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Abstract

Space deformable mirror is widely used in compensating system wavefront error for space tele-
scope. Space telescope resides harsh environment in space, and needs survive launch environment.
Space deformable mirror is structurally non-kinematic. Thermal stress caused by thermal environ-
ment may cause unacceptable figure error for optics due to material mismatch in CTE. A new ather-
mal structure is proposed by flex transition for a 200 mm space deformable mirror with 19 actua-
tors. Optimization design is performed. Final design shows the figure error PV/RMS 47.26 nm/9.31
nm for thermal environment change of +8°C, the figure error PV/RMS 20.56 nm/3.50 nm for gravity,
and first mode 1832 Hz for dynamic performance. Athermal design meets design specification well.
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HEERE, HBLZRENGRIFENERE, HHFAEZBREZHETHEMENETE, AR
4, MERFIEHAEER; FE, BTTRERIDIBES, SHEREE, B TTRRSHWIMELEK
ZB(CTE)RILE, 7fERFFEBEM THEIE .. AT TIRZIHEEN25, O&AND200 mmH]
FEFEBRBERE, RE T —MEAREEWIRIES BN RRESEH, @i FEARREMR
MEWERA R R, FFZSHEIT R . RIFERBHZRITEEETH+8C T
T, M MPV/RMSH47.26 nm/9.31 nmAERFLA117.8%, FHLEHEER2158.5%. ME L
JEPV/RMS420.56 nm/3.50 nm, % &8 E /)R EK; —HriizE 1832 Hz, Zh& MR BTt EK.
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Ja, MTEIER, RGEKRERE, SEOCERAGRE™E T 1]
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AT PR R AR B RS DA AR, AR BT CRAIE B AR AR e, AR AR TR X 23 (Al 2 RE K
B R WA IR AN [2].

SR A TG 5 AR T A T AR Il R TR AR B AR T 0 K I 43 23 [RDlg o7: BE IRk s AR R AR 22 R 2
Rl YD RE LA M I LI A, B K AR A (B S A R GG &, $E v R AT SEME[3]. SRR IEAE
W K 7R 2018 4F R 4TI AW F AT B 5T IWST, 148K 6.5m, FECH 1.2, Se2##it N7E 2 um K
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ASCRAT AT BN T 5. AR B 25 MINLHAE R shas, 4208 200 mm. H1 4871
Bileshas ik % , 4itAERIE , AL H 0 MR K R E(CTE) AL, 7 AR BTN T A ™ H
ASCEEATBRICA T IHER B DL R BTG HEATHIT, IR T — Al Raii.
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RGN T 5K DR R DG s, D6 RG w1 pos, NREB= RS, TIEK
Bhy 045 um~0.8 ym, #IAfAN 1.2° x 0.1°, EHE4E 24 m, FAHCON 11, AR ERIGE, SR
KRANN ©160 mm, i/ NS T BT 2 R0 N RTENSZE RGN e, ettt BB R/ Jy 200 mm.
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Figure 1. Layout of coaxial three-mirror optical system

E . FEMERAZRGLENED
2.2, BERFEBEFZTEERT
S [AYE F AR AR G5 M) S AR Bl 28 A B U0 14 2 i, AR B R A B, TR N 2 mm, #PRS AR 3ERS,
JRFA 200 mm, BRO4F A 0180 mm, {EshesAEsm FA, KAEEREME, 12shism KITREN
15 pm (120 V).

AT BRI HARA T, ZA B AT DU IR B 22, BFRIERCR LS 1o i 1 wiwl, iz eee
XHRBHME ZE B IERE /I R [6].
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3.1 BERFERFERRARI

SR 1) 25 (8] 2 18 SR FH S5 MM LR 2R N 36 2 BiToR o S DR AR TR BT I RN 2 mm, #4K)
R BE RS, RSFA @200 mm. AR AT IERE T RN 3 Fiow,  FerE s @R 2y 305 B R R LR
B, kA ER R EAR

PRI m i, — 7 T eSS MR S B B 2K RECK ], WERIRR A 4R, H
THIA IR TEA— 8, SBRNE S R EMERL R R, Wl 4w, etk
SERIR TR G S ARE, BERRADRL A R0 45 T 2R K R 50 [F) (9 BN, 6 AR AT IS B 2 2, ¥ STt 8°C
THF, B E PVIRMS A 292.9 nm/83.3 nm, it A R 1T 2R PV < 1/10, RMS < A/50 (A =
632.8 nm); <] 4(b) AAHEI AT, FeVESSH S BRI RL, FER SR 8°C LI T, B L& PVIRMS
N 34.5 nm/8.9 nm.

