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Abstract

In hand amputation cases, partial hand amputation patients account for the largest proportion,
however, due to the diversity of amputation types and the difficulty of product commercialization,
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research and design of partial hand amputation prosthesis are relatively few in recent decades,
which has caused many patients with partial hand amputation cannot find suitable prosthesis
products. In this paper, a mechanical bionic prosthetic hand based on underactuated principle is
designed for the patients with four finger amputations across the metacarpophalangeal joint. The
fingers of the prosthetic hand are designed with seven-link underactuated mechanism, which rea-
lizes the adaptive distribution of interfinger force through the Whiffle Tree mechanism and rea-
lizes the self-locking and unlocking through the resettable linear ratchet. The whole artificial hand
is driven by the wrist, which can realize adaptive grip. Most parts of the prosthetic hand are man-
ufactured by 3D printing technology, which has the characteristics of good compliance,
self-locking, low cost and light weight. Simulations and experiments have shown that the pros-
thetic hand can be a good choice for relevant patients.
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Table 1. Design of the prosthetic hand grip scheme
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Figure 1. The prosthetic hand
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Figure 2. The structure of underactuated seven-link finger
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Figure 3. Grasping mode of the prosthetic hand
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Figure 4. Schematic diagram of the finger in the pre-griping stage
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Figure 5. Schematic diagram of the finger in the envelope stage
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Table 2. Design of knuckle length for four fingers
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Table 3. The optimization results of 6,, 8, and /, for four fingers
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Figure 6. Simulation results of angle relationship between middle phalanx and
distal phalanx of four fingers
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Figure 7. The Grasping mode of single finger
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Figure 9. The process of grip simulation
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Figure 10. The result of grip simulation
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Figure 12. Resettable linear ratchet mechanism
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Figure 13. The prosthetic hand has good bionic performance
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Figure 14. The prosthetic hand allows for an adaptive grip
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Figure 15. The prosthetic hand has a self-locking
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