LECTURE NOTES

DESIGN OF MACHINE ELEMENT (TH2)

For

5TH SEM MECHANICAL ENGG

(SCTE&VT SYLLABUS)

Prepared by
ER RAMESH CHANDRA PRADHAN

SR LECT. MECHANICAL




MACHINE DESIGN

WHAT IS A MACHINE?

A machine is the assembly of resistant bodies or links which is used to transmit
available energy to do useful work.

MACHINE DESIGN:

Machine design is defined as the use of scientific principles, engineering
techniques and imagination to create a machine or machine element
economically.

Machine Design focuses on the basic principles of following three areas for
creation of new machines and improving the existing.

a) Mechanical behavior of material.

b) Mechanical parts or machine element.

c) Life cycle analysis.

CLASIFFICATION OF MACHINE DESIGN

1. Adaptive design:-

Here designers work is concerned with adaptation of existing designs. This
type design needs no special knowledge or skill .The designer only makes minor
modification in the existing designs of the product.

2. Development design:-
This type of design needs scientific training and design ability in order to
modify the exiting design into a new idea by adopting a new material or different
method of manufacturing. In this case, though the designer starts from the

existing design, but the final product will be quite different from the original
product.

3. New design:-

This type of design needs lo of research, technical ability and creative
thinking. From this design completely new product will be found.

The designs, depending upon the methods used, may be classified as follows:
* Rational design:-This type of design depends upon mathematical formulae
of principal of mechanics.

* Industrial design:-This type of design depends upon the production
aspects to manufacture any machine component in the industry.

* System design:-It is the design of any complex mechanical system like a
motor car.




« Element design:-It is the design of any element of the mechanical system

like piston, crankshaft, connecting rod, etc.
« Computer aided design:-In this of design, creation, modification & analysis

of a design is done by using computer system.

DIFFERENT MECHANICAL ENGG. MATERIALS USED IN DESIGN
% Commonly used ferrous alloys are carbon steel, Low-alloy steel, Tool steel,

Stainless steel and cast iron.
< Non ferrous alloys are Aluminum alloys, Nickel alloys, Titanium alloys.

Properties of Material:

Properties of material are the characteristics of matter which differentiate one
material from the other.

The major properties of material to be studied for selection of material in

engineering field are:
1. Physical properties

2. Chemical properties
3. Mechanical properties

Physical Properties:

A materials physical properties denote the physical state of material. Physical

properties include

Density

Specific Heat
Thermal Expansion
Conductivity
Melting Point
Porosity

Crystal Structure
Appearance
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Mechanical properties of Materials:

1. Strength 7. Malleability
2. Stiffness 8. Toughness
3. Elasticity 9. Hardness
4. Plasticity 10. Machinability
5. Ductility 11. Creep
6. Brittleness 12. Fatigue
Strength:
e It is the ability of a material to resist the externally applied forces without
breaking.

e The internal resistance offered by a part to an externally applied force is
called stress.

Stiffness:

It is the ability of materials to resist deformation under the action of load.
Mathematically:

Load (W)
Stiffness (K) = ----------------
Deflection ( )

Unit: KN/ mmor N/ mm

This property is considered during selection of material for spring manufacturing.

Elasticity:
It is a property by virtue of which a material regains its original dimension after

removal of load. Elasticity is measured by Young’s Modulus or Modulus of Elasticity.
Unit— N / mm?

Plasticity:
e Itis the property by virtue of which the material does not regain its original shape
after removal of load . | retains its deformed shape permanently.

e This property of the material is necessary for forging & rolling process.




Ductility:
 ltis a property by which materials can be drawn into wires with the application of
a tensile force.

* Ductile materials have the ability to flow or elongate under load. Example :
Cupper , Aluminum , mild steel , nickel, zinc, tin & lead.

The ductility of a material is commonly measured by means of percentage
elongation and percentage reduction in area in a tensile test.

Brittleness:

It is the ability of a material by which it can develop crack under load or it can
break suddenly.

Example : Wood , Concrete, Cast iron.

Malleability:

It is the property by virtue of which the material is able to be converted in to thin
sheets.

Materials which are more elastic are also more malleable.
Example : Steel , Copper, Al, Brass, Bronze etc.

Toughness:
e It is the property by virtue of which a material is able to resist shock or impact
loading.

* Impact loading means applied load fall from a height.

* The amount of energy absorbed per unit volume within elastic limit is know as
Resilience.

« Inthe deign of springs toughness or resilience of material is considered.

Hardness:
« It is the property by which the material is able to resist scratches, marks or wear
& tear.

* |t also measures the ability of a material to cut another metal.
« Harness is independent of the weight of a material.
Brittle materials are more hard example: Glass, cast iron , concrete.




Machinability:

« Itis the property of a material which refers to the ease with which a material can

be cut.

« Machinability of a material can be measured by measuring the energy required to
remove a unit volume of the material, keeping all machining parameters

constant.
« It may be noted that brass can be easily machined than steel.

Creep: :
« When a part is subjected to a constant stress at high temperature for a long

period of time , it will undergo a slow and permanent deformation called creep.

« This property is considered in designing internal combustion engines, boilers and

turbines.
« Super alloys resist creep failure as they can with stand high temperature for a

prolonged period without developing stress.

Fatigue:

Fatigue is the property of mater by virtue of which t

less than yield stress due to cyclic nature of stress.
Fatigue failure is responsible for 90% of mechanical failure.

he material fails under stress

Different type of stress:-
When external load is applied on an abject resist distortion due to the applied

force for which internal forces developed in the object hose magnitude is equal to

externally applied force.
Stress can be defined as the internal restin

area of the object.

g force acting on unit cross sectional

Mathematically,

Stress(o)=  ------=-=------
¢/s area
Unit is N/mm’

Before discussing types of stress we will discuss about types of load.




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

ypes of the load are:-

1. Dead or stead load:-
A load is said to be a dead or stead load, When it d

magnitude or direction.

oes not change in

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 app

applied or removed.

lied or shock load, when it is suddenly

4. Impact load:-
A load is said to be an impact load, whe

with some initial velocity.

n it is applied from certain height

Different types of Stresses

e Yijeld stress:-
It is defined as the maximum stress at whic

without increase in load. After yield point on remova
not be able to recover its original shape and size. Stress cor

point is known as yield point stress.

h increase in elongation occurs
| of the load the material will
responding to yield

e Ultimate stress:-
The stress, which attai
| obtained by dividing the largest value o
original cross-sectional area of the test piece.

ns its maximum value is known as ultimate stress. It
f the load reached in a test to the

e 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 or design stress. It is also known as safe or

allowable stress.

(Note: By failure it is no meant actual breaking of the material. Some machine parts aré

said to fail when they have plastic deformation set in them, and they no more perform

their function satisfactorily)




factor of Safety:

It i? defined, as the ratio of the maximum stress to the working stress.
Mathematically,

(Maximum Stress)
Factor of safety = —-------mmmmmmem e
(Working or design stress)

In case of ductile material example mild steel, where the yield point is clearly defined,
the factor of safety is based upon the yield point stress.
In such cases,

(Yield point stress)
Factor of safety = ---------------------mm=---m-—-
(Working or design stress)

In case of brittle materials example cast iron , the yield point is not well defined as for

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

(Ultimate stress)

- Factor of safety = -------—-=-==-===—=---==m=="""
(Working or design stress)

= Strain hardening Necking
Stress, 0

% / »\

? Ultimate strength "~

Fracture

Yield strength

Run

Rise
Run

Young's modulus = Slope =

(Stress-strain curve for mild steel)
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Mode of Failure to be considered in Machine design

1. By Elastic deflection:

e In the transmission system, the shaft which support gears are subjected to load
which causes deflection of shaft.

e The maximum force which can be applied on the shaft is limited by the
permissible elastic deflection.

e Lateral or torsional rigidity is the criteria for designing such components.

e Most effective method of decreasing the defection of a member is by changing its
shape or c¢/s dimension.




2. Yielding:

e Mechanical component made of ductile material loses its engineering usefulness
due to a large amount of plastic deformation or yielding of a considerable portion
of the member.

e To avoid failure due to yielding working stress for ductile material is always less

than they yield stress.

3. Failure by fracture:
e Sudden fracture of brittle materials.
e Fracture of cracked or flawed members.
e Progressive fracture due to cyclic load (fatigue) and due to low temperature.

4. By Fracture:
e Fracture occurs at much below stress than yield stress if the component has to

work under cyclic load.
e Brittle materials cease to function suddenly due to fracture without any plastic

deformation.

State the factors governing the design of machine elements:

1. Strength:
A machine part shouldn’t fail under the effect of forces acting on it. It should

have sufficient strength to avoid failure due to fracture or yielding.

2. Rigidity:
Machine component should be rigid enough, so that it will not deflect or bend
due to forces or moment acting on it. A transmission shaft is designed on the basis of

lateral rigidity & torsional rigidity.

3. Wear resistance : _

A machine component should be wear resistant because wear reduces accuracy
of machine tool along with its life cycle. Surface hardening will increase the wear
resistance of the machine component.




. ension and weight :
A machine should have mij ight :

ni i i ;
the material cost. IMmum possible dimension & weight which will reduce

6. Conformance to the standard:

Machine par i
. : part should conform to the national & international standards covering the
Imension , profile & material.

7. Minimum life cycle cost:
Total cost i.e to be paid for purchasing the parts, operating & maintaining it for its life
span should be minimum.

Describe design procedure:
The general procedure to solve a design problem is as follows:

1. Recognisation of need :
First of all the need, aim or purpose for which the machine is to be

designed should be recognized.

2. Mechanism:
Select the possible mechanism or group of mechanisms which will give the

desired motion.

3. Analysis of forces:
Find the forces acting on each member of the machine and the energy

transmitted by each member.

4. Material selection:
Select the material best suited for each member of the machine.

5. Design of elements:
Find the size of each member of the machine by considering the force

acting on the member and the permissible stresses for the material used . it
should be kept in mind that each member should not deflect or deform more

than the permissible limit.




6. Modification:

Modify the size of the member to reduce overall cost.

7. Detailed drawing:
Draw the detailed drawing of each component and the assembly of the

machine with complete specification for the manufacturing processes.

The detailed drawing along with material of each component.

The flow chart for the general procedure in machine design is shown in fig.
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Chapter-2

DESIGN OF FASTENING ELEMENTS

Fasteners: It is a Mechanical Joints which is used to become a fixed / attaches to something or

holds something in place.

The Fastenings may be classified into the following two groups:
1. The Permanent Fastenings are those fastenings which cannot be disassembled without
destroying the connecting components. Examples: Welded joint, Rivet joint.
2. The Temporary or Detachable Fastenings are those fastenings which can be disassembled
without destroying the connecting components.

Examples: 1.Thread Joints
a. Bolted Joints
b. Screws Joints
2. Keys
3. Coupling
4. Pins Joints
a. Cotters Joints
b. Knuckle Joints
5. Pipe Joints

Welded joint:

Welding can be defined as a process of joining metallic parts by heating to a suitable temperature with or

without the application of pressure.

Welding is an economical and efficient method for obtaining a permanent joint of metallic parts.

Two distinct application of welding

1. Can be used as a substitute for a riveted joint
2. Welded structure as an alternative method for casting or forging.

Welding advantages over riveting:

Welded joint

Rivet joint

Due to no additional parts except melting of filler rods,
welded joints are lighter in weight.

Welded steel structures are lighter than the
corresponding iron castings by 50% and steel castings
by 30%

Requires cover plates, gusset plates, straps, clip angles
and large number of rivets which increases the weight

Cost is lesser due to no additional components used

Cost is higher due to usage of additional components
listed above

Alterations and additions of the design of welded
assemblies can be easily and economically modified

Alterations and additions of design of riveted
assemblies are not easier and economically changed

Production time is less

Production time is higher

Welding does not create stress concentration due to
lack of drilling holes.

Holes are drilled to accommodate the rivets. The holes
reduces the cross-sectional area of the members and
result in stress concentration.

Strength of weld is higher. Strength of weld is more

than the strength of the plates that are joined together.

