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UNIT –I 

STEADY STRESSES AND VARIABLE STRESSES IN MACHINE MEMBERS 

 
1.1Load 

It is defined as any external force acting upon a machine part. The following four types 

of the load are important from the subject point of view: 

1. Dead or steady load. A load is said to be a dead or steady load, when it does not change in 

magnitude or direction. 

2. Live or variable load.A load is said to be a live or variable load, when it changes continually. 

3. Suddenly applied or shock loads. A load is said to be a suddenly applied or shock load, when 

it is suddenly applied or removed. 

4. Impact load. A load is said to be an impact load, when it is applied with some initial velocity. 

 
1.2 Stress 

When some external system of forces or loads act on a body, the internal forces (equal and 

opposite) are set up at various sections of the body, which resist the external forces. This internal 

force per unit area at any section of the body is known as unit stress or simply a stress. It is 

denoted by a Greek letter sigma (σ). 

Mathematically, 

Stress, σ = P/A 
where  P = Force or load acting on a body, and 

A = Cross-sectional area of the body. 

 
1.3 Strain 

When a system of forces or loads act on a body, it undergoes some deformation. This 

deformation per unit length is known as unit strain or simply a strain. It is denoted by a Greek 

letter epsilon (ε). 

Mathematically, 

Strain, ε = δl / l or δl = ε.l 
where  δl = Change in length of the body, and 

l = Original length of the body. 

 
1.4 Tensile Stress and Strain 

When a body is subjected to two equal and opposite axial pulls P (also called tensile load) 

as shown in Fig. (a), then the stress induced at any section of the body is known as tensile stress 

as shown in Fig. (b). A little consideration will show that due to the tensile load, there will be a 
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decrease in cross-sectional area and an increase in length of the body. The ratio of the increase in 

length to the original length is known as tensile strain. 
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Let      P = Axial tensile force acting on the body, 

A = Cross-sectional area of the body, 

l = Original length, and 

δl = Increase in length. 

 
Tensile stress, σt = P/A 

Tensile strain, εt = δl / l 

1.5 Compressive Stress and Strain 
When a body is subjected to two equal and opposite axial pushes P (also called compressive 

load) as shown in Fig.(a), then the stress induced at  any section of the body is  known as 

compressive stress as shown in Fig.(b). A little consideration will show that due to the 

compressive load, there will be an increase in cross-sectional area and a decrease in length of the 

body. The ratio of the decrease in length to the original length is known as compressive strain 

 

 

 
Let      P = Axial compressive force acting on the body, 

A = Cross-sectional area of the body, 

l = Original length, and 

δl = Decrease in length. 

 
Compressive stress, σc = P/A 

Compressive strain, εc = δl /l 

1.6 Young's Modulus or Modulus of Elasticity 
Hooke's law states that when a material is loaded within elastic limit, the stress is directly 

proportional to strain, i.e. 

σ ∝ ε
 

σ = E.ε 

 
E = σ / ε 

= P l / (A×δ l) 

 
Where E is a constant of proportionality known as Young's modulus or modulus of elasticity. In 

S.I. units, it is usually expressed in GPa i.e. GN/m2 or kN/mm2. It may be noted that Hooke's law 

holds good for tension as well as compression. 
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1.7 Shear Stress and Strain 
When a body is subjected to two equal and opposite forces acting tangentially across the 

resisting section, as a result of which the body tends to shear off the section, then the stress induced 

is called shear stress. 
 

 

 

 

 

 

 

 

 

 

 
The corresponding strain is known as shear strain and it is measured by the angular 

deformation accompanying the shear stress. The shear stress and shear strain are denoted by the 

Greek letters tau (τ) and phi (φ) respectively. Mathematically, 

 
Shear stress, τ =Tangential force / Resisting area 

 
Consider a body consisting of two plates connected by a rivet as shown in Fig. (a). In this case, the 

tangential force P tends to shear off the rivet at one cross-section as shown in Fig.(b). It may be 

noted that when the tangential force is resisted by one cross-section of the rivet (or when shearing 

takes place at one cross-section of the rivet), then the rivets are said to be in single shear. In such 

a case, the area resisting the shear off the rivet, 

 
A = (π/4) × d2

 

 
and shear stress on the rivet cross-section, 

 
τ = P/A 

= (4P/ π d2) 

 
1.8 Shear Modulus or Modulus of Rigidity 

It  has  been  found  experimentally that  within  the  elastic  limit,  the  shear  stress  is  directly 

proportional to shear strain. Mathematically 

τ ∝  φ
 

τ = C . φ 
τ / φ  = C 

where  
τ = Shear stress, 

φ = Shear strain, and 

C = Constant of proportionality, known as shear modulus or modulus of rigidity. It is also 

denoted by N or G. 
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1.9 Working Stress 
When designing machine parts, it is desirable to keep the stress lower than the maximum or 

ultimate stress at which failure of the material takes place. This stress is known as the working 

stress 

 
1.10 Factor of Safety 

It is defined, in general, as the ratio of the maximum stress to the working stress. 

Mathematically, 

Factor of safety = Maximum stress / Working or design stress 

 
In case of ductile materials e.g. mild steel, where the yield point is clearly defined, the 

factor of safety is based upon the yield point stress. In such cases, 

 
Factor of safety = Yield point stress / Working or design stress 

 
In case of brittle materials e.g. cast iron, the yield point is not well defined as for ductile materials. 

Therefore, the factor of safety for brittle materials is based on ultimate stress. 

 
Factor of safety = Ultimate stress / Working or design stress 

This relation may also be used for ductile materials 

 
1.11 Poisson's Ratio 

It has been found experimentally that when a body is stressed within elastic limit, the lateral 

strain bears a constant ratio to the linear strain, Mathematically, 

 
Lateral strain / Linear strain = Constant 

 
This constant is known as Poisson's ratio and is denoted by 1/m or µ. 

 
1.12 Bulk Modulus 

When a body is subjected to three mutually perpendicular stresses, of equal intensity, then the ratio 

of the direct stress to the corresponding volumetric strain is known as bulk modulus. It is usually 

denoted by K. Mathematically, bulk modulus, 

 
K = Direct stress / Volumetric strain 

 
1.13 Relation Between Bulk Modulus and Young’s Modulus 
The bulk modulus (K) and Young's modulus (E) are related by the following relation, 

 
E= 3K (1 - 2 µ) 

1.14 Relation Between Young’s Modulus and Modulus of Rigidity 
The Young's modulus (E) and modulus of rigidity (G) are related by the following relation, 
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E= 2G (1 + µ) 
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1.15 Resilience 
When a body is loaded within elastic limit, it changes its dimensions and on the removal 

of the load, it regains its original dimensions. So long as it remains loaded, it has stored energy in 

itself. On removing the load, the energy stored is given off as in the case of a spring. This energy, 

which is absorbed in a body when strained within elastic limit, is known as strain energy. The 

strain energy is always capable of doing some work. 

The strain energy stored in a body due to external loading, within elastic limit, is known as 

resilience and the maximum energy which can be stored in a body up to the elastic limit is called 

proof resilience. The proof resilience per unit volume of a material is known as modulus of 

resilience. 

It is an important property of a material and gives capacity of the material to bear impact 

or shocks. Mathematically, strain energy stored in a body due to tensile or compressive load or 

resilience, 

U= (σ2 ×V) / 2E 

Modulus of resilience = σ2 / 2E 
where   σ = Tensile or compressive stress, 

V = Volume of the body, and 

E = Young's modulus of the material of the body 

1.16 Torsional Shear Stress 

When a machine member is subjected to the action of two equal and opposite couples 

acting in parallel planes (or torque or twisting moment), then the machine member is said to be 

subjected to torsion. The stress set up by torsion is known as torsional shear stress. It is zero at 

the centroidal axis and maximum at the outer surface. 
 

 

 

 

 

 

 

 

 

 

 

 

Consider a shaft fixed at one end and subjected to a torque (T) at the other end as shown in 

Fig. As a result of this torque, every cross-section of the shaft is subjected to torsional shear stress. 

We have discussed above that the torsional shear stress is zero at the centroidal axis and maximum 

at the outer surface. The maximum torsional shear stress at the outer surface of the shaft may be 

obtained from the following equation: 

 
(τ /r) = (T/J) = (Cθ/ l ) 

where 

τ     = Torsional shear stress induced at the outer surface of the shaft or maximum shear stress, 

r      = Radius of the shaft, 

T    = Torque or twisting moment, 
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J     = Second moment of area of the section about its polar axis or polar moment of inertia, 
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t 

=

e 

              

 

 

C    = Modulus of rigidity for the shaft material, l      

= Length of the shaft, and 

θ     = Angle of twist in radians on a length l. 

 
1.17 Shafts in Series and Parallel 

When two shafts of different diameters are connected together to form one shaft, it is then known 

as composite shaft. If the driving torque is applied at one end and the resisting torque at the other 

end, then the shafts are said to be connected in series as shown in Fig. (a). In such cases, each shaft 

transmits the same torque and the total angle of twist is equal to the sum of the angle of twists of 

the two shafts. 

Mathematically, total angle of twist, 

θ     = θ1 + θ2 

= 
 T. l 1    

+ 
 T. l 2

 

C1 J1        C2 J2
 

If the shafts are made of  he same material, then C1 = C2 = C. 

θ =    [ 
    +  

    ] 
              

 
 
 
 
 
 
 
 
 
 
 
 
 

When the driving torque (T) is applied at the junction of the two shafts, and the resisting 

torques T1 and T2 at the other ends of the shafts, then the shafts are said to be connected in parallel, 

as shown in Fig. 5.2 (b). In such cases, the angle of twist is same for both the shafts, 

i.e. 

θ1 = θ2 

 T1. l 1   = 
 T2. l 2 

 
C1 J1          C2 J2

 

and T    T1 + T2 
If the shafts are mad  of the same material, then C1 = C2. 

 
=[ 

    +  
    ]                             

 

1.18    Bending Stress in Straight Beams 

In engineering practice, the machine parts of structural members may be subjected to static 

or dynamic loads which cause bending stress in the sections besides other types of stresses such 

as tensile, compressive and shearing stresses. Consider a straight beam subjected to a bending 
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= 

 

= 

moment M as shown in Fig. The following assumptions are usually made while deriving the 

bending formula. 

1.  The material of the beam is perfectly homogeneous (i.e. of the same material throughout) 

and isotropic (i.e. of equal elastic properties in all directions). 

2.  The material of the beam obeys Hooke’s law. 

3.  The transverse sections (i.e. BC or GH) which were plane before bending, remain plane 

after bending also. 

4.  Each layer of the beam is free to expand or contract, independently, of the layer, above or 

below it. 

5.  The Young’s modulus (E) is the same in tension and compression. 

6.  The loads are applied in the plane of bending. 

 

 

 
A little consideration will show that when a beam is subjected to the bending moment, the 

fibres on the upper side of the beam will be shortened due to compression and those on the lower 

side will be elongated due to tension. It may be seen that somewhere between the top and bottom 

fibres there is a surface at which the fibres are neither shortened nor lengthened. Such a surface is 

called neutral surface. The intersection of the neutral surface with any normal cross-section of 

the beam is known as neutral axis. The stre    dist  bution of a beam is shown in Fig. The bending 

equation is given by 
 

 

 

 

 

 
where 

 
M = Bending moment acting at the given section, 
σ = Bending stress, 

I = Moment of inertia of the cross-section about the neutral axis, 

y = Distance from the neutral axis to the extreme fibre, 

E = Young’s modulus of the material of the beam, and 

R = Radius of curvature of the beam. 
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2Marks 

 

1.  Define factor of safety. 
Factor of safety (FOS) is defined as the ratio between the maximum stress and 

working stress. 
 

 

2.  What are the various phases of design process? 

•     Recognition of need 

•     Definition of problem 

•     Synthesis 

•     Analysis and Optimization 

•     Evaluation 

•     Presentation 

 
3.  List out the factors involved in arriving at factor of safety. 

•     Material properties 

•     Nature of load 

•     Presence of localized stress 

•     Presence of initial stress 

•     Mode of failure 

 
4.  Define Endurance limit. 

Endurance limit is the maximum value of completing reversed stress that can sustain an 

infinite number (106) of cycles without failure. 

 
5.  What are the factors affecting endurance strength of a material? 

•    Load 

•    Surface finish 

•    Size 

•    Temperature 

•    Impact 

•    Reliability 

 
6.  What is eccentric load and eccentricity? 

An external load, whose line of action is parallel but does not coincide with the centroidal 

axis of the machine component, is known as an eccentric load. The distance between the 

centroidal axis of the machine component and the eccentric load is called eccentricity.   (Ex.) 

C-clamps, Punching machines, brackets, offset connecting links etc. 
 

 

 

7.  What is stress concentration and stress concentration factor? 

The irregularity in stress distribution caused by abrupt changes of form is called stress 
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concentration. Stress concentration factor = maximum stress at the change of cross section / 

nominal stress. 

 
8. What are the factors affecting selection of material for machine element? 

a.   Load applied 

b.   Purpose and operating conditions of the part. 

c.    Suitability for manufacture. 

d.   Minimum weight and optimal size 

e.   Availability and cost. 

9.  Define Resilience. 
Resilience is the property of the material to absorb energy and to resist shock and 

impact loads. This property is essential for spring materials. 
 

 

 

10. Define the Morphology of Design. 

Morphology of design consisting of problem formulation analysis search for alternative 

an evaluation decision taking and specification of the solution. 

 
11. What are the various theories of failure? 

a. Maximum principal stress 

theory b. Maximum shear stress 

theory 

c. Maximum principal strain 

theory d. Maximum strain energy 

theory 

 
12. Why normal stress theory is not suitable for ductile materials? 

Ductile  materials  mostly fail  by shearing. But  this  theory considers  only tensile  

or compressive stresses. So this is not suitable for ductile materials. 

 
13. What is an impact load? Give examples 

If the time load application is less than one third of the lowest national period of 

vibration of the part, the load is called an impact load. 

Example:  Punching  presses,  hammers,  loads  exerted  on  cams  during  the  motion  due  

to eccentricity, loads imposed on gear teeth due to irregular tooth profile 

 
14. What are the types of fracture? 

a. Ductile 

fracture b. Brittle 

fracture 

 
15. Explain size factor in endurance strength. 

Size factor is used to consider the effect of the size on endurance strength. A large 

size object will have more defects compared to a small one. So, endurance strength is reduced. 

If K is 
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the size factor, 

Actual endurance strength = Theoretical endurance limit x K 
 

16  Marks 

1.   The piston rod of a steam engine is 50 mm in diameter and 600 mm long. The diameter 

of the piston is 400 mm and the maximum steam pressure is 0.9 N/mm2. Find the 

compression of the piston rod if the Young's modulus for the material of the piston 

rod 

is 210 

kN/mm2. 
 

Solution. 
Given 

d = 50 mm 

l = 600 mm 

D = 400 mm 
 

 

p = 0.9 N/mm2 

E = 210 kN/mm2 = 210 × 103 N/mm2 

 
Let δl = Compression of the piston rod. 

We know that cross-sectional area of piston,  = (π/4) × D2
 

= (π/4) × (400)2
 

= 125680 mm2
 

 
Maximum load acting on the piston due to steam, 

P  = Cross-sectional area of piston × Steam pressure 

= 125 680 × 0.9 

= 113 110 N 

 
We also know that cross-sectional area of piston rod, 

A = (π/4) × d2
 

= (π/4) × (50)2
 

= 1964 mm2 

 

Young's modulus (E), 
 

 

210 × 103  = P l / A×δl 

= 113110 x 600 / 1964 δl 

= 34555 / δl 

δl  = 34555 / (210 × 103) 

= 0.165 mm 
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2.   A thin steel tyre is shrunk on to a locomotive wheel of 1.2 m diameter. Find the internal 

diameter of the tyre if after shrinking on, the hoop stress in the tyre is 100 MPa. Assume 

E=200kN/mm2. Find also the least temperature to which the tyre must be heated above 

that of the wheel before it could be slipped on. The coefficient of linear expansion for the 

tyre is 6.5×10–6 per °C. 
Given : 

D = 1.2 m = 1200 mm 

σ = 100 MPa = 100 N/mm2 

E = 200 kN/mm2 = 200 × 103 N/mm2 

α = 6.5 × 10–6 per °C 

 
Internal diameter of the tyre 

Let d = Internal diameter of the tyre. 

We know that hoop stress (σ), 

100 =E (D - d) / d 

=200x103 (D - d) / d 

(D-d)  = 1 / 2x103
 

= 1.0005 

d =1200/1.0005 

= 1199.4 mm 1.1994 m 
 

Least temperature to which the tyre must be heated 
Let       t = Least temperature to which the tyre must be heated. 

