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Classifications of Machine Design 

 Adaptive design 

 The designer’s work is to adaptation of existing designs.  

 The designer makes minor alteration or modification in the 

existing designs. 

 Development design 

 This needs considerable scientific training and design ability to 

modify the exiting design into new idea.. 

 New design 

 It needs lot of research, technical ability and creative thinking. 
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General Considerations in 

Machine Design 
 Types of load and stresses caused by the load 

 Motion of the parts or kinematics of the 

machine 

 Selection of materials 

 Form and size of the parts 

 Frictional resistance and lubrication 

 Convenient and economical features 

 Use of standard parts 
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General Procedure  
 Make a complete statement about the problem, 

indicating the purpose of designing. 

 Select the possible group of mechanisms  

 Find the forces acting on each member of the 

machine 

 Select the suitable material 

 Find the size of the each member 

 Draw the detailed drawing of each component  
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 Safety of operation 

 Workshop facilities 

 Number of machine to be manufactured 

 Cost of construction 

 Assembling 
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Belt Drives  
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WHAT ARE BELT DRIVES 
 A belt drive is a method of transferring rotary motion between 

two shafts. 

 A belt drive includes one pulley on each shaft and one or more 

continuous belts over the two pulleys. 

 The motion of the driving pulley is, generally, transferred to the 

driven pulley via the friction between the belt and the pulley. 

 Generally belt drives are friction drives. 

 A Belt is a looped strip of flexible material, used to 

mechanically link two or more rotating shafts. 

 A pulley is a wheel with a groove between two flanges around 

its circumference. Pulleys are keyed to the shafts. 
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TYPES OF BELTS 

There are 4 types belts used in belt drives they are as follows: 

Flat belts 

shaft distance 5 to 10 meters, low 

power, high speed 

Round belts  

smaller initial tension,  

absence of vibration and noise,  

high power, shaft distance > 5 meters 

V belts  

shaft distance < 2 meters, high 

power, moderate speed 

Timing Belts  

positive drives, precise, reliable  
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ROUND BELT 

 Round belts are a circular cross section belt 

designed to run in a pulley with a circular (or 

near circular) groove. 

 The circular belt or rope is mostly used in the 

factories where a great amount of power is to 

be transmitted from one pulley to another, 

when the two pulleys are more than 5 meters 

apart. 

FLAT BELTS 

 Flat belts find their widest application 

where high-speed motion, rather than 

power, is the main concern. 

 Flat belts are made from leather, woven 

cotton, rubber, balata  (wood gum). 
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‘V’ BELTS 

 The strength of these belts is obtained by 

reinforcements with fibers like steel, 

polyester. 

 V-belts are far superior to flat belts at 

small center distances and high reduction 

ratios.  

 Require larger pulleys than flat belts 

because of their greater thickness.  

 The "V" shape of the belt tracks in a 

mating groove (or sheave) in the pulley, 

with the result that the belt cannot slip off. 

‘V’ BELTS 

 The strength of these belts is obtained by 

reinforcements with fibers like steel, 

polyester. 

 V-belts are far superior to flat belts at 

small center distances and high reduction 

ratios.  

 Require larger pulleys than flat belts 

because of their greater thickness.  

 The "V" shape of the belt tracks in a 

mating groove (or sheave) in the pulley, 

with the result that the belt cannot slip off. 
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TIMING BELTS 

 Also known as Toothed, Notch or Cog 

belts are a positive transfer belt and can 

track relative movement.  

 These belts have teeth that fit into a 

matching toothed pulley . 

 They are often used to replace chains or 

gears, reducing noise and avoiding the 

lubrication bath or oiling system 

requirement.  

 Requires the least tension of all belt drives 

and are among the most efficient.  

TIMING BELTS 

 Also known as Toothed, Notch or Cog 

belts are a positive transfer belt and can 

track relative movement.  

 These belts have teeth that fit into a 

matching toothed pulley . 

 They are often used to replace chains or 

gears, reducing noise and avoiding the 

lubrication bath or oiling system 

requirement.  

 Requires the least tension of all belt drives 

and are among the most efficient.  
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Types of Belt drives based on the arrangement are as follows 

 OPEN BELT DRIVES 

 CROSSED OR TWIST BELT DRIVES 

 BELT DRIVE WITH IDLER PULLEYS 

 COMPOUND BELT DRIVE 

TYPES OF BELT DRIVES BASED ON 

ARRANGEMENT 
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OPEN BELT DRIVE 

 The Open belt drive is arranged with 

shafts arranged parallel and rotating in 

the same direction. 

