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Abstract

Since most prosthetic hands are actuated by motors, which are large, heavy, and difficult to carry,
this paper designs a modular SMA-actuators bionic prosthetic hand. Its quality is 188 g in total.
Each finger can be actuated and controlled independently. By coiling with a pulley block, it in-
creases the effective length of the SMA wire. A 3D model of the prosthetic hand is drawn, and Kki-
nematics analysis and simulation of the seven-link mechanism are carried out. Using MATLAB, this
paper verifies the joint range of motion and kinematic trajectories of the fingertip. The control
system is designed by taking STM32 as the controller and combing it with a multi-sensor. Through
experiments, the motion state of the artificial finger is verified. According to the results, the output
displacement of the SMA actuator can meet the driving distance requirements of the artificial fin-
ger, and the kinematic trajectories of the fingertip are consistent with the theoretical value which
can achieve the expected goal of design. The research solves the problem of short actuated dis-
placement of SMA and provides a design idea for using SMA as a new actuator and the mechanical
structure of bionic prosthetic hands.
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FAERNRRIEBEH R, FTUE AT PSSR AT % . NFR&ENARFIEL
WA 20 ANAEBE, HEAMIWBEEGDEHEEZ BB B ERRE NS SRS SR,
Bk 2010 4F, FRIE AR NBCIA S 2472 N, AR DS E0T) 30% [1]. B 7T a4k
o RS AT SR AN U], AR R IREN T RN A & RS ALK SR
Wz, HAEIRERZ, EERTFI, B RIS Et, AL E AR, A b
AR RS TR, BRI T WU T R &2 18], RIS n 1 R sh 25 B i S B0 XERE . Ay AR K 2 it
HI R IR S FLARH U T [2], BTN TR, g, HHE4 16 MEBE, B&Wmm RiG
P, (ERARER, I ENUT AR R EIE 942 9, 45 RBHAFARBE T ATHI NAIST hand 2 [3]PL &
P E TR OB P DLR FF[41FIFAAALE D E LR A A . AR AR SRSt A T T 0K, e
Shadow 2~ & il B AILIALH 3R Eh 475 42 RIGTF[5], R /R JEBE T2 e A ) AR A 1 22 T TRt D VU
F[6], (HRESARIEIRB A 2R R, HUKShEs AR, 82 HishE 24¢, X1
SRR, AR T AT R B4 Ul & o — AN AR AR ] R

BEE R R RS, B2 RN TS ARG 2. BlanfERid iz 4 4 (shape material
alloy, SMA). WLFRAZH . A HFR AR T3t R R = 450 . L EAE R, SMA fE—F
P R BL, 7S MRS RN, T DME R E BT TEAR, BB S A2 DL R 1)
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A SMA M ER, Ni-Ti &4l T HEMRM A . dl s ms 2 NH. Ni-Ti &4 54 ZHIRs)
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HHRRIRR S, FHRRT Y 7 &I, IR E G R B B, e T FREamiaEd, SH7T
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AV TA S, 295 NFH bR RST st 7 Fa4i[21] [22], b adiadg. fie. TaE.
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Figure 1. Bionic hand 3D-model
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Figure 2. Bionic hand physical prototype
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Figure 3. Diagram of finger joint structure
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VEBRTAR IR BNE, N2 B BRI shas e 52 DL A A B tH e 70, SMA 2252 —Fib ) B ELBL A ) Y
REARL, ARBIHEET SMA 22, it 7 —Fgiakah#s, SMA 22 2K 350 mm, E 484 0.3 mm, 5K
SR 4 Fis, 1ZRE0 8 I . SMA 2RS4 R LA, WEhss MK E N 54 mm. H
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2.2.2. SMA IRzh=8¥EHIi T
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Figure 4. Structure diagram of new SMA actuator
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Figure 5. Bionic prosthetic hand control system
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Figure 6. Schematic circuit diagram
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Figure 7. Structure of single finger
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Table 1. Design parameters for multi-link driving mechanism

* 1 SEFEHINESEE

HEMS Ly L, L3 Ly Ls Le Ly
R L BC L CF L DF L El L_DH L_FI L_H)J
K- (mm) 8 31.8 148 31 265 227 7.9
EMS Lg Lo L1o Li L1 Li3 L1
AT L1 LIL L L L_HK L KL L LM L KM
K JE (mm) 5.7 33.7 28.3 345 6.9 28.4 32.2

Figure 8. Mechanism schematic diagram of finger
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PRI HATEE M, HATBE TR T
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RNk R AR TR e P, W IRShAT LA 20°/s Ol B )i e ), i EETIEN 2s, SBKAN 0.1s, AEIMER
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Figure 9. Experiment platform

Eo. LwFEE

12

o
T

IR B #5A7# /mm
o

0 1 2 3 4 5
IS

Figure 10. Displacement changes of actuator
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Figure 12. Fingertip trajectory curve
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