We know that 

π D   = π d + π d . α.t 

= π d (1 + α.t) 

α.t  = (πD / πd ) - 1 

t   = 1 / (α x 2 x 103) 

= 77°C 

 
3.  A mild steel rod supports a tensile load of 50 kN. If the stress in the rod is limited to 100 

MPa, find the size of the rod when the cross-section is 1. circular, 2. square, and 3. 

rectangular with width = 3 × thickness. 

Solution. 

Given : 

P = 50 kN = 50 × 103 N 

σt = 100 MPa = 100 N/mm2 

 
1. Size of the rod when it is circular 

Let d = Diameter of the rod in mm. 

Area, A  = (π/4) × d2
 

= 0.7854 (d)2 

We know that tensile load (P), 

50 × 103 = σt × A 
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= 100 × 0.7854 d2
 

= 78.54 d2
 

d2  = 50 × 103 / 78.54 

= 636.6 

d = 25.23 mm 

2. Size of the rod when it i s square 
Let x = Each side of the square rod in mm. 

Area, A = x × x = x2
 

We know that tensile load (P), 

50 × 103 = σt × A 

= 100 × x2
 

x2  = 50 × 103/100 

= 500 

x = 22.4 mm 

3. Size of the rod when it is rectangular 

Let      t = Thickness of the rod in mm, and 

b = Width of the rod in mm = 3 t 

Area, A  = b × t 

= 3t × t 

= 3 t2 

 

We know that tensile load (P), 

50 × 103     = σt × A 

= 100 × 3 t2
 

= 300 t2 

t2     = 50 × 103 / 300 

= 166.7 

t   = 12.9 mm 

 
b  = 3t 

= 3 × 12.9 

= 38.7 mm 

 
4.   Determine the thickness of a 120 mm wide uniform plate for safe continuous operation if 

the plate is to be subjected to a tensile load that has a maximum value of 250 kN and a 

minimum value of 100 kN. The properties of the plate material are as follows: Endurance 

limit stress = 225 MPa, and Yield point stress = 300 MPa. The factor of safety based on 

yield point may be taken as 1.5. 
Given : 

b   = 120 mm ; 

Wmax = 250 kN; 

Wmin = 100 kN ; 

σe   = 225 MPa = 225 N/mm2 ; 
σy   = 300 MPa = 300 N/mm2; F.S. = 1.5 
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Let t = Thickness of the plate in mm. 

Area, A = b × t 

= 120 t mm2 

We know that mean or average load, 

Wm   = (Wmax + Wmin) / 2 

= (250 + 100) / 2 

=175kN = 175 × 103 N 

 
Mean stress, σm    = Wm / A 

= 175x103 / 120 t N/mm2
 

 
Variable load, Wv    = (Wmax - Wmin) / 2 

= (250 - 100) / 2 

=75kN = 75 × 103 N 

 
Variable stress, σv  = Wv / A 

= 75x103 / 120 t N/mm2
 

 
According to Soderberg’s formula, 

(1/FoS) = (σm / σv) + (σv / σe) 
 

(1/1.5) = (175x103 / 120t x 300) + (75x103 / 120t x 225) 

 
t = 7.64 × 1.5 

= 11.46 say 11.5 mm 
 

 

 

5.  A 50 mm diameter shaft is made from carbon steel having ultimate tensile strength of 

630 MPa. It is subjected to a torque which fluctuates between 2000 N-m to – 800 N-m. 

Using Soderberg method, calculate the factor of safety. Assume suitable values for any 

other data needed. 

Solution. 
Given : 

d = 50 mm 

σu = 630 MPa = 630 N/mm2 
Tmax = 2000 N-m 

Tmin = – 800 N-m 

 
We know that the mean or average torque, 

Tm = (Tmax + Tmin) / 2 
= [2000 + (- 800)] /2 

= 600 N-m = 600x103 N-mm 

 
Mean or average shear stress, 
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τm   = 16Tm / πd
3
 

= (16 x 600 x 103) / π(50)3
 

= 24.4 N/mm2 
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Variable torque, 
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Tv    = (Tmax - Tmin) / 2 
= [2000 - (- 800)] /2 

= 1400 N-m = 1400x103 N-mm 

 

Variable shear stress, 

τv       = 16Tv / πd
3
 

= (16 x 1400 x 103) / π(50)3
 

= 57 N/mm2 

 
Since the endurance limit in reversed bending (σe) is taken as one-half the ultimate tensile 

strength (i.e. σe = 0.5 σu) and the endurance limit in shear (τe) is taken as 0.55 σe, therefore 

 
τe     = 0.55 σe 

= 0.55 × 0.5 σu 

= 0.275 σu 

= 0.275 × 630 

= 173.25 N/mm2 
 

Assume the yield stress (σy) for carbon steel in reversed bending as 510 N/mm2, surface 

finish factor (Ksur) as 0.87, size factor (Ksz) as 0.85 and fatigue stress concentration factor (Kfs) 

as 1. 
 

 

Since the yield stress in shear (τy) for shear loading is taken as one-half the yield stress in 

reversed bending (σy), therefore 

τy = 0.5 σy = 0.5 × 510 = 255 N/mm2 

 
Let        F.S. = Factor of safety. 

 
We know that according to Soderberg'sformula, 

(1 / FOS) = (τm / τv) + ( (τv x Kf) / (τe x Ksur x Ksz) ) 
= 0.096 + 0.445 

= 0.541 

F.S.   = 1 / 0.541 

= 1.85 
 

 

 

6.   A circular bar of 500 mm length is supported freely at its two ends. It is acted upon 

by a central concentrated cyclic load having a minimum value of 20 kN and a 

maximum value of 50 kN. Determine the diameter of bar by taking a factor of safety 

of 1.5, size effect of 0.85, surface finish factor of 0.9. The material properties of bar 

are given by, ultimate strength of 650 MPa, yield strength of 500 MPa and endurance 

strength of 350 MPa. 

Solution. 
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Given : 

l = 500 mm 

Wmin = 20 kN = 20 × 103 N 

Wmax = 50 kN = 50 × 103 N ; 

F.S. = 1.5 ; 

Ksz = 0.85 ; 

Ksur = 0.9 ; 

σu = 650 MPa = 650 N/mm2 

σy = 500 MPa = 500 N/mm2 

σe = 350 MPa = 350 N/mm2 

 
Let     d  = Diameter of the bar in mm. 

We know that the maximum bending moment, 

Mmax = (Wmax ×  l) / 4 

= (50 × 103     × 500) / 4 

= 6250 × 103 N- mm 
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And minimum bending moment, 

Mmin  = ( Wmin  × l) / 4 

= (20 × 103 × 500) / 4 

= 2550 × 103 N – mm 

 
Mean or average bending moment, 

Mm   = (Mmax + Mmin) / 2 

= (6250 × 103 + 2500 × 103) / 2 

= 4375 x 103    N- mm 

 
and variable bending moment, 

Mv    = (Mmax − Mmin ) / 2 

= (6250 × 103 − 2500 × 103) / 2 

= 1875 x 103    N- mm 

 
Section modulus of the bar, 

Z    = (π/32) x d 3 

= 0.0982 d3  mm3 
Mean or average bending stress, 

    σm     = Mm / Z 

= 4375 × 103 / 0.0982 d3 

= 44.5 x 106 / d 3 

and variable bending stress, 

     σv  = Mv / Z 

= 1875 x 103 / 0.0982 d3 

= 19.1 x 106 / d3 

 
We know that according to Goodman's formula, 

(1 / FOS) = ( σm / σu) + ( (σv x Kf) / (σe x Ksur x Ksz) ) 

1 / 1.5 = (44.5x 106 / d 3 × 650) + ((19.1 × 106 × 1) / (d 3  × 350 × 0.9 × 0.85)) 

d3     = 139 × 103 × 1.5 

= 209 × 103
 

d    = 59.3 mm 

 
According to Soderberg's formula, 

(1 / FOS)    = ( σm / σy) + ( (σv x Kf) / (σe x Ksur x Ksz) ) 

1 / 1.5    = (44.5x 106 / d 3 × 500) + ((19.1 × 106 × 1) / (d 3  × 350 × 0.9 × 0.85)) 

d3       = 160 × 103 × 1.5 

= 240 × 103
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d    = 62.1 mm 
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Taking larger of the two values, we have 

d = 62.1 m 
 

 

 

7.   A simply supported beam has a concentrated load at the centre which fluctuates from 

a value of P to 4 P. The span of the beam is 500 mm and its cross-section is circular 

with a diameter of 60 mm. Taking for the beam material an ultimate stress of 700 

MPa, a yield stress of 500 MPa, endurance limit of 330 MPa for reversed bending, 

and a factor of safety of 1.3, calculate the maximum value of P. Take a size factor of 

0.85 and a surface finish factor of 

0.9. Solution. 
Given : 

Wmin = P ; 

Wmax = 4P 

; 

L = 500 

mm; 

d = 60 mm 

; 

σu = 700 MPa = 700 N/mm2 ; 

σy = 500 MPa = 500 N/mm2 ; 

σe = 330 MPa = 330 N/mm2 ; 

F.S. = 1.3 ; 

Ksz = 0.85 

; Ksur = 0.9 

 
We know that the maximum bending moment, 

Mmax = (Wmax ×  l) / 4 

= (4P × 500) / 4 

= 500P N- mm 

 
And minimum bending moment, 

Mmin  = ( Wmin  × l) / 4 

= (P × 500) / 4 

= 125P N – mm 

 
Mean or average bending moment, 

Mm   = (Mmax + Mmin) / 2 
= (500P + 125P) / 2 

= 312.5 P  N- mm 
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Variable bending moment, 

Mv    = (Mmax / Mmin ) / 2 
= (500P – 125P) / 2 

= 187.5 P  N- mm 
 

 

Section modulus of the bar, 

Z    = (π/32) x d 3 

= 21.21 x 103  mm3 

 
Mean or average bending stress, 

    σm     = Mm / Z 

= 312.5P / 21.21 x 103
 

= 0.0147 P N/mm2 
 

 

and variable bending stress, 

    σv   = Mv / Z 

= 187.5P / 21.21 x 103
 

= 0.0088 P N/mm2 

 
We know that according to Goodman's formula, 

(1 / FOS) = ( σm / σu) + ( (σv x Kf) / (σe x Ksur x Ksz) 

1 / 1.3 = (0.0147P / 700) + ((0.0088P× 1) / (330 × 0.9 × 0.85)) 

P  = ( 1/ 1. 3) × (106 × 55.8) 

P  = 13785 N 

 
According to Soderberg's formula, 

(1 / FOS) = ( σm / σy) + ( (σv x Kf) / (σe x Ksur x Ksz) ) 

1 / 1.3 = (0.0147P / 500) + ((0.0088P× 1) / (330 × 0.9 × 0.85)) 

P  = ( 1/ 1. 3) × (106 × 64.2) 

P  = 11982 N 

 
From the above, we find that maximum value of P = 13.785 kN 
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Unit –II 

DESIGN OF SHAFTS AND COUPLINGS 

2.1 Material Used for Shafts 
The material used for shafts should have the following properties : 

1. It should have high strength. 

2. It should have good machinability. 

3. It should have low notch sensitivity factor. 

4. It should have good heat treatment properties. 

5. It should have high wear resistant properties. 

 

2.1.1 Types of Shafts 
The following two types of shafts are important from the subject point of view : 

1.   Transmission shafts. These shafts transmit power between the source and the machines 

absorbing power. The counter shafts, line shafts, over head shafts and all factory shafts are 

transmission shafts. Since these shafts carry machine parts such as pulleys, gears etc., 

therefore they are subjected to bending in addition to twisting. 

2.   Machine shafts. These shafts form an integral part of the machine itself. The crank shaft 

is an example of machine shaft. 

 
2.2 Stresses in Shafts 
The following stresses are induced in the shafts : 

1.  Shear stresses due to the transmission of torque (i.e. due to torsional load). 

2.   Bending stresses (tensile or compressive) due to the forces acting upon machine elements 

like gears, pulleys etc. as well as due to the weight of the shaft itself. 

3.  Stresses due to combined torsional and bending loads 

 

2.3 Design of Shafts 
The shafts may be designed on the basis of 

1. Strength, and 

2. Rigidity and stiffness. 

In designing shafts on the basis of strength, the following cases may be considered : 

(a) Shafts subjected to twisting moment or torque only, 

(b) Shafts subjected to bending moment only, 

(c) Shafts subjected to combined twisting and bending moments, and 

(d) Shafts subjected to axial loads in addition to combined torsional and bending loads 

 

2.4 Shafts Subjected to Bending Moment Only 

When the shaft is subjected to a bending moment only, then the maximum stress (tensile 

or compressive) is given by the bending equation. We know that 

 
M/I = σb/y 

 
where  M = Bending moment, 

I = Moment of inertia of cross-sectional area of the shaft about the axis of rotation, 
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σb = Bending stress, and 
y = Distance from neutral axis to the outer-most fibre. 

 

 

2.5 Shafts Subjected to Twisting Moment Only 
When the shaft is subjected to a twisting moment (or torque) only, then the diameter of the 

shaft may be obtained by using the torsion equation. We know that 

 
T /J = τ/r 

 
where  T = Twisting moment (or torque) acting upon the shaft, 

J = Polar moment of inertia of the shaft about the axis of rotation, 

τ = Torsional shear stress, and 

r = Distance from neutral axis to the outer most fibre 

= d / 2; where d is the diameter of the shaft. 

 
2.6 Shafts Subjected to Combined Twisting Moment and Bending Moment 

When the shaft is subjected to combined twisting moment and bending moment, then the shaft 

must be designed on the basis of the two moments simultaneously. Various theories have been 

suggested to account for the elastic failure of the materials when they are subjected to various types 

of combined stresses. The following two theories are important from the subject point of view: 

1.  Maximum shear stress theory or Guest's theory. It is used for ductile materials such as mild 

steel. 

2.  Maximum normal stress theory or Rankine’s theory. It is used for brittle materials such as 

cast iron. 

 
Let        τ = Shear stress induced due to twisting moment, and 

σb = Bending stress (tensile     comp     ssive) induced due to bending moment. 

Te      = √(       + (     

= (π/   ) x τ      3
 

Me    =   
  
[    + √(   )  + (  ) ] 

= (π/3   ) x σb      

d3
 

 
2.7 Shafts Subjected to Fluctuating Loads 

In the previous articles we have assumed that the shaft is subjected to constant torque and 

bending moment. But in actual practice, the shafts are subjected to fluctuating torque and bending 

moments. In order to design such shafts like line shafts and counter shafts, the combined shock 

and fatigue factors must be taken into account for the computed twisting moment (T ) and bending 

moment (M ). Thus for a shaft subjected t    ombined be ding and torsion, the equivalent twisting 

moment, 

Te       =  √(  ×     ) + (  ×   ) 

   ) ]
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2.8 KEYS: 

A key is a piece of mild steel inserted between the shaft and hub or boss of the pulley to 

connect these together in order to prevent relative motion between them. It is always inserted 

parallel to the axis of the shaft. Keys are used as temporary fastenings and are subjected to 

considerable crushing and shearing stresses. A keyway is a slot or recess in a shaft and hub of the 

pulley to accommodate a key. 

 
2.9 Types of Keys 
The following types of keys are important from the subject point of view: 

1.  Sunk keys, 

2.  Saddle keys, 

3.  Tangent keys, 

4.  Round keys, 

5.  Splines. 
 

2.10 Shaft Coupling 

Shafts are usually available up to 7 metres length due to inconvenience in transport. In 

order to have a greater length, it becomes necessary to join two or more pieces of the shaft by 

means of a coupling. 

Shaft couplings are used in machinery for several purposes, the most common of which are the 

following : 

1.  To provide for the connection of shafts of units that are manufactured separately such as 

a motor and generator and to provide for disconnection for repairs or alternations. 

2.  To provide for misalignment of the shafts or to introduce mechanical flexibility. 

3.  To reduce the transmission of shock loads from one shaft to another. 

4.  To introduce protection against overloads. 

5.   It should have no projecting parts. 

 
Shaft couplings are divided into two main groups as follows: 

1.  Rigid coupling. 
It is used to connect two shafts which are perfectly aligned. Following types of 

rigid coupling are important from the subject point of view: 

a)  Sleeve or muff coupling. 

b)  Clamp or split-muff or compression coupling, and 

c)  Flange coupling. 

