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Abstract— Conventionally the bi-cycle was primarily used to 

commute, i.e. To move from one place to other whereas 

nowadays cycling has taken up additional use in exercising, 

and sport. Conventional bi-cycles employ the chain drive to 

transmit power from the pedal arrangement to the wheel. 

Chain focused bi-cycle requires accurate mounting & 

alignment for proper working. Least miss-alignment will 

result in chain dropping. More over the drive is in-efficient 

hence the need of shaft driven bicycles have can be 

introduced due to highly developed gear manufacturing 

technology. The ‘chainless’ drive system helps to transfer 

energy from the pedals to the rear wheel. It is striking in look 

compare with chain focused bicycle having more efficiency. 

This Project introduces Design Development and Analysis of 

chainless bicycle with shaft drive that shall serve both 

purpose of commute and exercise.    

Keywords: Chainless Bicycle, Design Development and 

Analysis 

I. INTRODUCTION 

                                     A shaft-driven bicycle is a bicycle that 

uses a drive shaft instead of a chain to transmit power from 

the pedals to the rear wheel. Shaft drives were introduced 

over a century ago, but were mostly supplanted by chain-

driven bicycles due to the gear ranges possible with sprockets 

and derailleur. If bevel- gear could be accurately and cheaply 

cut by machinery, it is possible that gears of this description 

might supplant, to a great extent. Shaft-driven bikes have a 

large bevel gear where a conventional bike would have its 

chain ring. This meshes with another bevel gear mounted on 

the drive shaft. The use of bevel gears allows the axis of the 

drive torque from the pedals to be turned through 90 degrees. 

The drive shaft then has another bevel gear near the rear 

wheel hub which meshes with a bevel gear on the hub where 

the rear sprocket would be on a conventional bike, and 

canceling out the first drive torque change of axis.  

The design of bevel gear produces less vibration and 

less noise than conventional straight-cut or spur-cut gear with 

the straight teeth. The shaft drives only needs periodic 

lubrications using a grease gun to keep the gears running 

quite, smooth and efficient transfer of energy from the pedals 

to the rear wheel. It is attractive in look compared with chain 

driven bicycle. 

Recently, due to advancements in internal gear 

technology, a small number of modern shaft – driven bicycles 

have been introduced. The torque that is produced from the 

pedal and transmission must be transferred to the rear wheels 

to push the vehicle forward and reverse. The drive shaft must 

provide a smooth, uninterrupted flow of power to the axles. 

The drive shaft and differential are used to transfer this 

torque. The various functions of drive shaft are transmitting 

torque from the transmission to the foot pedal. During the 

operation, it is necessary to transmit maximum low-gear 

torque developed by the pedal and the drive shaft must be 

capable of rotating at the very fast speed required by the 

vehicle also operate through constantly changing angles 

between the transmission, the differential and the axles. 

 
Fig. 1: Actual Diagram of chainless bicycle. 

1) Pedal is operate to rotate the pedal gear. 

2) Pedal gear rotates the pinion set which will rotate the 

shaft drive. 

3) Shaft drive can be engaged with gear set-1 for low speed. 

4) Shaft drive can be engaged with gear set-2 for medium 

speed. 

5) Shaft drive can be engaged with gear set-3 for high 

speed. 

A. Objectives of Project  

1) Determination of foot force and system design of drive 

train through theoretical calculation of forces required 

for moving bicycle and development of model of the 

bicycle 

2) Design Analysis of speed changer mechanism, to 

validate the theoretical stresses and preparation of 

manufacturing drawings for the drive train and wheel 

drive mechanism 

3) Manufacturing of the bicycle along with the critical 

components of the system. 

4) Test and trial of the bicycle for different simulated 

conditions of bicycle speed. 

B. Design Methodology: (10 point agenda) 

1) Proposed Work: 

1) Literature review: Technical papers, white papers , patent 

documents , etc 

2) System design of robot design as for the component 

selection, geometry and profile selection, charge system 

selection, mounting & orientation. 

