8545 5 8 1) o F o= Vol. 45 No. 8
2016 4 8 A ACTA PHOTONICA SINICA August 2016

doi: 10. 3788/gzxb20164508. 0822001

I e 0 330K Bl AL il 3R S B F R

FRARE RE . FAU RAZX AR XKLL HFR,HTF
CHPVRHBE 7 2 e B B DU BRI BT 2 W I 58 % 75 710119)

H OB AEREEEAEE A TEAUETRNABE A RBEDEARIToM L ETEATZHER
HRERBILEHERREN B EFIRE. ARDGERG A FAKRRG P SHEA A 4R, H A MATLAB %
W REARHEREE BHRERTHRFEE TR ARTEMT L. EREAN AHERECEHE
2~4 mmZ B BHRFRHBMERFHE AL FR /2 A RA ARIKRE, ZFHFFAHAT RS
100 mm B EA S mm AT ARBEAB BRI TR ERFELEMNARAHER L2 T T HERAH
HARLEME 10 MW RDBES SN ER. TRERE RS RAH R Q@B EIEE A/3000 Ak K.
HiZEMBETHRR Y E TN BB ERFORIERE, B3 E W R FEEMNETAE AV L R
BRI B EF AL 30 MEKG32.8m B FSHEET . E@BHEN TS RJE P ohkHh THE
BAm k.

KEIA AFELE; RABFHIMFTLE; THERSHE; FBWA T BIBS; ERBEEL; ARTHON
hE 4 %ES.0439 XEkARIZED A XEHS:1004-4213(2016)08-0822001-10

Annular Force Based on Variable Curvature Mirror Technique

XIE Xiao-peng, ZHAO Hui, LI Chuang, FAN Xue-wu, REN Guo-rui,
CHAI Wen-yi, XU Liang, SU Yu
(Space Optics Lab, Xi'an Institute of Optics and Precision Mechanics of CAS, Xi'an 710119, China)

Abstract: Based on the elasticity theory of thin plates, the basic analysis on annular line load model and
deflection equations based on this model was given. Aiming to generate a large saggitus variation using a
smaller force, mathematical analysis on different mirror thickness and actuate ring radius was done by
using MATLARB, the corresponding optimal value is 2~4 mm and 1/2 mirror’s clear radius. One QeB
variable curvature mirror prototype, whose diameter and thickness is 100 mm and 3 mm respectively was
designed, fabricated and the whole structure’s first ten vibration mode analysis was given. The surface
accuracy of the assembled prototype is nearly A/30. Finally, the capability in altering curvature and
maintaining surface figure accuracy was tested experimentally. By improving the variable curvature
mirror structure, the QeB variable curvature mirror could provide a saggitus more than 30 wavelengths
(632. 8 nm) and the degradation of surface figure accuracy is weakly correlated to the variation of radius
of curvature.

Key words: Optical zooming; Zooming without macroscopic moving elements; Variable curvature mirror;
Annular force based actuation; Elasticity theory of thin plates; Finite element analysis
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AR IR T » 5 - PR IR 4R 00 K ) A% il R R BB oR

m’ L FPERCEE 196 GPasJAFALL 0. 29) F AR HLL. A BR oG 8 B2 AL HEAT [ %E ot

R R B A 5 SR 9, 45 T 1 B2 B DA & 10 K1 THERRHEEFEHESIH
W 5 250 1R F B B SE LB A T B2 10 [ B9 40 47 B Table 1 Mode analysis of the whole variable curvature
%1 mirror structure
’ Inherent . .
Order Mode of vibration
frequency/Hz
Axial vibration of actuator, base
1 1126.6 . .
plate, actuate ring and mirror
2 1795. 1 Swing of the whole structure
3 1795.1 Swing of the whole structure
4 2150. 8 Buckling of actuator
(a) Finite element model )
5 2150. 8 Buckling of actuator
6 2153.6 Buckling of actuator
7 2155. 2 Buckling of actuator
8 2188.8 Buckling of actuator
9 2188.8 Buckling of actuator

10 2209.0 Buckling of actuator
3.2 MELABRITHMERGFEIWERFH
57 RN 8 X I Y R 4R 48R 5K Bl 72 it 5 i S
BELR T RO AR IO I 1A 10 1A 1.