2.  Flexible coupling. 
It is used to connect two shafts having both lateral and angular misalignment. 

Following types of flexible coupling are important from the subject point of view : 

a)  Bushed pin type coupling, 

b)  Universal coupling, and 

c)  Oldham coupling. 
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2 Marks 

1.  What are various types of stresses induced in the shafts? 
a.   Shear stresses due to transmission of torque. 

b.  Bending stresses. 

c.   Stresses due to combined torsional and bending loads. 

 
2.  What is a flange coupling? 

It is a coupling having two separate cast iron flanges. Each flange is mounted on the shaft 

end and keyed to it.  The faces are turned up at right angle to the axis of the shaft.  One of the 

flanges has a projected portion and the other flange has a corresponding recess.  This helps to 

bring the shafts into line and maintain alignment. 

 
3.  What is the effect of keyway cut into the shaft? 

The keyway cut into the shaft reduces the load carrying capacity of the shaft.  This is due 

to the stress concentration near the corners of the keyway and reduction in the cross sectional 

area of the shaft.  In other words the torsional strength of the shaft is reduced. 

 
4.  What is the difference between coupling and a clutch? 

A coupling is a device used to make permanent or semi permanent connection where as a 

clutch Permits rapid connection or disconnection at will of the operator. 

 
5.  How hollow shaft are superior to solid shaft? 

The weight of hollow shaft is 75% less then solid shaft for same torque transmission 

 
6.  Define Preferred Numbers? 

Preferred Numbers from a general basis for standardizing and grding a series of simulator 

dimension characteristics or articles 

 
7.  Is what situation flexible coupling are used? 

The flexible coupling is employed to tolerate lateral and angular misalignment of the shafts. 

 
8.  What are the various factors involved in good shaft coupling? 

a.   It should be easy to connect or disconnect 

b.   It transmit full power of the shaft 

 
9.  What types of stresses are developed in the key? 

a.   Shear stress 

b.  Crushing stress 

 
10. Why a hallow shaft has great strength and stiffness then solid shaft of equal weight? 

The weight of hollow shaft is 75% less then solid shaft for same torque transmission. 
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11. Define the term critical speed. 

The speed, at which the shaft runs so that the additional deflection of the shaft from the 

axis of rotation becomes infinite, is known as critical or whirling speed. 
 

 

12. . Factor is considered to design a shaft? 
i. strength 

ii. stiffness 

 
13. What is key? 

A key is device, which is used for connecting two machine parts for preventing relative 

motion of rotation with respect to each other. 

 
14. What are the types of keys? 

i. Saddle key 

ii. Tangent key 

iii. Sunk key 

iv. Round key and taper pins 
 

 

 

15. What is the main use of woodruff keys? 

A woodruff key is used to transmit small value of torque in automotive and machine tool 

industries. The keyway in the shaft is milled in a curved shape whereas the key way in the hub 

is usually straight. 

--------------------------------------------------------------------------------------------------------------------- 
 

 

 

16 Marks 

 
16.  A line shaft rotating at 200 rpm is to transmit 20 kW power. The allowable shear stress 

for the shaft material is 42 N/mm2. Determine the diameter of the shaft 
Given : 

N = 200 r.p.m. ; 

P = 20 kW = 20 × 103 W; 

τ= 42 MPa = 42 N/mm2 

Let d = Diameter of the shaft. 

We know that torque transmitted by the shaft, 

T          = 
 P∗  60  

 
2πN

 

=  
20 ∗ 10

 
∗60  

 
2π∗ 200

 
= 5 N-m 
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= 955 × 103 N-mm 

We also know that torque transmitted by the shaft ( T ), 

955 × 103            = 
  π   

* 
τ*d3

 

16 
d3                = 955 × 103 / 8.25 

= 115 733 or d 

                                                            = 48.7 say 50 mm   
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17. Find the diameter of a solid steel shaft to transmit 20 kW at 200 r.p.m. The ultimate shear 

stress for the steel may be taken as 360 MPa and a factor of safety as 8. If a hollow shaft 

is to be used in place of the solid shaft, find the inside and outside diameter when the ratio 

of inside to outside diameters is 0.5. 

Solution. 
Given : 

P = 20 kW = 20 × 103 

W N = 200 r.p.m. 

τu = 360 MPa = 360 N/mm2 
F.S. = 8 

k = di / do = 0.5 

We know that the allowable shear stress, 

τ  = (τu / FOS) 
= 360/8 

= 45 N/mm2 

 
Diameter of the solid shaft 

Let d = Diameter of the solid shaft. 

We know that torque transmitted by the shaft, 

T    = 
 P∗  60  

 
2πN

 
= 20 x103 x60 / 2πN 

= 955 N-m = 955 × 103 N-mm 

We also know that torque transmitted by the solid shaft (T), 

955 × 103  = 
  π   

* 
τ*d3

 

16 

d3     = 955 × 103 / 8.84 
= 108 032 or 

d  = 47.6 say 50 mm 

 
Diameter of hollow shaft 

Let  di = Inside diameter, 

and do = Outside 

diameter. 

We know that the torque transmitted by the hollow shaft ( T ), 

955 × 103  = 
  π   

* τ*(do)3 (1- 
k4) 
16

 
(do)3 = 955 × 103 / 8.3 = 115 060 or do 
do      = 48.6 say 50 mm 

and di     = 0.5 do 

= 0.5 × 50 
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= 25 mm 
 

 

 

18. A solid circular shaft is subjected to a bending moment of 3000 N-m and a torque of 10 

000 N-m. The shaft is made of 45 C 8 steel having ultimate tensile stress of 700 MPa and 

an ultimate shear stress of 500 MPa. Assuming a factor of safety as 6, determine the 

diameter of the shaft. 

Solution. 
 

 

Given : 
 

 

M = 3000 N-m = 3 × 106 N-mm ; 

T = 10 000 N-m = 10 × 106 N-mm ; 

σtu = 700 MPa = 700 N/mm2 ; 
τu = 500 MPa = 500 N/mm2 
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We know that the allowable tensile stress, 

σt or σb   =   
  σtu  

 

= 7
F
0
O
0
S
/6

 
= 116.7 N/mm2 

 
and allowable shear stress, 

τ   = 
  τ  u  

 
FOS

 
= 500/6 
= 83.3 N/mm2 

 
Let d = Diameter of the shaft in mm. 

According to maximum shear stress theory, equivalent twisting moment, 

Te = √M^2 + T^2
 

= √(3  × 106 )2 + (10 ×  106 )2
 

= 10.44 × 106 N-mm 
We also know that equivalent twisting moment (Te), 

10.44 × 106   =    
  π   

* 
τ*d3

 

16 

d3    = 10.44 × 106 / 16.36 
= 0.636 × 106 or 

d  = 86 mm 

 
19. A 15 kW, 960 r.p.m. motor has a mild steel shaft of 40 mm diameter and the extension 

being 75 mm. The permissible shear and crushing stresses for the mild steel key are 56 

MPa and 112 MPa. Design the keyway in the motor shaft extension. Check the shear 

strength of the key against the normal strength of the shaft. 

Solution. 
Given : 

P  = 15 kW = 15 × 103 W 

N = 960 r.p.m. 

d  = 40 mm 

l    = 75 mm 

τ  = 56 MPa = 56 N/mm2 

σc = 112 MPa = 112 N/mm2 

 
We know that the torque transmitted by the motor, 

T    = 
 P∗  60  

 
2πN

 
= 149 N-m 
= 149 × 103 N-mm 
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Let w = Width of keyway or key. 

 
Considering the key in shearing. We know that the torque transmitted (T), 

 

149 × 103   = l . w. τ 

= 75 × w ×56 × (40/2) 

= 84 × 103 w 

w  = 149 × 103 / 84 × 103 

= 1.8 mm 

This width of keyway is too small. The width of keyway should be at least d / 4. 

w  = d/4 

=40/4 

=10 mm 

Since σc = 2 τ, therefore a square key of w = 10 mm and t = 10 mm is adopted. 

According to H.F. More, the shaft strength factor, 
                            h 

 

e    = 1 – 0.2( 
w 

) – 1.1( ) 
d                     d 

= 1 – 0.2(
  w 

) – 1.1(    t   
) 

d                     2d
 

= 1 – 0.2(
 10  

) – 1.1(
   10    

) 
20

 
= 0.8125 

2∗40
 

 

Strength of the shaft with keyway = 
  π   

* τ*d3*e 
16

 
= 571 844 N 

Shear strength of the key        = l . w. τ.(d/2) 

= 75 x 10 x 56 x (40/2) 

= 840000 N 
 

Shear s t ren gt h  of  the  k 
ormal  streng h of the shaft             

=
 

 840000  
 

571844 
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=  1.47 
 

 

 

20. Design a clamp coupling to transmit 30 kW at 100 r.p.m. The allowable shear stress for 

the shaft and key is 40 MPa and the number of bolts connecting the two halves are six. 

The permissible tensile stress for the bolts is 70 MPa. The coefficient of friction between 

the muff and the shaft surface may be taken as 0.3. 

Solution. 
Given : 

P = 30 kW = 30 × 103 

W N = 100 r.p.m. 

τ = 40 MPa = 40 

N/mm2 n = 6 

σt = 70 MPa = 70 N/mm2 

µ = 0.3 

1. Design for shaft 
Let d = Diameter of shaft. 

 

 

 

We know that the torque transmitted by the shaft, 

T = 
 P∗  

60
 
2π

N
 

= 30x103x60 / (2π x 100) 
= 2865 N-m 

= 2865 × 103 N-mm 
We also know that the torque transmitted by the shaft (T), 

2865 × 103     = 
  π   

* τ*d3
 

1

6
 

= 
  π   

* 40*d3
 

1

6
 

d3  = 2865 × 103 / 7.86 = 365 × 103
 

d = 71.4 say 75 mm 

2. Design for muff 
We know that diameter of muff, 

D  = 2d + 13 mm 

= 2 × 75 + 13 

= 163 say 165 mm 

 
Total length of the muff,    L  = 3.5 d 

= 3.5 × 75 
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= 262.5 mm 
 

 

 

3. Design for key 

The width and thickness of the key for a shaft diameter of 75 mm are as follows 

: Width of key,             w = 22 mm 

Thickness of key,        t = 14 mm 

Length of key = Total length of muff = 262.5 mm 

 
4. Design for bolts 

Let db = Root or core diameter of bolt. 

We know that the torque transmitted 

(T), 

2865 × 103  = (π2 / 16) × µ(db )
2 σt ×n × d 

= (π2 / 16) × 0.3 (db )
2 x 70 × 6 × 

75 (db )
2  = 2865 × 103 / 5830 = 492 

db    = 22.2 mm 
From Table 11.1, we find that the standard core diameter of the bolt for coarse series is 

23.32 mm and the nominal diameter of the bolt is 27 mm (M 27). 
 

 

 

21. Two 35 mm shafts are connected by a flanged coupling. The flanges are fitted with 6 bolts 

on 125 mm bolt circle. The shafts transmit a torque of 800 N-m at 350 r.p.m. For the safe 

stresses mentioned below, 

Calculate 1. diameter of bolts ; 2. thickness of flanges ; 3. key dimensions ; 4. hub length; 

and 5. power transmitted. 

Safe shear stress for shaft material = 63 MPa 

Safe stress for bolt material = 56 MPa 
 

 

 

Safe stress for cast iron coupling = 10 MPa 

Safe stress for key material = 46 MPa 

Solution. 
Given : 

d = 35 mm 

n = 6 

D1 = 125 mm 

T = 800 N-m = 800 × 103 N-mm 

N = 350 r.p.m.; 

τ s = 63 MPa = 63 N/ mm2 

τ b = 56 MPa = 56 N/ mm2 

τ c = 10 MPa = 10 N/mm2
 

τ k = 46 MPa = 46 N/ mm2
 

1. Diameter of bolts 
Let d1 = Nominal or outside diameter of bolt. 
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We know that the torque transmitted ( T ), 

800 × 103      = 
  π   

(d1)
2 τb x n x

 
(D1/2) 
4

 

(d1)2     = 800 × 103 / 16495 = 48.5 
d1    = 6.96 say 8 mm 

2. Thickness of flanges 
Let tf = Thickness of flanges. 

We know that the torque transmitted (T ), 

800 × 103   = 
  π  D^2   

x τc x tf 

16
 

tf      = 800 × 103 / 76980 
= 10.4 say 12 mm 

 
3. Key dimensions 

From Table 13.1, we find that the proportions of key for a 35 mm diameter shaft are : 

Width of key, w = 12 mm 

and thickness of key, t = 8 mm 

The length of key ( l ) is taken equal to the length of hub (L). 

l = L  = 1.5 d 

= 1.5 × 35 

= 52.5 mm 

 
Let us now check the induced shear stress in the key. We know that the torque transmitted (T ), 

800 × 103  = l x w x τk x (d/2) 

τk    = 800 × 103 / 11025 

= 72.5 N/mm2
 

 
Since the induced shear stress in the key is more than the given safe stress (46 MPa), therefore 

let us find the length of key by substituting the value of τk  = 46 MPa in the above equation, i.e. 

800 × 103  = l x 12 x 46 x (35/2) 

= 9660 l 

l    = 800 × 103 / 9660 

= 82.8 say 85 mm 
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P = T x 2πN / 60 

 = 800 x 2 π x 350 /60 

 = 29 325 W = 29.325 kW 

 

 

 

 

4. Hub length 
Since the length of key is taken equal to the length of hub, therefore we shall take hub length, 

L = l = 85 mm 

5. Power transmitted 
We know that the power transmitted, 
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Unit –III 

DESIGN OF TEMPORARY AND PERMANENT JOINTS 

3.1 Welded Joints 

A welded joint is a permanent joint which is obtained by the fusion of the edges of the two 

parts to be joined together, with or without the application of pressure and a filler material. The 

heat required for the fusion of the material may be obtained by burning of gas (in case of gas 

welding) or by an electric arc (in case of electric arc welding). The latter method is extensively 

used because of greater speed of welding. 

Welding is extensively used in fabrication as an alternative method for casting or forging 

and as a replacement for bolted and riveted joints. It is also used as a repair medium e.g. to reunite 

metal at a crack, to build up a small part that has broken off such as gear tooth or to repair a worn 

surface such as a bearing surface. 

 
3.2 Advantages and Disadvantages of Welded Joints over Riveted Joints 

Following are the advantages and disadvantages of welded joints over riveted joints. 

Advantages 
1.  The welded structures are usually lighter than riveted structures. This is due to the reason, 

that in welding, gussets or other connecting components are not used. 

2.  The welded joints provide maximum efficiency (may be 100%) which is not possible in 

case of riveted joints. 

3.  Alterations and additions can be easily made in the existing structures. 

4.  As the welded structure is smooth in appearance, therefore it looks pleasing. 

5.   In welded connections, the tension members are not weakened as in the case of riveted 

joints. 

6.  A welded joint has a great strength. Often a welded joint has the strength of the parent 

metal itself. 

7.  Sometimes, the members are of such a shape (i.e. circular steel pipes) that they afford 

difficulty for riveting. But they can be easily welded. 

8.  The welding provides very rigid joints. This is in line with the modern trend of providing 

rigid frames. 

 
Disadvantages 

1.  Since there is an uneven heating and cooling during fabrication, therefore the members 

may get distorted or additional stresses may develop. 

2.   It requires a highly skilled labour and supervision. 

3.  Since no provision is kept for expansion and contraction in the frame, therefore there is a 

possibility of cracks developing in it. 

4.  The inspection of welding work is more difficult than riveting work. 
 

3.3 Types of Welded Joints 
Following two types of welded joints are important from the subject point of view: 

1.   Lap joint or fillet joint, and 

2.  Butt joint. 
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3.4 Lap Joint 
The lap joint or the fillet joint is obtained by overlapping the plates and then welding the edges of 

the plates. The cross-section of the fillet is approximately triangular. The fillet joints may be 

1.  Single transverse fillet, 

2.  Double transverse fillet, and 

3.  Parallel fillet joints. 

The fillet joints are shown in Fig. A single transverse fillet joint has the disadvantage that the edge 

of the plate which is not welded can buckle or warp out of shape. 

 
3.5 Butt Joint 
The butt joint is obtained by placing the plates edge to edge as shown in Fig. 10.3. In butt welds, 

the plate edges do not require bevelling if the thickness of plate is less than 5 mm. On the other 

hand, if the plate thickness is 5 mm to 12.5 mm, the edges should be bevelled to V or U-groove on 

both sides. 
 

