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Stiffness Analysis and Structure Optimization of Shunted Sensor
with Flexure Hinge

WANG Yongli LU Yi
(College of Mechanical Engineering, Yanshan University, Qinhuangdao 066004, China)

Abstract; For the disadvantages of existing six-dimensional force sensor, a new shunted sensor with three
rigid compliant hybrid limbs and six standard force sensors was designed and manufactured based on
parallel structure for measuring the heavy six-component force/torque. Firstly, a prototype of the
developed parallel sensor was built up and its merits were analyzed. A 3D model of the robot hybrid
hands with parallel sensor was constructed. A statics equation among the forces of the six standard force
sensors and the external workload was established, and a mapped matrix from the workload to forces of
the six standard force sensors was derived based on its equivalent parallel mechanism. The theoretical
solutions of the parallel sensor stiffness were obtained and verified by the simulation solutions of a FE
model. Secondly, structural optimum design of the sensor was carried out based on the genetic algorithm.
The best structural parameters of sensor were obtained by analyzing isotropy. Finally, an experiment was
performed to obtain the accuracy in each direction by loading weights. The forces of the six standard force
sensors of the prototype of parallel sensor were measured by adding different workload components onto
the prototype loading platform. The results indicated that the maximun error in each direction of sensor
was 1.05% in full scale. The theoretical analysis was verified by finite element method simulating and
experimental results. The force/torque of the parallel sensor can be accurately measured under the given
external load.

Key words: six-dimensional sensor; structural deformation; optimum design; accuracy
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Fig.1 Structure of six-dimensional sensor with flexure hinge
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Fig.2  Structural diagram of elastic branch
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Fig.4 Rotational stiffness calculation of flexure hinge
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Tab.1 Theoretical and simulative deformation

by forces in three directions
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Fig.5 Loading deformation in x, y and z directions
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Tab.2 Optimization result of structural parameters
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Tab.3 Optimization result of objective functions
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