Strength of rivets are not high as that of weld joints.

Machine components of certain shapes such as circular
steel pipe can easily be constructed by welding.

Machine components of certain shapes such as circular
steel pipe, find difficulty in riveting




Disadvantages of welding:

1. The capacity of weld structures to damp vibrations is poor

2. Welding results in a thermal distortion of the parts, there by inducing residual stresses.

3. In many cases, stress-relieving heat treatment is required to relieve residual Stresses.

4. The quality and strength of the welded joint depend upon the skill of the welder. It is difficult to
control the quality when a number of welders are involved.

5. The inspection of the welded joint is more specialized and costly compared with the inspection of
riveted or cast structures

Eccentrically Loaded Welded Joints

=

Figure. Bending Stress due to Eccentricity

In many cases the welded joints are eccentrically loaded. Different stresses may get induced depending upon
the type of joint and loading. if the stresses are of same nature , those may be vectorially added but for those
of different nature, resultant maximum tensile and shear stresses may be calculated. Depending upon the type
of joint, eccentricity may lead to bending stress or torsional shear stress in the joint in addition to the direct

shear stress induced by applied load.

Eccentricity leading to Bending Stress:
Consider a T-joint subjected to loading as shown in figure.
Let s and | be the size and length of the weld and t be the throat thickness.
Throatarea=A=2.t.|

This applied load may be considered as a load P directly acting on the joint through the CG and a bending
moment of magnitude P.e acting on the joint. 1°t one will lead to direct shear stress and the 2™ will lead to a
bending stress.

Direct Shear Stress,

F P
A 2t
and Bending Stress,

My
T



where y = distance of the point on the weld from the neutral axis
| = Moment of inertia of the weld section
Maximum tensile and shear stress may be calculated as:

o = (2) 4 [(2) + @

2/ ,\._-Ef

iy foui—

Figure. Shear Stress due to Eccentricity

Let us consider a double parallel fillet weld subjected to an eccentric load P acting at a distance e from the CG
of the welds as shown in Figure.

Eccentric force P may be considered as a force P acting on the CG of the joint and a torque equivalent to Pe
acting on the joint. The force P through the CG leads to direct shear stress, called primary shear stress and is
assumed to be uniformly distributed over the throat area of all welds. The torque Pe causes torsional shear
stress called secondary shear stress.

Primary Shear Stress,

And, Secondary Shear Stress,
My

where r = distance of the point on the weld from the CG
J = Polar moment of inertia of the weld section
r is calculated from the geometry for the farthest point of the weld from the CG.



Q.1. A rectangular steel plate is welded as a cantilever to a vertical column and
supports a single concentrated load of 60 kN as shown in figure below.
Determine the weld size if the allowable shear stress in the weld material is 140

MPa. F

—F
100
v
150 —
[ 200

Ans. The weld is subjected to two shear stresses

(1) Direct shear of magnitude 60,000/Area of the weld. The area of the
throat section is easily found out to be 200 t where =0.707 h. Thus
direct shear stress is 424/h MPa.

(2) The indirect shear stress as a point r distance away from the
centroid of the throat section has magnitude

FLr
! i ,
o

where J is the polar moment of area of the throat section and L is the

eccentricity of the load. From the geometry of the throat section it may
be calculated that the distance of centroid from left end =

12
X =
2l+b

=12.5 mm (see figure below) and the polar moment about G

is

st

(b+21) P+’
V2

= 272530 h mm*.
12 b+2l



r

X

Thus the indirect shear stress has magnitude r MPa. The

41.28
7

maximum resultant shear stress depends on both the magnitude and
direction of the indirect shear stress. It should be clear that the maximum
shear stress appears at the extreme corner of the weld section which is at a

distance J(g): +( —x)* = 62.5 mm away from the centroid. Noticing that the

included angle between the two shear forces as cos '[’_"']:53.13". the
r,

max

maximum value of the resultant shear stress is found out to be

2854.62

Fronaise :’—MPa. Since this value should not exceed 140 MPa the
1

minimum weld size must be A= 20.39 mm.

Q.2. Arectangular cross-section bar is welded to a support by means of fillet welds as shown in figure.
Determine the size of the welds, if the permissible shear stress in the weld is limited to 75 MPa.

) |
&500\_1 i

—r -—— - -150- — —

T | 0

100

All dimensions in mm

Fig. 10.26
Solution. Given : P =25 kN =25 x 103N : 1 — 75 MPa = 7SN/mm?2: [ = 100 mm :
b=150mm:e= 500 mm max
Let s = Size of the weld, and

t = Throat thickness.
The joint, as shown in Fig. 10.26, is subjected to direct shear stress and the bending stress. We
know that the throat area for a rectangular fillet weld,

A =1(2b+20)=0.707 s 2b + 2])

= 0.707s (2 x 150 + 2 x 100) = 353.5 s mm? o (-7 1=0.707s)
. P _25x10° 7072 o,
-. Direct shear stress, T = A —‘353_5 " P

We know that bending moment,
M =P xe=25x103x500=12.5 x 10° N-mm
From Table 10.7, we find that for a rectangular section, section modulus,

‘ (b.l e %]:0.707 s[lSOx 100 + @] =15907.5 s mm"

z

_ M _125x10° _785.8

S N/mm~
Z 15907.5s s

. Bending stress.  ©,

‘e know that maximum shear stress (T,,,.)-

s 7858Y |, 7072 ¥ _ 399.2
E\(O’h) +471 =5\ iF =

s A A

15

s =399.2/75=5.32 mm Ans.



Riveted joint:

The rivets are used to make permanent fastening between the two or more plates such as in structural work,
ship building, bridges, tanks and boiler shells. The riveted joints are widely used for joining light metals. 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. e
7 B

/ | \\4— Head

’Tﬁ_l
Methods of Riveting ! Shaik

| Bod

The function of rivets in a joint is to make a connection that has strength and tightness. Th | y
necessary to prevent failure of the joint. The tightness is necessary in order to contribute t | ]
prevent leakage as in a boiler or in a ship hull (The frame or body of ship). [

L Jo— Tail
When two plates are to be fastened together by a rivet as shows below, the holes in the plates are puncnea
and reamed or drilled. Punching is the cheapest method and is used for relatively thin plates and in structural
work. Since punching injures the material around the hole, therefore drilling is used in most pressure-vessel
work.

.:\_\‘\ A\ N\ \.\_ \
NN -
I Original head
Backing up bar
| |
(a) Initial position. (b) Final position.

Material of Rivets:

The material of the rivets must be tough and ductile. They are usually made of steel (low carbon steel or
nickel steel), brass, aluminum or copper, but when strength and a fluid tight joint is the main
consideration, then the steel rivets are used. The rivets for general purposes shall be manufactured from
steel conforming to the following Indian Standards:

1. 1S:1148-1982 (Reaffirmed 1992) — Specification for hot rolled rivet bars (up to 40 mm
diameter) for structural purposes; or

2. 1S: 1149-1982 (Reaffirmed 1992) — Specification for high tensile steel rivet bars for structural
purposes.

3. The rivets for boiler work shall be manufactured from material conforming to IS: 1990 — 1973
(Reaffirmed 1992) — Specification for steel rivets and stay bars for boilers.



Manufacture of Rivets
The rivets may be made either by cold heading or by hot forging.

If rivets are made by the cold heading process, they heat treated so that the stresses set up in the
cold heading process are eliminated.

If they are made by hot forging process, care shall be taken to see that the finished rivets cool
gradually.

Note: when the diameter of rivet is 12 mm or less generally cold riveting is adopted.
Tvpes of Rivets:

1.
2.
3.
4.

5.

Button Head
Counter sunk Head

Oval counter Head
Pan Head
Conical Head

Types of Riveted Joints

1. According to purpose
2. According to position of plates connected
3. According to arrangement of rivets

According to purpose:
a) StrongJoints: In these Joints strength is the only criterion.
Eg: Beams, Trusses and Machine Joints.
b) Tight joints: These joints provide strength as well as are leak proof

against low pressure.
Eg: Reservoir, Containers and tanks.

C) Strong-Tight Joints: These are the joints applied in boilers and pressure
vessels and ensure both strength and leak proofness.

According to position of plates:

e Lap Joint: A lap joint is that in which one plate overlaps the other and the two plates are then
riveted together.

e Butt Joint: A butt joint is that in which the main plates are 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:

a. 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.

b. 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.

According to arrangement of rivets:

a. Asingle riveted joint is that in which there is a single row of rivets in a lap joint

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

b. A double riveted joint is that in which there are two rows of rivets in a lap joint
as shown in Fig. and there are two rows of rivets on each side in a butt joint.
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(a) Single riveted lap joint. (b) Double riveted lap joint (¢) Double riveted lap
(Chain riveting). joint (Zig-zag riveting).

Important terms of Riveted joints:

=

Pitch (p): The Distance between two adjacent rivet holes in a row.

Back pitch (Py): The Distance between two adjacent rows of rivets.

3. Diagonal pitch(P4): The smallest distance between centers of two rivet holes in adjacent rows of
ZIG-Zag riveted joints.

4. Margin (m): It is the distance between center of a rivet hole and nearest edge of the plate.

N

Modes of Failures of a Riveted Joint

B

1. Tearing of the plate at the section {
weakened by holes: Due to the tensile 2
stresses in the main plates, the main
plate or cover plates may tear off across ﬂ_g__

J

a row of rivets as shown in Fig. In such {

|<—

.v

e

cases, we consider only one pitch length
of the plate, since every rivet is
responsible for that much length of the \
plate only.
The resistance offered by the plate against tearing is known as tearing resistance or tearing strength or tearing
value of the plate.
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Let, p = Pitch of the rivets,
d = Diameter of the rivet hole,
t = Thickness of the plate, and
o: = Permissible tensile stress for the plate material.

We know that tearing area per pitch length,
At = (p bl d) t



Tearing resistance or pull required to tear off the plate per pitch length,
Py = A:. ot = (p d)t Ot
When the tearing resistance (P:) is greater than the applied load (P) per pitch length, then this type of failure
will not occur.
2. Shearing of the rivets:
The plates which are connected by the rivets exert
tensile stress on the rivets, and if the rivets are
unable to resist the stress, they are sheared off as
shown in Fig.
It may be noted that the rivets are in single shear
in a lap joint and in a single cover butt joint, as
shown in Fig.

But the rivets are in double shear in a double co
butt joint as shown in Fig. The resistance offered b
rivet to be sheared off is known as shear
resistance or shearing strength or shearing value
therivet.
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(b) Shearing off a rivet in a single .cover butt joint.
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T = Safe permissible shear stress for the rivet material,
n = Number of rivets per pitch length.

7

We know that shearing area,
A; = (rt/4) x d? ... (In single shear)

=2 x (rt/4) x d? ... (Theoretically, in double shear)



Shearing resistance required to shear off the rivet per pitch length,

Ps=nx(n/4)xd’xt ...(In single shear)
=nx2x(n/4)xd*x 1t ..(Theoretically, in double shear)
When the shearing resistance (Ps) is greater than the applied load (P) per pitch length, then this type of
failure will occur.

3. Crushing of the plate or rivets: Sometimes, the rivets do not actually shear off under the tensile
stress, but are crushed as shown in Fig. Due to this, the rivet hole becomes of an oval shape and
hence the joint becomes loose. The failure of rivets in such a manner is also known as bearing
failure. The area which resists this action is the projected area of the hole or rivet on diametral
plane.

The resistance offered by a rivet to be crushed is known as crushing resistance or crushing strength or
bearing value of the rivet.

Let d = Diameter of the rivet hole,

t = Thickness of the plate,
o. = Safe permissible crushing stress for the rivet or plate material,
and n = Number of rivets per pitch length under crushing.
We know that crushing area per rivet (i.e. projected area per rivet),
Ac=d. t

~Total crushing area=n.d.t

and crushing resistance or pull required to crush the rivet per pitch length,
P.=n.d.t. o,

When the crushing resistance (P.) is greater than the applied load (P) per pitch length, then this type
of failure will occur.
Note: The number of rivets under shear shall be equal to the number of rivets under crushing.
Unwin’s Formula: As a Common Practice for plate thickness greater than 8 mm, the diameter of rivet hole is
determined by: d =6+t (t = thickness of plate)

Strength of a Riveted Joint:
The strength of a joint may be defined as the maximum force, which it can transmit, without causing it to fail.

