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Abstract— to design an efficient and capable lower 

extremity exoskeleton with help of Theo Jansen’s strand 

beast mechanism. These types of exoskeletons are mainly 

used for rehabilitation purpose of patients who have 

temporarily lost their limb motor skills, which is used in 

physiotherapy with the help of these devices they again 

attain their ability to walk. One of the aspects of 

physiotherapy is repetitive movement of the affected 

limbs, thus an exoskeleton helps in this .The present 

exoskeletons available for lower extremities run with the 

help of hydraulics, pneumatics, hydro-pneumatics and 

complex circuitry. The exoskeleton which we have made 

its efficiency lies in its simplicity. It would hopefully 

reduce the cost drastically and would be commercially 

viable to common man.   
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I. INTRODUCTION 

The exoskeletons for lower extremities present now run 

on complex circuitries and multiple motors. This 

eventually increases their cost and reduces their 

commercial reach.   Currently there is a growing need to 

make this type of devices available to everyone. Our aim 

is to thus design an exoskeleton which would run on a 

single motor without any complex circuitries and thus 

would help to keep the cost low. The backbone of the 

working principle is to modify Theo Jansen’s strand beast 

mechanism to simulate the walking motion of human legs 

which will enable us to run this device with the help of 

one motor. 

II. THEORY AND CONCEPT 

A. Definition: 

Lower extremitiy exoskeleton: It can be defined as active 

mechanical device that is essentially anthropomorphic in 

nature and is worn by an operator and closely fits to his 

body. 

1) Physiotherapy:  

It is a science of treatment of disease by exercise, 

massage, heat, light or other physical agencies and use of 

drugs is avoided.  

B. Application: 

The only application of this device would be to assists 

physiotherapist in giving exercises to patients by making 

them walk, who have temporarily lost their ability to 

walk.   

C. Concept of lower extremity exoskeleton design: 

The concept was to use strand beast mechanism and 

modify it to give the motion of human walking legs. The 

dimensions were found by referring various research 

papers and by trial and error method by constructing a 

wooden model for the mechanism for better understanding 

of human motion. We converted it into 11 link mechanism 

(for one leg).The model was created in ProE 

 
Fig. 2.1: 

 
Fig. 2.2: 

D. Mass Properties of ProE models: 

Material  = Mild Steel 

Volume  = 1.88 e+06 mm3 

Surface area = 5.31e+05 mm2 

Average density = 7.85e-09 tonne/mm3 

Mass  = 1.478e-02 tonne 

Center of gravity = X Y Z -5.806e+01 -3.27e+02 -

1.05e+02 

III. MACHINE DETAILS 

Working of Machine - This machine exploits the single 

degree of freedom advantage of strand beast mechanism. 

The modified design helps to get single crank rotation 

which gives us the required motion of human walking 

legs. The stability of this design depends upon the 
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structure which is supported by wheels as shown in the 

figure. 

 
Fig. 3.1: 

IV. MACHINE AND DESIGN SPECIFICATION 

Machine Specifications of the prototype are as follows : 

A. Motor Specification:  

To give necessary torque to the crank. 

- Motor speed = 6000 rpm 

- Motor reduced speed= 60 rpm 

- Voltage = 12v 

- current = 0.25-2.5 amp 

- Power output = 18 Watt 

- Weight = 0.63 kg  

B. Battery Specification :  

To give necessary power input to the motor. 

- Voltage = 12v 

- current = 5 Amp-hr 

- Length= 8.9 cm 

- Width= 7 cm 

- Height = 10.1 cm 

- Weight = 1.6 Kg  

C. Dimension of linkages:  

To transmit the required motion to the lower limbs of the 

subject. 

Modified Dimension (Actual model) 

- DC   - 48    cm 

- OD    - 31.3 cm  

- OA    - 9.8   cm 

- AC    - 36.8 cm 

- EF     - 52.2 cm  

- AB   - 54.85 

- BD = ED = CG = FC - 23.5 cm 

- BE = GF  - 33.5 cm 

D. Dimension variation:  

To design an exoskeleton for a particular person, only 

his/her thigh length should be measured and rest other 

dimensions can be found by imperical relations we 

developed. 

- DC   - X    cm 

- OD    - 0.857 X cm  

- OA    - 0.2357 X   cm 

- AC    - 1.357 X cm 

- EF     - 1.071 X cm  

- AB   - 1.143 X cm 

- BD = ED = CG = FC - X cm 

- BE = GF  - 0.57 X cm 

E. Gear Specification:  

To achieve the required speed reduction so that 

mechanism would walk at prescribed speed of 25 rpm. 

Parameters Pinion Gears 

No. of teeth 16 38 

Module 2 mm 2mm 

Face Width 20 mm 20 mm 

PCD 32 mm 76 mm 

V. LITERATURE REVIEW 

A few papers were discussed about the different types of 

exoskeletons used for lower extremities. 

A. Mechanism Study 

- Design of an electrically actuated lower extremity 

exoskeleton 

- ADAM ZOSS and H. KAZEROONI , 

- Department of Mechanical Engineering, University of 

California, Berkeley, CA 94720, USA 

B. Dimension Calculation  

- Analysis and Synthesis of the walking  linkage of  

Theo Jansen with a Flywheel 

- Aan* and M. Heinloo - Argonomy Research 12(2), 

657-662,2014 

VI. CONCLUSION 

This machine is designed specifically for a person / 

patient undergoing physical rehabilitation. It consists 

mainly of a structure for balancing and supporting a 

power unit consisting of motor, battery and gears and a 

mechanism for transmitting the motion to the human legs. 
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