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Design of voice-coil deformable mirror and
its mechanical characteristics
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Abstract: The structure of 7 actuators VDM is designed, and the mechanical characteristics of its mir-
ror are analyzed based on the finite element method with ANSYS software. The maximum
deformation and stress of the VDM under different material and physical parameters are simulated and
discussed. The results show that the designed VDM has an outstanding comprehensive performance,
and basically meets the requirements of applications. Our simulation results can provide a reasonable
reference for the application of VDM.
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Fig.1  Schematic diagram of voice coil deformable

mirror with 7 actuators
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Fig.2  7-unit voice-coil deformable mirror exploded view.
(DFlex structure; (2) Mirror; (3) O-ring; (4)
Refer-ence plate; (5) Frame; (6) Magnet; (7)
Coil; (8)Cold finger; (9)Cooling plate.
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Fig.4 Mirrorforce-maximum stress curve. (a) Material zerodur, maximum principal stress; (b) Material ze-

rodur, maximum equivalent stress; (¢) Material K4 glass, maximum principal stress; (d) Material K4
glass, maximum equivalent stress; (e) Material K9 glass, maximum principal stress; () Material K9

glass, maximum equivalent stress.

10° —o— 0.4 mm 10°

E £ // ——06mm £ +gém
—e— 0.0 mm
E E 10 et | 08um E 10 & —— 0.8 mm
: = {1 v

——12mm |
S £ ——12mm
g § 103}/ L ——14mm & 100 . —~—14mm
£ // —~15mm ° —~ 1.5mm

3 5 g
E £ —— L6mm 3 —— 1.6mm
z g 10 | 18mm g 105} =l 181m
= = —20mm s —~—20mm
——22mm ——22mm

10+ 10
0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14
Force/N Force/N Force/N
Ca) Tl B 45 (b)K4 3% 55 Wi 5% (o)K9 3 B W 5%
(a)Zerodur mirror (b)K4 glass mirror (c)K9 glass mirror
K5 BEiH 2 - KAR IR o i 4k
Fig.5 Mirrorforce-maximum deformation curves
0 it 30 58 5 T ) R E AR PR AR AT AR K, BEE R RS G, 28 9P i 8

TEA R BE I 2 E S B0 R BE PO ash 8 e MHREAPETR K4 BEE BT Y A R iR KL K9
{ELAY B8 e R AR TE B B9 8 AE 1 LN 5 BT T B T L TRl BT Y e O {EL =3 25 S A
mi 5 aLUE R BEC SRS ROk R IE TR R AER . B K4 BB 7L 0.6 mm



806 W5 B

35 %

JEBF 6 N 73 FAEJE 2 100 pm, £ 1 mm JE B}
6 NJJ NASIE R 20 pom, 62— 385 B K 2%
F AR I B 14 ) A A BESR . 3 Ah L AR Y
Je » 2 0K Sl 45 1 RO 3 g 3K 15 sl AR I, T L4 o
TR 3R 8y g 7 6 B T B 23 A R BE— 25 3 R i
PR DR Y AR T B T i R RS R Y
S A FRBE I T AT LASR ] K4 SRS B RE ; T2
FHF RS0 WL I, 25 558 3 2 R 0 S AR LR AR
Ko DRI 5 I ARl it 30 L R
>R FH 6 i ¢ 389 A Dby B 1 oA

LR 15 LM PG E PR AR 25 18, L

0 20 40
Displacement/pm

B 6 7R BB R i pR AL

Deformable mirror effect function

Fig.6

& % X #:

PR EAT R EE A K R B AR A R AL 7 TR
R D="74 mm,55fERE =1 mm, RS
PO, R 7 o0 PR T B A0 1) B 45 T
P 6Ca) Tz - B (b) oy FLRSE AR 7 0 3R Bl 25 44
1.5 NLJEE 6 43K s 774 0.25 N R iiE oL F
AR T I AR T 2 I W AR (B 6. 34 pm,
5 % 7w

R I A EL AT TG R L ) R PR R R o
WRMR S, BWoI T AMTMER, &AL 7
BT RY T B AR B o R AR AL UEAT S R T
B EA ST IE VRN S T B R A5 S
BOSTRENOC R . S5 R R, BT R KN ) B
TEARTE it e KA 5 BBl I AH W] B, B3 1 28 TP &t B
JEL 5 1 15 v s /0 s K4 B 38 1A fe KW A8 T8 &
T A 308 1) 0 B e vy o RIS FR AT ) 28K
AL G /Y 7 ot B AR B A T B AR Y T
LIS T 6.34 pm B MHI R, FRATAYLE R AT
T 22 3 VB 0K sl 2 9 15 T B B A T B i A
B HME.

