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ABSTRACT 

Based on the results achieved using experimental data and related mechanical analysis, the magnitude of  

loads that a bicyclist can apply on the pedal at his extreme power, is a function of angular coordinates of 

pedals. Therefore, the resultant of torques which these loads apply at the axle of pedals has an oscillation 

nature. To avoid transferring the oscillations produced by torques to the bicycle’s propellant wheel which 

causes fluctuations in the bicycle acceleration, a special power transfer system should be used. Designing of 

such mechanisms is the objective of this project. Foresaid design is a optimized instance of ordinary systems 

of mechanical energy generation using the method of pedaling, in which, for transferring the power from the 

pedal axle to the chain an ellipsoid chair wheel is used. 

Regarding to the properties of the new chain wheel, the way that it transfers the power, can decrease the 

frequent oscillations of torque at pedal axle. Thus, the procedure of accelerating of bicycle which uses this 

system of power transfer will be almost without oscillations. 
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1- INTRODUCTION 

Crank mechanism is the conventional method for 

converting the muscular energy to mechanical required 

to drive bicycles. A crank is an arm attached at right 

angles to a rotating shaft by which reciprocating 

motion is imparted to or received from the shaft. It is 

used to convert circular motion into reciprocating 

motion, or vice-versa. The arm may be a bent portion 

of the shaft, or a separate arm or disk attached to it. 

Attached to the end of the crank by a pivot is a rod, 

usually called a connecting rod. The end of the rod 

attached to the crank moves in a circular motion, while 

the other end is usually constrained to move in a linear 

sliding motion. 

The term often refers to a human-powered crank 

which is used to manually turn an axle, as in a bicycle 

crankset or a brace and bit drill. In this case a person's 

arm or leg serves as the connecting rod, applying 

reciprocating force to the crank. There is usually a bar 

perpendicular to the other end of the arm, often with a 

freely rotatable handle or pedal attached. 

 In this mechanism, the pedal claw applies the 

mechanical torque to the crank shaft [1-5]. 

The purpose of this study is to design a power 

transmission system in which the amplitude of the 

fluctuations in the torque generated by the drive axles 

to be lowest. Reduction in the amplitude of the torque 

being monotonic linear acceleration of the bike will 

follow. 

2- METHODOLOGY 

In this paper, a theoretical model of power 

transmission mechanism in the conventional bicycle is 

introduced. The model is approved via experimental 

tests. 

Considering the approved model, to optimize the 

torque fluctuation during each pedaling cycle, the 

profile of the pedal side`s sprocket wheel must be 

modified from circle curve to a semi elliptic one. 

The final step is to verify the performance desired 

wheel, chain wheel and built a prototype was installed 

on the bike. In this way, several works have been done 

by researchers [6-17]. 

The purpose of this experiment is to investigate 

how changes in the angular momentum of the 

applicable cyclist pedals to change the torque profile is 

based on the estimation of approximate geometric 

structures suitable for offered sprocket. 

3- RESULTS AND DISCUSSIONS 

For this purpose, we used a simple mechanism in 

which one end of the chain which is placed under 

traction of pedal side`s sprocket wheel, is jointed with 

a force meter [6-17]. The force meter`s load is adjusted 

with the torque applied to wheel axis. Multiplying the 

measured force by its distance from wheel axis, the 

maximum torque which a particular cyclist can apply 

to the sprocket wheel`s axis, in each pedal`s handle 

angular position, is calculated (Table 1).  

Table1: maximum torque applied in each pedal`s handle 

angular axis in conventional power transmission 

mechanism 

 
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The polar diagram, representing the applied maximum 

torque versus its pedal`s angular position is traced (Fig 1).  

 

Fig1: the applied maximum torque versus its pedal`s angular 

position 

The results determine that the maximum torque can be 

varied from 1.116Nm at 0 D. to 1.630Nm at 90 D. and that 

its variation trace is similar to an ellipse curve. The bicycle 

chain transmits this torque variation to the next sprocket 

wheel. Consequently, the result introduces a cyclic variation 

in bicycle acceleration. To avoid this undesirable effect, the 

applied torque has to be altered during each cycle time of 

pedaling. 

 Supposed that the muscular force which cyclist can 

apply to a pedal, in a given pedal`s handle angular position, 

is limited, the result torque can be modified if the wheel 

radius is varied. 

