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Low-Cost and Lightweight Trans-Radial Prosthesis with Three Opposed Fingers
Considering Functionality and Design

*3 %4

Masahiro Yoshikawa*!*2, Yuya Taguchi*!*2, Shin Sakamoto*3, Shunji Yamanaka ,

Yoshio Matsumoto*2, Tsukasa Ogasawara*! and Noritaka Kawashima*®

At present, there are body-powered hooks and myoelectric prosthetic hands that trans-radial amputees can use for

work. Though the body-powered hook has good workability in detailed works, the design of the hook spoils its ap-

pearance and the harness impairs the feelings of wearing. The myoelectric prosthetic hand has a natural appearance

similar to the human hand and intuitive operability with a myoelectric control system. However, it is high cost and

heavyweight. Because of these problems, many amputees use cosmetic prostheses especially in Japan. In this paper,

we report a low-cost and lightweight electric prosthesis with three opposed fingers considering functionality and de-

sign. A simple mechanism to control fingers by a linear actuator contributes to satisfactory workability, lightweight,

and low cost. A control system using an inexpensive distance sensor allows intuitive operability as the myoelectric

sensor at low cost. A socket is easily removable so that users can wear properly as the situation demands. It has a

sophisticated appearance as a tool and can be produced by a 3D printer. The total weight of the hand and socket is

300 [g]. Evaluation tests utilizing Southampton Hand Assessment Procedure (SHAP) demonstrated that developed

prosthesis was effective to operate light objects for daily use.
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Fig.1 Appearance of the developed prosthesis (left hand)
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Fig.2 Sectional view of the hand (top view)

Table 1 Specifications of the linear actuator

Weight 34 [g]
Stroke 30 [mm]
Gear Ratio 100:1
Maximum Force | 23 [N]
No-Load Speed | 12 [mm/s]
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Fig.5 Comparison of possible grasp pattern between a conven-
tional three finger hand and proposed hand
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Fig.6 Photograph and structure of the distance sensor
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Fig. 7 Flow chart of operation system
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Fig.8 Socket and hand holder
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Table 2 Specifications of the proposed prosthesis

Weight (hand+socket) | 300 [g]
1s]
6 [h]

5.8 N]

Time from Close to Open
Battery Life (500 [mAh])
Max Pinch Force
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Fig.9 Grip force measured by force sensors
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Fig.11 Six types of grasps by the prosthesis
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Fig.12 Sensor-skin distance value of the subject

Fig.13 Photograph of the SHAP test
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Table 3 Results of abstract object tasks

Time [s] (Weight [g])
Grip type
Light Heavy
Sphere |5.1|(18)| 9.8 |(530)
Tripod |5.1| (1) | 65 | (21)
Power |4.8|(12)| 8.1 |(530)
Lateral |6.0| (2) | Failure | (143)
Tip |62 (1) | 50 | (71)
Extension | 6.5 | (21) | 6.1 | (236)

Table 4 Results of daily living activities tasks

Task Time [s]
Pick up coins *
Undo buttons Failure
Food cutting Hx
Page turning 13.0
Remove jar lid Failure
Pour water from jug Failure
Pour water from carton 33.2
Move a full Jar Failure
Move an empty tin 9.6
Lift a tray 10.5
Rotate a key 15.0
Open/Close a zip *
Rotate a screw Failure
Rotate a door handle 5.1

* The participant succeeded in the task when he spent
over 100 seconds.

** The participant succeeded in the task when he
started it holding the tool.

£ < (Pour water from carton), Z&H%FH EIFA (Move
ML A EZMFETESL LTS (Lift a tray), #
R7NY RVEHLTIFS (Rotate

an empty tin),
%3 (Rotate a key),
a door handle) T3 5.
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HFMATIROLITHER 2 DIFH LW, A 72 RTIE/ 8
TR CIMEZ G T 5 2 L IC K D ERTE .

EHRTE RV, EroFEE/T (Remove jar 1id), &
FABOFIEN v TIZA- 72K EES (Pour water from jug),
KDY v Z2FH EIFS (Move a full Jar) &Wwoiz, 150 =
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T H L 72 OFHLIEEE L v,
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bERDDHY, INHORIZHE L TRSROMEAVLETD 5.

ES & &

Mk, Bletk, 250k Eotkgerte 7 A Y HIcER
e - KX MoEERERRFEHRE L. Ny Ny =7
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RLHEEFDECBNTENTHLZ L E2MRALT.

L1213 SHAP 7 A F CHEWHI SN BREZ R L, X0 %
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