(b) Axial vibration of actuator, base plate, actuate ring
and mirror(1st order)

(¢) Swing mode of the whole structure(2nd order)

(b) Connector between actuator and actuate ring

L S

(d) Buckling moded of actuator(10th order)

B9 & R A G ERE MBS G 10 i)
Fig. 9 Mode analysis of the whole variable curvature

mirror structure (first 10 orders)

H A5 25 70 A 45 2R TR, S A AR 35 1 000 Hz, W
JERUR BB R 2 — RE W 4R ). SR T B 1A 45 # 7E Dl b
5 1o W e 2% 4 3K 2 H T SO R R v RE P 45 4 O L
S BT G 5 S A S5 WA 4 B L T AR DB Eh O 1 K (¢) Actuate ring
JERCAR. TR L A6 4R 2 R 35 v, 0 SR B — S A Hi e X 1R
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(d) Support ring

H10 FHEARKsyd R L &S

Fig. 10 Components of annular line load structure

PV 0361 Wave
RMS 0.035 Wave
Power -0.515 Wave

(c) "l:he whole assembled
structure

H1l #F@ARAENERERER

Assembled structure of beryllium bronze mirror

(b) Assembled actuate ring and
six actuators

Fig. 11
B RE N - 1) I PR IR Bl A B St P O R G L O
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TE 560 35 30N B i o B S S A e P R A B A
TE L R rp, T RO SR A s v e S R A B 4
22 [E) 2 o JEE 48 2 T B0 S B B 1T B 1 38 % 3R R
AT 3K A LA R E (R R BB R ) L 2 R

+0.14647
I wave
-0.21501

432

K12 =42 100 mm.E & 3 mm 4 FH XA RN THPEE

Fig. 12 The original surface precision of beryllium bronze mirror with 100 mm diameter,3 mm thickness
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5 T Fe& i Bt 5 22 Ak i i 8 9 HL A T 40 08 A2 i 7R
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T WA Fieasu kAT, S WS A% M 5 pm (1928 K&
W I T B B R A KBl Ty F R AP e R
BT A8 LB A B 45 2R g POWER & PV
i P KL B POWER &2 2 )5 (9 RMS &2, 8 I o
— HRFEE R W A S0 T A 2 BEEE T o k. 1A

13 I TR 2 A5 30 5 pm .26 pm DL J% 47 pm X1 Y
T AR I 25 5L, 0T DUA B i R AR ROR R AR R
B R BR O AR B 22 ad 3000 L 7 H Bk A 5 B i &% X
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T B ) % A 1 i ) B RE % B T S S il R AR R Y
RO B 14 25T 513 X B 8K B 2% N [R]  #
STER B (£ T POWER # J5 i RMS) 2 [
M5 Z. AT LLE B, b 3 9K 3l 4 09 07 B8 32 i 1 K, 5
O JEAS X R (g PV i DL % POWER 7 # 205 384 i , 4%
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+1.74135

Wave

-2.92047

PV 4.662 Wave
RMS 1.076  Wave
Power -3.526 Wave

R T B AR AR 5 S B AR A 45 2R 22 1) B9 F . dy LR
25 20 A 2 B LB AT P 2 I A TR — R Y 22
B 33 S S B A 1 52 BT R A o A R L
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' wave

-2.92047
\»- 470

p

(a) Actuator displacement: Spm

+8.91943

Wave

-11.84433

PV 20.746 Wave
RMS 5.248 Wave
Power -18.000 Wave

+8.91943
' wave
~11.84433
470

(b) Actuator displacement: 29um

+12.06821

-21.31731

PV 33.386 Wave
RMS 7.354 Wave
Power -24.079 Wave

+12.06821
. wave
21.31731
470

(c) Actuator displacement: 47um

B3 AR IR dy 3R Ly R i

Fig. 13
70 —e— PV
60 | —+— Power
=== RMS without power
501 —— Simulated PV

Surface precision degradation/A

-

5 10 15 20 25 30 35 40
Displacement/pm

H14 BEHBERALEFOHEZE N X R
Fig. 14 Curve between surface precision degradation

and central deformation value

Verification of mirrors ultimate curvature radius change
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