELFERZ(EN
+ HEBEXEFRIAREEH LT
HECHAEE

| Long-Jeng Lee received his Ph.D. in
chemistry from National Tsing Hua
University. He is currently a researcher at Instrument
Technology Research Center, National Applied Research

Laboratories.

RGEHEEERZERERRENEH
T HEBEXTRIE &S
REQEIFTRER

Sheng-Tsong Chang received his M.S.

AND in physics from The Catholic University
of America, USA. He is currently an associated researcher
at Instrument Technology Research Center, National

Applied Research Laboratories.

FHBEHME=T—5%0H 99.4 93



