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This paper presents the des~gn and development of an electrical above knee prosthesis, 
which works as a passi~ e knee prosthesis in part of gait cycle phases and as an act~ve 
knee prosthesis during other portions. During the passive mode, the system works as a 
non-holonomic system, and the dynamic coupling between the thigh segment and the 
knee prosthesis is used to control the prosthesis. Therefore, this knee prosthesis is 
designed to be back-drivable in passlve mode. In order to present a proper design for the 
knee prosthesis, the mechan~sm synthesis and analysis for the proposed back-drivable 
semi-active knee prosthesis are covered in th~s  paper. 

1. Introduction 

In the past, walkers, crutches, open socket peg legs, wheelchairs were used 
to help amputees to walk; but with limitations. Therefore, there was a need to 
develop a more efficient prosthesis to restore the lost locomotive functions for 
the amputees. Hence, the research in prostheses field has started in MIT since 
70's of the last century [l-41. Furthermore, commercial adaptive passive 
prostheses were developed; such as Otto Bock C-Leg, Blatchford smart IP+[5], 
and Ossur's Rheo Knee. These passive prostheses interact with the amputee's 
healthy segments according to the passive dynamic walking concept which was 
introduced by McGeer [ 6 ] .  This concept provides an excellent technique to 
generate a natural gait for a biped by using inertia between segments. Therefore, 
an amputee's hip is considered the main engine source to control the inertia 
interaction between thigh and prosthesis knee as shown in figure 1. This 
technique is called voluntary control for the prostheses. However, adding more 
energy at hip to control produces uncomfortable walking experiences for the 

+ Academic staff of Des~gn and Production Engineering Department, Mechanical Eng~neering, 
Faculty of Engineering, Aln Shams University, Ca~ro, Egypt. 















G, = m,ga sin oh + msg[Lt sin oh + b sin(0h + ek)l 
G, = mSgb sin(Oh + 0,) 

aycop -- 
doh 

- (e - f )  cos(Oh + 0,) + Lt sineh + Lssin(Oh + 0,) 

References 

W.C. Flowers, "A Man-Interactive Simulator System for Above-Knee 
Prosthetics Studies", Department of Mechanical Engineering, PhD Thesis, 
MTT, 1972. 
W.C. Flowers, "Use of an Amputee-computer Interactive Facility in 
Above-Knee Prosthesis Research", Proceedings of the 1974 Annual 
Conference -Volume I, Association for Computing Machinery (ACM), 
New York, 1974. 
D. R. Lampe, "Design of A Magnetic Particle Brake Above-Knee 
Prosthesis Simulator System", Department of Mechanical Engineering, 
PhD Thesis, MTT, 1976. . 
B. Hunter, "Design of self-contained, active, regenerative computer 
controlled above-knee prosthesis", Department of Mechanical Engineering, 
PhD Thesis, MIT, 198 1. 
S. Zahedi, A. Sykes, S. Lang and I. Cullington, "Adaptive prosthesis- a 
new concept in prosthetic knee control", Roboica, Cambridge University 
press, vol. 23, pp.337-344, 2005 
T. McGeer, "Passive walking with knees", IEEE International Conference 
on Robotics and Automation, Cincinnati, OH, USA, May 13-18, 1990. 
F. C. Sup and M. Goldfarb, "Design a Pneumatically Actuated 
Transfemoral Prosthesis", Proceedings of IMECE2006, ASME 
International Mechanical Engineering Congress and Exposition, Nov. 5-10, 
2006, Chicago, Illinois. 
K. Fite, J. Mitchell, F. Sup, and M. Goldfarb, "Design and Controlled of an 
Electrically Powered Knee Prosthesis", JEEE International Conference on 
Rehabilitation Robotics, Noordwijk, The Netherlands, June 12-15, 2007. 
Bedard et al., "Actuated Leg Prosthesis for Above-Knee Amputees", 
United States Patent, US 7,3 14,490 B2, Jan. 1,2008. 
B. Lambrecht and H. Kazerooni, "Design of a Semi-Active Knee 
Prosthesis", IEEE International Conference on Robotics and Automation, 
Kobe, Japan, May 12-1 7,2009. 