 

 

 

 

 

 

 

 

 

The butt joints may be 

1. Square butt joint, 

2. Single V-butt joint 

3. Single U-butt joint, 

4. Double V-butt joint, and 

5. Double U-butt joint. 
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3.6 Riveted Joints 
A rivet is a short cylindrical bar with a head integral to it. The cylindrical portion of the 

rivet is called shank or body and lower portion of shank is known as tail, as shown in Fig. The 

rivets are used to make permanent fastening between the plates such as in structural work, ship 

building, bridges, tanks and boiler shells. The riveted joints are widely used for joining light 

metals. The fastenings (i.e. joints) may be classified into the following two groups: 

1. Permanent fastenings, and 

2. Temporary or detachable fastenings. 

 
3.7 Types of Riveted Joints 
Following are the two types of riveted joints, depending upon the way in which the plates are 

connected. 
 

 

 

3.8 Lap Joint 

1. Lap joint, and 

2. Butt joint. 
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A lap joint is that in which one plate overlaps the other and the two plates are then riveted 

together. 

 
3.9 Butt Joint 

A butt joint is that in which the main plates are kept in alignment butting (i.e. touching) 

each other and a cover plate (i.e. strap) is placed either on one side or on both sides of the main 

plates. The cover plate is then riveted together with the main plates. Butt joints are of the following 

two types: 

1. Single strap butt joint, and 

2. Double strap butt joint. 

In a single strap butt joint, the edges of the main plates butt against each other and only 

one cover plate is placed on one side of the main plates and then riveted together. 

In a double strap butt joint, the edges of the main plates butt against each other and two 

cover plates are placed on both sides of the main plates and then riveted together. 

In addition to the above, following are the types of riveted joints depending upon the 

number of rows of the rivets. 

1. Single riveted joint, and 

2. Double riveted joint. 

 
 

 

 

A single riveted joint is that in which there is a single row of rivets in a lap joint as shown 

in Fig. (a) and there is a single row of rivets on each side in a butt joint as shown in Fig. 

A double riveted joint is that in which there are two rows of rivets in a lap joint as shown 

in Fig. (b) and (c) and there are two rows of rivets on each side in a butt joint as shown in Fig. 
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3.10 Important Terms Used in Riveted Joints 

The following terms in connection with the riveted joints are important from the subject point of 

view : 

1. Pitch. It is the distance from the centre of one rivet to the centre of the next rivet measured 

Get useful study materials from www.rejinpaul.com

www.rejinpaul.com



ME6503 - DME Mechanical Engineering III / V 
  

44 PRAVINKUMAR – AP/MECH 2015 - 16 

 

 

parallel to the seam as shown in Fig. 9.6. It is usually denoted by p. 

2. Back pitch. It is the perpendicular distance between the centre lines of the successive rows as 

shown in Fig. It is usually denoted by pb. 

3. Diagonal pitch. It is the distance between the centres of the rivets in adjacent rows of zig-zag 

riveted joint as shown in Fig. 9.6. It is usually denoted by pd. 

4. Margin or marginal pitch. It is the distance between the centre of rivet hole to the nearest edge 

of the plate as shown in Fig. 9.6. It is usually denoted by m. 

 
3.11 Efficiency of a Riveted Joint 

The efficiency of a riveted joint is defined as the ratio of the strength of riveted joint to 

the strength of the un-riveted or solid plate. 

 
We have already discussed that 

Strength of the riveted joint = Least of Pt, Ps and Pc 

 
Strength of the un-riveted or solid plate per pitch length, 

P  = p × t × σt 

 

Efficiency of the riveted joint, 

η = (Least of Pt , Ps and Pc) / (p × t × σt) 

 
where  p  = Pitch of the rivets, 

t   = Thickness of the plate, and 

σt = Permissible tensile stress of the plate material. 
 

 

 

 

 
 

 

1.  Define self locking screws. 

2 Marks 

If the friction angle is greater that the helix angle of the power screw, the torque required 

lowering the load will be positive, indicating that an effort is applied to lower the load.  This 

type of screw is known as self locking screw.  This efficiency of the self locking screw is less 

than 50%. 

 
2.  What is meant by single start and double start thread? 

Single-start means that there is only one ”ridge” wrapped around the cylinder of the screw’s 

body. Each time that the screw’s body rotates one turn (3600)’ it has advanced axially by the 

one pitch distance. “double-start”that there is are two ”ridge” wrapped around the cylinder of 

the screw’s body. Each time that the screw’s body rotates one turn (3600)’ it has advanced 

axially by the two pitch distance. 
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3.  Classify the rivet heads. 

•  Rivet heads for general purposes (below 12 mm diameter) according to IS: 2155 - 1982 

(Reaffifmed 1996) 

•    Rivet heads for general purposes (below 12 mm to 48 mm diameter) according to IS: 1929 

- 1982 (Reaffifmed 1996) 

•    Rivet heads for boiler work  (below 12 mm to48 mm diameter) according to IS: 1928 - 

1961 (Reaffifmed 1996) 

 
4.  What are the assumptions made in the design of welded joints? 

•  It is assumed that the tensile stress is distributed uniformly across the section of the butt 

weld. 

•  It is assumed that the shear stress in a parallel fillet weld is uniformly distributed along the 

entire lengthof the weld. 

•    Stress situation in a fillet weld is complicated because of bending action of the force. 
 

 

 

5.  List the advantages and disadvantages of threaded fasteners. 
Advantage: 

•    Screwed joints are highly reliable in operation 

•    Screwed joints are convenient to assemble and dis assemble 

Disadvantage: 

•  The stress concentration in the threaded portions which are vulnerable points under 

variable load conditions. 

 
6.  What are the initial stresses induced due to screwing up forces? 

1.  Tensile stress due to stretching of the bolt 

2.  Compression or bearing stresses on the thread 

3.  Shearing stresses across threads 

4.  Bending stress 
 

 

 

7.  What is bolt of uniform strength? 
A bolt of uniform strength has equal strength at the thread and shank position. 

 
8.  How are the welding process classified? 

•    Forge welding 

•    Fusion welding 

•    Electric resistance welding 

 
9.  Define the theory of bonded joints. 

A rivet is a short cylindrical bar with a head integral to it. The cylindrical portion of the 

rivet is called shank or body and lower portion of the shank is known as tail.The riveted joints 

Get useful study materials from www.rejinpaul.com

www.rejinpaul.com



ME6503 - DME Mechanical Engineering III / V 
  

46 PRAVINKUMAR – AP/MECH 2015 - 16 

 

 

are widely used for jointing light metals. 
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10. Write the advantages of welded joints over the riveted joints. 

•  It is assumed that the tensile stress is distributed uniformly across the section of the 

butt weld. 

•  It is assumed that the shear stress in a parallel fillet weld is uniformly distributed along 

the entire length of the weld. 

•    Stress situation in a fillet weld is complicated because of bending action of the force. 

 
11. What is a stud? 

A stud is a bolt in which the head is replaced by a threaded end. It passes through one of 

the parts to be connected and is crewed into the other part. 

 
12. How is bolt designated? 

A bolt is designated by a letter M followed by nominal diameter and pitch in mm. 

 
13. State the advantages of threaded joints? 

•    High clamping 

•    Small tightening force requirement 

•    Easy manufacturing 

•    Simple design 

 
14. How is welding classified? 

1. Forge welding 

2. Electric resistance welding 

3. Fusion welding 

 
15. Name the possible modes of failure of riveting joint. 

1. Crushing of rivets 

2. Shear of rivets 

3. Tearing of the plate at the edge 

4. Tearing of the plate between rivets. 
 

 

 

 

16 Marks 

16. A bracket, as shown in Figure, supports a load of 30 kN. Determine the size of bolts, if 

the maximum allowable tensile stress in the bolt material is 60 MPa. The distances are : 

L1 = 80 mm, L2 = 250 mm, and L = 500 mm. 
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Solution. 
Given : 

 

 

 

W = 30 kN 

σt = 60 MPa = 60 N/mm2 

L1 = 80 mm 

L2 = 250 mm 

L = 500 mm 

We know that the direct tensile load carried by each bolt, 

Wt1   = (W / n) 
= 30 / 4 

= 7.5 kN 
Load in a bolt per unit distance, 

w   = WL / 2[(L1)
2 + (L2)

2] 

= 30 x 500 / 2[802 + 2502] 

= 0.109 kN/mm 

 
Since the heavily loaded bolt is at a distance of L2 mm from the tilting edge, therefore 

load on the heavily loaded bolt, 

Wt2  = w.L2 

= 0.109 × 250 

= 27.25 kN 

 
Maximum tensile load on the heavily loaded bolt, 

Wt   = Wt1 + Wt2 

= 7.5 + 27.25 

= 34.75 kN = 34750 N 

 
Let dc = Core diameter of the bolts. 

We know that the maximum tensile load on the bolt (Wt), 

34750 = (π / 4) × (dc)
2 σt 

(dc)
2    = 34750 / 47 

= 740 

dc   = 27.2 mm 
From Table 11.1 (coarse series), we find that the standard core diameter of the bolt is 28.706 mm 

and the corresponding size of the bolt is M 33. 
 

 

 

17. Design a sleeve and cotter joint to resist a tensile load of 60 kN. All parts of the joint are 

made of the same material with the following allowable stresses : σt = 60 MPa ; τ= 70MPa 

and σc = 125 MPa 

Solution. 

 

Given : 
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P

    

=

 

6

0
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N

 

=

 

6

0

 

×

 

1

0
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=
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2
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σc   = 125 MPa = 125 N/mm2 

 
1. Diameter of the rods 
Let      d = Diameter of the rods. 

Considering the failure of the rods in tension. 

We know that load (P), 

60 × 103   = 
  π   

x d2 x σt 

4
 

d2  = 60 × 103/ 47.13 
= 1273 

d = 35.7 say 36 mm 

 
2. Diameter of enlarged end of rod and thickness of cotter 

Let      d2 = Diameter of enlarged end of rod, and 

t = Thickness of cotter. It may be taken as d2 / 4. 

Considering the failure of the rod in tension across the weakest section (i.e. slot). We know that 

load (P), 

60 × 103  = [ 
  π   

(d2)
2 - d2 x t]

 
σt 

4
 

= [ 
  π  

(d2)
2 - d2 x (d2/4)] 
60 

4
 

= 32.13 (d2)2 
(d2)

2  = 60 × 103 / 32.13 = 1867 

d2   = 43.2 say 44 mm 

 

Thickness of cotter, 
 

 

t  = (d2/4) 
= 44/4 

=11 mm 
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2

 

Let us now check the induced crushing stress in the rod or cotter. We know that load (P), 

60 × 103  = d2 × t ×σc 

= 44 × 11 × σc 

= 484 σc 

σc    = 60 × 103 / 484 

= 124 N/mm2 
Since the induced crushing stress is less than the given value of 125 N/mm2, therefore the 

dimensions d2 and t are within safe limits. 

 
3. Outside diameter of sleeve 

Let d1 = Outside diameter of sleeve. 

Considering the failure of sleeve in tension across the slot. 
 

 

 

We know that load (P) 

60 × 103               = [ 
  π   

[(d1)
2-(d2)

2 ]- (d1 - d2 )x t]
 

σt 

 

 

 

 
4

 

= [ 
  π   

[(d1)
2-(44)2 ]- (d1 - 44 )x 11] 60 

4 
(d1)2 – 14 d1 – 2593  = 0 

 

 

d 1        = 
 14 ±√(14)

 
2 

+4 x 2593
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= 58.4 say 60 mm. 

 
4. Width of cotter 
Let b = Width of cotter. 

Considering the failure of cotter in shear. Since the cotter is in double shear, therefore load (P), 

60 × 103 = 2 b × t × τ 

= 2 × b × 11 × 70 

= 1540 b 

b  = 60 × 103 / 1540 

= 38.96 say 40 mm 

 
5. Distance of the rod from the beginning to the cotter hole (inside the sleeve end) 
Let a = Required distance. 

Considering the failure of the rod end in shear. Since the rod end is in double shear, therefore 

load (P), 

60 × 103  = 2 a × d2 × τ 

= 2 a × 44 × 70 

= 6160 a 

a  = 60 × 103 / 6160 

= 9.74 say 10 mm 

 
6. Distance of the rod end from its end to the cotter hole 
Let c = Required distance. 

Considering the failure of the sleeve end in shear. Since the sleeve end is in double shear, 

therefore load (P), 

60 × 103   = 2 (d1 – d2) c × τ 

= 2 (60 – 44) c × 70 

= 2240 c 

c  = 60 × 103 / 2240 

= 26.78 say 28 mm. 
 

 

 

18. Design a knuckle joint to transmit 150 kN. The design stresses may be taken as 75 MPa 

in tension, 60 MPa in shear and 150 MPa in compression. 

Solution. 

Given : 

P    = 150 kN = 150 × 103 N 

σt      = 75 MPa = 75 N/mm2 
τ    = 60 MPa = 60 N/mm2 

σc    = 150 MPa = 150 N/mm2 

The knuckle joint is shown in Fig. 12.16. The joint is designed by considering the various 

methods of failure as discussed below: 

1. Failure of the solid rod in tension 
Let d = Diameter of the rod. 

We know that the load transmitted (P), 
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150 × 103  = 
  π   

x d2 x
 

σt 

4
 

= 
  π   

x d2 x 
75 

4 
d2     = 150 × 103 / 59 = 2540 
d   = 50.4 say 52 mm 

 
Now the various dimensions are fixed as follows: 

Diameter of knuckle pin, 

d1 = d = 52 mm 

 

Outer diameter of eye, 
 

 

d2 = 2d = 2 × 52 
= 104 mm 

 

Diameter of knuckle pin head and collar, 

d3  = 1.5d 
= 1.5 × 52 

= 78 mm 

 
Thickness of single eye or rod end, 

t  = 1.25 d 

= 1.25 × 52 

= 65 mm 

 

Thickness of fork, 
 

 

t1  = 0.75 d 
= 0.75 × 52 

= 39 say 40 mm 

 

Thickness of pin head, 
 

 

t2   = 0.5 d 
= 0.5 × 52 

= 26 mm 
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2. Failure of the knuckle pin in shear 
Since the knuckle pin is in double shear, therefore load (P), 

150 × 10
3  

= 2 x 
  π   

x (d1)
2 

x
 

τ 
4

 
= 4248 τ 

τ  = 150 × 103 / 4248 

= 35.3 N/mm2 = 35.3 MPa 

 
3. Failure of the single eye or rod end in tension 
The single eye or rod end may fail in tension due to the load. We know that load (P), 

150 × 103  = (d2 – d1) t × σt 

 

 

 

= (104 – 52) 65 × σt 

= 3380 σt 

σt    = 150 × 103 / 3380 
= 44.4 N / mm2 = 44.4 MPa 

 
4. Failure of the single eye or rod end in shearing 
The single eye or rod end may fail in shearing due to the load. We know that load (P), 

150 × 103 = (d2 – d1) t × τ 

= (104 – 52) 65 × τ 

= 3380 τ 

τ    = 150 × 103 / 3380 

= 44.4 N/mm2 = 44.4 MPa 

 
5. Failure of the single eye or rod end in crushing 
The single eye or rod end may fail in crushing due to the load. We know that load (P), 

150 × 103   = d1 × t × σc 

= 52 × 65 × σc 

= 3380 σc 

σc    = 150 × 103 / 3380 

= 44.4 N/mm2 = 44.4 MPa 

6. Failure of the forked end in tension 
The forked end may fail in tension due to the load. We know that load (P), 

150 × 103     = (d2 – d1) 2 t1 × σt 

= (104 – 52) 2 × 40 × σt 

= 4160 σt 

σt    = 150 × 103 / 4160 

= 36 N/mm2 = 36 MPa 

7. Failure of the forked end in shear 
The forked end may fail in shearing due to the load. We know that load (P), 
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150 × 103   = (d2 – d1) 2 t1 × σt x τ 

= (104 – 52) 2 × 40 × τ 

= 4160 τ 

τ   = 150 × 103 / 4160 

= 36 N/mm2 = 36 MPa 

8. Failure of the forked end in crushing 
The forked end may fail in crushing due to the load. We know that load (P), 

150 × 103 = d1 × 2t1 × σc 

= 52 × 2 × 40 × σc 

= 4160 σc 

σc  = 150 × 103 / 4180 

= 36 N/mm2 = 36 MPa 
From above, we see that the induced stresses are less than the given design stresses, 

therefore the joint is safe. 

19. (i) A 50 mm diameter solid shaft is welded to a flat plate by 10 mm fillet weld as shown 

in Fig. Find the maximum torque that the welded joint can sustain if the maximum 

shear stress intensity in the weld material is not to exceed 80 MPa. 
Solution. Given : 

d = 50 mm 

s = 10 mm 

τmax = 80 MPa = 80 N/mm2 
 

 

 

 

 

 

 

 

 

 

 

 

Let T = Maximum torque that the welded joint can sustain. 

