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ABSTRACT 

Human powered rickshaws are assembled locally with inadequate 

knowledge of design optimisation. Rickshaws so designed adversely affects the 

health of the rickshaw operators, resulting in low back pain, knee injuries, neck 

pain, heart and respiratory problems. In order to modify the existing design of the 

rickshaw for improved efficiency and performance of the operators, the force 

exerted on the pedal, saddle region and on the handlebars need to be known. In 

addition, the joint moments developed at the hip, knee and the ankle required 

attention. The pedalling technique of the rickshaw, which includes the tangential 

and normal components of the driving force and the pedal orientation over its 

spindle have not yet been investigated by the engineers and ergonomist. A 

thorough understanding of the pedalling process, energy consumption, and 

muscular activity could lead to improvement in efficiency of the operator and also 

play an important role in reducing the ailments. 

The pedal forces, saddle forces and the forces exerted on the handlebars 

were computed using free body diagram of the rickshaw. A pedal dynamometer 

was developed to calculate the normal and tangential components of the driving 

force to the pedal. Pedal orientation was obtained by video analysis and hence 

the pedalling technique of the rickshaw operators was defined. Relying on a 

biomechanical model of the leg-rickshaw as a five -bar linkage, the kinematics of 

leg and joint moments at hip, knee and ankle were computed. At constant 
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average power of 185W, the effect of the seat tube angle and seat height on the 

joint moment cost function was studied. Sensitivity analysis of both the variables 

show that seat height is more sensitive than seat tube angle. Optimisation search 

was made for the combination of variable values that minimise the cost function. 

Seat tube angle 76° and seat height equal to 97% of trochanter leg length 

corresponds to the cost function global minimum. Vol response was obtained for 

the operators under conditions similar to the normal plying of the rickshaw. 

Increase in oxygen consumption was observed while changing the optimal 

parameter. The 74.96° saddle angle and saddle height equal to 96 % of 

trochanter leg length was found for minimal oxygen consumption. 

An EMG amplifier was developed and employed for observing the muscular 

activity of eight major muscles of the leg. The adverse effects of power line, cross 

talk, and low-level signal reception, which complicate the definition of muscle 

activation timing and relative intensity of the activity, have been separated via an 

independent component analysis technique. Integrated EMG was calculated for 

muscular activity analysis and median power frequency was used as an index for 

the rate at which the muscle fatigues. Several important conclusions have been 

drawn from the present study. Muscle activity patterns are not strongly related to 

seat tube angle and seat height; the level of muscle activity, however, is 

significantly affected by these variables. The saddle angle equal to 76° and seat 

height equal to 97% of trochanter leg length are found to be optimal for the 

activity of the muscles considered. Optimal activities of the muscles do not agree 

with the least oxygen consumption, but correlates well with the joint moments of 
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the leg. Quadriceps and gastrocnemius loading increases when seat height is 

lowered. The gluteus maximus and gastrocnemius muscles fatigue earlier while 

pedalling, other than the optimal value of saddle angle. The activity of tibialis 

anterior and hamstrings is not so serious so as to cause muscle fatigue. 

Examination of the kinematics pattern of lower limb indicates that major 

adaptation due to seat height increase occurs at the knee. The hip moment is 

most sensitive to the variation in seat tube angle. Ankle plantar flexion increases 

as the seat height increases and the seat tube angle decreases. In conclusion, it 

is recommended that the optimal position of the saddle should be adopted for 

obtaining maximum efficiency and causing minimum stress to the rickshaw 

operators. 
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