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RESEARCH ON DESIGN AND CONSTANT FORCE
CONTROL OF ROPE-DRIVEN FORCE SENSING
FLEXIBLE GRIPPER

ABSTRACT

The force sensing function is the key to realize the flexible grasping
of the flexible gripper, which has an important application in the robot
intelligent operation system. The force sensing function of the existing
flexible gripper is mainly realized by using force sensors or embedding
intelligent materials in the flexible gripper. However, there are problems
such as complex installation and fixation of force sensors, high
manufacturing requirements of the flexible gripper, and changing the
characteristics of the grasping contact surface. In view of the above
problems, this paper designs and develops a force sensing flexible gripper
based on rope drive and conducts constant force control research, and
realizes the force sensing and constant force control function of the rope-
driven force sensing flexible gripper.

(1) Flexible gripper modeling analysis and force sensing strategy.
For the fin-shaped flexible gripper, a force sensing algorithm for the
flexible gripper is designed based on the finite element theory to realize the
determination of the contact node and the grasping force of the flexible

gripper. The force sensing algorithm of flexible gripper is verified by finite
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element simulation, and the accuracy of the algorithm under different
beams and different contact nodes is analyzed. The experimental system of
flexible gripper force sensing based on vision is designed. The coordinate
information of the top and terminal of the flexible gripper is collected by
the visual inspection system, and the real-time sensing and servo control of
the grasping force of the flexible gripper are realized. The effectiveness of
the force sensing algorithm of the flexible gripper is verified, which
provides the algorithm basis for the force sensing of the rope-driven
flexible gripper

(2) Design and development of rope-driven force sensing flexible
gripper. Based on the structure of fin-shaped gripper, by improving the
beam structure of finger part of the flexible gripper, and based on the idea
of using ropes to transmit the deformation and displacement of the terminal
of the flexible gripper, a new type of rope-driven force sensing flexible
gripper is designed. Based on the designed flexible gripper grasping force
sensing strategy, the rope-driven force sensing flexible gripper control
system is built, and the experimental prototype of the rope-driven force
sensing flexible gripper is developed. The force sensing function of the
rope-driven force sensing flexible gripper is verified through experiments.

(3) Constant control of rope-driven force sensing flexible gripper.
The constant force control strategy of the rope-driven force sensing flexible

gripper grasping force is designed to realize the constant force output
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control and the disturbance adaptive constant force control function of the
flexible gripper. The experimental system of constant force control of rope-
driven force sensing flexible gripper is built to verify the performance of
constant force output control and disturbance adaptive constant force
control of rope-driven force sensing flexible gripper.

(4) Experimental study of rope-driven force sensing flexible
gripper. In order to test and verify the functional characteristics of the rope-
driven force sensing flexible gripper designed and developed in this paper,
a robot flexible grasping experimental system is built to complete the
grasping function test of the rope-driven force sensing flexible gripper for
objects of different materials, different shapes and different sizes, and to
verify the grasping application performance and adaptive constant force
control function of the rope-driven force sensing flexible gripper.

KEY WORDS: Flexible gripper, Force sensing, Rope-driven, Constant

force control, Experimental study
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