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Dynamical research on spherical micro actuator with PZT drivers
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Abstract: A 30 mm X 30 mm X 50 mm spherical micro actuator driven by piezoelectric ceramic stacks
(PZT) was developed, and the dynamics of the spherical micro actuator was analyzed, the micro as-
sembly between micro shaft and micro spindle sleeve by the micro actuator was researched. First, this
paper set up a space coordinate relationship of the spherical micro actuator to analyze dynamical char-
acteristics. Following that, it used the Runge-Kutta arithmetic to calculate the dynamical parameters
of the micro actuator and to built a dynamical model to simulate it by the SIMULINK module of
MATILAB. After these, a spherical micro actuator experimental sample was developed, and a mi-
cromanipulator with a micro-gripper based on the sample spherical micro actuator was integrated, By
the micro assembly experimental research between a micro shaft of @180 yum and a micro spindle sleeve
of ®200 pm, the characteristics of the spherical micro actuator impacted by the metal sphere mass of
the micro actuator, driving signal frequency, friction coefficient of the contact surface between the

metal sphere and the friction block of the micro driving unit were analyzed. The experimental results
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indicate that the rotate resolution, the rotate positioning precision and the maximum working frequen-
cy of the micro actuator are 0. 000 1°, 0. 000 5° and 1 200 Hz,respectively. The experimental results
validate the back rotation and vibration model of the spherical micro actuator, it shows that the mi-

cromanipulator integrated by the spherical micro actuator can meet requires of precise micro operation

and assembly for MEMS or other microelements in micron fields.
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Fig. 1 Photo of spherical micromanipulator
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Fig. 2 Space coordinate relationship of micromanipulator
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Tab.1 Dynamical parameters of micro actuator

y2 a b T() Tl

0.18 8.3 mm/s 74.7 mm/s 0.2X10"" 0.18X10~"

R4 (4, (5) KFE 1S5, %A MAT-
LAB ) SIMULINK T =4 3¢ & 37 1 i 2R 3 il 45
VESR 2y 4 J8 BR 09 2l J) 24 AL a1 3 B R .
AR SE BRI T b s T R R T H e S — 0 T I
L6110 W e e RS SN DA o 0 TR
9+ 1. WRME Ry 1,438 100 Hz 1Y 48 4 i A% 3
B = MABPEAERNKIDES  BELHBOR 150 f5)5
i F A S L P 8 A, 2 3R 3 B T e R B8l 4
pm A ELAE RN 4 R

B 4 Ca) Hra] DL HY S 42 I8 BRAE 76 B 2 A9
B T B Bl B B E U e ) A e
& BRICHR 43 I 18] 227 42 2 3 3z Bl AR 2 5 590 s ik
B Z B BT o ) B g D T s ] 5 32
SRR e B AE R E S R K YR T
HREEAEE ) A 3B A FR T T RS B D0 A5 T B By
B W2 4 T BR -5 09K 3l B 50 22 1) 1 1 Bl JEE 4 )



wel

W A0) < s FRL P 65 TK 5l o AR K 8l 4% 14 3l g~ F 5 251

nn—-=oO,

Pulse Integrator| Scopel
Generatorl
Sign4
Gainl
Constanl Integrator1 =
Scope4
3 R B 3 ) ) 2 E
Fig. 3 Dynamical simulating block diagram of micro actuator
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Fig. 4 Simulating curve of micro actuator
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Fig. 5 Vibration and displacement test curve
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Fig. 6 Micro assembly process of micro shaft and

micro spindle sleeve
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