We know that the maximum shear stress (τmax), 

80       = 
 2.83T

 

πsd2
 

= 
 2.83T

 

78550
 

T         = 80 × 78550 / 2.83 
= 2.22 × 106 N-mm = 2.22 kN-m 

 

 

 

(ii) A plate 1 m long, 60 mm thick is welded to another plate at right angles to each other by 

15 mm fillet weld, as shown in Fig. Find the maximum torque that the welded joint can 

sustain if the permissible shear stress intensity in the weld material is not to exceed 80 MPa. 

Solution. 
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Given: 

l    = 1m = 1000 mm 

; Thickness    = 60 mm ; 

s     = 15 mm ; 

τmax       = 80 MPa = 80 N/mm2 
Let T = Maximum torque that the welded joint can sustain 

We know that the maximum shear stress (τmax), 

80       = 4.242T / (s x l2) 

= 4.242T / (15 x 10002) 

= 0.283 T / 106
 

T      = 80 × 106 / 0.283 

= 283 × 106 N-mm = 283 kN-m 

 
20. A plate 100 mm wide and 12.5 mm thick is to be welded to another plate by means of 

parallel fillet welds. The plates are subjected to a load of 50 kN. Find the length of the 

weld so that the maximum stress does not exceed 56 MPa. Consider the joint first under 

static loading and then under fatigue loading. 

Solution. 
Given: 

Width = 100 mm 

Thickness = 12.5 mm 

P = 50 kN = 50 × 103 N ; 

τ  = 56 MPa = 56 N/mm2 

Length of weld for static loading 
Let l = Length of weld, and 

s = Size of weld = Plate thickness 

= 12.5 mm 

 
We know that the maximum load which the plates can carry for double parallel fillet 

welds (P), 

50 × 103  =1.414 s × l × τ 

= 1.414 × 12.5 × l × 56 = 990 l 

l = 50 × 103 / 990 

= 50.5 mm 

 
Adding 12.5 mm for starting and stopping of weld run, we have 

l = 50.5 + 12.5 

= 63 mm 

 
Length of weld for fatigue loading 

From Table 10.6, we find that the stress concentration factor for parallel fillet welding is 2.7. 

Permissible shear stress, 

τ  = 56 / 2.7 

= 20.74 N/mm2 

We know that the maximum load which the plates can carry for double parallel fillet welds 

(P), 
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50 × 103     = 1.414 s × l × τ 

= 1.414 × 12.5 × l × 20.74 

= 367 l 

l   = 50 × 103 / 367 

= 136.2 mm 

 
Adding 12.5 for starting and stopping of weld run, we have 

l = 136.2 + 12.5 

= 148.7 mm 
 

 

 

21. A double riveted lap joint is made between 15 mm thick plates. The rivet diameter and 

pitch are 25 mm and 75 mm respectively. If the ultimate stresses are 400 MPa in tension, 

320 MPa in shear and 640 MPa in crushing, find the minimum force per pitch which will 

rupture the joint. If the above joint is subjected to a load such that the factor of safety is 

4, find out the actual stresses developed in the plates and the rivets. 

Solution. 
Given : 

t    = 15 mm 

d   = 25 mm 

p  = 75 mm 

σtu = 400 MPa = 400 N/mm2 

τu   = 320 MPa = 320 N/mm2 
σcu = 640 MPa = 640 N/mm2 

 
Minimum force per pitch which will rupture the joint 

Since the ultimate stresses are given, therefore we shall find the ultimate values of the 

resistances of the joint. We know that ultimate tearing resistance of the plate per pitch, 

Ptu    = (p – d)t × σtu 

= (75 – 25)15 × 400 

= 300000 N 

 

Ultimate shearing resistance of the rivets per pitch, 

Psu   = n × (π/4) x d2 x τu 

= 2 x (π/4) (25)2 x  320 

= 314200 N 

 
Ultimate crushing resistance of the rivets per pitch, 

Pcu = n × d × t × σcu 

= 2 × 25 × 15 × 640 

= 480000 N 
From above we see that the minimum force per pitch which will rupture the joint is 

300000 N or 300 kN. 

 
Actual stresses produced in the plates and rivets 
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Since the factor of safety is 4, therefore 

safe load per pitch length of the joint = 300000 / 4 

= 75000 N 

Let σta τa and σca be the actual tearing, shearing and crushing stresses produced with a safe 

load of 75000 N in tearing, shearing and crushing. We know that actual tearing resistance of the 

plates (Pta), 

75000 = ( p – d ) t × σta 

= (75 – 25)15 × σta 

= 750 σta 

σta  = 75000 / 750 

= 100 N/mm2 = 100 MPa. 

 
Actual shearing resistance of the rivets (Psa), 

75000 = n × (π/4) x d2 x τa 

= n × (π/4) x 252 x τa 

= 982 τa 

τa   = 75000 / 982 

= 76.4 N/mm2 = 76.4 MPa 

 
Actual crushing resistance of the rivets (Pca), 

75000 = n × d × t × σca 

= 2 × 25 × 15 × σca 

= 750 σca 

σca      = 75000 / 750 
= 100 N/mm2 = 100 MPa 

 
22. A double riveted double cover butt joint in plates 20 mm thick is made with 25 mm 

diameter rivets at 100 mm pitch. The permissible stresses are : σt = 120 MPa; τ = 100 

MPa; σc = 150 MPa Find the efficiency of joint, taking the strength of the rivet in double 

shear as twice than that of single shear. 

Solution. 
Given : 

t  = 20 mm 

d = 25 mm 

p = 100 mm 

σt = 120 MPa = 120 N/mm2 

τ  = 100 MPa = 100 N/mm2 

σc = 150 MPa = 150 N/mm2 

First of all, let us find the tearing resistance of the plate, shearing resistance and crushing 

resistance of the rivet. 

(i) Tearing resistance of the plate 

We know that tearing resistance of the plate per pitch length, 

Pt       = (p – d ) t × σt 

= (100 – 25) 20 × 120 

= 180000 N 
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(ii) Shearing resistance of the rivets 
Since the joint is double riveted butt joint, therefore the strength of two rivets in double shear is 

taken. We know that shearing resistance of the rivets, 

Ps        = n × 2 × (π / 4) x d2 x τ 

= 2 x 2 x (π / 4 ) (25)2 100 

= 196375 N 

 
(iii) Crushing resistance of the rivets 

Since the joint is double riveted, therefore the strength of two rivets is taken. We know that 

crushing resistance of the rivets, 

Pc       = n × d × t ×σc 

= 2 × 25 × 20 × 150 

= 150000 N 

 
Strength of the joint   = (Least of Pt, Ps and Pc) 

= 150 000 N 
 

 

 

Efficiency of the joint 

We know that the strength of the unriveted or solid plate, 

P = p × t × σt 

= 100 × 20 × 120 

= 240000 N 

Efficiency of the joint = (Least of Pt , Ps and Pc) / P 

=150000 / 240000 

= 0.625 or 62.5% 
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Unit –IV 

DESIGN OF ENERGY STORING ELEMENTS 

 
4.1 SPRINGS 

A spring is defined as an elastic body, whose function is to distort when loaded and to 

recover its original shape when the load is removed. The various important applications of springs 

are as follows: 

1.  To cushion, absorb or control energy due to either shock or vibration as in car springs, 

railway buffers, air-craft landing gears, shock absorbers and vibration dampers. 

2.  To apply forces, as in brakes, clutches and spring loaded valves. 

3.  To control motion by maintaining contact between two elements as in cams and followers. 

4.  To measure forces, as in spring balances and engine indicators. 

5.  To store energy, as in watches, toys, etc. 

 
4.2 Types of Springs: 

Though there are many types of the springs, yet the following, according to their shape, are 

important from the subject point of view. 

 
4.2.1. Helical springs. 

The helical springs are made up of a wire coiled in the form of a helix and is primarily 

intended for compressive or tensile loads. The cross-section of the wire from which the spring is 

made may be circular, square or rectangular. The two forms of helical springs are compression 

helical spring as shown in Fig (a) and tension helical spring as shown in Fig (b). 
 

 

 
The helical springs are said to be closely coiled when the spring wire is coiled so close that 

the plane containing each turn is nearly at right angles to the axis of the helix and the wire is 

subjected to torsion. In other words, in a closely coiled helical spring, the helix angle is very small, 

it is usually less than 10°. The major stresses produced in helical springs are shear stresses due to 

twisting. The load applied is parallel to or along the axis of the spring. 

 
In open coiled helical springs, the spring wire is coiled in such a way that there is a gap 

between the two consecutive turns, as a result of which the helix angle is large. Since the 

application of open coiled helical springs are limited, therefore our discussion shall confine to 
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closely coiled helical springs only. 
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The helical springs have the following advantages: 

(a) These are easy to manufacture. 

(b) These are available in wide range. 

(c) These are reliable. 

(d) These have constant spring rate. 

(e) Their performance can be predicted more accurately. 

(f) Their characteristics can be varied by changing dimensions. 

 
4.2.2. Conical and volute 

springs. 

The conical and volute springs, as shown in Fig., are used in special applications where a 

telescoping spring or a spring with a spring rate that increases with the load is desired. The conical 

spring, as shown in Fig(a), is wound with a uniform pitch whereas the volute springs, as shown in 

Fig (b), are wound in the form of paraboloid with constant pitch and lead angles. The springs may 

be made either partially or completely telescoping. In either case, the number of active coils 

gradually decreases. The decreasing number of coils results in an increasing spring rate. This 

characteristic is sometimes utilised in vibration problems where springs are used to support a body 

that has a varying mass. 
 

 

 
The major stresses produced in conical and volute springs are also shear stresses due to twisting. 

 
4.2.3. Torsion 

springs. 

These springs may be of helical or spiral type as shown in Fig. The helical type may be 

used only in applications where the load tends to wind up the spring and are used in various 

electrical 

mechanisms. 
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The spiral type is also used where the load tends to increase the number of coils and when 

made of flat strip are used in watches and clocks.The major stresses produced in torsion springs 

are tensile and compressive due to bending. 

 
4.2.4. Laminated or leaf 

springs. 

The laminated or leaf spring (also known as flat spring or carriage spring) consists of a 

number of flat plates (known as leaves) of varying lengths held together by means of clamps and 

bolts, as shown in Fig. These are mostly used in 

automobiles. 
 

 

 
The major stresses produced in leaf springs are tensile and compressive stresses. 

 
4.2.5. Disc or bellevile 

springs. 

These springs consist of a number of conical discs held together against slipping by a 

central bolt or tube as shown in Fig. These springs are used in applications where high spring rates 

and compact spring units are 

required. 
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4.2.6. Special purpose 

springs. 

These springs are air or liquid springs, rubber springs, ring springs etc. The fluids (air or 

liquid) can behave as a compression spring. These springs are used for special types of application 

only

. 

 
4.3 Material for Helical 

Springs 

The material of the spring should have high fatigue strength, high ductility, high resilience and it 

should be creep resistant. It largely depends upon the service for which they are used i.e. severe 

service, average service or light service. 

1.  Severe service means rapid continuous loading where the ratio of minimum to maximum 

load (or stress) is one-half or less, as in automotive valve springs. 

2.  Average service includes the same stress  range as  in  severe service  but with only 

intermittent operation, as in engine governor springs and automobile suspension springs. 

3.  Light service includes springs subjected to loads that are static or very infrequently varied, 

as in safety valve springs. 
 

 

 

 
 

 

1.  Define surging of springs. 

2 Marks 

The spring material is subjected to higher stresses, which may cause early fatigue failure 

of springs. This effect is called as surging of springs. 

 
2.  Define mechanical advantage of a lever. 

It is the ratio of load lifted to the effort applied. 

 
3.  Define Resilience of a spring. 

It is the amount of energy absorbed by the spring per unit deflection. 

 
4.  Define free length of spring? 

It is length of spring is the free or unloading condition. 

 
5.  What is the function of a flywheel? 

A flywheel is a machine member serves a reservoir which stores energy during the period 
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when the supply of energy is more than the requirement and releases it during the period when 

the requirement of energy is more than the supply. 

 
6.  Define co-efficient of fluctuation of energy in a flywheel. 

It is the ratio of fluctuation of energy to the work done per cycle. 

 
7.  Define free length of a spring? 

It is length of spring is the free or unloading condition. 

8.  State any two important applications of leaf spring? 
The leaf springs are commonly used in automobile. 

 
9.  Define : Leaf springs 

A leaf spring consists of flat bars of varying lengths clamped together and supported at 

both ends, thus acting as a simply supported beam. 

 
10. What are the stresses induced in flywheel arms? 

•    Tensile stress due to centrifugal force. 

•    Bending stress due to Torque. 

•    Stress due to belt tension. 

•    Specify the types of flywheel. 

1. Solid piece flywheel. 

a. Web type    b. Rim and hub type. 

2. Split wheel 

a. Rim and hub type only 

 
11. Classify the helical springs. 

a. Close – coiled or tension helical spring. 

b. Open –coiled or compression helical spring. 
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12. What are the various types of springs? 
i. Helical springs 

ii. Spiral springs 

iii. Leaf springs 

iv. Disc spring or Belleville springs 

 
13. State any two functions of springs. 

i. To measure forces in spring balance, meters and engine indicators. 

ii. To store energy. 

 
14. What is a spring? 

A spring is an elastic member, which deflects, or distorts under the action of load and regains 

its original shape after the load is removed. 

 
15. State the following term.1.Leverage 2. Load on the lever. 

• Leverage = Length of effort arm / Length of load arm 

• Load on the lever = magnitude of load applied on the lever 
 

 

16 Marks 

16. A helical spring is made from a wire of 6 mm diameter and has outside diameter of 75 

mm. If the permissible shear stress is 350 MPa and modulus of rigidity 84 kN/mm2, 

find the axial load which the spring can carry and the deflection per active turn. 

Solution. 
Given : 

d = 6 mm ; 

Do = 75 mm ; 

τ = 350 MPa = 350 N/mm2 ; 

G = 84 kN/mm2 = 84 × 103 N/mm2 

We know that mean diameter of the spring, 

D = Do – d 

= 75 – 6 

= 69 mm 

 
Spring index, C = D/d 

= 69 / 6 

= 11.5 
 

Let W = Axial load, and 

 δ/ n = Deflection per active turn. 

 

1. Neglecting the effect of curvature 
We know that the shear stress factor, 

Ks  = 1 + (1 / 2C) 
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= 1 + (1/ 2x11.5) 

= 1.043 
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Maximum shear stress induced in the wire (τ), 

350 = Ks (8WD / πd3) 

= 1.043 (8W x 69 / π x 63) 

W = 350 / 0.848 

= 412.7 N 

 
We know that deflection of the spring, 

δ   = 8WD3n / Gd4
 

Deflection per active turn, 

δ/n  = 8WD3 / Gd4
 

= 9.96 mm 

 
2. Considering the effect of curvature 
We know that Wahl’s stress factor, 

K         = 
 4C − 1 

+ 
 0. 615

 
4C−4           C

 

= 
 4 ( 11 . 5)− 1 

+ 
 0. 615

 
4(11.5)−4

 
= 1.123 

11.5
 

We also know that the maximum shear stress induced in the wire (τ), 

350 = K x (8WC / πd2) 

= 0.913 W 

W   = 350 / 0.913 

= 383.4 N 
Deflection of the spring, 

δ     = 8WD3n / Gd4
 

Deflection per active turn, 

δ/n  = 8WD3 / Gd4
 

= 9.26 mm 

 
17. Design a helical spring for a spring loaded safety valve (Rams bottom safety valve) for 

the following conditions. Diameter of valve seat = 65 mm ; Operating pressure = 0.7 

N/mm2; Maximum pressure when the valve blows off freely = 0.75 N/mm2; Maximum 

lift of the valve when the pressure rises from 0.7 to 0.75 N/mm2 = 3.5 mm: Maximum 

allowable stress = 550 MPa ;Modulus of rigidity = 84 kN/mm2; Spring index = 6. 

Solution. 
 

Given : 
 

 

D1 = 65 mm 

p1 = 0.7 N/mm2 

p2 = 0.75 N/mm2 ;  = 3.5 mm 

δ = 550 MPa = 550 N/mm2 
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G = 84 

kN/mm2 = 84 

× 103 N/mm2 

C = 6 

1. Mean diameter of the spring coil 
Let            D = Mean diameter of the spring coil, and 

d = Diameter of the spring wire. 