 The driver pulls the belt  from one side 

and delivers it to the other side thus the 

tension in the one side belt will be more 

than that in the other side belt. 
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CROSSED OR TWIST  BELT DRIVE 

 The crossed  or twist  belt drive is 

used with shafts arranged parallel 

and rotating in the opposite 

directions. 

 The tension in the tight side will 

be more than the slack side. The 

point where the belts rubs against 

each other and there will be 

excessive wear and tear. 

 To avoid this the shafts should be 

placed at a maximum distance of 

20b where b is the width of the 

belt and the speed should be less 

than 15 m/s. 
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COMPOUND BELT DRIVE 

 A compound belt drive is used 

when power is transmitted from 

one shaft to another through a 

number of pulleys. 

  The belts are connected in such 

a way that the driver moving one 

system of drives is 

simultaneously moving the other 

connected system. 
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IDLER PULLEY 

1) Adjust tension and slack in the belt  

2) Increase the belt contact area with pulley 

3) To make drive compact 
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APPLICATIONS 

DRILLING 

MACHINE WITH 

SPEED CONE 

PULLEYS 

A OPEN BELT DRIVE 

IN A JIG-SAW 

MACHINE 

LATHE 

MACHINE WITH 

SPEED CONES 

AND TIMING 

BELT 

SKIVING 

MACHINE 
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A PLANAR 

MACHINE WITH 

GUIDE PULLEYS 

A GUIDE PULLEY BELT 

DRIVE IN SPINDLE  

MOULD MACHINE 

A FLAT BELT IN A 

CIRCULAR SAW 

MACHINE 

A TIMING BELT IN LATHE 

MACHINE 
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TIMING BELT OF AN AUTOMOBILES 

MECH-KIOT 



MECH-KIOT 

Various Types of Belts 
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Flat Belts 
Flat Belt arrangement 

Open loop 



Flat Belts 

Closed loop (reversing) 
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V-Belts 
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Advantages of belt drive 

 They are simple. They are economical. 

 Parallel shafts are not required.  

 Overload and jam protection are provided.  

 Noise and vibration are damped out. Machinery life is 
prolonged because load fluctuations are cushioned 
(shock-absorbed).  

 They are lubrication-free. They require only low 
maintenance.  

 They are highly efficient (90–98%, usually 95%). Some 
misalignment is tolerable.  

 They are very economical when shafts are separated by 
large distances.  
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Disadvantages of belt drive 
 The angular-velocity ratio is not necessarily constant or equal 

to the ratio of pulley diameters, because of belt slip and 
stretch.  

 Heat buildup occurs. Speed is limited to usually 7000 feet per 
minute (35 meters per second). Power transmission is limited 
to 370 kilowatts (500 horsepower).  

 Operating temperatures are usually restricted to –31 to 
185°F (–35 to 85°C).  

 Some adjustment of center distance or use of an idler pulley 
is necessary for wear and stretch compensation.  

 A means of disassembly must be provided to install endless 
belts. 
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Key Equations 

 Belt length: 

  

 Center Distance: 

 

◦ Where, 
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Note: usually belt length standard 
(use standard belt length table 7-2), 
then calculate C based on fixed L 

Recommended D2 < C < 3(D2+D1) 
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Key Equations cont… 

 Angle of contact of belt on each sheave 
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Note: Select D’s and C’s so maximum contact (Ѳ1 + Ѳ2 = 180º).  If 

less then smaller sheave could slip and will need reduction factor 
(Table 7-14). 
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V-Belt Design Example 

 Given: 4 cylinder Diesel runs @ 80hp, 1800 rpm to 

drive a water pump (1200 rpm) for less than 6 hr./day 

 

 Find: Design V-belt drive 
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V-belt Design Example Cont… 

1.) Calculate design power: 

 Use table (<6h/day, pump, 4 cyl. Engine) 

  

Design Power = input power x service factor 

= 80 hp x 1.1 

= 88 hp 
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V-belt Design Example Cont… 

2.) Select belt type, Use table  

Design Power = 88 hp 

Speed = 1800 rpm 

Choose 5V 
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V-belt Design Example Cont… 

3.) Calculate speed ratio 

  SR = w1/w2 

       = 1800 rpm/1200 rpm 

       = 1.5 

MECH-KIOT 



V-belt Design Example Cont… 

4.) Determine sheave sizes 

  Choose belt speed of 4000 ft/min 

   
(Recall 2500ft./min. < vb < 7000 ft./min) 