We have seen that P, Ps and P. are the pulls required to tear off the plate, shearing off the rivet and
crushing off the rivet. A little consideration will show that if we go on increasing the pull on a riveted joint, it
will fail when the least of these three pulls is reached, because a higher value of the other pulls will never reach
since the joint has failed, either by tearing off the plate, shearing off the rivet or crushing off the rivet.

If the joint is continuous as in case of boilers, the strength is calculated per pitch length.
But if the joint is small, the strength is calculated for the whole length of the plate.



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 P;, Ps and P,

Strength of the un-riveted or solid plate per pitch length,
P= P. t. o

.. Efficiency of the riveted joint,
Least of Py, Pg and P¢

= pXxtxo,
Where, o: = Permissible tensile stress of the
plate material
p= Pitch of the rivets,
t =Thickness of the plate



Q.1: 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: r=15mm : d=25mm : p=75mm : 5, =400 MPa =400 N/mm? : T, =320
MPa = 320 N/mm? : G, = 640 MPa = 640 N/mm?
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.
P, =(p—d)t x 6,,=(75—-25)15 x 400 =300 000 N
Ultimate shearing resistance of the rivets per pitch.
T ,‘ i
P =nx 2 xdsxT =2 2 (25)°320=314200N (= n=2)
and ultimate crushing resistance of the rivets per pitch,
P, =nxdxtxc,=2x25x15x640=480000N
From above we see that the minimum foree per pitch which will rupture the joint 1s 300 000 N
or 300 kN. Ans.

Actual stresses produced in the plates and rivets
Since the factor of safety is 4. therefore safe load per pitch length of the joint
= 300 000/4 =75000 N

Let 6,,. T, and G, be the actual tearing. shearing and crushing stresses produced with a safe
load of 75 000 N 1in tearing, shearing and crushing.
We know that actual tearing resistance of the plates (P, ).
75000 = (p—d)tx0, =(75-25)15x 6, =750,
G,, = 73000 /750=100 N/mm’ =100 MPa Auns.
Actual shearing resistance of the rivets (P, ).

bl , T
75000 = n x i d* <t =2x 2 (25) T, =982 1,
T, = 75000/ 982="76.4 N/mm’ = 76.4 MPa Ans.
and actual crushing resistance of the rivets (P_ ).
75000 =nxdxtxo, =2x25x15x0_=T7500_
o = 75000/750 =100 N/mm’ = 100 MPa Ans.

ca

Q.2: Find the efficiency of the following riveted joints:
1. Single riveted lap joint of 6 mm plates with 20 mm diameter rivets having a pitch of
50 mm. 2. Double riveted lap joint of 6 mm plates with 20 mm diameter rivets having a
pitch of 65 mm. Assume Permissible tensile stress in plate = 120 MPa Permissible
shearing stress in rivets = 90 MPa Permissible crushing stress in rivets = 180 MPa.



Solution. Given: r=6 mm:d =20 mm : 6, =120 MPa=120 N/mm?: =90 MPa =90 N/mum?*:
G, = 180 MPa = 180 N/mm?
1. Efficienicy of the first joint

Pitch, p = 50mm ...(Given)

First of all, let us find the tearmg resistance of the plate. shearing and crushing resistances of the
rvets,
() Tearing resistance of the plate

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

P, =(p-d)txc,=(50-20)6x120=21 600N

(i) Shearing resistance of the rivet

Since the joint 1s a single riveted lap joint. therefore the strength of one rivet in single shear 1s
taken. We know that shearing resistance of one rivet,

T T
P, =, xd?x1= (20/90=28278N

s
(iil) Crushing resistance of the rivet
Since the joint is a single riveted. therefore strength of one rivet is taken. We know that crushing
resistance of one rivet,
P =dxtxg,=20x6x180=21600N
.. Strength of the joint
= Leastof P, P_and P_= 21 600 N
We know that strength of the unriveted or solid plate,
P=pxtxc,=50x6x120=36000N
.. Efficiency of the joint,
Least of P, P and P 21600
n= P ~ 36 000
2. Efficiency of the second joint
Pitch, p = 65mm ...(Given)

=0.60 or 60% Ans.

() Tearing resistance of the plate,
We know that the tearing resistance of the plate per pitch length,
P.=(p - d)txc,=(65-20)6=120=32400N
(i) Shearing resistance of the rivers
Since the joint 1s double riveted lap joint, therefore strength of two rivets in single shear is

taken. We know that shearing resistance of the rivets.

T e
P =nx 2 xd?x1=2x 2 (207 90 =56 556 N

1

(ii7) Crushing resistance of the rivet
Since the joint is double riveted. therefore strength of two rivets 1s taken. We know that crushing
resistance of rivefs,
P

. =nxdxfxo6,=2x20x6x180=43 200N
. Strength of the joint

= Least of P P, and P_=32400N



We know that the strength of the unriveted or solid plate.
P=pxtxc,=65>x6x120=46800N

.. Efficiency of the joint,
Leastof F, F, and F, 32 400
P 46 800

n= =0.692 or 69.2% Ans.

Q.3: Design a double riveted lap joint for MS Plates having a thickness 9.5 mm. Calculate the efficiency of
the joint. The permissible stresses are: o = 90 MPa, ts = 75 MPa, o. = 150 MPa.

Design of boiler joints according to IBR

The boiler has a longitudinal joint as well as circumferential joint. The longitudinal joint is used to join the
ends of the plate to get the required diameter of a boiler. For this purpose, a butt joint with two cover
plates is used. The circumferential joint is used to get therequired length of the boiler. For this purpose, a
lap joint with one ring overlapping the other alternately is used.

Since a boiler is made up of number of rings, therefore the longitudinal joints are staggered for
convenience of connecting rings at places where both longitudinal and circumferential joints occur.

Design of Longitudinal Butt Joint for a Boiler
According to Indian Boiler Regulations (1.B.R), the following procedure should be adopted
for the design of longitudinal butt joint for a boiler.
1. Thickness of boiler shell.
First of all, the thickness of the boiler shell is determined by using the thin cylindrical
formula, i.e.

PD .
t= . + 1 mm as corrosion allowance
20, XM

Where t = Thickness of the boiler shell,

P = Steam pressure in boiler,

D = Internal diameter of boiler

ot = Permissible tensile stress, and

ni = Efficiency of the longitudinal joint.
The following points may be noted:
(a) The thickness of the boiler shell should not be less than 7 mm.

(b) The efficiency of the joint may be taken from the following table.
Indian Boiler Regulations (I.B.R.) allows a maximum efficiency of 85% for the best joint.

(c) According to I.B.R., the factor of safety should not be less than 4.
2. Diameter of rivets.
After finding out the thickness of the boiler shell (t), the diameter of the rivet hole (d) may be
determined by using Unwin's empirical formula,
i.e.d=6Vt , (when tis greater than 8 mm)

But if the thickness of plate is less than 8 mm, then the diameter of the rivet hole may be
calculated by equating the shearing resistance of the rivets to crushing resistance. In no case, the
diameter of rivet hole should not be less than the thickness of the plate, because there will be
danger of punch crushing.

3. Pitch of rivets.

The pitch of the rivets is obtained by equating the tearing resistance of the plate to the shearing
resistance of the rivets. It may noted that;

(a) The pitch of the rivets should not be less than 2d, which is necessary for the formation of
head.



(b) The maximum value of the pitch of rivets for a longitudinal joint of a boiler as per I.B.R. is
Pmax = Cx t+41.28 mm
where, t = Thickness of the shell plate in mm,
C = Constant.
e The value of the constant C may be taken from DDB. If the pitch of rivets as obtained by
equating the tearing resistance to the shearing resistance is more than pmay, then the value of
Pmax is taken.
4. Distance between the rows of rivets.
The distance between the rows of rivets as specified by Indian Boiler Regulations is as follows:
(a) For equal number of rivets in more than one row for lap joint or butt joint, the distance
between the rows of rivets ( ps) should not be less than
0.33p+0.67d ...... for zig-zig riveting, and
2d ......for chain riveting.
(b) For joints in which the number of rivets in outer rows is half the number of rivets in inner rows
and if the inner rows are chain riveted, the distance between the outer rows and the next rows
should not be less than 0.33 p + 0.67 or 2d, whichever is greater.
The distance between the rows in which there are full number of rivets shall not be less than 2d.
(c) For joints in which the number of rivets in outer rows is half the number of rivets in inner rows
and if the inner rows are zig-zig riveted, the distance between the outer rows and the next rows
shall not be less than 0.2 p + 1.15 d. The distance between the rows in which there are full number
of rivets (zig-zag) shall not be less than 0.165 p + 0.67d.
Note : In the above discussion, p is the pitch of the rivets in the outer rows.
5. Thickness of butt strap.
According to I.B.R., the thicknesses for butt strap (t1) are as given below:
(@) The thickness of butt strap, in no case, shall be less than 10 mm.
(b) t:=1.125%, for ordinary (chain riveting) single butt strap.

““’1
—Ed

= 11:_'r|

For single butt straps, every alternate rivet in outer rows being omitted.
t1=0.625 t, for double butt-straps of equal W|dth havmg ordinary riveting (chain riveting).

t, = 0.625t

2=

For double butt straps of equal width having every alternate rivet in the outer rows being
omitted.

(c) Forunequal width of butt straps, the thicknesses of butt strap are
t; =0.75 t, for wide strap on the inside, and

t1=0.625 t, for narrow strap on the outside.

6. Margin.
The margin (m) is taken as 1.5d.



Q.1: Inner diameter of a boiler is 1500 mm and the steam pressure is 2 N/mm?2. Use a proper joint along the
length and design it completely. Use following permissible values of stress.

Tension 6: = 90 MPa, Shear t=75 MPa, Crushing c. =150 MPa

Q.2: A cylindrical pressure vessel with a 1.5 m inside diameter is subjected to internal steam pressure of 1.5
MPa. It is made from steel plate by triple-riveted double strap longitudinal butt joint with equal straps. The
pitch of the rivets in the outer row is twice of the pitch of the rivets in the inner rows. The rivets are arranged
in a zig zag pattern. The efficiency of the riveted joint should be atleast 80 %. The permissible stresses for the
plate and rivets in tension, shear and compression are 80, 60 and 120 MPa, respectively. Assume that the rivet
in double shear is 1.875 times stronger than in single shear. Design the joint and calculate

1. thickness of the plate,
. diameter of the rivets,
. Pitch of the rivets,
. distance between the rows of rivets,
. margin
. thickness of the straps and
. Efficiency of the joint.
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Design of Shafts and Keys

Function of Shafts:-

A shafl 15 a rotating machine element which s used to transmit power from one place 1o
anather, The power is delivered to the shaft by some tangential foree and the resultant torgue
{or twisting moment) set up within the shafl permits the power (o be transferred to vanous
machines linked up to the shaft. In order to transfer the power from one shafi to another, the
vartous members such as pulleys, gears etc., are mounted on it These members along wath
the forces exerted upon them causes the shaft to bending.

In other words, we may say that a shaft is used for the transmission of torque and bending
moment. The various members are mounted on the shaft by means of keys or splines.

MNotes:
1. The shafts are usually eylindrical, but may be square or cross-shaped in section. They are
solud im cross-section bul sometimes hollow shalls are also used

2. Anaxle, though similar in shape to the shaft, i1 a stationary machine element and is used
for the transmission of bending moment only, It simply acts as a support for some rolating
body such as hoisting drum, a car wheel or a rope sheave

3. A spimdie 15 a short shaft that imparts motion either to a cutting tool (¢g dnll press
spindles) or w a work prece {e.g. lathe spindles)

Material Used for Shafts:-

['he material used for shafts should have the following properties:

1. It should have high strength.

1, It should have good machinability,

3. It should have low notch sensitivity factor

4. 1t should have good heat treatment propertics.
5. It should have high wear resistant properties,

The material used for ordinary shafls s carbon steel of grades 40 C 8,45 C 8, 50 C 4 and 50
12
he mechanical properties of these grades of carbon steel are given in the following table,

Mechanical properties of steels used for shafts.