Get useful study materials from www.rejinpaul.com

www.rejinpaul.com



ME6503 - DME Mechanical Engineering III / V 
  

70 PRAVINKUMAR – AP/MECH 2015 - 16 

 

 

 

 

 

Since the safety valve is a Rams bottom safety valve, therefore the spring will be under 

tension. We know that initial tensile force acting on the spring (i.e. before the valve lifts), 

W1  = (π/4) x (D1)
2 x p1 

= (π/4) x (65)2 x 0.7 

= 2323 N 

 
Maximum tensile force acting on the spring (i.e. when the valve blows off freely), 

W2    = (π/4) x (D1)
2 x p2 

= (π/4) x (65)2 x 0.75 

= 2489 N 

 
Force which produces the deflection of 3.5 mm, 

W   = W2 – W1 

= 2489 – 2323 

= 166 N 

 
Since the diameter of the spring wire is obtained for the maximum spring load (W2), 

therefore maximum twisting moment on the spring, 

T   = W2 x D/2 
= 2489x 6 d / 2 

= 7467 d 
We know that maximum twisting moment (T ), 

7467 d = (π/16) x τ x d3
 

= (π/16) x 550 x d3
 

d2  = 7467 / 108 

= 69.14 

d = 8.3 mm 

 
From Table 23.2, we shall take a standard wire of size SWG 2/0 having diameter (d) 

d = 8.839 mm 

 
Mean diameter of the coil, 

D  = 6 d 

= 6 × 8.839 

= 53.034 mm 

 
Outside diameter of the coil, 

Do  = D + d 

= 53.034 + 8.839 

= 61.873 mm 

 
Inside diameter of the coil, 

Di  = D – d 
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= 53.034 – 8.839 

= 44.195 mm 
 

Number of turns of the coil 
Let n = Number of active turns of the coil. 

We know that the deflection of the spring (δ), 

3.5   = 8WC3n / Gd 

= 8 x 166 x 63 x n / 84x103 x 8.839 

n  = 3.5 / 0.386 

= 9.06 say 10 

 
For a spring having loop on both ends, the total number of turns, 

n'   = n + 1 

= 10 + 1 

= 11 

Free length of the spring 

Taking the least gap between the adjacent coils as 1 mm when the spring is in free state, the 

free length of the tension spring, 

LF   = n.d + (n – 1) 1 

= 10 × 8.839 + (10 – 1) 1 

= 97.39 mm 

Pitch of the coil 
We know that 

Pitch of the coil   = Free length / n – 1 

= 97.39 / 10 – 1 

= 10.82 mm 
 

 

 

18. The areas of the turning moment diagram for one revolution of a multi-cylinder engine 

with reference to the mean turning moment, below and above the line, are – 32, + 408, – 

267, + 333, – 310, + 226, – 374, + 260 and – 244 mm2. The scale for abscissa and ordinate 

are: 1 mm = 2.4° and 1 mm = 650 N-m respectively. The mean speed is 300 r.p.m. with a 

percentage speed fluctuation of ± 1.5%. If the hoop stress in the material of the rim is not 

to exceed 5.6 MPa, determine the suitable diameter and cross-section for the flywheel, 

assuming that the width is equal to 4 times the thickness. The density of the material may 

be taken as 7200 kg / m3. Neglect the effect of the boss and arms. 

Solution. 
Given : 

N = 300 r.p.m. 

ω  = 2 ×π x 300/60 = 31.42 rad/s ; 

σt   = 5.6 MPa = 5.6 × 106 N/m2 ; 
ρ  = 7200 kg/m3 

 
Diameter of the flywheel 
Let D = Diameter of the flywheel in metres. 

We know that peripheral velocity of the flywheel, 
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v         = π D N / 60 

= π D ×300 / 60 

= 15.71 D m/s 
 

We also know that hoop stress (σt ), 

5.6 × 106  = ρ × v2
 

= 7200 (15.71 D)2
 

= 1.8 × 106 D2
 

D2  = 5.6 × 106 / 1.8 × 106
 

= 3.11 

D  = 1.764 m 

 
Cross-section of the flywheel 
Let      t = Thickness of the flywheel rim in metres, and 

b = Width of the flywheel rim in metres        = 4 t’ 

 
Cross-sectional area of the rim, A         = b × t 

= 4 t × t 

 
Now let us find the maximum fluctuation of energy 

Since the scale of crank angle is 1 mm   = 2.4º 

= 2.4 × (π / 180) 

= 0.042 rad, 

 
The scale of the turning moment is 1 mm  = 650 N-m, 

1 mm2 on the turning moment diagram  = 650 × 0.042 

= 27.3 N-m 

 
Let the total Energy at A = E. Therefore from Fig. 22.13, we find that 

Energy at B = E – 32 

Energy at C = E – 32 + 408 = E + 376 

Energy at D = E + 376 – 267 = E + 109 

Energy at E = E + 109 + 333 = E + 442 

Energy at F = E + 442 – 310 = E + 132 

Energy at G = E + 132 + 226 = E + 358 

Energy at H = E + 358 – 374 = E – 16 

Energy at I = E – 16 + 260 = E + 244 

Energy at J = E + 244 – 244 = E = Energy at A 

 
From above, we see that the energy is maximum at E and minimum at B. 

 Maximum energy = E + 442 

and minimum energy = E – 32 

 

We know that maximum fluctuation of energy, 

∆ E     = Maximum energy – Minimum energy 

= (E + 442) – (E – 32) 
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= 474 mm2
 

= 474 × 27.3 

= 12 940 N-m 
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Since the fluctuation of speed is ± 1.5% of the mean speed, therefore total fluctuation of speed, 

ω1 – ω2 = 3% of mean speed 
= 0.03 ω 

 
coefficient of fluctuation of speed, 

CS    = (ω1 − ω2) / ω 
= 0.03 

 
Let m = Mass of the flywheel rim. 

We know that maximum fluctuation of energy (∆E), 

12940 = m.R2.ω2.CS 

= m x (1.764/2)2 x (31.42)2 x 0.03 

= 23 m 

m  = 12 940 / 23 

= 563 kg 
We also know that mass of the flywheel rim (m), 

563  = A × π D × ρ 

= 4 t2 × π × 1.764 × 7200 

= 159624 t2
 

t2  = 563 / 159624 

= 0.00353 

t   = 0.0594 m 

= 59.4 say 60 mm 

 
b  = 4 t 

= 4 × 60 

= 240 mm 
 

 

 

19. A punching machine makes 25 working strokes per minute and is capable of punching 

25 mm diameter holes in 18 mm thick steel plates having an ultimate shear strength of 

300 MPa. The punching operation takes place during 1/10 th of a revolution of the crank 

shaft. Estimate the power needed for the driving motor, assuming a mechanical efficiency 

of 95 percent. Determine suitable dimensions for the rim cross-section of the flywheel, 

which is to revolve at 9 times the speed of the crank shaft. The permissible coefficient of 

fluctuation of speed is 0.1. The flywheel is to be made of cast iron having a working stress 

(tensile) of 6 MPa and density of 7250 kg / m3. The diameter of the flywheel must not 

exceed 1.4 m owing to space restrictions. The hub and the spokes may be assumed to 

provide 5% of the rotational inertia of the wheel. Check for the centrifugal stress induced 

in the rim. 

Solution. 
Given : 

n       = 25 ; 

Get useful study materials from www.rejinpaul.com

www.rejinpaul.com



ME6503 - DME Mechanical Engineering III / V 
  

75 PRAVINKUMAR – AP/MECH 2015 - 16 

 

 

d1     = 25 mm ; 

t1      = 18 mm ; 

τu          = 300 MPa = 300 N/mm2 ; 
 

ηm        = 95% = 0.95 ; 

CS        = 0.1 ; 
σt          = 6 MPa = 6 N/mm2 ; 

ρ       = 7250 kg/m3 ; 

D       = 1.4 m 

R       = 0.7m 

 
Power needed for the driving motor 
We know that the area of plate sheared, 

AS  = d1 × t1 

= π × 25 × 18 

= 1414 mm2 

 
Maximum shearing force required for punching, 

FS   = AS × τu 

= 1414 × 300 

= 424200 N 

 
Energy required per stroke = Average shear force × Thickness of plate 

= ½ x FS × t1 

= ½ × 424200 × 18 

= 3817.8 × 103 N-mm 

 
Energy required per min  = Energy / stroke × No. of working strokes / min 

= 3817.8 × 103 × 25 

= 95.45 × 106 N-mm 

= 95 450 N-m 

 
We know that 

The power needed for the driving motor = Energy required per min / (60 × ηm) 
= 95450 / (60 × 0.95) 

= 1675 W 

 
Dimensions for the rim cross-section 

Considering the cross-section of the rim as rectangular and assuming the width of rim equal to 

twice the thickness of rim. 

Let      t = Thickness of rim in metres, and 

b = Width of rim in metres = 2 t. 

Cross-sectional area of rim, 

A      = b × t 

= 2 t × t 

= 2 t2 

Get useful study materials from www.rejinpaul.com

www.rejinpaul.com



ME6503 - DME Mechanical Engineering III / V 
  

76 PRAVINKUMAR – AP/MECH 2015 - 16 

 

 

 
Since the punching operation takes place (i.e. energy is consumed) during 1/10 th of a 

revolution of the crank shaft, therefore during 9/10th  of the revolution of a crank shaft, the energy 

is stored in the flywheel. 
 

 

 

Maximum fluctuation of energy, ∆ E = 9/10 × Energy/stroke 

= 9/10 × 3817.8 × 103
 

= 3436 × 103 N-mm 

= 3436 N-m 

 
Let m = Mass of the flywheel. 

Since the hub and the spokes provide 5% of the rotational inertia of the wheel, therefore 

the maximum fluctuation of energy provided by the flywheel rim will be 95%. 

Maximum fluctuation of energy provided by the rim, 

(∆ E)rim   = 0.95 × ∆ E 

= 0.95 × 3436 

= 3264 N-m 

 
Since the flywheel is to revolve at 9 times the speed of the crankshaft and there are 25 

working strokes per minute, therefore mean speed of the flywheel, 

N   = 9 × 25 

= 225 r.p.m. 

 
Mean angular speed, ω  = 2 π × 225 / 60 

= 23.56 rad/s 

 
We know that maximum fluctuation of energy (∆ E), 

3264 = m.R2.ω2.CS 

= m (0.7)2 (23.56)2 x 0.1 

= 27.2 m 

m = 3264 / 27.2 

= 120 kg 

 
We also know that mass of the flywheel (m), 

120  = A × π D × ρ 

= 2 t2 × π × 1.4 × 7250 

= 63 782 t2
 

t2     = 120 / 63 782 

= 0.001 88 or 

t   = 0.044 m = 44 mm 

 
b    = 2 t 

= 2 × 44 

= 88 mm 
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Check for centrifugal stress 

We know that peripheral velocity of the rim, 

v = (π D N) / 60 

= π ×1.4 ×225 / 60 

= 16.5 m/s 
 

 

 

Centrifugal stress induced in the rim, 

σt         = ρ.v2
 

= 7250 (16.5)2 

= 1.97 × 106 N/m2
 

= 1.97 MPa 
Since the centrifugal stress induced in the rim is less than the permissible value (i.e. 6 MPa), 

therefore it is safe 

 
20. A split type flywheel has outside diameter of the rim 1.80 m, inside diameter 1.35 m and 

the width 300 mm. the two halves of the wheel are connected by four bolts through the 

hub and near the rim joining the split arms and also by four shrink links on the rim. The 

speed is 250 r.p.m. and a turning moment of 15 kN-m is to be transmitted by the rim. 

Determine: 

1.  The diameter of the bolts at the hub and near the rim, σtb = 35 MPa. 

2.  The cross-sectional dimensions of the rectangular shrink links at the rim, σtl = 40MPa; 
w = 1.25 h. 

3.   The cross-sectional dimensions of the elliptical arms at the hub and rim if the wheel 

has six arms, σta = 15 MPa, minor axis being 0.5 times the major axis and the diameter 

of shaft being 150 mm. Assume density of the material of the flywheel as 7200 kg / m3. 

Solution 
Given : 

D0 = 1.8 m 

Di = 1.35 m 

b = 300 mm = 0.3 m 

N = 250 r.p.m. 

T = 15 kN-m = 15 000 N-m 

σtb = 35 MPa = 35 N/mm2 

σtl = 40 MPa = 40 N/mm2 
w = 1.25 h 

n = 6 

b1 = 0.5 a1 

σta = 15 MPa = 15 N / mm2 

d1 = 150 mm 
ρ = 7200 kg / m3. 

 
1. Diameter of the bolts at the hub and near the rim 

Let dc = Core diameter of the bolts in mm. 
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We know that mean diameter of the rim, 

D = (Do + Di)/2 

= (1.8 + 1.35) / 2 

= 1.575 m 

Thickness of the rim,  
t = (Do - Di)/2 

= (1.8 - 1.35) / 2 

= 0.225 m 
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Peripheral speed of the flywheel, 

v  = (π D N) / 60 

= π ×1.575 ×250 / 60 

= 20.6 m / s 

 
We know that centrifugal stress (or tensile stress) at the rim, 

σt    = ρ × v2
 

= 7200 (20.6)2
 

= 3.1 × 106 N/m2 

= 3.1 N/mm2 

 
Cross-sectional area of the rim, 

A  = b × t 

= 0.3 × 0.225 

= 0.0675 m2 

 
Maximum tensile force acting on the rim 

= σt × A 

= 3.1 × 106 × 0.0675 

= 209250 N                ……………………………………….(i) 

 
We know that tensile strength of the four bolts 

= (π/4) (dc)
2 σtb× No. of bolts 

= (π/4) (dc)
2 x 35 x 4 

= 110 (dc)2                           ………………………………………(ii) 

 
Since the bolts are made as strong as the rim joint, therefore from equations (i) and (ii), we have 

(dc)
2  = 209250 / 110 

= 1903 

dc = 43.6 mm 

 
The standard size of the bolt is M 56 with dc = 48.65 mm. 

 
2. Cross-sectional dimensions of rectangular shrink links at the rim 
Let      h = Depth of the link in mm, and 

w = Width of the link in mm = 1.25 h 

Cross-sectional area of each link, 

Al     = w × h 

= 1.25 h2 mm2
 

 
We know that 

Maximum tensile force on half the rim  = 2 × σt for rim × Cross-sectional area of rim 
= 2 × 3.1 × 106 × 0.0675 
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= 418 500 N   ……….……………………..(iii) 
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Tensile strength of the four shrink links 

= σtl × Al × 4 

= 40 × 1.25 h2 × 4 

= 200 h2                                 ………..……………………………..(iv) 

 
From equations (iii) and (iv), we have 

h2  = 418500 / 200 

= 2092.5 

h = 45.7 say 46 mm 

 
and w  = 1.25 h 

= 1.25 × 46 

= 57.5 say 58 mm 

 
3. Cross-sectional dimensions of the elliptical arms 
Let      a1 = Major axis, 

b1 = Minor axis = 0.5 a1 

n = Number of arms = 6 

Since the diameter of shaft (d1) is 150 mm and the diameter of hub (d) is taken equal to twice the 

diameter of shaft, therefore 

d = 2 d1 

= 2 × 150 

= 300 mm = 0.3 m 
We know that maximum bending moment on arms at the hub end, 

= (T/Dn) (D-d) 

= (15000 / 1.575 × 6) (1.575 – 0.3) 

= 2024 N-m 

= 2024 × 103 N-mm 

 

Section modulus, Z  = (π / 32) × b1 (a1)
2
 

= (π / 32)× 0.5 a1 (a1)
2
 

= 0.05 (a1)3
 

 
We know that bending stress for arms (σta), 

15 = M / Z 

= 2024 x 103 / 0.05 (a1)3
 

(a1)
3  = 40.5 × 106 / 15 

= 2.7 × 106
 

a1    = 139.3 say 140 mm 

 
and b1  = 0.5 a1 

= 0.5 × 140 

= 70 mm 
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21. A punching press pierces 35 holes per minute in a plate using 10 kN-m of energy per hole 

during each revolution. Each piercing takes 40 per cent of the time needed to make one 

revolution. The punch receives power through a gear reduction unit which in turn is fed 

by a motor driven belt pulley 800 mm diameter and turning at 210 r.p.m. Find the power 

of the electric motor if overall efficiency of the transmission unit is 80 per cent. Design a 

cast iron flywheel to be used with the punching machine for a coefficient of steadiness of 

5, if the space considerations limit the maximum diameter to 1.3 m. 