 

in
n

v
D

nD
v b

b 488.8
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4000*1212

12 1

1
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So… 

 D1 = 8.488in 
 
 D2 = SR * D1 = 1.5 * 8.488 
 
 D2 = 12.732in 
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V-belt Design Example Cont… 

5.) Find sheave size (Figure 7-11) 

Engine (D1) 

      8.4 
      8.4 
      8.9 

X 1.5 

 12.6 
 12.6 
 13.35 

Standard D2 

      12.4 
      13.1 
      13.1 

Actual n2 

    1219 
    1154 
    1223 

**All look OK, we will try the first one 

Must find acceptable standard sheave 1, then corresponding 
acceptable sheave 2 

2

11
2

1

2

2

1

D

nD
n

D

D

n

n


MECH-KIOT 



V-belt Design Example Cont… 

6.) Find rated power (use figure 7-11 again) 

Rated Power = 21 hp 
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V-belt Design Example Cont… 

 Adjust for speed ratio to get total power/belt 

Total power = 21hp +1.55hp = 21.55hp 
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V-belt Design Example Cont… 

7.) Find estimated center distance 

D2 < C < 3(D2+D1) 

12.4 < C < 3 (12.4 + 8.4) 

Notice – using standard 

sheave sizes found 
earlier, not calculated 
diameters 

12.4 < C < 62.4 

To provide service access will try towards long end, 
try C = 40” 
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V-belt Design Example Cont… 

8.) Find belt length 
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V-belt Design Example Cont… 

9.) Select standard belt length 

  Lcalc = 112.765 

Choose 112” 
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V-belt Design Example Cont… 

10.) Calculate actual center distance 
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V-belt Design Example Cont… 

 11.) Find wrap angle, small sheave  
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V-belt Design Example Cont… 

12.) Determine correction factors 

98.C 98.LC
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V-belt Design Example Cont… 

13.) Calculate corrected power 

hp

hp

PCCPowerCorrected L

61.21                            

)5.22)(98)(.98(.                            
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V-belt Design Example Cont… 

14.) Belts needed 

07.4
/61.21

88
#

Power/belt Corrected

(hp)Power Design 
#





belthp

hp
belts

belts

Use 4 belts! 
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V-belt Design Example Cont… 

15.) Summary 

 

D1=8.4” 

D2=12.4” 

Belt Length = 112” 

Center Distance = 39.62” 

4 Belts Needed 
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Design of spur gear for power 

transmission 

 
This section outlines a design guidelines for  iterating 

design process from which We can select an 

optimum design  for given conditions.  
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In designs involving gear drives, normally the 

required  

Speeds of rotation of the pinion and  the gear and 

the  

Amount of power that the drive must transmit are 

known.  

Type of application.  

Also, the environment and operating conditions 

It is particularly important to know the type of 

driving device and the driven machine, in order to 

judge the proper value for the application factor. 
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The designer must  

the arrangement of the gears their shafts;  

the materials of the gears, including their heat 

treatment;  

the geometry of the gears:  

numbers of teeth, module,  

pitch diameters, tooth form, face width,   

quality numbers. 
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     The design procedure accounts for the   

 bending fatigue strength of the gear teeth and  

 the pitting resistance, called surface durability.  

 This procedure makes extensive use of the design 
equations and of the tables, as well as , charts of 
design factors 

 You should understand that there is no one best 
solution to a gear design problem, several good 
designs are possible.  

 Your judgment and creativity and the specific 
requirements of the application will greatly affect 
the final design selected.  

But as a beginner, try to work hard  to create a reasonable 
design 
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Design objectives 

Some overall objectives of a design are listed 
below. The resulting drive should 

       Be compact and small 

       Operate smoothly and quietly 

       Have long life . 

       Be low in cost 

       Be easy to manufacture 

       Be compatible with the other elements in 
the machine, such as bearings, shafts, the  
housing, the driver, and the driven machine 
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Design procedure 
1. Propose geometric size such as center distance form 

required velocity and application limitation 

2. Choose the type of material 

3. Choose A trial module 

4. Determined the load, face with, and other design factors 

5. Compute bending stress, compare it with the allowable 
bending stress, if a reasonable value results, go to next 
step. Otherwise, a new module or revised geometry is 
selected. 

