
Unit-I
 Machine design is defined as the use of scientific 

principles, technical information and imagination in 
the description of a machine or a mechanical system to 
perform specific functions with maximum economy 
and efficiency



BASIC PROCEDURE OF MACHINE
DESIGN



DESIGN OF MACHINE ELEMENTS



STRESS–STRAIN DIAGRAMS
 Specimen of Tension-test

i. Proportional limit

ii. Elastic limit

iii. Yield strength

iv. Ultimate tension strength

v. Fracture Strength  



MECHANICAL PROPERTIES OF
ENGINEERING MATERIALS
 strength

 elasticity

 plasticity

 stiffness

 resilience

 toughness

 malleability

 ductility

 brittleness

 hardness



▪Strength is defined as the ability of the material to resist, without rupture, external forces 
causing various types of stresses.

▪Elasticity is defined as the ability of the material to regain its original shape and size after the 
deformation, when the external forces are removed.

▪Plasticity is defined as the ability of the material to retain the deformation produced under 
the load on a permanent basis.

▪Stiffness or rigidity is defined as the ability of the material to resist deformation under the 
action of an external load.

▪Resilience is defined as the ability of the material to absorb energy when deformed elastically 
and to release this energy when unloaded.

▪Toughness is defined as the ability of the material to absorb energy before fracture takes 
place.

▪Malleability is defined as the ability of a material to deform to a greater extent before the 
sign of crack, when it is subjected to compressive force.



BIS SYSTEM OF DESIGNATION OF STEELS

 A large number of varieties of steel are used for machine 
components. Steels are designated by a group of letters 
or numbers indicating any one of the following three 
properties.

(i) tensile strength;

(ii) carbon content; and

(iii) composition of alloying elements.



Steels, which are standardised on the basis of their tensile strength without 
detailed chemical composition, are specified by two ways:—

(i) A symbol Fe followed by the minimum tensile strength in N/mm2 . For example, Fe 360 indicates
a steel with a minimum tensile strength of 360N/mm2.

(ii) A symbol FeE followed by the yield strength in N/mm2. Similarly, FeE 250 indicates a steel with
a minimum yield strength of 250 N/mm2.



STRESS CONCENTRATION :

In design of machine elements, the following three 
fundamental equations are used

These equations are called as 
elementary equations

Design against Fluctuating Load



➢‘Elementary equations ’ are based on a number of 
assumptions

➢One of the assumptions is that there are no discontinuities 
in the cross-section of the component

➢However, in practice, discontinuities and abrupt changes in 
cross-section are unavoidable due to certain features of the 
component such as oil holes and grooves, keyways and 
splines, screw threads and shoulders.

➢Therefore, it cannot be assumed that the cross-section of the 
machine component is uniform.

➢Under these circumstances, the ‘elementary’ equations ;do 
not give correct results.



➢Stress concentration is defined as the localization of high stresses due to 
the irregularities present in the component and abrupt changes of the 
cross section



➢In order to consider the effect of stress concentration 
and find out localized stresses, a factor called stress 
concentration factor is used. It is denoted by Kt and 
defined as,

Highest value of actual stress near discontinuity 

Nominal stress obtained by elementary equations for 
minimum cross-section

Kt=



The causes of stress concentration 
are as follows :

(i)Variation in Properties of Materials 
(ii) Load Application
(iii) Abrupt Changes in Section
(iv)Discontinuities in the Component
(v)Machining Scratches  



STRESS CONCENTRATION FACTORS :

The nominal stress equation  for a rectangular plate with a transverse hole loaded in 
tension or compression 

where t is the 
plate thickness



The nominal stress for  flat plate with a shoulder fillet subjected to tensile or 
compressive force



REDUCTION OF STRESS CONCENTRATION :

➢Although it is not possible to completely eliminate the effect of stress 
concentration, there are methods to reduce stress concentrations. 

➢This is achieved by providing a specific geometric shape to the component.

➢In order to know what happens at the abrupt change of cross-section or at the 
discontinuity and reduce the stress concentration, understanding of flow analogy is 
useful. 



In practice, reduction of stress concentration is achieved by the following 
methods: 

(i) Additional Notches and Holes in Tension Member :-



(ii)Fillet Radius, Undercutting and Notch for Member in Bending :



(iii)Drilling Additional Holes for Shaft :



(iv) Reduction of Stress Concentration in Threaded 
Members : 



Problems on Stress Concentration: 

1.A flat plate subjected to a tensile force of 5kN is shown in Figure. The plate 

material is grey cast iron FG 200 and the factor of safety is 2.5. Determine the 
thickness of the plate. 



2.A non-rotating shaft supporting a load of 2.5 kN is shown in Fig. The shaft is 

made of brittle material, with an ultimate tensile strength of 300 N/mm2. The 

factor of safety is 3. Determine the dimensions of the shaft. 



FLUCTUATING STRESSES
➢Generally the external forces acting on a machine

component were assumed to be static.

➢ In many applications, the components are subjected to
forces, which are not static, but vary in magnitude with
respect to time.

➢The stresses induced due to such forces are called
fluctuating stresses.

➢ It is observed that about 80% of failures of mechanical
components are due to ‘fatigue failure’ resulting from
fluctuating stresses.



Types of Cyclic Stresses:

1.Fluctuating stresses: It has some mean value as well as amplitude value. It                  

fluctuates between two limits—maximum and minimum stress.



2.Repeated stresses: The repeated stress varies in a sinusoidal manner  with 

respect to time, but the variation is from zero to some maximum value.                   

The minimum stress is zero in this case and therefore, amplitude stress and mean 

stress are equal. 