Allowable shear stress in the shaft material = 50 MPa 

Allowable tensile stress for cast iron = 4 MPa 

Density of cast iron = 7200 kg / m3 

Solution. 
Given : 

No. of holes = 35 per min ; 

Energy per hole = 10 kN-m = 10 000 N-m ; 

d = 800 mm = 0.8 m ; 

N = 210 r.p.m. ; 

η = 80% = 0.8 ; 

1/CS = 5 or CS = 1/5 = 0.2 ; 

Dmax = 1.3 m ; 

τ = 50 MPa = 50 N/mm2 ; 

σt = 4 MPa = 4 N/mm2 ; 

ρ = 7200 kg / m3 

 
Power of the electric motor 
We know that energy used for piercing holes per minute 

= No. of holes pierced × Energy used per hole 

= 35 × 10 000 

= 350 000 N-m / min 

 
Power needed for the electric motor, P   = Energy used per minute / (60 × η) 

= 350000 / (60 × 0.8) 

= 7292 W = 7.292 kW 

 
Design of cast iron flywheel 
First of all, let us find the maximum fluctuation of energy. 

Since the overall efficiency of the transmission unit is 80%, therefore total energy to be supplied 

during each revolution, 

ET    = 10000/0.8 
= 12 500 N-m 

 
We know that velocity of the belt, 

v   = π d.N 

= π × 0.8 × 210 

Get useful study materials from www.rejinpaul.com

www.rejinpaul.com



ME6503 - DME Mechanical Engineering III / V 
  

83 PRAVINKUMAR – AP/MECH 2015 - 16 

 

 

= 528 m/min 
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Net tension or pull acting on the belt = (Px 60) / v 

= (7292 x 60) / 528 

= 828.6 N 

 
Since each piercing takes 40 per cent of the time needed to make one revolution, therefore time 

required to punch a hole 

= 0.4 / 35 

= 0.0114 min 

 
and the distance moved by the belt during punching a hole 

= Velocity of the belt × Time required to punch a hole 

= 528 × 0.0114 

= 6.03 m 

 
Energy supplied by the belt during punching a hole, 

EB     = Net tension × Distance travelled by belt 
= 828.6 × 6.03 

= 4996 N-m 

 
Thus energy to be supplied by the flywheel for punching during each revolution or maximum 

fluctuation of energy, 
 

 

 

 

1. Mass of the flywheel 

   ∇ E  = ET – EB 

= 12 500 – 4996 

= 7504 N-m 

Let m = Mass of the flywheel rim. 

Since space considerations limit the maximum diameter of the flywheel as 1.3 m ; 

therefore let us take the mean diameter of the flywheel, 

D = 1.2 m or R = 0.6 m 

 

We know that angular velocity 
 

 

ω     = 2 π N / 60 

= (2 x π x 210) / 60 

= 22 rad / s 
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We also know that the maximum fluctuation of energy ( E), 

7504 = m.R2. ω2.CS 

= m x (0.6)2 x (22)2 x 0.2 

= 34.85 m 

     m   = 7504 / 34.85 

= 215.3 kg 

 
2. Cross-sectional dimensions of the flywheel rim 

Let      t = Thickness of the flywheel rim in metres, and 

b = Width of the flywheel rim in metres = 2 t 
 

 

 

Cross-sectional area of the rim, 

A   = b × t 

= 2 t × t 

= 2 t2
 

 
We know that mass of the flywheel rim (m), 

215.3  = A × πD × ρ 

= 2 t2 × π × 1.2 × 7200 

= 54.3 × 103 t2 

t2     = 215.3 / 54.3 × 103
 

= 0.00396 

t   = 0.063 say 0.065 m = 65 mm 

 
b   = 2 t 

= 2 × 65 

= 130 mm 

3. Diameter and length of hub 
Let      d = Diameter of the hub, 

d1 = Diameter of the shaft, and 

l = Length of the hub. 

First of all, let us find the diameter of the shaft (d1). We know that the mean torque transmitted 

by the shaft, 

Tmean  = (P x 60) / 2 π N 

= (7292 x 60) / 2π x 210 

= 331.5 N-m 

Assuming that the maximum torque transmitted by the shaft is twice the mean torque, therefore 

maximum torque transmitted by the shaft, 

Tmax  = 2 × Tmean 

= 2 × 331.5 

= 663 N-m 

= 663 × 103 N-mm 
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We know that maximum torque transmitted by the shaft (Tmax), 

663 × 103      = (π/16) × τ x  (d1)
3

 

= (π/16) × 50 (d1)
3

 

= 9.82 (d1)
3
 

(d1)
3  = 663 × 103 / 9.82 

= 67.5 × 103 

d1     = 40.7 say 45 mm 

 
The diameter of the hub (d ) is made equal to twice the diameter of the shaft (d1) and length of 

hub ( l ) is equal to the width of the rim (b). 

d   = 2 d1 

= 2 × 45 

= 90 mm = 0.09 m 

l = b = 130 mm 
 

 

 

4. Cross-sectional dimensions of the elliptical cast iron arms 

Let      a1 = Major axis, 

b1 = Minor axis = 0.5 a1 

n = Number of arms = 6 

We know that the maximum bending moment in the arm at the hub end, which is assumed as 

cantilever is given by 

M    = (T /  R n) (R – r) 

= (T /  D n) (D – r) 

= (663 / 1.2 x 6 ) (1.2 – 0.09) N-m 

= 102.2 N-m 

= 102200 N-mm 

 
Section modulus for the cross-section of the arms, 

Z = (π / 32) × b1 (a1)
2
 

= (π / 32) × 0.5 a1 (a1)
2
 

= 0.05 (a1)
3

 

 
We know that bending stress (σt), 

4   = M / Z 

= 102200 / 0.05 (a1)
3

 

(a1)
3  = 2044 × 103 / 4 

= 511 × 103
 

a1    = 80 mm 

 
and                                     b1  = 0.5 a1 

= 0.5 × 80 

= 40 mm 

 
5. Dimensions of key 
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(

The standard dimensions of rectangular sunk key for a shaft of diameter 45 mm are as follows: 

Width of key, w = 16 mm 

Thickness of key t = 10 mm 

 
The length of key (L) is obtained by considering the failure of key in shearing. 

We know that maximum torque transmitted by the shaft (Tmax), 

663 × 103     = L × w × τ × (d1/2) 

= L × 16 × 50 × (45 / 2) 

= 18 × 103 L 

L    = 663 × 103/18 × 103
 

= 36.8 say 38 mm 

 
Let us now check the total stress in the rim which should not be greater than 4 MPa. 

We know that the velocity of the rim, 

v   = π d.N / 60 

= π 1.2 x 210 / 60 

= 13.2 m/s 

Total stress in the rim, 

σ     = ρ.v2 (0.75 +    
 4. 935  R 

) 
n   x t 

 

= 7200 x (13.2)2  0.75 +  4. 935  x  0.6
 

62 x 0.065 
) 
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= 1.25

= 2.5

= 2.5

Since it is less than 4 MPa, therefo

 
22. A shaft fitted with a flywhe

machine varies in a cyclic m

750 N-m to 3000 N-m unif

following revolution. It then

and remains constant for on

the power required to drive

3% of the mean speed, dete

rim. The width of the rim is

6 MPa. The material density

Given : 

N = 250 r.p.m. 

ω = 2 π × 250 / 60

ω1 – ω2 = 3% ω or

(ω1 – ω2) / ω = CS

σt = 6 MPa = 6 × 10

ρ = 7200 kg / m3
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
We know that the torque r

= Area of f

= Area OA

= OF × OA

= 6 π × 750

= 4500 π +

= 11 250 π N

If Tmean is the mean torqu

Torque required for one complete

 
From equations (i) and (ii), 

Mechanical EngineeringIII / V 
 

PRAVINKUMAR – AP/MECH 

1.25 × 106 (0.75 + 1.26) 

2.5 × 106 N/m2
 

2.5 MPa 
fore the design is safe. 

eel rotates at 250 r.p.m. and drives a machine

manner over a period of 3 revolutions. The to

formly during 1 / 2 revolution and remains 

n falls uniformly to 750 N-m during the next

one revolution, the cycle being repeated therea

ive the machine. If the total fluctuation of speed 

etermine a suitable diameter and cross-section

m is to be 4 times the thickness and the safe cent

sity may be assumed as 7200 kg / m3. 

/ 60 = 26.2 rad/s ; 

or 

S = 3% = 0.03 ; 

106 N/m2 ; 

required for one complete cycle 

figure OABCDEF 

OAEF + Area ABG + Area BCHG + Area CDH 

OA + ½ × AG × BG + GH × CH + ½ × HD × CH 

750 + ½ × π (3000 – 750) + 2π (3000 – 750) + ½ ×

+ 1125 π + 4500 π + 1125 π 

π N-m                                  …………………………….

ue in N-m, then 
te cycle = Tmean × 6 π N-m              ……………………..

Mechanical Engineering 

2015 - 16 

e. The torque of 

torque rises from 

 constant for the 

xt 1 / 2 revolution 

after. Determine 

 is not to exceed 

n of the flywheel 

trifugal stress is 

 

× π (3000 – 750) 

……………………………...(i) 

……………………....(ii) 
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Tmean  = 11250 π / 6 π 
= 1875 N-m 

 
We know that power required to drive the machine, 

P = Tmean × ω 
= 1875 × 26.2 

= 49125 W 

= 49.125 kW 

 
Diameter of the flywheel 
Let      D = Diameter of the flywheel in metres, and 

v = Peripheral velocity of the flywheel in m/s. 

We know that the centrifugal stress (σt), 

6 ×106  = ρ × v2
 

= 7200 × v2
 

v2     = 6 × 106 / 7200 

= 833.3 

v   = 28.87 m/s 

 
We also know that peripheral velocity of the flywheel (v), 

28.87  = π D N / 60 

= π D × 250 / 60 

= 13.1 D 

D   = 28.87 / 13.1 

= 2.2 m 

Cross-section of the flywheel rim 

Let      t = Thickness of the flywheel rim in metres, and 

b = Width of the flywheel rim in metres = 4 t 

 
Cross-sectional area of the flywheel rim, 

A   = b × t 

= 4 t × t 

= 4 t2 m2
 

 
First of all, let us find the maximum fluctuation of energy (∆ E) and mass of the flywheel rim 

(m). In order to find ∆E, we shall calculate the values of LM and NP. 

From similar triangles ABG and BLM, 

LM / AG   = BM / BG 

LM / π  = (3000 – 1857) / (3000 – 750) 

= 0.5 

LM   = 0.5 π 
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Now from similar triangles CHD and CNP, 

NP / HD    = CN / CH 

NP / π    = = (3000 – 1857) / (3000 – 750) 

= 0.5 

NP   = 0.5 π 

 
BM = CN = 3000 – 1875 

= 1125 N-m 

 
Since the area above the mean torque line represents the maximum fluctuation of energy, 

therefore maximum fluctuation of energy, 

∆ E  = Area LBCP = Area LBM + Area MBCN + Area PNC 

= ½ × LM × BM + MN × BM + ½ × NP × CN 

= ½ × 0.5 π × 1125 + 2 π × 1125 + ½ × 0.5 π × 1125 

= 8837 N-m 

 
We know that maximum fluctuation of energy (∆E), 

8837 = m.R2.ω2.CS 

= m (26.2)2 0.03 

= 24.9 m 

m   = 8837 / 24.9 

= 355 kg 

 
We also know that mass of the flywheel rim (m), 

355  = A × π D × ρ 

= 4 t2 × π × 2.2 × 7200 

= 199 077 t2
 

t2     = 355 / 199077 

= 0.00178 or 

t  = 0.042 m 

= 42 say 45 mm 

 
And                       b   = 4 t 

= 4 × 45 

= 180 mm 
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UNIT V 

DESIGN OF BEARINGS MISCELLANEOUS ELEMENTS 

 
5.1 Sliding Contact Bearings 

A bearing is a machine element which support another moving machine element (known 

as journal). It permits a relative motion between the contact surfaces of the members, while 

carrying the load. A little consideration will show that due to the relative motion between the 

contact surfaces, a certain amount of power is wasted in overcoming frictional resistance and if 

the rubbing surfaces are in direct contact, there will be rapid wear. In order to reduce frictional 

resistance and wear and in some cases to carry away the heat generated, a layer of fluid (known as 

lubricant) may be provided. The lubricant used to separate the journal and bearing is usually a 

mineral oil refined from petroleum, but vegetable oils, silicon oils, greases etc., may be used. 

 
5.1.1 Classification of Bearings 

Though the bearings may be classified in many ways, yet the following are important from 

the subject point of View: 

 
5.1.1.1 Depending upon the direction of load to be supported. 

The bearings under this group are classified as: 

(a) Radial bearings, and 

(b) Thrust bearings. 

In radial bearings, the load acts perpendicular to the direction of motion of the moving element 

as shown in Fig (a) and (b). In thrust bearings, the load acts along the axis of rotation as shown in 

Fig (c). 
 

 

 
5.1.1.2 Depending upon the nature of contact. 

The bearings under this group are classified as: 

(a) Sliding contact bearings, and 

(b) Rolling contact bearings. 

In sliding contact bearings, as shown in Fig (a), the sliding takes place along the surfaces 

of contact between the moving element and the fixed element. The sliding contact bearings are 
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also known as plain bearings. 

In rolling contact bearings, as shown in Fig (b), the steel balls or rollers, are interposed 

between the moving and fixed elements. The balls offer rolling friction at two points for each ball 

or roller. 
 

 

 
 

 

 

5.1.2 Types of Sliding Contact Bearings 

The sliding contact bearings in which the sliding action is guided in a straight line and 

carrying radial loads, as shown in Fig (a), may be called slipper or guide bearings. Such type of 

bearings are usually found in cross-head of steam engines. The sliding contact bearings in which 

the sliding action is along the circumference of a circle or an arc of a circle and carrying radial 

loads are known as journal or sleeve bearings. When the angle of contact of the bearing with the 

journal is 360° as shown in Fig (a), then the bearing is called a full journal bearing. This type of 

bearing is commonly used in industrial machinery to accommodate bearing loads in any radial 

direction. 

When the angle of contact of the bearing with the journal is 120°, as shown in Fig (b), then 

the bearing is said to be partial journal bearing. This type of bearing has less friction than full 

journal bearing, but it can be used only where the load is always in one direction. The most 

common application of the partial journal bearings is found in rail road car axles. The full and 

partial journal bearings may be called as clearance bearings because the diameter of the journal 

is less than that of bearing. 

When a partial journal bearing has no clearance i.e. the diameters of the journal and bearing 

are equal, then the bearing is called a fitted bearing, as shown in Fig (c). The sliding contact 

bearings, according to the thickness of layer of the lubricant between the bearing and the journal, 

may also be classified as follows: 

1.   Thick film bearings. The thick film bearings are those in which the working surfaces are 

completely separated from each other by the lubricant. Such type of bearings are also called 

as hydrodynamic lubricated bearings. 

2.   Thin film bearings. The thin film bearings are those in which, although lubricant is 

present, the working surfaces partially contact each other atleast part of the time. Such type 

of bearings are also called boundary lubricated bearings. 

3.   Zero film bearings. The zero film bearings are those which operate without any lubricant 

present. 

4.   Hydrostatic or externally pressurized lubricated bearings. The hydrostatic bearings are 

those which can support steady loads without any relative motion between the journal and 

the bearing. This is achieved by forcing externally pressurized lubricant between the 
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members. 
 

5.2 Rolling Contact Bearings 
In rolling contact bearings, the contact between the bearing surfaces is rolling instead of 

sliding as in sliding contact bearings. We have already discussed that the ordinary sliding bearing 

starts from rest with practically metal-to-metal contact and has a high coefficient of friction. It is 

an outstanding advantage of a rolling contact bearing over a sliding bearing that it has a low starting 

friction. Due to this low friction offered by rolling contact bearings, these are called antifriction 

bearings. 

 
5.2.1 Advantages and Disadvantages of Rolling Contact Bearings over Sliding Contact 

Bearings 

The following are some advantages and disadvantages of rolling contact bearings over 

sliding contact bearings 

Advantages 
1. Low starting and running friction except at very high speeds. 

2. Ability to withstand momentary shock loads. 

3. Accuracy of shaft alignment. 

4. Low cost of maintenance, as no lubrication is required while in service. 

5. Small overall dimensions. 

6. Reliability of service. 

7. Easy to mount and erect. 

8. Cleanliness. 

 
Disadvantages 
1. More noisy at very high speeds. 

2. Low resistance to shock loading. 

3. More initial cost. 

4. Design of bearing housing complicated. 

 
5.2.2 Types of Rolling Contact Bearings 
Following are the two types of rolling contact bearings: 

1. Ball bearings; and 

2. Roller bearings 
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The ball and roller bearings consist of an inner race which is mounted on the shaft or 

journal and an outer race which is carried by the housing or casing. In between the inner and outer 

race, there are balls or rollers as shown in Fig. 