Indian standard designation Ulrimate tensile strangth, MPa Tield strength, MPa

HCE 560 320
45C8 - 350
S0C4 640 - 7 370
sC12 390
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When a shaft of high strength is required, then an alloy steel such as nickel, nickel-chromium
or chrome-vanadium steel 15 used

T'vpes of Shatts:

[he following two types of shafts are important from the subject point of view

1. Transmission shafts, These shafis ransmit power between the source and the machines
absorbing power, The counter shafts, line shafis, overhead shafts and all factory shafts are
transmussion shalts. Since these shalls carry machine paris such as pulleys, gears eic.,
therefore they are subjected to bending in addition to twisting

1. Machine shafis. These shafts form an integral part of the machine itself. The crank shaft is
an example of machine shaft

Standard Sizes of Transmission Shafis:
[he standard sizes of transmission shafis are:

25 mm to 60 mm with § mm steps;

60 mm to 110 mm with 10 mm steps;

IO mm to 140 mm with 15 mm steps;
and 140 mim to 500 mm with 20 mm steps

[he standard lengths of the shafts are 5 m. 6 m and 7 m,
Design of Shafts

['he 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:
() Shafts subjected to twisting moment or torque only,

(b) Shatts subjected to bending moment only,

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

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

Shafts Subjected to Twisting Moment Only:

When the shaft is subjected to a twisting moment (or torque) only, then the dismeter of the shaft
may be obtmned by using the torsion equathion. We know that

T 1

J r

Twisting moment (or torque) acting upon the shaft

T
J = Polar moment of mertia of the shaft about the axis of rotation

Torsional shear stress, and
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r = Dystance from neutral aoas to the outer most fibre
d [ 2; where d 15 the diameter of the shaft
W know that for round solsd shaft, polar moment of inerta
J= =gt

19

The squation (f) may now be written as
T
R i

_—-".'II

— o T=Xxrxd?
r.I'. 16 -

From thes equation, we may determane the dunmeter of round solid shaft ( )

We also know that for hollow shaft polar moment of mertia

Ju — I-|.-1'\'|4' (d, #1
Th ’

where d_and d = Outade and made diameter of the shaft and r=4d

Substitutmyg these values m equation (i), we have

T I (d,) - @)
A e

1
Al ol d TN
Rl -td)] 6 | 4 |

Lat k = Rato of msade diameter and outsde diameter of the shaft

o

s—=tid,) (-t
T L )

From the equations (/if) or (v), the outside and mssde diameter of a hollow shaft may be
determaned

1t may be poted that

1. The bollow shafls are usually wied m manne work. These shafts are sironger per kg of
matenal and they may be forped on 2 mandrel, thus making the matenal more homoegeneous than
wiotlld be possible for & solid shafi

When & hollow shaft s to be made equal in strength to a solid shaft, the tosting moment of both
the shafts must be same. In other words, for the same matenal of both the shafts

& .t .fn",:-‘. -7 |
6 | 4,

dt or (dY(1-Hi=4d

1. The twastng moment (T) may be obtaned by using the followmg relation
We know that I]||~J:uu. o trnnsmuited (o watts) h'\_.' the shaft
p—— .
P=— ';:lr ! o T %
where T = Twisting moment i -m, and
N ':-l\ﬁ‘d of the shaft m rpm
3. In case of belt drves, the rarsting moment { T ) gven by
I=(f,-T,)R
where Tyand Ty = Tenssons i the tight sade and slack sude of the belt respectively, and
R = Radms of the pulley




Problem: A fine shafi rotating af 200 r_pom, is to transmi 20 KW, The shaft may
be assumed to be made of mild steel with an allowable shear stress of 42 MPa.
Determine the diameter of the shafi, neglecting the bending moment on the
shaft.

Solution. Grven : N=200rpm ; P=20kW=20>» 107 W ©= 42 MPa = 42 N/mm®
Lat d = Dhameter of the shaft
We know that torque transoutted by the shaft

Px60 20%10° %60 ) .
— = 955 N-m = 955 = 10" N-mm
InN = 200
We also know that torque transmatted by the shaft { T')
R ; n 3
955 x |3 = —EXTHEA = —x42xd' = g 25 &
10 " > 8 d

4 =955 % 10°/825=115 733 or d=48.7 say 50 mm Ans.

Problem: A solid shaft is fransmitting ! MW aqr 240 L, Determine the
digmeter of the shaft if the maximum torgue transmitted exceeds the mean
targue by 20%. Take the maxinnm allowable shear stress ax 60 MPa.

Solution. Given: P=1MW=1 = 10°W : N=240rpm Taa =127 T =60 MPa=60N mum’
Let d = Diameter of the shaft
We know that mean torque transnutted by the shaft

Px60  1%10° %60 )
T.,{,,, = 39 784 M-m = 39 784 = 10F N-mm
: InN Ix = 240

o Maxumum forque transmitted
I =12T__=12%39784«10=47 741 « 10° N-mm
mat

L]

Wi know that maximum torque transautted (T__ ),

M 10 = Sxexd = Zxeond =18
16 G _
d? = 47 741 = 10°/ 11,78 = 4053 = 107

d = 1594 say 160 pan Ans,

Problem: Find the diameter of a solid steel shafi to transmit 20 kW at 200 r.p.m.
The witimate shear stress for the steel may be taken as 360 MPa and a factor of
safely as A,

If a hollow shaft is 10 be used in place of the solid shaft, find the inside and
outside diameter when the ratio of inside to owside diameters is 0.5,
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Solution. Given : P= 20 kW = 20 = 16° W, N'= 200 rpm ; T, = 360 MPa = 360 N/mm®
FSwm§ kmg ;f‘_ 0.5
W know that the allowable shear siress
T 1] ,
. B 45 Nimm*
F5 g
erer af the solid shafl
Let d = Dhameter of the solid shaft
We know that torque transoutied by the shafi
Pxéd  20%10° %60
N 1RX 200
We also know that torque transmitied by the solsd shaft (1)

= 955 N.m = 955 = 10¥ N.mm

955510 = —xtxd = —x d5xd’ =584}
16 16
d} =955 = 10°/ 8B4 = 108032 or 4=476say 50 mm Ans.
Diameter of hollow shaft
Let ..|'I Insade diameter, and
d, = Outside diameter

We know that the torque tramsmatied by the hollow shaft ( ')

" 3 P
55w 18 = — 2T (1=£7)
16 :

I i y . )
=X 45(d,) [1-{0.5)] =83 (d)
- 15 -
(@) =955=10F/83=115060 or d, =486 say 50 mm Ans

and d, = 0.54d, =035 = 50 =215 mm Ans

Shafts Subjected to Bending Moment Only

When the shaft 15 subjected to a bending moment only, then the maxumum stress (fensile or
compressive) 15 given by the bending equation. We know that

MO
Ve
M = Bending mioment
I = Moment of wertia of cross-sechonal area of the shaft aboud the
axas of rotation

a, = Bending stress, and
v = Distance from neutral axis to the outer-most fibre
Wi know that for a round sold shaft, moment of mertia
[= =xd* und 1;£
- ]
Substituting thete values in squabion (1), we have

-
i

ﬂl, 3
of Mes —xg, xd
I'Il i'\ b

From this equation, dismeter of the solid shaft (d) may be obtaned

P T




We also know that for a hollow shaft, moment of inertia

1= —[,) [d,]‘}:;m‘,f (1- {where k=d

and y=d.12

Agan substituling these values in equation if), we have

M Ty LS !
' or M= %0 ld,) (1- i
LK

&

. L "d
émﬁr{l ¥ 3

From this equation, the outside diameter of the shaft () may be obtaned

Note: We have already discussed that the axles are used to transmit bending moment only
Thus, axles are designed on the basis of bending moment only, in the similar way as
discussed above

: A pair of wheels of a railway wagon carries a load of 50 kN on each
axle box, acting at a distance of 100 mm outside the wheel base. The gauge of
the rails is 1.4 m. Find the diameter of the axle between the wheels, if the siress
is not to exceed 100 MPa

Solution. Given - W S0KN = 50« 10PN L= 100mm x=14m a, 100 MPa = 100 mm?*

S kN SO kN

TR i —m- e b | (M) Py

ad In

[ Y
j‘ll
Fig. 14.1
The axle with wheels 15 shown mn Fig. 14.1
A linle consaderation will show that the maxinmm bending moment ac1s on the wheels at Cand
D, Therefore maximem bending moment
A = L= 50 % 107 « 100 = § x 105 N.mm
Let d = Dnameter of the axle
We know that the maximum bending moment (M)
R q T 3 .
5x10f = =X O xd = = x100xd" =952 4°
- -H

d* =5 = 10°/9.82 =0.51 = 10° or = 79.8 say 50 mm Ans.
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Shafts Subjected to Combined Twisting Moment and Bending

Moment:

When the shaft 1s subyected to combined twisting moment and bendmg moment, then the shaft
must be designied on the basis of the two moments sumultaneously. Vanous theones have been sug-
gested to account for the elastic fmlure of the matenals when they are subgected to vanous types of
combined stresses. The following two theones are mportant from the sulject pownt of view

1. Maxemum shear stress theory or Guest's theory. It 15 used for ductile matenals such as nuld
slee]

1. Maxmunum normal stress theory or Rankme's theory. It is used for bnttle matenals such as
cast man

Lat T = Shear siress imduced due fo twisting moment, and

0, = Bending stress (fensile or compressive) induced due to bending
moEenl

Accorcding to maxamum shear stress theory, the maxammem shear stress i the shafl

T = %MMQ:+4f

Substituting the values of T and &, from Art. 14.9 and Art. 14.10, we have

! \,'W—’—ﬂfin’ +T

| xd® ) xd’ | nd

....:-::'_h Id] '|||..J: * T'. I".:'
16
The expression ,II_'I.f: + T 15 known as equivalent peisiing moment and 15 denoted by T, The
squavalent twisting moment may be defmed as that twastmg moment, which when acting alone, produces
the same shear stress (1) as the actual twistmg moment. By linwting the maxomum shear stress (T__)
equal to the allowable shear stress (7) for the matenal, the equation (1) may be wniten as

= - X 3

From this expression, diameter of the shaft (4 ) may be evalusted

Now according 10 maxumuam normal stress theory, the masimum normal stréss m the shaft,
Oy = =0 + Jlo ) + 47 {fiiy

M
nd’

el

S M M AT
nd L2 J J

n s 10, T
]—-‘xﬂgm_xﬂl = 'i;l_,“t ,H'*]r'_l 1)

I (o]
The expression — | (M + M +1'“}_| 15 kmowwn as equivalent bending moment and & denoted

by M, The equivalent bending moment may be defined as that moment which when acting alone
preduces the same tensile or compressive stress (@,) a5 the actual bending moment. By hmrhng
the mairnm normal stress [0, ] equal o the allowable bending stress (,), then the equation (iv)
may be wnitten as

LX)

M, s lE,'I.f ' \II,H'. " T:E . l—u‘xn,,:f:.l';

From thes expression, duameder of the shafi { 4 ) may be evaluated




Nates: 1. In case of 2 hollow shaft, the equatsons (1) and (v) may be written as |
]
e = - ™ 1

IM" + T s=<xXt{d Y (1=£
r., k| i T 5 ] E
] ]
¥ - - ] . 1
- 1l o= Har+ Jars -T-?=T e, (d,) (1 - k) !

} M =3 -

! 1. It o5 sugpesied that diameter of the shaft may be obiained by using both the theones aad the lager off the |
! e valoes i adopied !

