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Development of an Electronically Controlled Knee-"Type
Prosthetic LLeg with a 4-Bar Linkage Structure for
Lower Limb Amputee
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Ji-Woon Lee!, Hyun-Soo Woo?, Dong-Young Ahn®, Min Jo*, Hak Yi°, Ki-Young Kim

Abstract: Lower limb amputees are increasing due to various reasons. It is difficult for lower limb
amputees to walk without an assistive device such as a prosthetic leg. In this paper, an electronically
controlled knee-type prosthetic leg with a 4-bar linkage structure for lower limb amputees was
developed. The knee-type prosthetic leg has a 4-bar linkage structure and assists walking by using an
integrated drive module. The torque is 90 Nm, the rotation speed is up to 120 deg, and it weight 1.9 kg,
so it is lighter than a commercial prosthetic leg, so it can be used for a long time because there is less
fatigue when walking. An integrated control board was developed by applying various sensors and
microprocessor. The motor drive and encoder are built into the integrated drive module. The integrated
control board and integrated drive module communicate using CAN. When a lower limb amputee
wears a knee-type prosthetic leg and walks, it shows a shape similar to the swing phase graph of a
normal people, and it is possible to walk naturally while walking.
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[Table 1] Developed Prosthetic knee specification

. Ossur . Developed
Prosth Inh 112
rosthetic Knee Power Knee!'! nha Univ Prosthetic Knee
Height (mm) 275 313 272
5.0
ight (k; 1 1.

Weight (kg) 3 (No battery) 9

RoM (deg) 0-120 0-155 0-120
Torque (Nm) 96 N/A 90
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[Fig. 1] Kinematic configuration of the deveeoped prosthetic knee
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[Fig. 2] The ICR configuration of the prosthetic knee in stance
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[Fig. 3] ICR trajectory of the kinematic structure
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[Fig. 9] The integrated motion controller
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[Table 2] The summary of the voluntary amputee
Subject No No. 1 No. 2
Height (cm) 181 167
Weight (kg) 73.3 70.6
Side Right Left
Walking velocity (level walking) | 0.70 m/sec | 0.55 m/sec
Walking velocity (ramp walking) | 0.50 m/sec | 0.40 m/sec
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[Fig. 13] The clinical experiments of the proposed prosthetic
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[Fig. 14] The walking data of the voluntary amputee No.1
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(Upper graph: left, amputated side, Lower graph: right, normal side)

[Fig. 15] The walking data of the voluntary amputee No.2

[Table 3] Dynamic max torque comparison

Prosthetic Knee Dynamic max torque (Nm)
Ottobock TITAN Zero
Ottobock 3R60 Zero
Developed Prosthetic knee 18
MIT CSEA Knee 40
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