CREEC EE e G TR Vol. 23 No.3
2015 4F 3 H Optics and Precision Engineering Mar. 2015

XEHRS  1004-924X(2015)03-0803-07
ZREBMAB AN BEIT

HFIE L ANR,E H
(FRMERAKRYE NHAEH S REHEREELRE LA § ¥ 210016)

WE . IR SR EREEENTREIEZBA X FRAE S 09 R 48 I —F T = A O SR 1Y 2208 & s 30 7%
TORHUA . IZALH DL S 2 e v B AR S 3K 3l oo 1 R = AR A0 8 R SR B0, FE TROR & )2 6 v M 8 A 8 i o 7y [ |, S
T 6 B P A L) 2 Bl . FRE L T AR R A B Sl T vk ST X ATL RS LD T 1 R RN BB . A BT T ALK Y
PE TR IR, 38 0 i 7 31 545 BHZ AL 0 B O 8 2. 9, 55 57 A5 BR T A5 B 2 05 B H 5 AR BB A5 ) 2. 5 AR,
AR T I IREALIE AT T I B0k , 45 2R W/R AU 7E IR 3l i R o 200 VOB fe K 288y (32£16) pm, X & 2
Wy Ao RS 0 HH AR LU B0 2. 4 A%, 55 B 1155 AR 30T 5 991 5% o o7 X 26 28 B A5 5 00 ) o B o s S /. 4R e i
ZELIL T AL B R RIS B AL 1] 3= By H XA TR E A

X 8 REEELHE;ELMESAR;ZALSHAKR; RaED

hE 4SS . THI12. 5; TN384 Xk ARIRAD : A doi: 10. 3788/OPE. 20152303. 0803

Design of diamond piezoelectric micro

displacement amplification mechanism
HUANG Wei-qing” , SHI Xiao-qing, WANG Yin

(State Key Laboratory of Mechanics and Control of Mechanical Structures,
Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

% Corresponding author, E-mail:mehwq@nuaa. edu. cn

Abstract: To improve the actuator stroke of laminated piezoelectric ceramic and to let it be with the
ability of reciprocating symmetrical actuation, a diamond piezoelectric micro displacement
amplification mechanism was proposed based on the triangle amplification principle. The laminated
piezoelectric ceramic was taken as a driving element of the mechanism. On the basis of the triangle
displacement amplification principle, a two-way active output on both sides of the equilibrium position
was achieved while amplifying the output displacement of the laminated piezoelectric ceramics. A
corresponding driving method was proposed to achieve the control of direction and magnitude of the
output. The working principle of the mechanism was analyzed, and the geometric calculation results
show that the magnification is 2. 9, which is close to the simulation calculation magnification result
2.5 based on finite element model. A test prototype was developed to test the performance of the
mechanism. The experimental results indicate that the maximum output displacement of the mechanism is 32
microns( 316 microns) when the driving voltage is 200 V and its amplification is 2. 4 for the displacement of

the laminated piezoelectric ceramic, which is close to the theoretical calculation. The experiment also shows
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that the signal frequency has a minor effect on the displacement output. The mechanism achieves both of the

displacement amplifications and two-way movement outputs as desired.

Key words: laminated piezoelectric ceramic; piezoelectric micro displacement amplification; triangle

displacement amplification; two-way movement

1 7]

qul

P90 AEARE L S T i R R 4 5 Y
BOR V2 MU Ty SR RV BN 2 B 4D B A
b % 2 SR 25 32 B, A0 G 20 R PLE 25 R 4 L AR
HL P RGeS . H OBl Bk g ML A Y 3 2K 5l
BRI b AE D A sh L.
shL g S K sh R IR B B B
HLOK N 45 Bl 49 K BB Y %k Fn RO kR, R
HfEshde , CH 2 & Z R Eshdh T R A fe &
e O L DR AR ARG L e R R
f EE 7 I R AR BN HLBR S BRAR 3K B S5 R
S T AE 3 48 00 S R BB 9 i RO R
AR OG2HE % TR T M AR BT 551 Z i 4
A B R A B A

SR o R T8 23 1 v Pl 8 1 i B L RS /N (—
A KT 50pm) o H B VS ik J2 52 3 7 R
R TR — ) B, T N B 2 R R Y
B AT IO BRIAFE A G 2 T ATFFOR
iR A 2R N = A R 55 22 b s H G B
NGRS SN K N S A == WX
FEG8ASE B TR BILAE) I X2 ATLAR B 780 R A% B itk 47
THOR R IR B O B R B E A AE 22
5, Xin Jiang Ml Yuchuan Zhu"'# i@ 1t 3% 5 43 9]
WEFE T K v A R0 1% B0 4 b1 bz T R
R ML B9 3% 5. Qingsong Xu A Yangmin
Lit"™ 8k T e 3R sl 1 TR A B 20 A i KL
AL HAT B ) K He 451 58 128 1) 25 44y []
AN ey O A T R s R ML A AT B S R
TRAr . RAEFE Qg S AUV R TR T = A0
TR I B ) e i AR h &, IR LR T2 T
IR W R T T R R AR T R G B B
B B RS B2 5K

B2 1 52 3 F o b R AR 1 0 BR 1, H R
DL R UL A% T R LA e 52 B e H A ek i o
DI ARAT 0 T ] 3 Bl B R RS AR AK
FE TR MUAL A R A SR O 52 B

ARSI T — M EE P R B AR TR LA
AL LA 2 T A B e A D A0 3K Bl 0, X H
B = A0 it B 47 8 ok S B AR K
ARAF T 07 E PO A XL 1) 32 B0 AL . )
G SO R T TR MUK B0 3% B 4 i o ) L S BT
X R AL i 7 1) B R/ P . 3 s L AR
B L A7 ELAT S AU B R OR #EAT T 5T IF
PEAT TR Ik

2 Mkt

SR T TR Ak S B R AN A% L1 i e A AR
AR SCHR Y B TBORHLAG BY Z5 R P 1 iR

[P 5 R TR 0

A G,

J % |
L1 ﬂ—
[Bﬁ'l[-’.‘"-‘ﬁ@;’-ﬂilﬂJ
AR [ A ke

I SN[ R AT EE )

Fig. 1 Structure of amplification mechanism
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Fig. 2 Principle of triangle amplification
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Fig. 3 Principle of patulous triangle amplification
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Fig. 4 Schematic of amplification mechanism
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Fig. 5 Driving Schematic
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Fig. 6 Distribution of displacement field
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Fig. 8 Prototype diagram of amplification mechanism
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Fig. 9 Block diagram of test circuit
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Fig. 10 Relationship of excitation signals
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Fig. 11  Output characteristis of amplification mechanism
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Fig. 12 Equivalent preload device
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Fig. 13 Output characteristics of laminated piezoelectric ceramic
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