Therefore, to alter the variation of torque, we proposed a 

new pedal side`s sprocket wheel in which the wheel dents 

are arranged around an elliptic curve (Fig2). To install this 

optimal design sprocket wheel, it will be attention that its 

little diameter is aligned with the pedal`s handle (Fig3).   

 

Fig2: the proposed design for pedal side`s sprocket wheel  
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http://en.wikipedia.org/wiki/Reciprocating_motion
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Fig3: a prototype bicycle which is made based on the 

optimal design sprocket wheel  

To measure the maximum torque which a particular 

cyclist can apply on the optimal sprocket wheel axis in 

each pedal`s handle angular position, the above 

specified tests is repeated (Table 2). Comparing data in 

table 2 with respect to table 1, results that the proposed 

sprocket wheel can goodly altered the fluctuation of 

torque.   

   Table 2: maximum torque applied in each pedal`s 

handle angular axis in above specified tests of power 

transmission mechanism 

          

 

 

M 
1/33 1/34 1/34 1/33 1/32 1/33 /135 1/33 1/35 1/33 

        

 

 

M 1/33 1/35 1/33 1/35 1/33 1/32 1/33 1/34 1/34 1/33 

          

 

 

M 1/33 1/34 1/34 1/33 1/32 1/33 /135 1/33 1/35 1/33 

         

 

 

M 1/33 1/35 1/33 1/35 1/33 1/32 1/33 1/34 1/34 1/33 

4- CONCLUSION 

In this mechanism, the mechanical energy produced 

by the two methods was evaluated on a bicycle. After 

addressing the weaknesses of the existing mechanisms 

for the transfer of an optimal system of muscular 

energy to mechanical torque needed to move the bike 

was proposed. 

According to the forecast charts, graphs resultant 

torque than the angle of rotation of the pedal in a polar 

coordinate system will be an ellipse-like curve. 

Experimental results show that the mechanism will 

meet our demands and suitable mechanisms for the 

same torque is obtained. 

 

 

5- REFERENCES 

DOD, “Human Engineering Design Criteria for 

Military Systems”, Equipment, and Facilities, 

March 14, 1989.

[1]

DOD, “Human Factors Engineering for 

Intercontinental Ballistic Missile Systems”, 

SAMSO-STD- 77- 1, November 30, 1978.

[2]

DOD, “Human Engineering Requirements for 

Military Systems”, Equipment, and Facilities, 

MIL-STD- 46855, 1992.

[3]

DOE Order 430.1, “Life Cycle Asset 

Management”, Draft, August 24, 1995.

[4]

DOE Order 5480.23, “Nuclear Safety Analysis 

Reports”, 1995.

[5]

DOE Order 6430.1A, “General Design 

Criteria”, Life Cycle Asset Management, 1988.

[6]

DOE Order 430.1, “Life Cycle Asset 

Management”, 1995.

[7]

DOE Order 420.1, “Facility Safety”, 1985.[8]

DOE, “Human Factors Design Guidelines for 

Maintainability of Department of Energy 

Nuclear Facilities”, UCRL- 15673, June 18, 

1985. 

[9]

DOE, “Good Practice Guide”, No. 5, Test and 

Evaluation, August 18, 1995. 

[10]

DOE., “Good Practice Guide”, No. 7, Risk 

Analysis and Management, October 2, 1995. 

[11]

DOE, “Good Practice Guide”, No. 10, Project 

Execution and Engineering Management 

Planning, September 12, 1995. 

[12]

Grady, J.O., “System Requirements Analysis”, 

McGraw-Hill, New York, 1993. 

[13]

M. Denver. M, Aerospace, Systems Engineering 

Manual, SY- 1, 1987. 

[14]

Martin Marietta, “Human Factors Analysis for 

Engineering”, Energy Systems, X-OE- 649, 

January 13, 1995. 

[15]

Meister, D., “Behavioral Analysis and 

Measures”, John Wiley and Sons, New York, 

1985. 

[16]

L. Carr, D. de Roure, H. Davis, and W. Hall. 

“Implementing an open link service or the 

World Wide Web”, World Wide Web Journal, 

1(2) pp. 61– 71, 1998. 

[17]

 