A number of balls or rollers are used and these are held at proper distances by retainers so 

that they do not touch each other. The retainers are thin strips and is usually in two parts which are 

assembled after the balls have been properly spaced. The ball bearings are used for light loads and 

the roller bearings are used for heavier loads. The rolling contact bearings, depending upon the 

load to be carried, are classified as: 

(a) Radial bearings, and 

(b) Thrust bearings. 

The radial and thrust ball bearings are shown in Fig (a) and (b) respectively. When a ball 

bearing supports only a radial load (WR), the plane of rotation of the ball is normal to the centre 

line of the bearing, as shown in Fig (a). The action of thrust load (WA) is to shift the plane of 

rotation of the balls, as shown in Fig (b). The radial and thrust loads both may be carried 

simultaneously. 

 
 

 

1.  Classify the bearings. 

2 Marks 
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•   Based on nature of contact between bearing surfaces. 

a. Sliding contact bearing. 

b. Rolling contact (or) Antifriction bearing. 

•    Based on load applied. 

a.  Radial bearing (Circumferentially loaded) 

b. Thrust bearing (Axially loaded) 

2.  What is the advantage of Teflon which is used for bearing? 

•    It has lower co efficient of friction 

•    It can be used at high temperature 

•    It is practically chemically inert 

•    It is dimensionally stable 

 
3. What are the stresses induced in flywheel arms? 

•     Tensile stress due to centrifugal force. 

•     Bending stress due to Torque. 

•     Stress due to belt tension. 

•     Specify the types of flywheel. 

•     Solid piece flywheel. 

a. Web type                      b. Rim and hub type. 

•    Split wheel 

a. Rim and hub type only 

4.  Name the type of lubricant used in journal bearing? 

•    Graphite 

•    Grease 

•    Mineral oil and synthetic oil 
 

 

 

 

5. What is the function of a flywheel? 
A flywheel is a machine member serves a reservoir which stores energy during the period 

when the supply of energy is more than the requirement and releases it during the period when 

the requirement of energy is more than the supply. 

 
6. Specify the types of lubricant with example. 

• Liquid lubricants - Mineral and synthetic oils. 

• 

• 

Semisolid lubricants 

Solid lubricants 

- Grease , 

- Graphite 

 

7.  State the merits of hydrostatic bearing. 
The hydrostatic bearing steady loads without any relative motion between the journal and 

the Bearing. 

 
8.  Define co-efficient of fluctuation of energy in a flywheel. 

It is the ratio of fluctuation of energy to the work done per cycle. 
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9.  What are the bearing materials? 

Aluminium Alloy, Copper alloy, Babbit, Cast iron steel, Silver etc. 

 
10. State the different failure theories and the type of materials for which these are 

applicable? 

•    Maximum principal theory –brittle material. 

•    Shear Stress Theory –Ductile Material. 

 
11. What is known as self – acting bearing? 

The pressure is created within the system due to rotation of the shaft, this type of bearing 

is known as self – acting bearing. 

 
12. What is flywheel? 

Flywheel is a machine elements used to minimize the fluctuation of speed in an engine. 

13. What is the function of flywheel? 
A flywheel used in machine serves as a reservoir which stores energy during the period 

when the supply of energy is more than the requirement and releases it dulling the period when 

the requirement of energy is more than the supply. 

 
14. Define the term ‘fluctuation of speed’ and ‘fluctuation of energy’. 

The ratio of maximum fluctuation of speed to the mean speed is called co efficient of 

fluctuation of speed. The ratio of fluctuation of energy to the mean energy is called coefficient 

of fluctuation of energy. 

 
15. State the type of stresses induced in a rim flywheel? 

1. Tensile stress due to centrifugal force 

2. Tensile bending stress caused by the restraint of the arms and 

3. The shrinkage stresses due to unequal rate of cooling of casting. 
 

16 Marks 

16. Design a journal bearing for a centrifugal pump from the following data: load on the 

journal 2000N; speed of the journal=900r.p.m; Type of oil is SAE 10, for which absolute 

viscosity at 550C=0.017KG/M-S ambient temperature of oil =15.50°C; maximum bearing 

pressure of the pump=1.5 N/mm2. Calculate also mass of the lubricating oil required for 

artificial cooling, if rise of temperature of oil be limited to 10°C. heat dissipation co- 

efficient=1232 W/m2/°C. 

Given : 

W  =    20000 N ; 

N  =    900 r.p.m. ; 

to    =     55°C ; 
Z  =     0.017 kg/m-s ; 

ta     =     15.5°C ; 

p   =    1.5 N/mm2 ; 

t     =    10°C ; 

C  =     1232 W/m2/°C 
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The journal bearing is designed as discussed in the following steps: 
1. First of all, let us find the length of the journal (l). Assume the diameter of the journal (d) as 

100mm. From Table 26.3, we find that the ratio of l / d for centrifugal pumps varies from 1 to 2. 

Let us take l / d = 1.6. 

l = 1.6 d = 1.6 × 100 = 160 mm 

 
2. We know that bearing pressure, 

p =  
  W  

 
l.d

 
= 20000/ (160*100) 
= 1.25 N/mm2 

Since the given bearing pressure for the pump is 1.5 N/mm2, therefore the above value of 

p is safe and hence the dimensions of l and d are safe. 

3.                                     ZN/P = 
 0. 017 ∗900 

 
1.25

 
= 12.24 

 
From Table 26.3, we find that the operating value of 

(Z N/p) = 28 

 
The minimum value of the bearing modulus at which the oil film will break is given by 

3 K = 
 ZN

 
p

 
Bearing modulus at the minimum point of friction, 

K  = 
 1  

ZN 
3  p

 
= 9.33 

Since the calculated value of bearing characteristic number is more than 9.33, therefore 

the bearing will operate under hydrodynamic conditions. 
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  d  

 

 

 

4. From Table 26.3, we find that for centrifugal pumps, the clearance ratio (c/d) = 0.0013 

 
5. We know that coefficient of friction, 

µ = 
    33     ZN  

(   ) + k 
10^8   p       c

 
= 0.0031 + 0.002 
= 0.0051 

 
6. Heat generated, 

Qg        = µ WV 
= µ W(πDN/60) 

= 0.0051 x 20000 x    
 π ∗0. 1∗  900

 
60 

= 480.7 W 

 
7. Heat dissipated, 

Qd       = C.A (tb – ta) 

= C.l.d (tb – ta) W 

We know that  
(tb – ta) = ½ (t0 – ta) . 

= ½ (55°– 15.5°) 

= 19.75°C 
Qd = 1232 × 0.16 × 0.1 × 19.75 

= 389.3 W 
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We see that the heat generated is greater than the heat dissipated which indicates that the 

bearing is warming up. Therefore, either the bearing should be redesigned by taking t0 = 63°C or 

the bearing should be cooled artificially. 

We know that 

The amount of artificial cooling required      = Heat generated – Heat dissipated 

= Qg – Qd 

= 480.7 – 389.3 

= 91.4 W 

 
Mass of lubricating oil required for artificial cooling 

Let m = Mass of the lubricating oil required for artificial cooling in kg / s. 

We know that the heat taken away by the oil, 

Qt = m.S.t = m × 1900 × 10 = 19 000 m W 

Equating this to the amount of artificial cooling required, we have 

19000 m         = 91.4 

M         = 91.4 / 19 000 

= 0.0048 kg / s 

= 0.288 kg / min 

 
17. A 150 mm diameter shaft supporting a load of 10 kN has a speed of 1500 r.p.m. The shaft 

runs in a bearing whose length is 1.5 times the shaft diameter. If the diametral clearance 

of the bearing is 0.15 mm and the absolute viscosity of the oil at the operating temperature 

is 0.011 kg/m-s, find the power wasted in friction 
 

 

Solution. 
Given : 

 

 

 

d   = 150 mm = 0.15 m 

W = 10 kN = 10000 N 

N = 1500 r.p.m. 

l    = 1.5 d 

c  = 0.15 mm 

Z  = 0.011 kg/m-s 

We know that length of bearing, 

l          = 1.5 d 

= 1.5 × 150 

= 225 mm 
 

 

 

Bearing pressure, 
 

 

p         = W / A 

= W / ld 

= 10000 / (225 x150) 

= 0.296 N/mm 
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  150  

We know that coefficient of friction, 
                           d

 

µ         =   
33     ZN   

() + k 
10^8   p       c

 

= 
    33     0. 011 ∗1500   

(        ) + 0.002 
10^8       0.296            0.15

 
= 0.018 + 0.002 
= 0.02 

 
Rubbing velocity, V   = πdN/60 

= π x 0.15 x 1500 / 60 

= 11.78 m/ s 

 
We know that heat generated due to 

friction, Qg = 

µ.W.V 

= 0.02 × 10 000 × 11.78 

= 2356 W 

Power wasted in friction 

Qg     = 2356 W = 2.356 kW 

 
18. A footstep bearing supports a shaft of 150 mm diameter which is counterbored at the end 

with a hole diameter of 50 mm. If the bearing pressure is limited to 0.8 N/mm2 and the 

speed is 100 r.p.m.; find : 1. The load to be supported; 2. The power lost in friction; and 

3. The heat generated at the bearing. 

Assume coefficient of friction = 

0.015. Solution. 
Given : 

D = 150 mm 

R = 75 mm 

d = 50 mm 

r = 25 mm 

p = 0.8 N/mm2 

N = 100 r.p.m. 

µ = 0.015 

 
1. Load to be supported 
Let W = Load to be supported. 

Assuming that the pressure is uniformly distributed over the bearing surface, therefore bearing 

pressure (p), 

0.8      = W / π(R2 – r2) 

= W / π(752 – 252) 

W     = 0.8 × 15710 

= 12568 N 

2. Power lost in friction We know that total frictional torque, 
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(             )

(             )

    
  3        3  

 

T       =  
2  
µ W   

R   −  r
 

3                 R2 − r2 
                            3        3   

 
 
∴ Power lost in friction, 

=  
2  
µ W   

R   − r
 

3                 R2 − r2
 

= 125.68 × 81.25 
= 10212 N-mm = 10.212 N-m 

P       = 2 πNT / 60 

= 2π x 100 x 10.212 / 60 

= 107 W = 0.107 kW 

 
3. Heat generated at the bearing 
We know that heat generated at the bearing  = Power lost in friction 

= 0.107 kW or kJ / s 

= 0.107 × 60 

= 6.42 kJ/min 
 

 

 

19. Design a self-aligning ball bearing for a radial load of 7000 N and a thrust load of 2100 

N. The desired life of the bearing is 160 millions of revolutions at 300 r.p.m. Assume 

uniform and steady load, 

Solution. 

Given : 
 

 

 

 

 

 

 

and 

WR = 7000 N 

WA = 2100 N 

L = 160 × 106 rev 

N = 300 r.p.m. 

From Table 27.4, we find that for a self-aligning ball bearing, the values of radial factor (X ) 

 
thrust factor (Y) for WA / WR = 2100 / 7000 = 0.3, are as follows : 

X = 0.65 and Y = 3.5 
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(  
L   

)

 

 

 

 

Since the rotational factor (V ) for most of the bearings is 1, therefore dynamic equivalent 

load, 

W  = X.V.WR + Y.WA 

= 0.65 × 1 × 7000 + 3.5 × 2100 

= 11900 N 

 
From Table 27.5, we find that for uniform and steady load, the service factor KS for ball 

bearings 

is 1. Therefore the bearing should be selected for W = 11900 N. 

We know that the basic dynamic load rating, 

 
            1/K 

C   = W 
106

 

= 11900 (
  160  ∗ 10 

 
^6 

 

1/3 
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106        )
 

= 64600 N = 64.6 kN 
 

From Table 27.6, let us select bearing number 219 having C = 65.5 kN 

--------------------------------------------------------------------------------------------------------------------- 

 
20. A  single  row  angular  contact  ball  bearing  number 310  is  used  for  an  axial  flow 

compressor. The bearing is to carry a radial load of 2500 N and an axial or thrust load of 

1500 N. Assuming light shock load, determine the rating life of the bearing. 

Solution. 

Given : 

WR = 2500 N 

WA = 1500 N 

 
From Table 27.4, we find that for single row angular contact ball bearing, the values of radial 

factor (X) and thrust factor (Y ) for WA / WR = 1500 / 2500 = 0.6 are 

X = 1 and Y = 0 

 
Since the rotational factor (V) for most of the bearings is 1, therefore dynamic equivalent load, 

W = X.V.WR + Y.WA 

= 1 × 1 × 2500 + 0 × 1500 

= 2500 N 

 
From Table 27.5, we find that for light shock load, the service factor (KS) is 1.5. Therefore the 

design dynamic equivalent load should be taken as 

W        = 2500 × 1.5 

= 3750 N 

 
From Table 27.6, we find that for a single row angular contact ball bearing number 310, the 

basic dynamic capacity, 
 

 

 

C         = 53 kN 

= 53000 N 
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We know that rating life of the bearing in revolutions, 

L = (C/W)k x 106
 

= (53000/3750)3 x 106
 

= 2823 × 106 rev 
 

 

 

21. The thrust of propeller shaft in a marine engine is taken up by a number of collars 

integral with the shaft which is 300 mm is diameter. The thrust on the shaft is 200 kN and 

the speed is 75 r.p.m. Taking µ constant and equal to 0.05 and assuming the bearing 

pressure as uniform and equal to 0.3 N/mm2, find : 1. Number of collars required, 

2.Power lost in friction, and 3. Heat generated at the bearing in kJ/min. 

Solution. 
Given : 

d = 300 mm 

r = 150 mm ; 

W = 200 kN = 200 × 103 N ; 

N = 75 r.p.m. ; 

µ = 0.05 ; 

p = 0.3 N/mm2 

 
1. Number of collars required 
Let n = Number of collars required. 

Since the outer diameter of the collar (D) is taken as 1.4 to 1.8 times the diameter of shaft 

(d ), therefore 

let us take 

D    = 1.4 d 

= 1.4 × 300 

= 420 mm 

 
R   = 210 mm 

 
We know that the bearing pressure ( p), 

0.3  = W / nπ(R2 – r2) 

= 200 x 103 / nπ(2102 – 1502) 

n   = 2.947 / 0.3 

= 9.8 say 10 

 

2. Power lost in friction 
We know that total frictional torque, 

   

 
  3        3  
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(             )

2                                       3 ( 
210   − 150   

) 

T     =  
2  
µ W   

R   − r
 

3                 R2 − r2

 
       3               3  

 

=     0.05x 200x 10 
3                                             2102 − 1502

 

=1817 × 103 N-mm 

= 1817 N-m 

 

Power lost in friction, 
 

 

P   = 2 πN T / 60 

= 2 π x 75 x 1817 / 60 

= 14270 W 

= 14.27 kW 
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3

 

3. Heat generated at the bearing 
We know that heat generated at the bearing 

= Power lost in friction 

= 14.27 kW or kJ/s 

= 14.27 × 60 

= 856.2 kJ/min 
 

 

 

22. A wall bracket supports a plummer block for 80 mm diameter shaft. The length of 

bearing is 120 mm. The cap of bearing is fastened by means of four bolts, two on each 

side of the shaft. The cap is to withstand a load of 16.5 kN. The distance between the 

centre lines of the bolts is A self-locking nut used in bearing assemblies. 150 mm. 

Determine the thickness of the bearing cap and the diameter of the bolts. Assume safe 

stresses in tension for the material of the cap, which is cast iron, as 15 MPa and for bolts 

as 35 MPa. Also check the deflection of the bearing cap taking E = 110 kN / mm2. 

Solution : 
Given : 

d = 80 mm ; 

l = 120 mm ; 

n = 4 ; 

W = 16.5 kN = 16.5 × 103 N ; 

a = 150 mm ; 

σb = 15 MPa = 15 N/mm2; 

σt = 35 MPa = 35 N/mm2 ; 

E = 110 kN/mm2 = 110 × 103 N/mm2 

 
Thickness of the bearing cap 
We know that thickness of the bearing cap, 

t        = √
  3W a  

 
2σb l 

=√ 3x  16 . 5  x  10    x  150
 

2 x 15 x 120
 

= √2062.5
 

= 45.4 say 46 mm 

 
Diameter of the bolts 
Let dc = Core diameter of the bolts. 

We know that 

(π/ 4 )× (dc)2 σt      = (4/3) (W/n) 
 

(π/ 4 )× (dc)2  x 35 = (4/3) (16.5 x 103/4) 

dc            = 14.2 mm 
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Deflection of the cap 
We know that deflection of the cap, 

δ      = (Wa3 / 4Elt3) 

= (16.5 x 103 x 1503) / (4 x 110 x 103 x 120 x 463) 

= 0.0108 mm 
Since the limited value of the deflection is 0.025 mm, therefore the above value of deflection is 

within limits. 
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