[1] NOLL R ]. Zernike polynomials and atmospheric turbulence [J]. Journal of the Optical Society of America ,

1976, 66(3): 207-211.

[2] WIZINOWICH P. Adaptive optics in astronomy [J]. Contemporary Physics, 2015, 56(4): 432-450.

[3] OPPENHEIMER B R, PALMER D L, DEKANY R G, et al.Investigating a Xinetics Inc. deformable mirror [C]//
Proceedings of Adaptive Optics and Applications. San Diego, CA, United States:SPIE,1997: 569-579.

[4] ROOMS F., CHARTON ]J. Recent developments and future challenges for MEMS adaptive optics [C]//
Proceedings of SPIE MEMS Ada ptive Optics V. San Francisco, California, United States:SPIE, 2011: 793109.

(5] Zm.FX&, % KRB NG ETERCHERFE iR AR R ] & & 55 %7 ,2015,30(1) : 1-9.
XUAN L, LIDY, LIU Y G. Prospect of liquid crystal adaptive optics in astronomy application [ J]. Chinese Jour-
nal of Liquid Crystals and Displays, 2015, 30(1): 1-9. (in Chinese)

(6] ®BR, F0F, 2w, 4405 W AGERDEEOB SRR $EEF, 2012, 5(D . 12-19.
CAO Z L, LI X P, XUAN L, et al. Recent progress in liquid crystal adaptive optical techniques [J]. Chinese Op-
ticss 2012, 5(1): 12-19. (in Chinese)

[7] CAOZL,MUQQ, HULF, et al. Preliminary use of nematic liquid crystal adaptive optics with a 2.16-meter re-
flecting telescope [J]. Optics Express, 2009, 17(4); 2530-2537.

(8] #AZAK,HHHE, T R A, AUAHT I A5 0w SRR 3 [T )k iy 5 27 ,2017,32(3) : 182-189.
HU L F., PENG Z H, WANG Q D, et al. Calculation of electro-optical characteristics of phase-only liquid crystal
modulator [J]. Chinese Journal of Liquid Crystals and Displays. 2017, 32(3): 182-189. (in Chinese)

[9] BIASI R, GALLIENI D, SALINARI P, ez al.Contactless thin adaptive mirror technology: past, present, and fu-

California, United States: SPIE,

ture [ CJ1//Proceedings of Adaptive Optics Systems II.
2010. 77362B.

San Diego,



55 8 XH T A5 5 AR TR BT i BT M ) R A B 807

[10] SALINARI P, DEL V C, BILIOTTI V. A study of an adaptive secondary mirror [ C]//Proceedings of ESO Con-
ference s 1CO-16 Satellite Conference. Active and Adaptive Optics. Garching near Munich: European Southern
Observatory, 1993. 247-253.

[11] BRUSA G, DEL VECCHIO C. Design of an adaptive secondary mirror: a global approach [J]. Applied Optics ,
1998, 37(21): 4656-4662.

(12] Z#R, E5%. A&, 5 5 B A HLIK Sl i Do 42 ) S 5 B sl SE 9 [T ]. 56 & £ 42,2004 ,31(8) 1 15-18.

WU Q Y, WANG Q. PENG Q, et al.Wide bandwidth control of fast-steering mirror driven by voice coil motor
[J]. Opto-Electronic Engineering ,2004, 31(8): 15-18. (in Chinese)

[13] EALEY M A, WELLMAN J. Fundamentals of deformable mirror design and analysis [ C]//Proceedings of Pre-
cision Engineering and Optomechanics. San Diego, United States:SPIE, 1989: 66-84.

[14] HARTMANN P, NATTERMANN K, DOHRING T, et al. ZERODUR® glass ceramics for high stress applica-
tions [ CJ//Proceedings of SPIE Optical Materials and Structures Technologies IV. San Diego, California,
United States: SPIE, 2009. 74250M.

fEEE A :

XHFHFA95—), B NS K AL
TR A, 2017 4F T UL K 2% 3K A5 2%
BT VAN o AN A S BT A e oo | A=A ]
WF5¥ . E-mail ; sullivanlxy@ outlook. com

BISI & (1974—), B idb s A, 1
+  WFFE 51,2003 4 F AR AL K24 3R 1918
o=y VANE VN R I SRR 2

2o

%¥ o E-mail: hulifa@jiangnan.edu.cn




