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Design and Modeling of Variable Stiffness Humanoid Dexterous Hand
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Abstract: A variable stiffness dexterous hand with tactile sensing was proposed to enhance operational adaptability
and accuracy in complex tasks. Adopting a rigid-flexible hybrid design (specifically a rigid palm and continuous fin-
ger) , the dexterous hand combined the benefits of traditional rigidity and modern flexibility. The variable stiffness
design employed a cantilever beam fulcrum unit to actively adjust the stiffness of the hand for diverse tasks. Addition-
ally, a tactile sensing system was integrated into the fingertip. Theoretical models, including finger kinematics,

palm kinematics and stiffness mapping models, were developed, connecting the variable stiffness unit to the contin-
uum finger. This offered the theoretical support for motion control and stiffness adjustment. Next, the workspace of
the hand was defined based on the finger and palm kinematic models, after which the ranges of its bending and side
swing angles were calculated. Further, the stiffness mapping model was simulated, compared with the human
hand, to analyze several factors affecting finger stiffness. Finally, a prototype hand was built based on the above
design and analysis, and the performances of the variable stiffness actuator, finger kinematics, tactile sensor-

function, and stiffness mapping models of this prototype were experimentally evaluated, ultimately verifying the
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flexibility and stiffness adaptabilities of the hand in complex tasks. The results confirmed that the dexterous hand ex-

hibited rigidity and flexibility advantages and could provide force feedback through its tactile sensing system.

Further, its variable stiffness function significantly improved its operation ability in diverse task scenarios. Overall,

the proposed stiffness mapping model accurately controlled finger stiffness, which was crucial for the environmental

adaptability and human-computer interaction safety of dexterous hands.

Keywords: dexterous hand; rigid-flexible hybrid design; variable stiffness; tactile sensing
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Fig.1 Design principle of the rigid-flexible hybrid dexterous hand
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Fig.2 Principle of continuous finger movement
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Fig.15 Experimental curves of the variable stiffness ac-
tuator
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Tab.2 Experimental output stiffness and maximum error

Jo/mm Ko/ (N/mm) T RIRZE %
10 1459 | 142.6 | 1439 | 148.6 | 146.8 9.7
15 42.6 44.9 44.5 453 45.6 8.9
20 18.3 18.6 18.4 19.1 19.3 7.3
25 9.4 9.6 9.4 9.5 9.6 7.0
30 5.7 5.6 5.6 5.8 5.7 4.2
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Fig.16 Experimental platform for verifying the perform-
ance of the finger kinematics model
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Fig.17 Finger bending correlation curves
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Fig.18 Tactile sensor calibration experiment
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Fig.19 Experimental curves of tactile sensor calibration
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Fig.20 Experimental platform for verifying the stiffness
mapping model
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Fig.21 Experimental curves of the stiffness mapping model
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