3) Mechanical design of components under given system of 

forces to determine functional dimensions of the 

components to be used using various formulae and 

empirical relations 

4) 3-D modeling of set-up using Unigraphix 

5) CAE of critical component and meshing using 

Hypermesh/ Ansys 

6) Mechanical design validation using ANSYS …critical 

components of the system will be designed and validated 
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7) Manufacturing, assembly of the device and test-rig for 

experimental analysis and validation. 

8) Testing and trial to derive performance characteristic of 

robot for different placement and orientation. 

9) Result discussion and thesis preparation.  

II. EXPERIMENTAL VALIDATION 

A. Results of Test: 

1) Effect change in Gear of vehicle on   

1) Bicycle speed 

2) Energy required to drive bicycle 

3) Distance travelled in unit time 

B. Design Methodology 

1) Mechanical Design: 

Mechanical design phase is very important from the view of 

designer .as whole success of the project depends on the 

correct deign analysis of the problem. 

Many preliminary alternatives are eliminated during 

this phase. Designer should have adequate knowledge above 

physical properties of material, loads stresses, deformation, 

failure. Theories and wear analysis, He should identify the 

external and internal forces acting on the machine parts 

These forces may be classified as; 

1) Dead weight forces 

2) Friction forces 

3) Inertia forces  

4) Centrifugal forces 

5) Forces generated during power transmission etc. 

Designer should estimate these forces very 

accurately by using design equations .If he does not have 

sufficient information to estimate them he should make 

certain practical assumptions based on similar conditions 

which will almost satisfy the functional needs. Assumptions 

must always be on the safer side. 

Selection of factors of safety to find working or 

design stress is another important step in design of working 

dimensions of machine elements. The correction in the 

theoretical stress values are to be made according in the kind 

of loads, shape of parts & service requirements. 

Selection of material should be made according to 

the condition of loading shapes of products environment 

conditions & desirable properties of material .Provision 

should be made to minimize nearly adopting proper 

lubrications methods. In, mechanical design the components 

are listed down & stored on the basis of their procurement in 

two categories. 

 Design parts 

 Parts to be purchased 

For design parts a detailed design is done & 

designation thus obtain are compared to the next highest 

dimension which is ready available in market. 

 This simplification the assembly as well as post 

production service work. The various tolerance on the work 

are specified. The process charts are prepared & passed on to 

the work are specified. 

The parts to be purchased directly are selected from 

various catalogues & specification so that anybody can 

purchased the same from the retail shop with the given 

specifications. 

C. Design of Pedal Shaft: 

 
Material Selection: -Ref :- PSG (1.10 & 1.12) + (1.17) 

DESIGNATION 

ULTIMATE 

TENSILE 

STRENGTH 

N/mm2 

YEILD 

STRENGTH 

N/mm2 

EN 24 

 
800 680 

1) ASME Code for Design of Shaft. 

Since the loads on most shafts in connected machinery are not 

constant, it is necessary to make proper allowance for the 

harmful effects of load fluctuations  

 According to ASME code permissible values of 

shear stress may be calculated form various relation. 

= 0.18 x 800 

= 144 N/mm2 

OR 

fs max = 0.3 fyt 

=0.3 x 680    =204 N/mm 

Considering minimum of the above values ; 

 fs max   = 144 N/mm2 

Shaft is provided with key way; this will reduce its 

strength. Hence reducing above value of allowable stress by 

25% 

 fs max   = 108  N/mm2 

This is the allowable value of shear stress that can be induced 

in the shaft material for safe operation. 

2) To Calculate Pedal Shaft Torque 

Note that torque at the pedal shaft is 200 x120 =2400N-mm 

 T design   =  2.4N-m 

3) Check for Torsional Shear Failure of Shaft 

Assuming minimum section diameter on input shaft = 15.6 

mm, Note that this dimension is the smallest section of the 

main shaft where the lobe plate is mounted, hence 

,(manufacturing consideration) 

 d = 15.6 mm 

Td =  

 fs act  = 16   x Td  

                       

=   16 x 2.4 x 10 3 

        

 fs act  = 0.032 N/mm2 

 As fs act   < fs all   

 Pedal shaft is safe under torsional load 

D. Main Shaft: 

1) Gear Main Shaft Second (17T) 

 CHECK FOR TORSIONAL SHEAR FAILURE OF 

SHAFT. 

