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Research on a three-link six-DOF micromanipulator with flexure hinges
WANG Le-feng, RONG Wei-bin, SUN Li-ning
(Robotics Research Institute, Harbin Institute of Technology, Harbin,150001, China)

Abstract: A three-link six degree-of-freedom (DOF) parallel micromanipulator is presented. Three in-
extensible limbs with the spherical flexure joints and single-axis rotary flexure joints at the two ends
are adopted to simplfy the complex stucture and a monolithic base plate that consists of three 2-DOF
compliant units is utilized to reduce the assembly error. The piezoelectric elements are used as the
high resolution actuators. The kinematics solutions are analyzed using the kinematic influence coeffi-
cient theory, as a result, the velocity of a movable platform, the limbs and the flexure hinges are de-
rived. The stiffness model of the micromanipulator is determined considering the elastic deformations
of the flexure hinges based on virtue work principle. The design targets and the design principles are
discussed and the precise position controller modules are used to control the micromanipulator. Final-
ly, the primary experiment tests are performed and the results show that the nanometer scale precision
is attained.
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Fig. 1 Three-link 6-DOF micromanipulator
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Fig. 5 (a) Single-axis rotational flexure hinge

(b) flexible spherical joint
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Tab.1 Primary specification

BHEHE B R EEERE

¥ X 5.876 yum  10.1 nm 0.089 pm
Y 5.735pum 10.1 nm 0.067 pm
Z 1.021 pm  10.8 nm 0. 048 pm
¥z X 8.79 0. 049" 0.178"
Yy 7.18" 0. 047" 0.197"
Z  26.64" 0.052" 0. 141"
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