Kk, AReR ik 2SSt A R M b B S8R . 8 58 i AR 2R K 2 50M [ 1 AR
H AT AT A BN . AR 3 BN B R I R B R, FLERIK R 4007 Lloe il oy S B mAr okl — 8, (HER
BIAPRLE BER, RO RS

7 T A AR5 BT A B AN ], WITE RSG5 BT 83 TR AR R T A — 2],
SEB R AEARTY, ) 5(2) s Z 45 F0 4 R BE T 2 K R EOH R B AN 4548, SR LR FH R 2T
gepPRl, XTI TIZ B LR, fEXSIET 8°C Ll N, 1A & PV/IRMS A 59.66 nm/11.33 nm,
R AR AR B ESR PV < 4/10, RMS < A/50 (4 = 632.8 nm). 4 5(b) AR SEAE T, AR RE SR H A ss i
LK REAHF BB, EHAET 8°C AL, Bl EE PVIRMS Jy 34.5 nm/8.9 nm.

g b, EATREMERERETT T, FOMRI 2K R30S B AR K R B0 2 NG, B T
MBS, AEEGEREERM R BRI AT LS SR RHIT RS, (HEUNG M EE KR, AEs
TE R MDE B IR BT B A o B 4epRL % FEAR, iR R, BRI KBS TR BRI,
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Table 1. Compensation performance of deformable mirror
=1 BHRRIERE

BT 182K /Mnm rms) 2 1R 2 (nm rms)
Coma3 1000 3.2
Astigmatism3 1000 3.7
Spherical3 1000 42
Trefoil5 1000 59
Astigmatism5 1000 6.0
Tetrafoil7 1000 42
Trefoil7 1000 5.4
Pentafoil9 1000 8.6
Tetrafoil9 1000 15.2

Table 2. Typical key material properties
2. AR
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Figure 2. Layout of deformable mirror. (a) Principle of deformable mirror; (b) Finite element model of deformable mirror
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Figure 3. Layout of deformable mirror assembly
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Figure 4. Material analysis results of Mirror and flex. (a) Mirror and flex with different CTE; (b) Mirror and flex with same
CTE
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Figure 5. Material analysis results of Mirror and base. (a) Mirror and base with different CTE; (b) Mirror and base with
same CTE
5 BRBRASEMMBSER. () BESEMMBELMAKAER; (b) RESERM LKA RKITR

AT DAME AR RE, BRI, @ik FIRZE RS, FR T SRR 45 A 0 S AN T 2R K JR R [ () R 2 4y,
WA BER IR 4EAr KL, 7SR 8°C TN, HH K& PV/IRMS N 59.66 nm/11.33 nm, i 245 JE
BETESR PV < /10, RMS < A/50 (A = 632.8 nm), [ & 4% 5(a)ffin.
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HA FEMEL WSS EnE 6 s, IS5 ANE EAA 02 RF R EER ERE /1 E, RSN ©5
mm, BREFDME a=60°, NWELEHRTHANEER 0L AIEE H . % E HZIWTEREY 2 mm~5
mm, ®12FLTEER ©2 mm~®5 mm, EEFF 8°C L R4 I PVIRMS, LL RMS & /MNA H FRi#T
Ak o

331 SE Hk

B, XEEH M TERGE, HALEEN 05 mm~2 mm, ®1 =5 mm. {t+HEERLE 3. EE
JEH B, et g S BT AR Ik RO VTR E ZE R RN R, (2R H 8RR, RS
AP 2 R NUN IR 3 A 5 A

