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Influence of Fatigue Characteristics of Piezoelectric Ceramics Actuators on
Correction Ability of Deformable Mirror
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Abstract Based on the influence functions of the deformable mirrors (DMs), the wavefront correction process is
simulated by the finite element method and the influence of the fatigue characteristics of piezoelectric ceramics
(PZT) actuators on the correction ability of DMs is analyzed. The research results show that the correction ability of
DMs decreases when the phenomenon of the fatigue occurs in PZT actuators. The larger the peak-valley value of the
distorted wavefront to be corrected or the higher the proportion of the spatial high-frequency components is, the

more obvious of the decrease of the correction ability of DMs after the occurrence of fatigue is. In addition, the

influence from the former is relatively larger.

Key words optical devices; fatigue characteristics; finite element analysis; piezoelectric ceramics; beam quality;

correction ability

OCIS codes 230.4040; 010.1080; 110.1080; 220.1080

15l G

FER RO R G, 32 I B0 DB 1R 25 Al
WO POV A5 R I R L O AR RO R
AR AE A7 76 W 728, 6 o T & BE AR, 1 3 D O6 2
AR R B e T RO AR i OGRS A T B
Z— o SR TE P H AL E SRR v, 22 25K 3 2% i K
PEIRUR S T, A8 T8 45 (DMD B 48 T 23 7% A2 9% 55 L 9F
T B 57 BB L B, AR TR B X e A g
R A% IE g 32 31 52 W), 25 0 IS A 06 BT A
ST

FEA AR Y B b, R AR T e A H: LA i )i

HRE MR o R B R A AR R L R A T Ok 2
GIFAF RN TR Y A e 2R TR B A G
WAz — TR H B B (PZT) R 3 253 #7628 A8 H 3
TR 2 (Y 1 R E S S M A B
TNAET . PZT kR HLE 95 Kk R ) AR JE BR
PEREM R ZE N K 2 —, EE RN WAL R il
5 % PR L R A0S L S R AR AR IR Sl R Y R
HMERE T RE. TARSRAES W4T PZT Aok B 1k 3
J3E Bt A 38 A8 P S B R B0 B B A, A 48 i
2.6 X 10° Y IK 2 %5 HL A6 20 J5 . R HL OB
Bl T B, Sakat 25 & #, A B R B R Q&
(PZT-A)TE 10° W EK 3 & Ho BB 3 I . LA AR & &

Wfm HE: 2018-01-29; 1E[EI HHA: 2018-04-11; RABHI. 2018-05-03
HETE . BN K¥HE R E ST R (KSJ1404) | K T #6242 3 5 5056 % P i 3 4 IR (KJWX170620)
* E-mail: zhangbinff@sohu.com; ™ E-mail: 529951343@ qq.com

0905002-1



th i

i ot

BB AL 0.65 F & Z 0.5, [H A A o e 1k
AR, Levstik SV HF 58 & BE , 45 Bk 92 45 Bl (8/65/
35MBHE At 210" IR 3 4% HL R A 2R 5 L A
R ERE B LS RE R TR, A X
FET PZT W% 55 Fete A5 % SCRC9 I PZT MR
P 55 S A5 AL R AR T B 1 5 e eR B0 A B T 43
MrE A ANSYS, 7 BA LT 9K 8l 25 95 55 1 J5 A28 B
R A T W A U T ) Aok AR L R A T RS T PZT 3R
B 25 HLIE 5 M X AR T B A IE RE D A RE

2 FEARFEHE

2.1 TRBERRMmEHEE

S IV 52 B 4 0K Bl 0 S R PR L 7 A AR L Y
T AR X Wi 728 3 BT AT A AR o RS T M B 32 2 5
PRI TR . 5 A bR RER R AN F B — K B £ 5K B
I 45 TR B 7 AR B TR HH — AR 2
(xx,-)z—Q—(yy;)Z}

I ,
i =1,2,3,.m, (D

K (s sy ) HER @ ADUKE &R A AL E AR R s d S 3K E)
A E IR 0 SHACHEAE . 24 n AN BK S A% R AR A
BTG W (s y) A Kl 2 F ™ AR B9 S5 T
T 1) AR e 2 o, D

I,v(\r,y)exp{lnb .

