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Characteristic analysis of the micro gripper driven by piezoelectric actuator

Lin Chao, Li Pingyang, Shen Zhonglei, Yu Jiang, Zheng Shan

(State Key Laboratory of Mechanical Transmission, Chongqing University, Chongqing 400030, China)

Abstract: The micro gripper requires large stroke and low coupling. To fulfil these requirements, a novel flexure-based micro gripper is
designed with three-stage amplifier. The bridge-type mechanism and lever-type mechanism are also utilized. Based on the principle of
flexible mechanics, elastic mechanics and dynamics, the dynamic features of micro gripper are improved by optimizing the fixed position
of the bridge-type mechanism. Moreover, the theoretical displacement amplification model, coupling error model and dynamic model of
micro gripper are formulated. The output displacement feature and dynamic feature of the micro gripper are obtained. The micro gripper is
manufactured by the combination of 3D printing and wire cut electrical discharge machining. The correctness of the theoretical model is
verified by comparing the theoretical, simulation and experimental data. The displacement amplification of the proposed micro gripper is
19.7, and the natural frequency is 223 Hz. All the errors with experimental data fluctuate within 10%. The working stroke of micro
gripper is 750 pwm while the coupling error is only 0. 35% within the working stroke. The micro gripper has the features of large stroke,
high precision, low coupling and good dynamics.
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Fig.1 Structure of the bridge-type amplifier
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Table 1 Model analysis of the bridge-type amplifier
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Fig.3 Kinematics analysis of micro gripper
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Fig.4 Force analysis of micro gripper

fenrFR i e FR A

Ly Axy, = Ay,
6,=0,=0,=0,="""—" (1)
eh " Lij

Axin ° )\b
eg = 0}1 == l (2)
h
Ax;, A, Ax, A, A, A,
0, =0, - =- - (3)
coty, - [ lgh coty, - [

Kb A, AP AW FE ORI 5 coty, AP
21,
PEEREE 1) H ORI S, H. coty, = 7”;1 FIRANERL

FEEIE L Ly, Ly 3 BN RIPEAT A i gh dj BRI 5
TG RN SEE 7 ) 5% 2l , A B 0520
ARG SRV BCHE (Y 5% faz sh b, 45 G 1 4 1952 10
A LA B S Bt P R PRSP A AS [ WP A8 v
ELARNEBEEAE AN IR 832 188 B X/Y 514
XSRS AR  BCHE AT HAR AN S BT 7R o

BS  flledpassz 1A 0T

Fig.5 Forced deformation analysis of micro gripper
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Fig.6  Dynamic model of micro gripper
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Fig.7 Finite element analysis of micro gripper
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