Problem: A solid circular shaft is subjected to a bending moment of 3000 N-m
and torgue of 10 000 N-m. The shafi is made of 45 C 8 steel having ultimate
fensile stress of 700 MPa and a ultimaie shear stvess of 300 MPa, Assuming a
. factor of safety as 6, determine the diameter of the shaft.

i Solution. Given ; M = 3000 N-m = 3 = 10° Neomm ; 7= 10 000 N-m = 10 = 10° N-mum

! 0, = 700 MPa = 700 Nimum® ; T, = 500 MPa = 500 N/mm’

H We know that the allowable tensile stress i
i o, _ 700 N |
| Gordy = oo =% 116.7 N/'mm |
i and allowable shear stress |
' T 500 . :
! T= =— =533 Nmm' i
i Lat d = Diameter of the shaft m nun I
? According to maximvum shear stress theory, equivalent rwasting moment !
T, .J',-.r’ +T° = ,‘I'f:xm"f +0x10%Y = 1044 = 10° N-mm '
I: W also know that equavalent twisting moment (T, I
I n i N i " |
! 10 = —xTxd =—xE3ind =536 4° |
: 1044 < 10° = T 16.36 d :
:' d? = 10.44 x 104/ 16.36 = 0.636 * 10 or d =86 mm
! According to maximum normal stress theory, equivalent bending moment,
i 1 3} '
| M,=4(MeyM 4T )=l M +T) |
.r 1 f= & f -y LN :
| = 5 (3x10° +1044x10°) =672 = 10" N-mm i
i We also know that the equivalent bending moment (M ), '
| R y_ R : . |
! M = —X0; X" ==X Txd = 3 i
! 672 10° = = X0 Xd" = =X116.7Xd" =1146d !
! N d® =672 %108/ 11.46 = 0.586 = 10° or =537 mm |
Taking the larger of the two values, we have
': d = B6 say 90 mm Ans. :




Diesign of Shafts on the basis of Rigidity:

Sometimes the shafts are to be designed on the basis of nigidity. We shall consider the
following two types of rigidity
1. Torsional rigidiry. The torsional ngndity 15 importani i the case of camshafi of an 1.C
engine where the tinng of the valves would be effected. The permussible amount of rwist should not
excead 0.25° per metre length of such shafis. For hne shafis or transmssion shafts, deflections 2.5 to
3 degree per metre length may be used as linuting value, The widely used deflection for the shafis is
limated to 1 degree o a length equal to twenty tumes the diameter of the shaft

The torssonal deflechon may be obiamed by wang the forsion equation

T e ] T.L
_—'anﬂxﬁ

g
where 8 = Torsonal deflection or angle of twist m radaans,
T = Twnsting moment or torque on the shafi
J = Polar moment of mertia of the crow-sectional area about the axis
of ratabon
I
= =g

= (For solid shafi)

R, .d 47 "
‘l_‘l'm"] ={d,)" | {For hallow sbaft)

G = Moduhs of ngidaty for the shaft matenal, and
L = Length of the shaft

2. Laveral rigidiny. It is umportant in case of transmssion shafting and shafts renning at lugh
speed, where small lateral deflection would cause huge out-of-balance forces. The lateral npdity 15
also umportant for mamtanmg proper beanng clearances and for correct gear teeth alipranent. If the
shaft is of wniform cross-section, then the lateral deflection of a shafi may be obtained by using the
deflection formulae as i Strength of Matenals. But when the shaft 15 of vanable cross-section. then

the lateral deflection may be determuned from the fundamental equation for the elastic curve of a
beam, i.e

8

'y M

it E

Problem: A steel spindle transmits 4 kW at 800 r.p.m. The angular deflection
should not exceed 0.237 per metre of the spindie. If the modulus of rigidity for
the material of the spindle is 84GPa, find the diameter of the spindle and the
shear stress induced in the spindle.

Solution. Given - P=4kW =400 W, N=800rpm 8=025= 025 x F 00044 rad ;
L=1m= 1000 mm ; G =54 GPa =54 = 10° N/m? = 84 = 10* N/mum! )
Ivanrerer af the I.J'l.'ml'.-g'
Let d = Dnameter of the spmdle m mm
We know that the torque transoutied by the spindle,
Pr6) 4000 = 60

47,74 N-m = 47 740 N-mm
InN  IEx 500

B




) T X T=l
Wealsoknowthat — = —— or J :
J L Gl
n i 47 T30 = 1000

xd' & ————————
32 84 x 10" x 0.0044
d4 = 120167« 32/8=13 = 10" or o =3387 say 35 oum Ans.

Lhredar sieess induced i tve spimdle

129 167

Lt T = Shear stress mduced m the spandle
We know that the torque fransamtied by the spindle (1)

n i I i
7740 = —Xtxd =—x1(35) =8420¢
47740 = T 0

T =47 740/ 8420 = 567 Nmm’ = 5.67 MPa Ans

Problem: Compare the weight, sirength and stiffness of a hollow shaft of the
same external diameter as that of solid shaft. The inside diameter of the hollow
shaft being half the external diameter. Both the shafis have the same material
and lengih

Solution. Given o, =d; d,=d,/2 or k=d/d,=1/2=035

f o PR af n |'I::|'.l.|
We know that weight of a hollow shaft
W, = Cross-sectional area = Length = Density

:I_I!_Mnjr - -:rf,]rJ * Length * Density

and weight of the solid shaft

R 5
W= o X d* % Length = Density iy

Smce both the shafts have the same matenal and length, therefore by dividing equation (/) by
':‘|.|I.L'III.III!I (1) we r'l.'[

wy fdf}: -in‘,f _ [nl:,r: - (d, 3
W d’ ()

I':F-I 'I'.

i- I-F=1-(05"=075

(s )

Comparison af strength

We know that strength of the hollow shaft

T4 , i 4,
T,==xt{d) (1=k)
16
and strength of the solsd shaft

K 3
]"3 E T d
Daviding equation (/1) by equation (iv), we get
Ty  @Ya-r) @)ya-r)
% d* ()’

=1 - (0.5 =0.9375 Ans

i-¢




Comparisen af stiffress

We know that shiffness

. Snffness of a hollow shafi

, 2 r .
" — | (d, 1 = (d )t

]

and stiffness of a wold shafl

Dhvrding |‘|C!I:I!I::Il'|ll v by ':'||II.I'|:IIIEI L), W gl

Sy i,y -:u',]lzlr-‘._.li id) : id 3

5 d? i, id, y
| =Fm | =05 = 09375 Ans




Desien of Kevs

Function of Keys:-

A key 15 a piece of mald steel mserted 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. Kevs are used as temporary fastenings and are subjected to
considerable crushing and shearing stresses, A keyway 15 a slot or recess ina shafl and hub of
the pulley to accommaodate a key.

I'ypes of Keys:-
The keys are classified into the following types
1. Sunk keys, 2. Saddle keys, 3. Tangent keys, 4. Round keys and 5. Splines

sunk kevs

The sunk keys are provided half i the keyway of the shaft and half i the kevway of the hub or
boss of the pulley. The sunk keys are of the followmng types

1. Rectanguiar sunk kev. A rectangular sunk key 15 shownm Fig. 13,1, The usual proportions
of thus key are

Widthofkey, w =d/4;and thickness of key, r=2w/3=d/6
where d = Diameter of the shaft or diameter of the hole i the hub

The key has taper 1 1 100 on the top sude only

laper | @ 1K

1, Square sunk key. The only difference between a rectangular sunk key and a square sunk
kev is that its width and thickness are equal, i.e.

w=p=g/4

X, Paralfel sunk key, The parallel sunk keys may be of rectangular or square section umiform
i width and thickness throughout. 1t may be noted that a parallel key 15 a taperless and 15
used where the pulley, gear or other mating picee is required (o shide along the shait

4, Gib=head key. 1t is a rectangular sunk key with a head at one end known as gib fead,
It is usually provided to facilitate the removal of key, A gib head key is shown in Fig, Ha)
and 1ts use m shown in Fg. 1(H).
['he usual proportions of the gib head key are
Widih, w=d/4;
and thickness at large end, r=2w/3=4d/6




Cith head key
laper 1100

Giib-head key

5. Feather key. A key attached to one member of a par and which permits relative axial-
movement 15 known as feather ke, It 15 a special type of parallel key which transmits a
turning moment and also permits axial movement, [0S fastened either to the shalt or hub, the
kev being a sliding fit in the key way of the moving piece

The feather key may be screwed to the shaft as shown in Fig. 2 (a) or it may have double gib
heads as shown i Fig., 2 (&), The vanous proportions of a feather key are same as that of
rectangular sunk key and gib head key.
|
|

Set screw — — Feather keys —,

p

ﬁﬁﬁgm
ARG

HE
i

|
!
‘.
|
|
|

{a) 1]

6. Woodraff key. The woodruff key 15 an easily adjustable key, It is a picee from a eylindrical
disc having segmental cross-section in front view as shown in Fig. 13.4. A woodrfT key is
capable of tilting in a recess milled out m the shaft by a cutter having the same curvature as
the dise from which the key 15 made, This key 15 largely used in maching tool and automotile
constniction.

The main advanages of a woodndT key are as follows

1. It accommaodates itself to any taper in the hub or boss of the mating piece

3, It 15 useful on tapering shaft ends. Its extra depth in the shaft *prevents any tendency to
TUFR OVEr in its keyway,

I'he disadvantages are

1. The depth of the keyway weakens the shaft,

L It can not be used as a feather

R T e T L kT T T T T R T




Hollow saddle key

Saddle key Tangent key
Round Kevs:-

he round keys, as shown in Fig. 5(a), are circular m section and fit into holes dnlled partly
in the shafl and partly in the hub. They have the advantage that their keyways may be drilled
and reamed alier the mating paris have been assembled. Round Keys are usually considered 1o
be most appropriate for low power drives

Sometimes the tapered pin, as shown in Fig. 5 (), is held in place by the [riction between the
pin amd the reamed tapered holes

~Round key— — Tapered pin—.,_ |

] e .

f 1o, i
f ¥ \"‘-I

e - o

f ] '__ i ,|!
O O3

l
|

Splines:-

Sometimes, keys are made integral with the shaft which fits in the keyways broached in the
hub. Such shalis are known as splined shafis as shown in Fig. 6. These shalis usually have
four, six, ten or sisteen splines, The splined shafis are relatively stronger than shafts having a
single keyway.

I'he splined shafts are used when the force to be transmitted is large in proportion to the size
of the shaft as 1n antomobile transmission and sliding gear transmissions. By using splined
shafis, we obtain axial movement as well as positive drive is obtained




D128 dand b= 0,25 D

Forces acting on a Sunk Key:-
When a key 15 used in transmifting torque from a shaft to a rotor or hub, the following two
types of forces act on the key

1. Forces (Fy ) due to fit of the key in its keyway, as in a tight fitting straight key or ina
tapered key dnven in place. These forees produce compressive siresses in the key which are
difficult to determing in magnitude

1, Forges (F) due to the torque transmitted by the shaft, These forees produce shearing and
Compressive (or crushing) stresses in the key

The distribution of the forces along the length of the key is not uniform becanse the forees are
concentrated near the torque-input end. The non-uniformity of distribution is caused by the
twisting of the shall within the hub

I'he forces acting on a key for a clockwise torque being transmitted from a shaft to a hub are
shown in Fig. 7

In designing a key, forces due to fit of the key are neglected and it 15 assumed that the
distnbution of forces along the length of key 15 umbform.

strength of a Sunk Key:-

A key connecting the shalt and hub 15 shown in Fig,
Let 7= Torque transmitted by the shaft,
£ = Tangential force acting at the circumberence of the shafl
d = Diameter of shaft,
{ = Length of key,




w = Width of key.
= Thickness of key, and

tand 0, = Shear and crushing stresses for the matenal of key

A lutile consideratson wall show that due to the power transmutted by the shafit, the key may fal
e fo shearmg or cneshung

Conswdering shearmg of the key, the tangental sheanng force actmg af the circumference of the
shaft
F = Area resistmg sheanng = Shear stress = [ < wx T

. Torque transmutied by the shaft
T .F"\-f?'—u'-"'l-"fl'\-ﬁ' L)
e L

Consadering crushing of the key, the tangential crushang force acting at the circumference of the

shaft

ot
F = Area resistmg crushing = Crushing stress = 1 X — G,

. Torque transmutted by the shaft

[: .
PR = %=
r - ¥ £ 5

I P &

The key 15 equally strong w sheanng and crushang, 1f

) d .t d o
IXwx T —={n—xg x— [Equating equations () and (#)]
'] 5§ 5

The permissible crushing stress for the usual key matenal is at least twice the permissible
shearing stress. Therelore from equation (41), we have w = £ In other words, a square key 1s
equally strong in shearing and crushing




In order to find the length of the key to transot full power of the shaft the sheanng strength of

the key 15 equal to the torsional shear strength of the shaft
We know that the sheaning sirength of key,

P -
T=Ixwxtx=
and forsional shear strength of the shatt

(¥

K b tlxl':lll

r' -
(Taksng 7; = Shear stress for the shaft matenal)

From equations (i) and (v), we have
d n
[ wrin— = ==Xy
2 16
1 {Taking w = d'4)

&a 1 3-
When the kev matenal 1s same as that of the shaft, then t T
I=15Nd

[From equation (w)]

Problem: Design the rectangwdar key for a shaft of 50 mm diameter. The
shearing and crushing stresses for the key material are 42 MPa and 70 MPa.