6. Compute contact  stress, analysis by same way for the 
surface durability. 

7. The final specification of the materials for the gear are 
made to satisfy the requirement of both bending strength 
and pitting resistance 
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Design guidelines 

 Chosen the diametral pitch 

        Use the graph of power capacity of a pair of 
steel gears versus the speed of rotation of the 
pinion, with several values of diametral pitch 
shown. The hardnesses for the pinion and the 
gear used for these curves are in the middle 
range of possible values for steel (approximately 
HB 300).    

       Note that the curves assume a uniform load 
and good alignment. If your application has higher 
values for either factor, the entire set of curves is 
shifted downward. 

 
MECH-KIOT 



MECH-KIOT 



• Determine the face width 

  The face width, F can be specified once the 

diametral pitch is chosen. through a wide 

range of face widths is possible, the following 

limits are used for general machine: 

      8/Pd<F<16/pd 

 Nominal Value of F= 12/pd 

Also, the face width normally is not greater than 

the pitch diameter of the pinion.  
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Get a optimum design 

 Decreasing the numerical value of the diametral pitch 
results in larger teeth and  generally lower stresses.  

 Also, the lower value of the pitch usually means a larger  
face width, which decreases stress and increases surface 
durability 

  Increasing the diameter of the pinion decreases the 
transmitted load, generally lowers the stresses, and 
improves the surface durability 

 Increasing the face width lowers the stress and 
improves the surface durability, but  to a generally lesser 
extent than either the pitch or the pitch diameter 
changes discussed previously. 
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 Gears with more and smaller teeth tend to run more 
smoothly and quietly than gears with fewer and larger 
teeth. 

  Standard values of module should be used for ease 
of manufacture and  lower cost 

 Using high-alloy steels with high surface hardness 
results in the most compact system, but the cost is 
higher. 

 Using very accurate gears (with ground or Shaved 
teeth) results in lower dynamic loads and 
consequently lower stresses and improved surface 
durability, but the cost  is higher , 

 The number of teeth in the pinion should generally 
be as small as possible to make  the system compact.  

 But there should not have interference in the root of 
teeth. 
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Example problem 9-5 

        A pair of spur gears with 20º, full-depth teeth is to be 

designed as a part of the drive for a wood chipper to cut 

pulpwood for use in a paper mill. The power source is an 

electric motor that drives the pinion at 1 750 rpm. The gear 

must rotate between 460 and 465 rpm. The gears must 

transmit 3.0 hp. A compact design is desired, but in no case can 

the center distance exceed 5.00 in. 

       Complete the design that will be safe with a fatigue life of 

greater than 10 million cycles. Specify the diametral pitch, the 

number of teeth in the pinion and the gear, the pitch diameters 

of the pinion and the gear, the face width, and the material 

with its heat treatment. 
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Force Analysis – Spur Gears 

Wt = 33000 hp / V  

Power, hp 

hp = T n / 63000 

in-lb rpm 

Pitch line velocity, ft/min. 

V =  d n / 12 

Applied Torque, in-lb. 

T =  
d 
2 

Wt 

Transmitted load, lb. 

Wt = F t 32 

The equation in SI units 
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Stress Analysis – Spur Gears 

Bending Strength 

Lewis’ equation (1892 Wilfred Lewis, Philadelphia Engineers Club) 

Lewis’ equation, where 

Substituting P =  / p  and  Y =  y 

Bending stress is maximum at the root of the tooth, 

Substituting for x and introducing p (circular pitch), 

The form factor y is called Lewis form factor. 

Using similar triangles, 

F 

W t 
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Modification of Lewis’ Equation 

Assumptions made in deriving Lewis’ equation 

1. The load is applied to the tip of a single tooth. 

2. The radial component of the load, Wr , is negligible.  

3. The load is distributed uniformly across the full face width. 

4. Stress concentration in the tooth fillet is negligible. 

Lewis’ equation, where 
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Modification of Lewis’ Equation 

Modifications according to AGMA standards (American Gear 

Manufacturers Association) 

W t tangential transmitted load 

Ka application factor 

KV dynamic factor 

KS size factor 

KI Idler factor (use 1.42 if designing an idler gear) 

Pd transverse diameteral pitch 

F face width of the narrower member 

Km load-distribution factor 

KB rim-thickness factor 

J geometry factor for bending strength 

 which includes root fillet stress concentration factor Kf 

Lewis’ equation 
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Bending Stress Modifying Factors 
Geometry factor J  
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Bending Stress Modifying Factors 
Dynamic factor Kv 

Application factor, Ka 



MECH-KIOT 

Bending Stress Modifying Factors 

AGMA has not established standards for size factor and recommends that 

Ks be set to 1. 

