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Design of 3D precision displacement system
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Huazhong University of Science and Technology, Wuhan 430074, China;
2. Mechanical Department , Hubei Automotive Industries Institute, Shiyan 442002, China)

Abstract: A novel 3D precision displacement system of large travel, nanometer level and displacement
measurement by itself is developed to satisfy the need of precision displacement. The system is de-
signed with a modular structure, in which the driving mechanisms of three directions adopt the same
design structure and calls as X direction, Y direction and Z direction 1D worktables, respectively.
The dual-stage actuators of coarse and fine driving have been applied in the precision displacement sys-
tem in X, Y and Z directions and three sets of metrology gratings are installed in X, Y and Z direc-
tions respectively. In every direction,the AC servomotor combining with a precision lead screw and a
linear guide is used to actuate the coarse driving,and a piezoelectric micro-displacement actuator com-
bining with a flexure hinge is used to actuate the fine driving and then a set of metrology grating is set
for the displacement measurements of the coarse driving and fine driving. Therefore the need of large

travel, nanometer level and displacement measurement by itself of the displacement system can be sat-
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isfied. The structure design of the displacement system is introduced and the displacement resolution,

measuring principle and the motion performance of this displacement system are also analyzed in de-

tails. Experiments indicate that the displacement difference between actual and setting are no more

than #0. 030, 4-0. 028 and £0. 033 um respectively in X, Y and Z worktables in a range of 40 mm,

which verifies the effectiveness of design of the displacement system and provides the theoretical basis

for its development.
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Fig. 1 Structure diagram of 3D precision displace-

ment system
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Fig. 2 Structural diagram of 1D worktable in X, Y,

Z direction

Do T UCWTIE 2 Hp 3 e Y T AN 2 L
2 P 5 38 B A A G B — 8 o I A i A 4353 4
P 3 1 (a) L (b) BB .

a

| >
0 T D K I I O I

0

(o]

NI

@ —
[Tl
1 1IEs=~

TEHR3 WREE  JERERI

X

(a)

T
X

TR
%%\

JERERY | wirs
B \\\‘.\“\\“\.\ )= % —

% 2\
[\ ERe
BKEI4 TEBEERS

b EcE 8

(b
Kl 3 EEREHERE

Fig. 3 Structural diagram of connect sets
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Fig.4 Structural diagram of flexure hinge mechanism
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Fig.5 Measured displacement curves of PZT micro-

displacement actuator
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Fig. 6 Measurement principle of displacement sys-

tem with double diffractive gratings
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Fig. 7 Working principle diagram of grating metrolo-

gy system
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Simplified model of fine driving system of
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Fig. 11 Prototype of 3D precision displacement system
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Tab.1 Displacement difference between actual and setting
. P AL E {6/ mm
fi#% 22/ pm . m m
1 0.028 0.012 —0.030 0.023
2 0.025 —0.023 0.023 0.019
3 —0.021 —0.021 0.021 0.025
5 4 0.014 0.011 0.015 —0.019
5 o —0.018 0.029 —0.018 —0.028
W 6 —0.025 —0.025  —0.024 —0.021
oo 0.013  —0.024 0.027  0.030
8 0.021 0.012 —0.028 0.021
9 0.027 0.024 0.030 0.011
10 —0.026 0.024 0.021 0.017
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