Assuming minimum section diameter on input shaft = 16 mm 

as the pulley is to be mounted on shaft and minimum bore 

size that can be machined with dimensional tolerances is 

16mm 
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 d = 16 mm 

 

 fs act  =  16   x Td  

     

=             16 x 3 x 10 3 

       

 fs act  = 3.73 N/mm2 

As  fs act   < fs all 

 I/P shaft is safe under torsional load 

2) Design of Splines 

Material of Shaft EN24 

Sult = 800 N/mm2 

Sylt = 680N/mm2 

 fs all = 108 N/mm2 

D = Major diameter of splines  = 29  

d = Minor diameter of splines = 20 

L =Length of hub = 30  

n= No. of splines =10 

Torque transmission capacity of spines is given by; 

Tcapacity  = (1/8)pmLn(D2-d2) 

where ; pm = permissible pressure in splines =6.5 N/ mm2 

T = (1/8)x 6.5 x 30 x 10 x   (292-20 2) =107.493 x 10 3N-mm 

As;   Tcapacity    >   T design (3 N-m) 

Spline shaft is safe. 

E. Design of Spline Shaft: 

1) Material Selection:  

Ref :- PSG (1.10 & 1.12) + (1.17) 

DESIGNATION ULTIMATE TENSILE 

STRENGTH 

N/mm2 YEILD STRENGTH 

N/mm2 

EN 24 

 800 680 

2) ASME Code for Design Of Shaft. 

Since the loads on most shafts in connected machinery are not 

constant, it is necessary to make proper allowance for the 

harmful effects of load fluctuations  

 According to ASME code permissible values of 

shear stress may be calculated form various relation. 

= 0.18 x 800 

= 144 N/mm2 

OR 

fs max = 0.3 fyt 

=0.3 x 680    =204 N/mm 

considering minimum of the above values ; 

 fs max   = 144 N/mm2 

Shaft is provided with key way; this will reduce its strength. 

Hence reducing above value of allowable stress by 25% 

 fs max   = 108  N/mm2 

This is the allowable value of shear stress that can be induced 

in the shaft material for safe operation. 

3) To Calculate Worm Wheel Shaft Torque 

 

   60 

 Motor is 50 watt  power, run at 1000 pm, connected to Spline 

shaft by open belt drive  reduction ratio 1:5 

 T   =        60  x  P    

                       

=           60 X 50 

   

 T = 0.47 N-m 

Torque at input shaft = 0.47 x 5 =2.35 Nm 

Considering 25% overload 

 T design   =  1.25 x 2.35 = 2.93 = 3 N-m 

4) Check for Torsional Shear Failure Of Shaft. 

 d = 16 mm 

 

 fs act  =  16   x Td  

     

=             16 x 3 x 10 3 

    

 fs act  = 3.73 N/mm2 

As  fs act   < fs all 

 I/P shaft is safe under torsional load 

5) Design of Splines 

Material of Shaft EN24 

Sult = 800 N/mm2 

Sylt = 680N/mm2 

 fs all = 108 N/mm2 

D = Major diameter of splines  = 29  

d = Minor diameter of splines = 20 

L =Length of hub = 30  

n= No. of splines =10 

Torque transmission capacity of spines is given by; 

Tcapacity  = (1/8)pmLn(D2-d2) 

where ; pm = permissible pressure in splines =6.5 N/ mm2 

T = (1/8)x 6.5 x 30 x 10 x   (292-20 2) =107.493 x 10 3N-mm 

As;   Tcapacity    >   T design (3 N-m) 

Spline shaft is safe. 

6) Design of Spur Gear Pair for First Gear 

Power = 01/15 HP = 50 watt 

Speed = 200 rpm 

b  = 10 m 

Tdesign = 3 N.m 

Sult pinion  = Sult gear  = 400 N/mm2 

Service factor (Cs) = 1.5 

Gear pair  

Gear-1 = 11T 

Gear-2 = 35T 

dp = 16.5 

T = T design   =  3 N-m 

Now; T  =   Pt   x  dp 

   2 

ÞPt = 363 N. 