Size factor Ks  

Load Distribution factor Km 

Rim thickness factor KB 

Backup ratio 

KB = -2mB + 3.4 0.5  mB  1.2 

KB = 1.0           mB  1.2 

Km = 1.6 may be used as a conservative 

value for face width less than 2 in. 
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AGMA Bending Strength Equation 

Sfb’ is the allowable fatigue bending stress, psi 

KR is the reliability factor 

KT is the temperature factor 

KL is life factor 

Temperature factor 
KT 
AGMA recommends using temperature factor 

of 1 for operating temperatures up to 250 oF. 

Consult the standards for higher temp. 

Allowable Stress 

Reliability factor KR 
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AGMA Bending Strength Equation 

Stress cycle factor KL 
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AGMA Bending-Fatigue Strength, Sfb’ 
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Surface Strength Analysis 

The basic surface deterioration  

Scoring 

If the surface asperity welding and tearing cause a transfer of metal 

from one surface to the other, the resulting surface damage is called 

scoring. If the local welding of asperities becomes so extensive 

that the surfaces no longer slide on each other, the resulting failure 

is called seizure. 

Initial scoring on 

4340 steel helical 

gear 

Moderate scoring 

on a 3310 steel 

spur gear. 
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Surface Strength Analysis 

Abrasive wear 

Abrasive wear is a surface damage caused by the presence of abrasive 

particles in the lubricant. Large particles tend to scratch and gouge the 

surface, where small (dust like) particles polish the tooth surface to a 

mirror finish. 

Corrosion wear 

A type of surface deterioration that is caused by chemical 

reaction of lubricant, or of contaminants such as water or acids, 

with gear tooth surface.  

Scoring, abrasive wear and 

corrosion wear are due to the 

failure of lubrication system. 
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Surface Strength Analysis 

Surface Fatigue Failure, due 

to repeated contact load 

Proper lubricating system can minimize the 

surface damage due to wear and corrosion. 

But, surface fatigue can occur even with 

proper lubrication and it’s the most common 

mode of gear failure and is characterized by 

pitting and spalling of the tooth surface. The 

damage is caused by repeated contact stresses. 
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AGMA Surface Stress Equation 

Cp elastic coefficient, (lb/in2)0.5 

Wt transmitted tangential load 

Ca overload factor (same as Ka) 

Cv dynamic factor (same as Kv) 

Cs size factor (same as Ks) 

Cm load-distribution factor (same as Km) 

Cf surface condition factor 

d pitch diameter of the pinion 

F face width of the narrowest member 

I geometry factor 

mN = 1 for spur gears 

mG = speed ratio = NG / 

NP 

Geometry factor 

cost sint 

2mN 

cost sint 

2mN 

mG 

mG 

mG + 1 

mG - 1 

I  =  

external gears 

internal gears 
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AGMA Surface Stress Equation 

AGMA Elastic coefficient CP 

AGMA recommends using surface finish factor of 1 for gears made of 

conventional methods. 

Surface finish factor Cf  
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AGMA Surface Strength Equation 

Sfc’ is the allowable contact stress, psi 

CR  is the reliability factor (same as KR) 

CT  is the temperature factor (same as KT) 

CL  is the surface-life factor  

CH is the hardness ratio factor 

Hardness ratio factor, 
CH CH should only be used for the gear design, for pinion design set CH equal to 1.0. 
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AGMA Surface Strength Equation 

Pitting resistance stress cycle factor ZN 
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AGMA Surface Strength Equation 

AGMA allowable surface fatigue strength 
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AGMA Spur Gear Design Equations 

Surface strength design equation, Stress = strength 

Design steps 

• Select material, start with grade 1 with low hardness. 

• Choose a face width, ½ dP ≤ F ≤ dP 

• Select standard full depth gears with pressure angle of 20o  or 25o. 

• Decide on: load type (uniform, non-uniform), 

mounting accuracy, # of cycles to failure, 

gear quality and reliability. 

• Calculate the transmitted load 

• Solve the design equation for the diameter. Diameter and material 

Outcome is 

• Or, select diameter and solve for material. 
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AGMA Spur Gear Design Equations 

Bending strength design equation 

Design steps 

• Solve the design equation to obtain the diametral pitch, Pd 

• Calculate the number of teeth for pinion and gear, determine the actual 

J and check against the assumed one, iterate if needed. 