3.Reversed stress: The reversed stress varies in a sinusoidal manner with 

respect to time, but it has zero mean stress. In this case, half portion of the 

cycle consists of tensile stress and the remaining half of compressive stress.  



WELDED JOINTS 
D

➢Welding can be defined as a process of joining 
metallic parts by heating to a suitable 
temperature with or without the application of 
pressure.



Advantages 

• The design of welded assemblies can be easily 
and economically modified to meet the 
changing product requirements.

• Welded assemblies are tight and leak proof as 
compared with riveted assemblies.

• The production time is less for welded 
assemblies.

• The strength of welded joint is high



Types of Welded Joints

Welded joints are divided into two groups:—

➢Butt joints : A butt joint can be defined as a 
joint between two components lying 
approximately in the same plane.

➢Fillet joints: A fillet joint, also called a lap joint, 
is a joint between two overlapping plates or 
components



Types of Butt Joint 



Types of Fillet Joints 



STRENGTH OF BUTT WELDS 



STRENGTH OF PARALLEL FILLET WELDS

P = tensile force on plates (N), t= Throat of weld,
h = leg of the weld (mm), l = length of the weld (mm) 



Strength of Parallel fillet joint 

• The throat is the minimum cross-section of 
the weld located at 45° to the leg dimension. 

•The shear stress in the fillet weld is given by

P = 0.707 hlτ, P = 1.414 hlτ

Single weld 

Double Weld



STRENGTH OF TRANSVERSE FILLET WELDS



COTTER JOINT 
 A cotter joint is used to connect two co-axial rods, 

which are subjected to either axial tensile force or axial 
compressive force.



Exploded View of cotter Joint



DESIGN PROCEDURE OF COTTER JOINT



(i)Calculate the diameter of each rod by 

(ii)Calculate the thickness of the cotter by the empirical relationship
t=0.31d 

(iii)Calculate the diameter d2 of the spigot on the basis of tensile stress.

(iv) Calculate the outside diameter d1 of the socket on the basis of tensile stress in    
the socket, 



(v)The diameter of the spigot collar d3 and the diameter of the socket collar d4 are 
calculated by the following empirical relationships

d3=1.5d, d4=2.4d

(vi) The dimensions a and c are calculated by the following empirical relationship,   

a = c = 0.75 d 
(vii)Calculate the width b of the cotter by shear consideration

Calculate the width b of the cotter by bending consideration



(viii)Check the crushing and shear stresses in the spigot end by following
equations

(ix) Check the crushing and shear stresses in the socket end by following
equations

(x) Calculate the thickness t1 of the spigot collar by the following empirical
relationship,

t1 = 0.45 d





KNUCLE JOINT 
 Knuckle joint is used to connect two rods whose axes 

either coincide or intersect and lie in one plane.

 The knuckle joint is used to transmit axial tensile force



Parts of knuckle joint 





DESIGN PROCEDURE FOR  KNUCKLE JOINT

(i) Calculate the diameter of each rod 

(ii) Calculate the enlarged diameter of each rod by 

empirical relationship using 
D1 = 1.1 D 

(iii) Calculate the dimensions a and b by empirical 

relationship 
a = 0.75 D, b = 1.25 D 



(iv) Calculate the diameters of the pin by shear 
consideration and bending consideration. 

(v) Calculate the dimensions do and d1 by empirical 
relationships 

d o = 2d, d1 = 1.5d  

(vi) Check the tensile, crushing and shear stresses in the 
eye.



(vii) Check the tensile, crushing and shear stresses in 
the fork. 



SHAFT COUPLINGS



CLAMP COUPLING 
The clamp coupling is also called

compression coupling or split muff
coupling.

 It is a rigid type of coupling.

 In this coupling, the sleeve is made of two
halves, which are split along a plane passing
through the axes of shafts.



SPLIT MUFF COUPLING 



CLAMP COUPLING 



DESIGN PROCEDURE FOR CLAMP 
COUPLING 
(i) Calculate the diameter of each shaft by the following 

equations: 

(ii) Calculate the main dimensions of the sleeve halves by 
using the following empirical equations: 

D = 2.5 d and L = 3.5 d



(iii) Determine the standard cross-section of the flat key. 

l=L/2 ,

(iv) Calculate the diameter of clamping bolts by using
d 1 = 0.2d + 10  mm for (d < 55 mm )
d 1 = 0.15d + 15  mm for(d>55mm)



Problem
 It is required to design a split muff coupling to 

transmit 50 kW power at 120 rpm The shafts, key and 
clamping bolts are made of plain carbon steel 30C8 
(Syt = 400 N/mm2). The factor of safety for shafts, key 
and bolts is 5. The number of clamping bolts is 8. The 
coefficient of friction between sleeve halves and the 
shaft is 0.3.



RIGID FLANGE COUPLINGS 
 A flange coupling consists of two flanges one keyed to 

the driving shaft and the other to the driven shaft .

 The two flanges are connected together by means of 
four or six bolts arranged on a circle concentric with 
the axes of the shafts. 



Proportions of Rigid Coupling 



FLANGE COUPLING VIDEO



TYPES OF COUPLINGS 





BUSHED-PIN FLEXIBLE COUPLING
 The bushed-pin type flexible coupling has following 

advantages: (i) It can tolerate 0.5 mm of lateral or axial 
misalignment and 1.5° of angular misalignment.

 It prevents transmission of shock from one shaft to the 
other and absorbs vibrations.

 It can be used for transmitting high torques.



BUSHED-PIN FLEXIBLE COUPLING



VIDEO OF BUSH PIN TYPE COUPLING 