Salution. Given - d = 50 mm ; 1= 42 MPa = 42 Nimm’ ; &, = 70 MPa = 70 N/mm’
The :'o-::.'lugu].'lr'ln:c'.; 5 |‘||"-!F|'u"d s dpscwssed below
From Table 13,1, we find that for a shaft of 50 mm dameter

Width n!"ln:-.-:.' w = 16 mm Ant
r = 10 mm Ans.

and thockness of key
The length of key 15 obtaned by conssdenng the key in sheanng and eroshing

Let [ = Length of key
Considering sheanng of the key. We know that shearing strength (or torque transmitted)

of the key
; d | 50
T=IxXwXTx—=[X]Gxdl X — = 16800 | N.mm
and torsional sheanng strengih (or torque transmstted) of the shaft
Fe—xtxd =—x42(50 =103« 10° N-mm
16
From equations (/) and (if), we have
I'=103 = 10°/ 16 800 = 61,31 mm
Now consadenng crushing of the key. We know that shearmg strength (or torque transauited) of

ithe key,
,k]III _n;hﬂ .
= ] % 3 T X s
; 3 3 B150 | MN-mam

From equations () and (i) , we have
103 % 10°/ §750 = 117.7 mam

Taking larger of the two values, we have length of key,
1177 say 120 nuin Ans
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Problem: A 45 mm diameter shaft is made of steel with a yield strength of 300 MPa. A
parafiel key of size 14 mm wide and 9 mm thick made of steel with a vield sirength of 340
MPa is ro be used. Find the required length of kev, if the shaft is loaded ro transmic the
maxintum permissible forgue, Use maximum shear stress theory and assume a factor of safety
af 2
Solution. Given © o = 45 mm ; o, for shaft = 400 MPa = 400 N mm ; w = 14 mm
t=9mm ; &, for key = 340 MPa = 340 N'mm*, F5 =2
Lat I = Length of key
According to maximnem shear stress theory (See Art. 5.10), the maxunam shear stress for the
shaft
By 400
e % Y% FS 22
and maxamaum shear stress for the key,
O, _ 340
T, 1% F5 Y wg
We know that the maxymum torque transmatted by the shaft and key,

100 Nimm?

85 Mimm

=
16

First of all, let us conader the falare of key due to sheanng, We know that the maxmmnm terque
transmutited ( T)

1 _ K )
2t wd = — =100 (45 = 18« 10PN
6 0F N-mm

[

T

5
18 = 10° .=~c~-xt,'rf--'-1hs:~:4

o 1.8 = 10°/ 36 775 = 67.2 mm
Mow consudermp the fulure of key due to crshing. 'We know thai the maonnem forgque
trapsautted by the shaft amd key (T)
I 9 MO 45
IBx10f o [ X=Xy X B o e X

1913 ]

F=18x108/17213=1046mm
Taking the larger of the two values, we have
[ = 104.6 say 105 mm Ans

Effect of Keyways:-

A hitle consideration wall show that the keyway cul mto the shaft reduces the load camymg
capacity of the shaft. This 15 due fo the siress concentration near the comers of the keyway and
reduction in the cross-sectional area of the shaft. I other words, the torssonal strength of the shaft 15
rediiced. The followang relation for the weakenmg effiect of the keyway is based on the expenmental
results by HF Moore

¥
e=1=02] ﬂf :

& = Shaft strenpth factor, It is the ratio of the strength of the shaft with
keyway to the strength of the same shaft without keyway

w = Width of kevway

d = Dhameter of shaft, and

: Thackness of key (1)
i = Depth of keyway = Ee—

O L T T T e T R T T e L L T L LT




It 15 usually assumed that the strength of the keyed shaft 15 753 of the solid shaft, wiuch
somewhat higher than the value obtained by the above relaton

In case the kevway 15 too long and the key 15 of shding type, then the angle of twist 15 increased

in the ratio &, as grven by the following relation :
W it
£ =1404]=1+07]=
e ;
lﬂ J Ll

whesre k, = Reducton factor for angalar twist

Problem: 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 siresses 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 kev against the normal sirengith
af the shaft,

Solution, Given - P= 15 kW =15« 10° W, ¥N=960 rpm ; d = 40 mm ; [ = 75 mm ;
T =56 MPa =56 Nmag ;@ = 112 MPa = 112 Nimm®

Wi know that the torque transmutted by the motor

Px60 15%10° 60
2EN 20960

Let w = Width of keyway or key
Conssdening the key i shearing, We know that the torque transmitted (1)

o d 40 .
9% 10° = [xwx Tx == TExwx56% — =84 » [0}

I= = 149 N-m = 149 = 10" N-mm

w o= 149 = 10%/ B84 = 100 = 1.8 mam
Thas widih of keyway 15 too small. The wadth of kevwvay should be af least 4 / 4

d 40
W e —=— & l0mm Ans
4 1

Smce a,= 21, therefore a sapuare key of w= 10 aun and = 10 nom s adopted

According to H F. Moore, the shaft strenpth factor

By Sl r
.-fl_]_u"’-d -1 l:jﬂ_i
10

X 40 |

~, Strength of the shaft with keyway,

e=1-02]2|-11]
LY}

LR ek

S xrxd xe= = x 56 (40)° 08125 = 571 844 N
16 16
and shear strength of the key

- _-':.wx';x'f:'.‘.‘ihlﬂk 56 .IFI =B40000 N

Shear strength of the key £40 000
Normal strength of the shaft T

=147 Ans,
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Design of Coupling

Shaft Coupling:-

Shafts are usually available up to 7 metres length due W inconvenience in transport, In order
tor have a greater length, it becomes necessary 1o join two or more pieces of the shafi 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
shafis of umts that are manufactured
separately such as a motor and gen-
erator and to provide for disconnec-
tion for repamrs or alternations

. To provade for musalignment of the
shafts or to miroduce mechamcal
flaxabality
To reduce the transoussion of shock
loads from one shaft to another,

To ntroduce protection aganst
overloads

. It should have no projecting ],1.1:1'.1

Noie : A couphag s termed 35 3 device used 1o make permaneni of Lean-permanent connection where as a
clutch permsts rapsd connection or disconnection at the will of the operator

Couplngs

Requirements of a Good Shaft Coupling:-
A good shaft coupling should have the following requirements:

1. It should be casy to connect or disconnect

. It should transmit the full power from one shaft to the other shafl without losses,
J. It should hold the shafts in perfect alignment

4. It should reduce the transmission of shock loads from one shaft to another shaft
5. It should have no projecting parts.

Types of Shafts Couplings:-
shaft couplings are divided into two main groups as follows ;

I. Rigid coupling. It 15 used to connect two shafts which are perfectly aligned. Following
types of ngid coupling are important from the subject point of view

(@) Sleeve or mulf coupling.
(5) Clamp or split-mufT or compression coupling, and
{c) Flange coupling.

1. Flexible coupling. 1t is used to connect two shafts having both lateral and angular
misalignment, Following types of Nexible coupling are important from the subject point of
VIEW |

(@) Bushed pin type coupling,
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(B) Universal couphng, and
(c) Oldham coupling
Sleeve or Muff-coupling:-

It 15 the simplest type of ngid coupling, made of cast won. It consists of a hollow eylinder whose
wnner dismeter 15 the same as that of the shaft It 1s ftted over the ends of the two shafis by means of
& gib head key, as shown in Fig. 13,10, The power is transmitted from one shaft 1o the other shaft by
means of a key and a sleeve. 115, therefore, necessary that all the elements must be strong enough to
transmut the forque. The usual proportions of a cast won sleeve couplme are as follows

Outer diameter of the sleeve, D =24+ 13 mm
and lengih of the sleeve L=35d
where 14 the diameter of the shaft

In designing a sleeve or moff-coupling, the followmg procedure may be adopted
| .U.-x.-;u.-fr.-.r sleéeve

The sleeve 15 designed by considenng 1t as a hollow shaft

Mluft

T = Torque to be transnutied by the coupling, and

1. = Permussible shear stress for the matenal of the sleeve which 15 cast non
The safe value of shear stress for cast ron may be taken as 14 MPa

We know that torque transnutted by a hollow secthon

bid 1 i
— 1. %D 1=k
16

From thas expression, the induced shear stress i the sleeve may be checked
21, Dsign for ke
The key for the coupling may be desigmed m the unular way as discissed m Art. 139 The
width and thuckness of the coupling key 15 obtamed from the proportions
The length of the couphing key 15 atleast equal 1o the length of the sleeve (e 3.5 4). The
couplmg key 15 usually made mto two parts so that the length of the key 1 each shaft
354
- E
After fiang the length of key in each shaft, the induced sheanng and enshing stresses may be
checked. We know that torque transmitted

(Contadenng shearmng of the key)

{(Considermg crushung of the key)
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Note: The depth of the keyway 1n each of the shafis 1o be connected should be exacily the same and the
diameters should also be same. If these condinons are not satisfied, then the key will be bedded om one shaft
whale 1n the other i will be loose.In order to prevent ths, the key 13 made in two parts which may be drven from
the same end for each shaft or they may be drven from opperite ends

Example 13.4. Design and make a near dimensioned sketch of a muff coupling which is ured ro
conmect wo steel shafts ransmitting 40 kW at 330 r.p.m. The material for the shafts and key is plain
carbon steel for which allowable shear and erushing soresses may be raken ag 40 MPa and $0 MPa
respectively. The material for the muff is cast iron for which the allowable shear stress may be
assumed as 15 MPa.