• Assume a value for J (geometry factor), .35 to .45 

• For power transmission, 2 < Pd (diametral pitch) < 16 

• Iterate until optimum design is achieved.  

• The number of teeth on the pinion should be over 18 to avoid interference.  

    Diametral pitch, P 

Outcome is 
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Design Example 
Design a pair of spur gears to transfer power from a 25 hp motor to a fan. 

The motor turns at 1000 rpm and the desired fan speed is 500 rpm. Specify 

the material, diameter, and number of teeth for both gears. 

Selections and assumptions 

1. Standard full depth gears with pressure angle, φ = 20
o
, will be used. 

3. Select face width F = dP (pinion diameter) ,   dP/2  ≤ F ≤ dP 

2. Assume good quality gear with, Qv= 10, will be used. 

5. Assume operating temp. less than 250o (KT=CT = 1), new gear (Cf = 1), 

and a small size gear (Ks=Cs = 1). 

4. Assume uniform load Ka= 1 

KL = CL = 1 

Design for 

107 life cycle 

KR = CR= 1 Select 99% reliability 
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Design Example 
Surface failure 

From assumptions and selections list; 

Ca= 1 CR = 1 CL = 1 Cs = 1 Cf = 1 CH = 1 (pinion) , , , , , , 

, φt = 20o mN = 1 for spur gears 

mG = speed ratio = ωP / ωG = 1000/500 = 2 

= 0.107 
cost sint 

2mN 

mG 

mG + 1 

I  =  

Select material: use A-3 steel (hardness HB = 300), surface strength range 

from 120,000 to 135,000 psi. Use Sc = 125,000 psi in calculation. 

Look up CP (elastic coefficient) = 2300 
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Design Example 

hp = Wt V / 33000 

Transmitted load 

Pitch line velocity, ft/min. 

V = π d ω / 12 

Wt = (1.26 x 105) hp / dP ωP 

Wt = (1.26 x 105) 25 / dP 1000 

Wt = 3150 / dP 

Assume dynamic factor C v = .9 and load distribution factor Cm = 1.6 

Both assumptions have to be checked later. 

2300[(3150/dP)(1/.9)(1.6)(1/.107)(1/dp)
2]

1/2
 = 125,000 

dP = 2.6 inch 
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Design Example 

Check assumptions for  Cv Cm and 

F = dP = 2.6 Cm = 1.61  
(1.6 was assumed) 

V = (π dP ωP)/12 = π x 2.6 x 1000/12 

V = 680 ft/min  

With these corrections, dP = 2.6 

Select dP = 2.75 and A-3 

steel as the material 

Qv = 10 
Cv = .9 (.9 was assumed) 
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Design Example 

Bending failure 
Wt = (33000) hp / V 

Wt = (33000) 25 / 680 

Wt = 1213 lb 

For A-3 material, St = 36,000 – 47,000 psi 

Use 36,000 psi in calculation 

Assume J = .4, check later 

1213(1/.9)(P /2.75)(1.6)(1/.4) = 36,000  P = 18.3 

For power transmission,   2 ≤ P ≤ 16,  so select P = 16 
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Design Example 

Check assumption for  J  

NP = P dP = 16 x 2.75 = 44 

NG = P dG = 16 x (2.75x2) = 88 

J = .43 P = 19.7 

So P = 16 is valid 

Spur gears specifications 

Material:                 A-3 steel 

Diametral pitch:     P = 16 

Diameter:                2.75 (pinion),  5.5 inch (gear) 

Number of teeth:    44 (pinion),  88 (gear) 

Face width:             F = 2.75 inch 



 Mechanism which enables rotary motion of 

shaft to be transmitted to the second shaft axis 

,which is coincident with the first 

                                 or 

 Clutch is a device to connect driving and driven 

shafts of a machine, where the driven shaft can 

be disconnected almost instantaneously from 

the driving shaft as desired by the operator or 

driver 

 

 

CLUTCHES 
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 In a car, you need a clutch because the engine spins all 

the time, but the car's wheels do not.  

 In order for a car to stop without Stopping the engine, 

the wheels need to be disconnected from the engine.  

 The clutch allows us to smoothly engage a spinning 

engine to a non-spinning transmission by controlling the 

slippage between them. 