Peff= 

Neglecting effect of Cv as speed is very low 

Peff = 545    --------(A) 

Lewis Strength equation 

WT = Sbym 

Where ; 

Y= 0.484 – 2.86 

                       Z 

Þ yp = 0.484 -   2..86        = 0.224 

  11 

Þ Syp = 89.6  

Pinion and gear both are of same material 

Syp = 89.6 N 

WT = (Syp ) x b x m 
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=89.6 x 10m  x m 

WT= 896m2----------(B) 

Equation (A) & (B) 

896m2 = 545 

Þm=0.77 

selecting standard module =1.5 mm 

7) Gear Data 

No. of teeth on gear on main shaft=11 

No. of teeth gear on countershaft =35 

Module = 1.5 mm 

8) Design of Spur Gear Pair for Second Gear 

Power = 01/15 HP = 50 watt 

Speed = 200 rpm 

b  = 10 m 

Tdesign = 3 N.m 

Sult pinion  = Sult gear  = 400 N/mm2 

Service factor (Cs) = 1.5 

Gear pair  

Gear-1 = 17T 

Gear-2 = 29T 

dp = 25.5 

T = T design   =  3 N-m 

Now; T  =   Pt   x  dp 

   2 

ÞPt = 235N. 

Peff= 

Neglecting effect of Cv as speed is very low 

Peff = 352    --------(A) 

Lewis Strength equation 

WT = Sbym 

Where ; 

Y= 0.484 – 2.86 

       Z 

Þ yp = 0.484 -   2..86        = 0.315 

  17 

Þ Syp = 126.3  

Pinion and gear both are of same material 

Syp = 89.6 N 

WT = (Syp ) x b x m 

=126.3 x 10m  x m 

WT= 1263m2----------(B) 

Equation (A) & (B) 

1263m2 = 352 

Þm=0.52 

selecting standard module =1.5 mm 

9) Gear Data 

No. of teeth on gear on main shaft=17 

No. of teeth gear on countershaft =29 

Module = 1.5 

10) Design Of Spur Gear Pair For Third Gear 

Power = 01/15 HP = 50 watt 

Speed = 200 rpm 

b  = 10 m 

Tdesign = 3 N.m 

Sult pinion  = Sult gear  = 400 N/mm2 

Service factor (Cs) = 1.5 

Gear pair  

Gear-1 = 22T 

Gear-2 = 26T 

dp = 25.5 

T = T design   =  3 N-m 

Now; T  =   Pt   x  dp 

   2 

ÞPt = 182N. 

Peff = 

Neglecting effect of Cv as speed is very low 

Peff = 273    --------(A)   

Lewis Strength equation 

WT = Sbym 

Where ; 

Y= 0.484 – 2.86 

           Z 

Þ yp = 0.484 -   2..86        = 0.354 

   22 

Þ Syp = 141.6   

Pinion and gear both are of same material 

Syp = 89.6 N 

WT = (Syp ) x b x m 

=141.6 x 10m  x m 

WT= 1416 m2----------(B) 

Equation (A) & (B) 

1416m2 = 273 

Þm=0.43 

selecting standard module =1.5 mm 

11) Gear Data 

No. of teeth on gear on main shaft=22 

No. of teeth gear on countershaft =26 

Module = 1.5 mm 

12) Organization of Dissertation: 

1) ABSTRACT 

2) INTRODUCTION 

3) LITERATURE REVIEW 

4) CONSTRUCTION 

5) WORKING 

6) DESIGN 

7) ANALYSIS 

8) MANUFACTURING PROCESSES 

9) TEST AND TRIAL 

10) COST ANALYSIS 

11) BIBLIOGRAPHY 

13) Fabrication: 

Suitable manufacturing methods will be employed to 

fabricate the components and then assemble the test set –up.  