Salution. Given - P = 40 kW = 40 = ICIE‘ W
Ne=idrpm T, =40MPa=40N :ru:u:,ﬂ{_, = 80 MPa =
80 Nmawr; T, = 15 MPa = 15 N/mm®

The muil couplng 15 shown w Fig. 1310, It 15
desigmed as discussed below
1. Design for shaft

Lat d = Dhameter of the shafi

We know that the torque transmatted by the shaft
key and muff,
g fype of muff couplings
Prxg) _40x1) =60 ) ke - This piciune ts given as q
Saan T rgwise HOONAN  jrgermation and & nol @ dinect example of 1
CLIMENT Chaapled

= 1100 * 10° N.mm
We also know that the torque transnutied (1)

. s R 3
1 =—XT, Xd’ = —xW0xd’ =786 4°
1100 « 10° =X T, T: 86

d* = 1100 = 10°7 86 = 140 = 10 or d = 52 say 55 mm Ans.
1. Desigm for sleeve
We know that outer dhameter of the i
D=2d+13mm=2x 55+ 13 =123 say 125 mum Ans,
and length of the muff.
L=35d=35=55=1925 say 195 mun Ans
Let us now check the induced shear stress m the muff. Let 7, be the induced shear stress in the

muff whach 15 made of cast ron. Since the muff s conssdered to be a hollow shaft, therefore the torque
transmutted (7,

ooz pt-d*) = 25y - (ss)* |
1000 = 107 = —*%7, |z x| = |
16 T 1 115 J
370 10 T,
T,= 1100 * 10%/370 » 10* = 2.97 N/mum’
Since the induced shear stress i the muff (cast 1won) i less than the permssible shear stress of
15 N, therefore e desipn of muff is safe
X. Design for key
Fromn Table 13.1, we find that for a shaft of 55 mum diameter,
Widih of key, w = 18 mm Ans
Since the crushing stress for the key matenal 1s twice the sheanng stress, therefore a square key
may be usad

o Thockness of key,  ¢=w= 18 mm Ans.
We know that length of key m each shaft,
I=L/2=195/2=975mm Ans.
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Let us now check the induced shear and crushung stresses an the key. First of all, lef us consider
shearing of the key. We know that torque transmutied (1)
o d .. 55
1100 = 107 = [ X wHX T, X T—i}.f»nlsnr: x =
i T, = 1100 % 10°/ 48.2 * 10¢ = 22 8 Nimum?
Now consadenng crushing of the key. We know that torque transmutted (T)
o d . 18 55 i
100 x 10 = X=X 0, X =015 — X0, X— =241x 100

& “ L s

3

! G, = 1100 = 1097241 = 10° = 45 6 Nimm’
since the induced shear and crushing stressesare less than the permissible stresses, therefore

the design of kev is safe
Clamp or Compression Coupling:-

It is also known as split muff conpling. In this case, the mufl or sleeve 15 made into two
halves and are bolted together as shown in Fig. 1311, The halves of the mufl are made of
cast iron. The shaft ends are made to a butt each other and a single key 15 fitted directly in the
keyvways of both the shafts. One-halt of the muft 15 fixed from below and the other half 15
placed from above. Both the halves are held together by means of mild steel studs or bolts
and nuts. The number of bolts may be two, four or six. The nuts are recessed into the bodies
of the mufl castings, This coupling may be used for heavy duty and moderate speeds. The
advantage of this coupling is that the position of the shafis need not be changed for
assembling or disassembling of the coupling, The usual proportions of the mufT for the clamp
OT COMPreEssion l."l.'lllr'llll'l_ll ane:

[Dhameter of the muff or sleeve D= 2a+ 13 mm

Length of the maff or sleeve L=354d
where d = Daameter of the shaft

— Ml

7

e
e

I -

Fig. 13.11. Clamp or compression coupling
In the clamp or compression coupling, the power 15 transmuttad from one shaft 1o the other by
means of key and the fnction between the mufl and shaft. In designng this type of coupling, the
following procedure may be adopted
1. Design of i ff and Kéy
The muff and key are designed m the sumular way as discussed m muff couplmg (Art. 13.14)
1. Design of clamping bolrs
Let T = Torque transmuted by the shaft,
d = Dhameter of shaft,
d, = Root or effective duameter of bolt,

i = Number of bolts,
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&, = Permussible tensile stress for bolt matenial
p = Coefficient of fnetion between the muff and shaft, and
L = Length of muff

We know that the force exerted by each bolt

o y
= (dy) &,
3 '
.~ Force exerted by the bolts on each side of the shaft

R n

= () 6, % =

4 7 12

Let p be the pressure on the shaft and the muff surface due to the force, then for umiform
pressuge dustnbution over the surface

K 5 ]
— (ady, ) @, % —
Force .1.['5' Py

] -
F= Projected area %I_ < d

. Frichional force bepween each shaft and muff
1
F = = pressure = apea= P X pr—Xx fd %L
1ﬂfm\ﬁ .
= % =g X L

1ixa 2

_'I

Ropi. M LAPPR
PE={d )T X=X R=px —{(d,) 0 xn

a 8

and the torque that can be transmuftted by the couplng

5

5
gl

1 [ ] 1 n ]
T= F”r_"‘l]“?“}b]-ﬂr““:x%r‘ﬁh“ (dp) o, xmxd

Fromm this relation, the root diameter of the bolt (4,) may be evaluated
Note: The value of p may be ken as 0 3

Example 1.5, Design a clamp coupling ro ransmit 30 kW ar 100 rp.m. The allewable shear
stress for the shaft and key is 40 MPa and the number of bolts connecting the rwo 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 = 10° W; N = 100 rpm_; T = 40 MPa = 40 N/mm’ ;
m=6,0,=70MPa=T0Nmm"; p=03
L. Design for shaft

Lat d = Dnameter of shaft

We know that the torque transmutied by the shaft

Px60  30x10° x 60

I RN 2 W 100
W also know that the torque transmitted by the shaft (1)

T 2865 N-m = 2865 = 10 Numm

IES E 1 = —XTX -:-r:-u:l?n"-'=_- 3
2865 ]{I. 16 . T; . 86 d
d? = 2865« 107 [ TE6 =365 = 10° ord=T]4say 75 mm Ans
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1. Design for muf)f
We know that diameter of muff
D=2d+13mm=2x75+13 =163 say 165 mm Ans.
and total length of the muff,
L=35d=35=75=2625mm Ans.
L sign fiar key
The width and thickness of the key for a shaft diameter of 75 mm (from Table 13.1) are as
follows
Width of key w = 27 mm Ans
Thickness of key, ¢ = 14 mm Ans
and length of key Toital length of muff = 267 5 nw Ans
4. Design for boits
Let dy, = Root or core dinmeter of bolt
Wiz know that the torque transmatted (T)
3

-—
!

y " .
2865 % 107 = — X Pidy )" 0, X ixd = —x 0.3 (d)" TOX 6 T5= 583040
2865  10° = T X p(dy)" 0, X — %03 (dy 5830(d,)

(A = 2865 = 107/ 5830 =492 or d, =12 1 mm
From Table 11.1, we find that the standard core diameter of the balt for coarse senes 15
23.32 mm and the nonunal dameter of the bolt 1 27 mm (M 27). Ans

13.14 Flange Coupling

A flange couphing usually applies to a coupling having two separate cast won flanges. Each
flangs is mounted on the shaft end and keved 1001, The faces are rumed up at nght angle 1o the axs of
the shaft. One of the flange has a projecied portion and the other flange has a corresponding recess

—{ * i ja—

a—+—— Flange

|
1— — Hub

F
Shafi

-

rF

|

3
iy
]

SR

s

d
4

L=15d 9L 7

Fig. 13.12. Unprotected type flange coupling
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This helps to bring the shafts into line and to maintain alignment. The two flanges arc
coupled together by means of bolts and nuts, The Mange coupling 15 adopted to heavy loads
and henee it is used on large shafting.

The flange couplings are of the tollowing three types
1. Unprotected type flange coupling:-

In an unprotected type Nange coupling, as shown in Fig, 13,12, ¢ach shafl is keyed to the
boss of a flange with a counter sunk key and the flanges are coupled together by means of
bolts, Generally, three, four or six bolts are used. The keys are staggered at nght angle along
the circumference of the shafts in order to divide the weakening effect caused by kevways
The usual proportions for an unprotected type cast iron flange couplings, as shown i Fig
13.12, are as follows : If d 15 the diameter of the shaft or inner diameter of the hub, then
Owtside diameter of hub,
n=2d
Length of hub L=154d
Pitch curcle diameter of bolts
| = 3d
Outside diameter of flange
D, =D +(D,-D)=21D,
Theckness of flange t,=05d
Number of bolis =3 ford wplo 40 mm
4, fior d upto 100 mm
= &, for d upto 180 mum
2. Protected type Mange coupling. In a protected type flange coupling, as shownin Fig. 13.13
the protruding bolts and nuts are protected by flanges on the two halves of the coupling, i order fo
avoud danger to the workman

ol el el

Fig. 11.13. Protective type flange coupling
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The theckness of the protective corcumferential fange (1 ) is taken a5 025 d. The other proportions
of the coupling are same as for unprotected type flange coupling

3. Marine iype flange coupiing. Ina manne type flange coupling, the flanges are forged miegral
with the shafts as shown m Fig. 13,14, The flanges are held together by means of tapered headless
bolis, numbering from four to twelve depending upon the diameter of shafi

The oumber of bolts may be choosen from the following table

Table 13.2. Number of bolts for marine type flange coupling.
(According fo 15 : 3653 - 1966 (Reaffirmed 1990))

Shat diamater 3510 55 56 to 150 151 to 230 231 1o 390 Above 190
)

Ne. of bales 10

The other propertions for the manne type flange coupling are taken as follows
Theckness of flange =4/3

Taper of bolt =11 20to 1 m40

Pitch crrcle diameter of bolts. Dy=16d

Outside diameter of flange D,=21d

Fig. 13.14. Manne type flange couplng

Design of Flange Coupling:-
Consider a flange coupling as shown m Fig, 13.12 and Fig. 13.13
Let d = Dhameter of shaft or mner diameter of hub
D = Quter diameter of hub
= Nonunal or outside diameter of bolt
Dhameter of bolt circle
Number of bolts
Thickness of flange,

.7 and :; Allowable shear stress for shaft, bolt and key matenal respectively
Allowable shear stress for the ﬁﬁngp matenal i.e cast ron
0., and 0., = Allowable crushung stress for bolt and key matenal respectively

The flange couplng 15 designed as discussed below
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1. Design for hub
Thee hiab 13 desagned by conadenng it a5 a bollow shaft, transmatting the same torqoe (1) & that
of a sold shaft
x__[p'-d*)
T = ; | |
16 D
The outer diameter of hub 15 usually taken as twice the diameter of shaft, Therefore from the
above relation, the induced sheanng stress m the hub may be checked
The length of hubs (L) 15 taken as 1.5 4
2. Dyl for ke

The key 15 designed with usual proportions and then checked for shearnng and crushing stresses

The materal of key o5 usmlly the sanie as that of shaft, The length of key 1 taken squal 10 the length
of hub
3 ,|'.|."\-."_;'r.'._|'.l.' flange
The I'I.'mgf at the juncteon of the bub 15 under shear whale transmuttng the torque Therefore, the
troque transmitied
T = Crcumference of hub « Thickness of flange » Shear stress of flange = Radns of hub

D =D
=R DX, XN, Xy
L . ¥ N L

The thackness of flanpe i5 usually takes as half the diameter of shaft Therefore from the above

relation, the mduced shearmp stress m the !I'.I:u:lgﬂll.w be checkisd
4. Dvvign for bolrs

The bolts are subjected to shear stress due fo the forque transmuited. The mumber of bolis ()
depends upon the diameter of shaft and the prich curcle dsameter of boles (D)) 15 taken a5 3 4 We
kmow that

R Yy
Load on each bolt = ?M':]' T
Total load om all the balts

K §
= —{dy)* Ty xR
Mha L

R
and torgque transmatted ==

From this equation, the diameter of boli I'rJ':'Jl:u.L'.'be-::l*lnu:lﬁl MNow the daameter of bolt may be
checked m crushang
We know that area reasting crushing of all the balts
= | M rJ'l i [
and crushing strength of all the bolts
= |:';|I| W ﬂ'] % "'r] ﬂ(h
", Torque, T=(nxdx X 0y) =
From this equation, the induced crushing stress in the bolts may be checked
Example 13.6. Design a cast iron protective hpe flange coupling to transmit 15 kW at 900
rpan, from an electric motor to a compressor. The service factor may be asnomed as .35, The
Jollowing permissible sresses may be used :
Shear stress for shaft, bolr and key marerial 40 MPa
Crushing siress for bolf and key &0 MPa
Shear stress for cast iron = §MPFa
Draw a near sketch of the coupling
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Solution. Gaven - P - 15kW=15x10°W - N=900 {P m - Service factor ;
=1, =40 MPa = 40 N'mm”, @, =J,,= 80 MPa = 80 N'mm-", T, = § MPa = § N'mm-*

The protective type flange couphing 15 desipned as discussed below
1. Design for hub

Firstof all, let us find the diameter of the shaft (). We know that the torque transoutted by the
shaft,