W(z,y) =DV, +I.(x.y), (2)
i=1

S VO A ¢ R B A A T v T
TR L B BT § ooy o I 2575 BRI
5B A I

R(x.y) =¢(xsy)— D)V, e I, (x.y), (3
i=1

SR e/ I> 3 12 o W A IR T E AT UL BLAR
ARULHT R (xoy) MF g F AR o8B Al H 7 22 OB /M
BV A5 280 8 55 4% K 5l 4 0 4 o R TR R I
22 FEBHNM

TE e IR A PZT AFRE R Wi I H
Tt s Bk DA R AR A R 2 DA e 37 9 A T T B 4
JEH AR IRPT X R AL 2 T B L T P,
o Ao 3 e R 37 A P T A T A Y e R AR D 0 T
RN FESEPR RGP, PZT Wah gL th 2 2
S5 Tl B A B T e, R f e T i BHUAEU 0 R B
S 7R R T WA 77 A T AR Sy

Al =d U, 4D
R d sy O T J5E R 7 1) B A Y T v 2R 0 RAE TR He
A ERRE LA RE AT H RE AH B e i BE ), B s FE A

B CHLAO PERE S A RE Z M R & ¢ R U
S A E . DU BB By A 1 TR AR D
L =Nd;U, (5

A N b AN OR By e E R 2B

HRAE SCHR 14 b i 44 kL 2 88, >R A BR JT 43 B
D5k PZT SR 2 a4 09 7 A8 T AR s #1705 2t
BRI T 5014 B EE R .
23 TREHER

Ph 61 BTT 43 7 2 i 2 e T R Y B R )L e
T Sk VIR Bl DA R FE AR 4 A A, SR AR S5 F
K1 R . Sk 728 T8 45 B T -5 9K 2l e =2 ] 1Y) 34 4
oo, HoM B 5 8 om oA [E, S Si, H %R
2329 kgem ° G G &N 130.91 GPa, ¥ b K
0.266, 3K zh &% 0 M kL PZT-5A, W J& BE J7 1] #%
b HALBE A R R 65%, FEH H Fh 2.23 X
10710 CoN" ' AHXF A L% B0 3000 Fem 'H, 3K
B a R NS HERLGE G B 22 )22 B Ty ) WA 1 T v By
BRSO, Kk, BREGEERN
220 mm, K EH2.5 mm; WK EHEN 8 mm, KEH
10 mm, [E] 5 A25 mm,

mirror

l
—— pole
’LL‘ ’J_L‘ ’J-L‘ ’J_L—> actuator

— base plate _ +

K1 AR R R A S5

Fig. 1 Fundamental structure of DM
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Table 1 Correction performances of DM before and after occurrence of fatigue in actuators under different PV

values of distorted wavefront and quality comparison of corrected beams

3.18 pm 6.63 pm 9.54 pm
Parameter of correction ability Before After Before After Before After
fatigue fatigue fatigue fatigue fatigue fatigue
PV value of fitting surface /pm 2.86 1.86 5.72 3.72 8.59 5.58
PV value of residual wavefront /pm 0.91 1.48 1.82 2.97 2.72 4.46
B 1.08 1.14 1.16 2.11 2.42 3.21
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Table 2 Correction performances of DM before and after occurrence of fatigue in actuators under different proportions

of surface shape high frequency and quality comparison of corrected beams
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Parameter of correction ability Before After Before After Before After
fatigue fatigue fatigue fatigue fatigue fatigue
PV value of fitting surface /pm 5.94 3.53 5.72 3.72 5.33 3.28
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Fig. 5 Curves of fatigue degree. (a) Electromechanical coupling factor™ ; (b) beam quality after DM correction
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