 

Why Do We Need Clutches? 
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Requirements of Clutch 
1) Torque Transmission 

2) Gradual Engagement 

3) Heat Dissipation 

4) Dynamic Balancing 

5) Vibration Damping 

6) Size 

7) Inertia 

8) Ease of operation 
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 1Torque Transmission 

• The clutch should be able to transfer the maximum 
torque of engine  under all conditions. 

• Usually designed to transmit 125 to 150% of maximum 
engine torque. 

2 Gradual Engagement 

   Clutch should take the drive gradually  without 
occurrence of sudden jerks 

 3Heat Dissipation 

   During clutch application large amount of heat is 
generated, the rubbing surfaces should have sufficient 
area and mass to absorb the heat generated.  

 The design of clutch should ensure  proper ventilation  
or cooling for adequate dissipation of heat. 
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4 Dynamic Balancing: 

 It is necessary particularly in high speed clutches. 

5 Vibration damping:  

 Suitable mechanism should be incorporated within the 
clutch to eliminate the noise produced in transmission 

6 Size 

  The size  of clutch must be smallest, so that it occupy 
minimum amount of space. 

7 Inertia 

  The clutch rotating parts should  have minimum inertia.     
(Otherwise when clutch plate is released for gear 
changing, clutch plate will keep on spinning) 

8 Ease of Operation 

 The operation of disengaging the clutch should be easy 
for driver. 
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Types of Clutch 

Types of 
Clutches 

Positive 
Clutch 

Friction 
Clutch 

Plate Or 
Disc Clutch 

Single plate 
clutch 

Multiplate 
Clutch 

Cone 
Clutch 

Centrifugal 
Clutch 
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 It is used when positive drive is required.  

 The clutch surfaces produce rigid joint by 

interlocking jaws. 

 It has two half, one is permanently fastened to 

the driving shaft and other half fastened on the 

driven shaft and it is freely slide axially.  
 Advantages : simple, low cost, no noise 

Positive clutches 
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Advantages 

a) No slip operation 

b)Develop very little heat since they do not depend on 
friction 

c) Generally lighter and less costly than a friction clutch 
of similar torque capacity 

 

 

 

Disadvantages 

a) Cannot be engaged at high speeds 

b)Shock accompanies engagement at any speed 

c) When both driven and drive shafts are at rest, some 
relative motion may be required to engage. 
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Friction Clutches 

 The frictional force is used to start the driven 

shaft from rest to proper speed without 

excessive slipping of the frictional surfaces. 

 In automobiles, the  frictional clutch is used to 

connect the engine to the drive shaft.   
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 Disc or plate clutches  

single or multiple disc clutches 

 Cone clutches 

 Centrifugal clutches  

 

Types of Friction Clutches  

Cone-clutch 

Driving 
shaft 

Driven shaft 

Friction 
lining 

α 

w 
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 Let the shaft A and Disc C be revolving at some 

speed say N rpm.  

 Shaft B and disc D keyed to it are stationary, 

initially when the clutch is not engaged. 

 Now apply some axial force W to disc D , so 

that it comes in contact with Disc C. 

Principle of Friction Clutches 
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 As soon as the contact is made the force of 

friction between C and D will come into play 

and the disc D will also start revolving 

 The speed of D depends upon friction force 

present, which in turn is proportional to the 

force W applied. 

 If W is increased gradually, the speed of D will 

be increased correspondingly till the stage 

comes when speed of D becomes equal to 

speed of C. Then clutch is  said to be fully 

engaged.  
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 Clutch Material Properties 

  

Material 

 

Maximum Drum 

Temperature, 0F 

 

Coefficients of 

friction, f 

 

Maximum 

Allowable 

Pressure, psi 

 

Metal on metal 

 

500-600 

 

0.25 

 

200-250 

 

Wood on metal 

 

200 

 

0.2-0.3 

 

50-90 

 

Leather on metal 

 

150-200 

 

0.3-0.4 

 

15-40 

 

Molded Blocks 

 

500-600 

 

0.25-0.5 

 

100-150 

 

Asbestos on metal 

in oil 

 

500 

 

0.35-0.45 

 

50-150 

 

Sintered metal on 

cast iron in oil 

 

450 

 

0.2 

 

400 
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Design consideration of 

Friction Clutches  
 The suitable material forming the contact 

surfaces should be selected  

 The moving parts of the clutch should 

have low weight 

 It should not require any external force 

to maintain contact of the friction 

surfaces 

 Provision must be provided for taking up 

wear of the contact  

 Provision for facilitating the repairs  

 Provision for carrying away the heat 

 The projected parts must be covered by 

the guard  
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Disk or Single Plate clutch 
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2R

1R

rδ
1R

2R

Design of Disk or Single Plate 

clutch   

 

MECH-KIOT 



 W=total axial load 

 

 R1=External radius of clutch plate 

 

 R2=internal radius of the clutch plate 

 

 P=intensity of pressure between contacting 

surfaces. 

