
Design of Flat belts and pulleys - Selection of V belts and 
pulleys – Selection of hoisting wire ropes and pulleys – Design 
of Transmission chains and Sprockets.

UNIT I 

DESIGN OF FLEXIBLE ELEMENTS 

ME 8651 DESIGN OF TRANSMISSION SYSTEMS



Introduction

To transmit power from flexible elements such as belts,
chains and ropes are frequently used.

Pulleys are mounted on a shaft and a continuous belt or rope
is passed over them.

In belt and ropes, power is transmitted due to friction
between them and pulleys. In case of chain drives, sprocket
wheels are used.



BELT DRIVES

Belt drive is a mechanical drive in which the
driving and driven shaft are connected by a loop of
flexible material called as belt through pulleys
mounted on the shafts

The distance between the shaft is large, then belts 
(or) ropes (or) chains are used

It can absorb a good amount of shock and 
vibration
It can take care of some degree of misalignment 
between the driven and the driver machine shafts



Design

Material - Leather, Rubber, Plastics, 
Fabric 

No. of ply and Thickness 

Maximum belt stress per unit width 

Density of Belt material 

Coefficient of friction of the belt 
material 



Types of Belts

•Flat Belts

•V – Belts

•Ribbed Belts

•Toothed or timing belts



































































Sheave for Fibre Ropes

• The fibre ropes are usually circular in cross-section as shown in 
Fig.



Ratio of Driving Tensions for Fibre Rope

• A fibre rope with a grooved pulley is shown in Fig.

• The fibre ropes are designed in the similar way as V-belts. 

• We have discussed in V-belt that the ratio of driving tensions is



Pbm:1 A pulley used to transmit power by means of ropes has 
a diameter of 3.6 m  and has 15 grooves of 45° angle. The 
angle of contact is 170° and the coefficient of friction between 
the ropes and the groove sides is 0.28. The maximum possible 
tension in the ropes is 960 N and the mass of the rope is 1.5 kg 
per metre length. Determine the speed of the pulley in r.p.m. 
and the power transmitted if the condition of maximum power 
prevail.

GIVEN DATA:







PROBLEM: 1

















Chain Drive

In order to avoid slipping steel chains are used. The chains 
are made up of number of rigid links which are hinged together 
by pin joints

The toothed wheels are known as sprocket wheels or simply sprockets.
The sprockets and the chain are thus constrained to move together without 
slipping and ensures perfect velocity ratio.













































UNIT II 

SPUR GEARS AND PARALLEL AXIS HELICAL GEARS

Speed ratios and number of teeth-Force analysis -Tooth stresses -

Dynamic effects – Fatigue strength- Factor of safety - Gear materials

– Design of straight tooth spur & helical gears based on strength and

wear considerations – Pressure angle in the normal and transverse

plane- Equivalent number of teeth-forces for helical gears.































Problem:1





























Helical Gears

 A helical gear has teeth in form of helix around the gear. 

 Two such gears may be used to connect two parallel 

shafts in place of spur gears. 

 The helixes may be right handed on one gear and left 
handed on the other.





























UNIT III 

BEVEL, WORM AND CROSS HELICAL GEARS

Straight bevel gear: Tooth terminology, tooth forces and

stresses, equivalent number of teeth. Estimating the dimensions of

pair of straight bevel gears.

Worm Gear: Merits and demerits terminology. Thermal

capacity, materials-forces and stresses, efficiency, estimating the

size of the worm gear pair.

Cross helical: Terminology-helix angles-Estimating the size of 

the pair of cross helical gears.



Bevel Gear

A bevel gear is a toothed rotating machine element used to transfer

mechanical energy or shaft power between shafts that are intersecting,

either perpendicular or at an angle.

This results in a change in the axis of rotation of the shaft power. A side

from this function, bevel gears can also increase or decrease torque

while producing the opposite effect on the angular speed.



Geometry and Terminologies
To better understand gears and gear systems, one must 

first look at its terminologies. Below are some of the terms used to 

describe gears and their tooth profile. 



Pinion
The smaller bevel gear in a bevel gear set.

Gear
The larger bevel gear in a bevel gear set.

Pitch
Also known as circular pitch, is the distance from one point on a tooth to the 

corresponding point of the adjacent tooth on the same gear.

Pitch diameter
The diameter of the pitch circle. This is a predefined design dimension where 

other gear characteristics such as tooth thickness, pressure angles, and helix angles 

are determined.

Diametral pitch
The ratio of the number of teeth and the pitch diameter.

Pitch angle
The angle between the face of the pitch surface and the shaft axis.



Addendum
The upper outline of the gear teeth.

Dedendum
The bottom outline of the gear teeth.

Total depth
The radial distance between the addendum and dedendum circles of a gear. Note

that the teeth of a bevel gear are slightly tapered, thus the total depth is not constant

along the tooth. Because of this, the addendum and dedendum angles are used to

describe the teeth instead of the addendum and dedendum circles.

Addendum angle
The angle between the face of the upper surface of the teeth or top land and the 

pitch surface.

Dedendum angle
The angle between the bottom surface of the teeth or bottom land and the pitch 

surface.















































UNIT IV GEAR BOXES 

Geometric progression - Standard step ratio

- Ray diagram, kinematics layout -Design of

sliding mesh gear box - Design of multi speed

gear box for machine tool applications - Constant

mesh gear box - Speed reducer unit. – Variable

speed gear box, Fluid Couplings, Torque

Converters for automotive applications





































































UNIT V CAMS, CLUTCHES AND BRAKES 

Cam Design: Types-pressure angle and 

under cutting base circle determination-forces 

and surface stresses. Design of plate clutches –

axial clutches-cone clutches-internal expanding 

rim clutches Electromagnetic clutches. Band and 

Block brakes - external shoe brakes – Internal 

expanding shoe brake.
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