14) Facilities available: 

The following facilities to carry out fabrication work are 

available at sponsor site 

1) Centre lathe  

2) Milling machine 

3) DRO – Jig Boring machine 

4) Electrical Arc Welding 

5) Tachometer 

6) Load dynamometer 

F. Cost Analysis: 

1) Bill of Materials: 
SR NO. PART CODE   DESCRIPTION           MATERIALS     QTY                                                                
1. POWM-1 FRAME                 MS          01 

2. POWM -2 GEAR SET-wheel En24       01 

3. POWM -3 GEAR SET-shaft  En24       01 

4. POWM -4 Pedal shaft  EN9        01 

5. POWM -5 Wheel shaft  EN9        01 

6. POWM -6 CYCLE BODY  STD        01  
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7. POWM -7 Gear hub  EN24      01 

8. POWM -8 Transfer shaft housing EN24      01 

9. POWM -9 Fork                MS          02 

10.POWM –10 UD-CLUTCH-2  EN9        01 

11. POWM –11 FRONT WHEEL  MS          01 

12. POWM –12 BRG 6004 ZZ  STD        01  

13. POWM -13 BRAKES  STD        02  

14. POWM -14 STAND                MS          01 

15. POWM -15 BASE FRAME  MS          01 

16. POWM -16 BOLTS M6 X 35               STD        04 

17. POWM-17 BOLTS M10 X 35             STD        04 

G. Material Procurement: 

Material is procured as per raw material specification and part 

quantity. Part process planning is done to decide the process 

of manufacture and appropriate machine for the GENERAL  

MATERIAL USED 

EN24- ALLOY STEEL 

EN9- PLAIN CARBON STEEL 

MS-MILD STEEL 

STD- STANDARD PARTS SELECTED FROM PSG 

DESIGN DATA/MANUFACTURER CATALOGUE 

H. Raw Material Cost: 

The total raw material cost as per the individual materials and 

their corresponding rates per kg is as follows, 

Total raw material cost =  Rs4100/-  

 MACHINING COST 

OPERATION RATE 

Rs /HR TOTAL TIME 

HRS TOTAL COST Rs/- 

LATHE 80 28 2240 

MILLING 90 10 900 

DRILLING 60 4 240 

TOTAL 3380 

 MISCELLANEOUS COSTS 

OPERATION COST(Rs) 

GAS CUTTER 300 

FABRICATION 1200 

TOTAL 1500 

 COST OF PURCHASED PARTS: 

SR NO. DESCRIPTION   QTY COST 

1. BI-CYCLE BODY  01 1600 

2. HUB LOCKS     02 320 

3. GEARS                   08 1950 

4.            BEARINGS     02 180 

TOTAL COST 

TOTAL COST = Raw Material Cost +Machine Cost + 

Miscellaneous   Cost + cost of Purchased Parts +Overheads  

Hence the total cost of machine = Rs 14520/-  

I. Advantages: 

1) Shaft drive makes chain dropping zero 

2) Fast action of drive 

3) Compact 

4) Low weight 

5) Low cost 

6) Higher efficiency 

7) Dual use for exercise or travel 

8) More durability 

9) Less maintenance 

J. Disadvantages: 

1) Initial investment for tools is higher 

2) Complex to assemble 

K. Future Scope: 

1) Bicycle can be converted to electric drive using DC 

motors 

2) Disk brakes can be mounted 

3) Frame and Wheels can be made of carbon fiber to make      

bicycle light weight. 

III. DISCUSSION 

From bicycle manufacturing industry to discussing about 

different drive use to increasing efficiency of the bicycle. To 

doing manufacturing and assembling the part to create some 

problem this all problem are solve by the guidance of bicycle 

manufacture industry. 

IV. CONCLUSION 

The shaft driven bicycle would replace the existing 

conventional bicycle which runs by means of chain and 

sprocket arrangement. As the manual load given by the rider 

results in increased displacement of the bicycle, the human 

effort is reduced. It would be very advantageous for off road 

racing. It also requires less maintenance with a comparatively 

longer life. This system can be implemented for the high 

power vehicles, which are run by engines. This would 

definitely be a better transmission system and can be 

implemented for bikes. With some standardization of design 

and enhancement of the design it would generate a better 

output than that of the conventional system. 
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