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Abstract: In this paper, we intend to elaborate a new prosthetic 

mechanical system used in the human lower limb structure knee 

joint disarticulation. The prosthetic system includes a cam 

mechanism that assures the angular amplitude corresponding 

to the one created by the human knee joint but it also ensures 

the damping necessary for extension/ flexion process fulfilment.  

The design of this prosthesis includes a kinematic and dynamic 

study of the human lower limb with a view to obtaining the 

connection forces and the motion law developed at the knee 

joint level. By means of this important data, we will be able to 

establish some dimensions and to adapt the new prosthetic 

system to the human lower limb structure. The new mechanism 

has a FESTO shock absorber integrated in his structure. 
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1. INTRODUCTION  
 

As far as knee prostheses are concerned, they are made up 

of mechanisms developed to ensure a complete flexion process 

for different human activities (walking, stair climbing, 

changing the body position, etc.). For example, figure 1 shows 

the Otto Bock 3R95 mechanism as an ordinary prosthesis 

mechanism.  At present, different prosthetic mechanism types 

are used in this special field of biomechanics, but none of them 

uses cam mechanisms. One also knows the advantages and 

disadvantages for all prosthesis types used for amputees. 

The main characteristics that have to fulfil an ordinary 

prosthesis mechanism are: construction simplicity, low weight, 

shockless amortization, easy dumper coefficient adjusting 

possibility, etc.  We consider the fabrication costs a main 

disadvantage. From this viewpoint, modern knee prosthesis 

cannot be cheap in order to be accessible for any social citizen 

category. 

By implementing a cam mechanism in a new prosthetic 

mechanism design, we took into account the main 

characteristics and the fabrication price in such a manner, that 

the new prosthesis mechanism can achieve high performances 

at a low price acquisition point. 

In the other paper (Copilusi et al., 2009) significant results 

were got by implementing a cam mechanism in ankle prosthesis 

structure.  

By taking into account the experimental cinematic analysis 

in the PhD Thesis (Copilusi, 2009) performed by means of 

SIMI Motion, (SIMI Reality Motion Systems GmbH, 2007) at 

the Faculty of Physical Education and Sport, University of 

Craiova, we obtained the angular amplitude for human knee 

joint.  Figure 2 shows the walking process. The angular 

amplitude developed by a male lacking locomotion disability 

was 46 degrees.  We obtained the kinematic parameters by 

means of video capture and image analysis. The diagram in 

figure 2 made us conclude that the prosthesis must take into 

account the angular amplitude at the knee joint, which is 

40…65 degrees.  

 

                       
Fig. 1. Otto Bock 3R95 knee prosthesis mechanism 

 

 
Fig. 2. Knee angular displacement, – flexion/extension, 

depending on time 

    

2. DYNAMIC MODEL ELABORATION 

EQUIVALENT TO HUMAN LOWER LIMB 
 

We elaborated the mathematic model for the human lower 

limb inverse dynamic analysis (figure 3) by taking into account 

the experimental kinematic analysis (Dumitru & Nanu, 2008). 

Using an algorithm performed in MAPLE program, we 

calculate the connection forces of the mathematic model 

kinematic joints (Copilusi, 2009).  

 

 
Fig. 3. The human lower limb kinematic scheme 



 

 

The relations for computing these connection forces, by 

considering the Lagrange multipliers are:   
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The connection force component variation for the knee joint 

is presented in figure 4. With this connection force we can 

develop a mechanical system used in a new prosthesis design 

and it help us to create virtual simulations in order to validate 

the mechanical system proposed to use in the new prosthesis 

structure. 

 

3. THE NEW PROSTEHSIS SYSTEM DESIGN 
 

Regarding the anterior data, the best mechanism which can 

be implemented on the prosthesis structure was a cam 

mechanism. We integrated the FESTO YSR-20-25-C shock 

absorber in the prosthesis resistance structure, which enables 

some axial adjustments with a view to establishing the 

prosthesis alignment. Figure 5 shows the new knee prosthesis 

design. This is where we identify 1-femur component, 2-

cilindrical joint, 3- cam follower, 4- cam, 5- tibia component, 6-

FESTO shock absorber, 7-aditional shock absorber mechanism.  

After simulating the virtual model and validating the cam 

mechanism through calculation, we executed and adapted this 

prosthesis in accordance with an amputee's needs and 

suggestions (Dumitru & Margine, 2000). In figure 6, we present 

an aspect from the new prosthesis experimental tests. 

 

 
Fig. 4. The variation of the connection force for the knee joint 

on z direction 

 

        
Fig. 5. Virtual model of the prosthesis used in human knee 

disarticulations 

                
Fig. 6. The new knee prosthesis and an aspect from the new 

prosthesis experimental tests achieved with SIMI Motion 

software 

 

4. CONCLUSIONS 
 

 The cam mechanism represents the novelty element of this 

prosthesis. We perfectly adapted this mechanism, which obeys 

the imposed conditions, to the prosthesis structure. The 

amplitude developed by the new prosthetic mechanical system, 

which replaces the knee joint functions (flexion/extension in 

walking activity), was 63 degrees (figure 7). This value is 

comparable with the one of a human subject without 

locomotion disabilities (about 40°… 65°). This confirms the 

prostheses improvement used in human lower limb amputations 

from above the knee disarticulations. The next research step 

will be to perform other experimental tests, (stairs climbing, 

dancing, running, etc.) in order to improove the quality of this 

prosthesis type. In the future we want to apply the theoretical 

methods used for this prosthesis design, on a new human lower 

limb orthoses development.  

 

 
Fig. 7. The new prosthesis flexion/extension angular 

displacement variation, depending on time 
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