 

 µ=coefficient of friction between contacting 

surfaces 
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 Consider a elemental ring of radius ‘r’ and 

thickness δr on the contacting surface. 

   therefore, 

 Area of the ring on contacting surface is, 

 

 

 Axial load on the ring is, 

      δw=Pressure × Area of the ring 

δrr   2πδA 

δrr  2πpδW 
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 Frictional resistance offered by ring is, 

 

 

 

 

 Frictional torque  acting on the ring is, 

 

 

  

                                                      ……(1)            

δWμ Fr 

δrr  pμ  2πδr)r  2π μ(pFr 

r

 2

r

rr

δr pμ  2πδr.rr  pμ  2πT

r FT
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 Torque transmitted by single plate clutch 

is obtained by considering following two 

assumptions 

   

  (a)Uniform pressure theory 

   

  (b)Uniform wear theory 
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(a)Uniform pressure theory:      

 Assuming that the intensity of pressure over 

the entire contacting surface area is constant, 

 Then,  p=constant  

 

                                                                      

….(2)              

 

 Total torque transmitted by single plate clutch 

can be obtain by Integrating Equation  

 

 

 2

2

2

1 RRπ

W

area surface contacting

load
p
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 (1)within limit R2 to R1 we get                                                             

 

 

 

 

                                                                                        

                                                            

                                        

 

       

 [∵p=Constant] 
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…….(a) 

                                                                                  
  

  Equation (a) gives the Torque transmitted by single 

plate clutch due to friction considering Uniform 

Pressure theory. 
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(b) Uniform Wear Theory 

 In this theory, we are considering that wear which take 
place is uniform over the entire contacting surface i.e. 

 For uniform wear, the intensity of pressure varies 
inversely with the distance . 

 
                P. r = Constant  

 

                 P.r = C 
 

                 P=C/r                                               …...(3) 
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 Normal or Axial force / load acting on the ring is  

                 

   δW=p 2π r δr    

 

                  

               δW=2 π C δr                   …(4) 

 to get total force acting on the friction surface, 

 Integrating above Equation(4) within limit we get, 

 

w

0

R

R

1

2

δr C  2πδW

P=C/r 
C=p.r  
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                                                          ……….(5) 

  

 We know that frictional torque acting on ring is, 

 

 

   

  

 

 

                                                              …….(6) 
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 Torque transmitted by single plate clutch can 

be obtain by Integrating the equation (4 ) 

within the limit R2 to R1 we get, 
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 This is the torque transmitted by single 

plate due to friction considering uniform 

wear theory. 
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 Power transmitted by single plate clutch is 

given by, 

 

rpmin shaft  of SpeedN where,

 Watt
60

NΤ 2π
P

Τ ωP
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Multiplate Clutch 

 Multiplate clutch is used when large 

torque is to be transmitted e.g. 

motor cars and machine tools 

 Multiplate clutch is used when 

compact construction is required e.g. 

scooters and motor cycles. 
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Multiplate clutch 
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for Multiplate clutch 
 For uniform pressure theory,  

 

 

 

 For uniform wear theory, 

 
 












2

2

2

1

3

2

3

1

RR

RR
μ W

3

2
nΤ

 21 RRμW 
2

1
nΤ 

MECH-KIOT 



   Tips 

 In case of new clutch, the intensity of 

pressure is uniform along the surface of 

clutch but in case of old clutch uniform 

theory is more correct. 

 

 For single plate clutch normally both sides 

of the plate are effective .there fore single 

plate clutch has two pairs of contacting 

surface i.e. n=2. 

 

 In actual practice,  usually the theory of 

uniform wear is used in analysis of clutch.  
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 Intensity of pressure is maximum at the 

inner radius R2 of the friction or contact 

surface, 

 

 

 

 Intensity of pressure is minimum at the 

inner radius R1 of the friction or contact 

surface, 

 

  

2

max2max
R

C
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max1max
R

C
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In mutilate disc clutch 

              no of disc on driving shaft 

             no of disc on driven shaft 

 

So no. of pairs in contact, 

 

      

2n
1n

1nnn 21 
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