3.32. B H5EEZ 01 kiRt

R MR S B T 2 TR AR 2R K R BN EE T s in LR, ARPESEPr 12, WE H BITEREN 2
mm-~5 mm, ®1FWIEHEA ©2 mm~0d5 mm, THEHE A 8°C Ll P8I PV/IRMS, LA RMS /N H
FRgE T iAl . THEEE R I 4, (5 7 T RTE RMS 0 B B A O Fs s H R . 4558 mT41, 74
H=2mm, ®1=2mm A&iEiEss Rk,
3.4. BRRHREWRHER

g b, SRS RNH=2mm, ®1=2mm, WK 8 fix. 43835 E S 45 e
SERI R E N 69.9 g, IRTF 8°C LW FIJE PV/IRMS N 59.66 nm/11.33 nm, 25 [A) )2 3% Sl 28 AR J 45
TR LER BT BN 29.0 g, R EIR/DZ) 58.5%, iRTF 8°C L N/ PVIRMS = 47.26 nm/9.31 nm,
IR ) 17.8%. K& & KEI5RE (800 Mpa) LL B9 (235 Mpa) &, KA ERE & EME R4 T2
FONEH, HAKGESMEINIER RN/, ENRMEEMMRE L, MITHHESE RS R TIE.
4, BENFBRFTHEIEIES
4.1. BhEETEE ST

ot 2 [B] e 27 18 [ s A0 FS B it n FLAE U8 FH I B 32 38 Aeg a0 A EAT o b, SEAR AL e S AR T B
2B E NS /7o $ BRAR T 8 2 [A) N FHR A, X A0 FRS 8 i A B 350 it o (381 5 20 5K, 8% 43 Sl it om = 77 )
W Sy 8CHT M, THEARRREE, HEERNE S5, B ERTHER PV < 4/10, RMS < /50 (4=
632.8 nm).
42. RTMERESHT

WS R MR SR M E B AR bR . 10 IS 7 T 5 25 R) e 2238 g AP TR e O ZE AN PR 21, 3%
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Figure 6. Layout of athermal design with same material
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Figure 7. Response surface for PV and RMS of H and ®1. (a) Response surface for PV; (b) Re-
sponse surface for RMS
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Figure 8. Final design for deformable mirror
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Table 3. Optimization results for H
3 3. BE HMRKER

PV/RMS H=0.5mm H=1mm H=15mm H=2mm
(nm) 137.00/34.83 70.02/15.47 57.77/9.93 62.20/11.25
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Table 4. DOE results for H and ®1
4. BE HE5ER ol REIgITER
PV/RMS(nm) H=2mm H=3mm H=4mm H =5mm
®1=2mm 47.26/9.31 51.52/10.20 54.20/10.60 55.90/10.90
®1=3mm 59.80/11.38 64.43/12.29 67.71/12.96 69.87/13.42
®1 = 4mm 64.62/12.15 69.71/13.12 73.43/13.85 75.92/14.37
®1=5mm 62.20/11.25 69.13/13.38 72.32/13.95 74.43/14.27
Table 5. Figure error results for space load case
#5 EREFFTLRTEREAMER
55 T E2%c) PV (nm) RMS (nm)
1 Z [RE Jy 1g 20.56 3.50
2 X [ A 1g 22.80 3.84
3 Y g A 1g 21.25 3.49 ‘
WS '
i ‘:"J:k‘.:‘ FHse
140% & 9
1 ." s 9°
4 BI5I IR +8°C 47.26 9.31 O R
hesed|
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Table 6. Normal mode analysis results
7% 6. BHRAT 5 MRTSLEER

(5148 1 2 3 4 5

$i7% (Hz) 1832
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ACHEFE TR HCE N 25, HRN ©200 mm B)73 [RGB T AT, St 7 — Fhil #AE R4S

(AN ERAE RN LY YR SE O oy AP I NN I v p S S U Z I B ey iRl S N vp SN EIRAY S P R Zo 1A
FTRAC . VoSS R E I IZ RS ARE+8°C TR, BEHE A4S PVIRMS N 47.26 nm/9.31 nm Tii &
PE2) 17.8%, FPESEF R Sk £ 58.5% . Skt 4% IR 27 18 B AR T BE AE SIS B i 52 () i JEAT 4340
T )22 % PVIRMS 4 20.56 nm/3.50 nm, i /£ T L )R TR s — i dii#ey 1832 Hz, A1 R L i
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