Px60_15%10° <60
T=3an = 2Taxom

=159.13 N-m

Since the service factor 1s 1,335, therefore the maxymum torque transmutied by the shaft,

T =135%159.13=215N-m=215 = 10° N-mm

a

We know that the torque transmatied by the shaft (T

. I 1 R ] .
MNE= 108 = =%, xd = —x40xd’ =786 4°
2l = 14 6 ¢ 16 80 ¢

i d¥ =215 100/ 786=274x 10" or d=301say 35 mm Ans
We know that outer diameter of the hub,
D =2d=2 %35 =T0 mm Ans
and length of hub, L =15d=15x35=525mm Ans
Letus now check the induced shear stress for the hub materal which is ¢ast iron. Considening
the hub as a hollow shaft, We know that the maxamum torque transmatted (T_ )

- =x1, ;—DJ -4 |- Zx1, ; (0)' - 35)° | =631471
16 L D ] 16 L T0 J :

. T, = 215 % 10%63 147 = 3.4 N/mar' = 3.4 MPa

Since the mduced shear stress for the hub matenal (Le. cast ron) 15 less than the permussible
value of 8 MPa, therefore the design of bub 15 safe

215 = 10°

Y, Design for ki
Sinee the crushing stress for the key matenal 1s twice its shear stress (Le. @, = 21, ), therefore a
squeare key may be used, From Table 13.1, we find that for a shaft of 35 mm duameter
Width of key, wo= 1} mm Ans,
and theckness of key, f=we ]2 mm Ans
The length of key (1) 15 taken equal to the length of hub
[ = L=3525mm Ans
Let us now check the induced stresses m the key by consadenng it i sheanng and enushung
Consedering the key in sheanng. We know that the maxmmum torque transoutted (T__)
. d 35
5% 10° = I XWX T X == 525X 12X T X = =11 025 1,
o 1, = 215 x 10911 025 = 19.5 N/mm® = 19.5 MPa
Consadering the key in crushing. We know that the maxinum tonque transmtted (T__)
215 10 = .-'x-'-:-rc-:'r_.,r » d

¥

O, = 215« 10% 5512 5 = 39 Nimm® = 39 MPa
Swince the induced shear and crushung stresses i the key are less than the pernussible stresses

therefore the design for key 15 safe
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A, Dedrgn for flanige
The thackness of flange (1] 15 taken as 0.5 4
. . =05d=05%35=17.5mm Ans.
Lt us now check the induced sheanng stress in the flange by considenng the flange at the
Junction of the hub m shear
We know that the maxumum torque transmatted iIﬂ,L}
. nD (70)° A
Mi= 1tF XTI Xy = ML XTS5 = 134 I3 T
¥ : ¥

[:

3 1 =215 109134 713 = 1.6 N/mm’® = 1.6 MPa
Smee the mduced shear stress m the flange 15 less than 3 MPa, therefore the design of flange 15

safe
4. Design for bolis

Let i, = Nominal diameter of bolts

Since the duameter of the shaft 15 35 mm, therefore let us take the oumber of bolis

# i
and patch carcle duameter of bolts
Dy =3d=3x35=105mm

The bolts are subjected to shear stréss due to the torque transautted. We know that the

imaxiaman torque transmatted (T,

N ) R 3 1k} .
MN5x 1P = %[d:}' Ty ® I%::m‘,]' A0 x :IIT' —'-IEIFt"C.:I':}-

{d,F = 215 = 10°/4950 = 43 43 or d, = 6.6 mm
Assumung coarse threads, the pearest standard size of boltis M 8. Ans
Other proportions of the flange are taken as follows
Outer diameter of the flange
Dy =4d=4=35=140mm Ans
Thickness of the protective corcumferential flange
":-_. =0Md=025x35=875 sy 10 man Ant,

Example 13.7. Dnsr.';r_;:'r and draw a profeciive fype of cast iron flange coupling for a steel shaft
fransmitting 15 kW at 200 rp.m. and having an allowabile shear stress of 40 MPa. The working sfress
in the bols should ot exceed 30 MPa, Azsume that the same material is used for shaft and key and
that the crushing stress is twice the value of its shear stress. The maximum forgue is 25% greater than
the full load torgue. The shear stress for cast iron is 14 MPa.

Solution. Given : P =15 kW =15 » 10 W, N=200rpm ; 1, =40 MPa = 40 Nimm?
1,=30MPa=30Nmm", g,=27,.T__=125T___. 1.=14 MPa= 14 N'mm*

The protective type of cast wron flange couphing 15 designed as discussed below
1. diigm for hul

Furst of all, let us find the diameter of shaft (o ), We know that the full load or mean torque
tragesintted By the shaft

152107 x 60 ;
-= =TI6 N-=T716 = 10° N-mn
2R 200

and maxumm tongie ransmufted
14 Y6 x 716 = 108 £ 100 N
T 1. J“m.“ 1. 16 = 10¥ = 895 = 10" M-pum

Ll

We also know that maximum 1orque ransmited | T

e e
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. I
A = —xT, xd® = = x40xd’ :
16 16
g m 805« 107/ 7.86= 113 868 ord = 43.4 say 50 mm Ans,
We know that the outer diameter of the hub,
D =2d=7 x50 = 100 mm Ans.
and lengthof thebub, L[ = L.5d =15« 50=75 mm Ans,
Let us pow check the induced shear stress for the hub matenal whech 15 cast won, by considenng
it as a hollow shaft, We know that the maximum torque transmtted (1)

F | 4%
ff [ D™ =d” | 1007 = (50
895 10 = —% 1, | l=Zxt, &. 184 100 T
D 7 16 104 ! ‘
T, =895 104184 100 = 4 86 N/mm* = 4.86 MPa
Smce the mduced shear stress i the hub 15 less than the permissible value of 14 MPa, therefore

the design for hub 15 safe

L. Design for ke

Smce the crushang stress for the key matenal 1s twice its shear stress, therefore a square key may
be used

From Table 131, we find that for a 30 mun dusmeter shaft

Width of key, w = 16 mm Ans
and thickness of key, 1 = w= 16 mm Ans

The length of key ( { )15 taken equal to the length of hub

| = L=75mm Ans.

Let us now check the mduced stresses i the key by considenng 1t i sheanng and crushing
Considenng the key in sheanng. We know that the maxinum torque transmitted (T )

!
|

. d ;
392..1|:|-‘:.111\1}!;—‘:?ﬁxlﬁ"fa-J'-#:}ﬂ" 10° 7,

: T, = 895 % 10°/ 30 % 10° = 29.8 N/'mm' = 29.8 MPa
Comsidening the key i crushimg, We know that the masimum torque transmatted (T,_,)

, t d 16 50 .
895 % 10) = IX X0y X T =1IX XG0 X5 =15 % 1070

i 0, =895~ 1F/ 15 I.i}'=."?6:'€|i|uu:=.‘*9I5MF‘a

Smee the mduced shear and crushing stresses n key are less than the permussible stresses,
therefore the desagn for key 15 safe
X, Design for flange

The thuckness of the flange ( £,) 15 taken as 0.5 4

fy 0.5 = 50 = 25 mm Ans.

Let us now check the induced shear stress o the flange, by consadenng ihe flange at the junction

of the hub mn shear. We know that the maxumum torque transmatted | T'm‘.l

H[Im'l_ X1, ¥ 25 =392750 1T

I 'EE"" < 104 19"“10"‘-"-||u:|| =215MPa

Sinee the mduced shear stress i the flange 15 less than the permussible value of 14 MPa,
therefore the deagn for flange i safe




4. Design for balis

Lat d) = Nonunal diameter of bolts

Since the dinmeter of shaft 15 50 mm, therefore et us take the number of balis,

n =4
and pitch circle diameter of bolis,
Dy = 3d=3x50= 150 mm

The bolls are subjected to shear stress due to the torque transmfted. We know that the

EnaKimitm torgue transmatted (T_)
205 = 10¢ X {n':]: T, XX I:' = i (i, 110 % 4 ljlil 7070 ml,_r‘

{d,y =895 = 10°/ 7070 =1266 of d,=11.25 mm
Assumng coarse threads, the nearest standard diameter of the bolt1s 12 mm (M 12). Ans
Other proporhions of the lange are taken as follows
Outer diameter of the flange
Dy = dd=4x50=200 mm Ans.
Thickness of the protective circumferenal flange
.’P =025d=025=50=125mm Ans.
Example 13.8. Design and draw a cast iron flange coupling for o mild steel shaft ransmitfing
00 kW at 250 rp.m. The allowable shear sirezs in the shaft iz 40 MPa and the angle of twisf 15 not fo
exceed 1% in a length of 20 dimmerers. The allowable shear stress in the coupling bolis is 30 MPa.
Solution, Given : P=90kW =20 = 10/ W, N =250 rpm T =40MPa=40N man’
0=1°=1/180=00175 rad ; T, = 30 MPa = 30 N/mm’
First of all, Jet us find the diameter of the shaft { 4 ). We know that the torque transmatted by the
shafi
Px 60 _ 90x10" x 60
IAN 2mx250
Considenng strength of the shaft, we know that
r 1,

Jg a2

1440 Nom = 3440 = 10° N-mm

H0X10° 40 35%10° 80

— xd* di2 T T

d? =35=10°/80=0438 = 10" or 4=76 mm

Considening ngpdity of the shaft, we know that
T CHb

S i
M0%10°  sex10¥x00175  35x10° T .
— T L1 iy (Takmng C = 84 kN'mm)
Xoat 204 d®
32

d'=35% 108/ 735=0476x 10° or d =78 mm

Takimng the larger of the two values, we have
d = T8 say 80 mum Amns.
Let us now design the cast won flange coupling of the protective type as discussed below

]
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1. Desigm for hub
We know that the outer diameter of hub,
D = 2d=2 = 80 = 160 mm Ans
and length of hub L=15d=]15%80= 120 mm Ans.

Let us now check the induced shear stress m the hub by consadenng it &+ a hollow shaft. The
shear stress for the hub matenal (which 15 cast won) 15 wsually 14 MPa. We know that the torque
transmutted { T')

440 % 10F = — T, | =—xT, [ =754 5 1P 1,
6 ‘L Db J 16 L 160 :

L T, =340 = 10°/ 754 = 10 = 4.36 N'mm-® = 4.56 MPa

Smce the mduced shear stress for the ub materal is less than 14 MPa, therefore the design for
hub 15 safe
1. Design for key

From Table 13.1, we find that the proportions of key for a 30 mm diameter shaft are

Width of key, W o= 25 mm Ans
and thickness of key F =14 mm Ans

The length of key ([ ) 15 taken equal to the length of hub (L)

I =L =120 mm Ans

Assummng that the shafi and key are of the same matenal. Let us now check the induced shear
stress m key. We kmow that the torgue transmutted ( T )

: fn‘-d’] nﬂ[:lﬁm'—iﬂﬂ}*_

3440 = 10° .-u.m,@ﬂ:nx:w—.faﬂ 120 < 10* 1,
t = 3440 * 10%/120 x 10° = 28.7 N/mm* = 28.7 MPa

Sunce the mduced ~.ht-.=n.1' stress i the key is less than 40 MPa, therefors the design for key 15 safe
X. Design for Tange
The thickness of the flange (r) 15 taken as 0.5 d
f,=0.5d =05 % 80 = 40 mm Ans.
Let us now check the induced shear stress in the cast iron flange by considering the flange at the
junction of the hub under shear. We know that the torque wansmitted (1),
1440 x 107 = 2D, e X1, = n“f{l]h X 40X T, = 1608« 10' 1,

S
T, = 3440 = 10%/1608 = 10° = 2.14 Nimm? = 2.14 MPa

Since the induced shear stress i the flange 15 less than 14 MPa, therefore the design for flange
15 safe

4. Design for bolis

Lat ef: = Momunal diameter of bolts

Since the diameter of the shaft 15 80 mm, therefore let us take number of bolts

ne=4
and putch circle diameter of bolts
Dy =3d=3x80=240mm

The bolts are subjected to shear stress due 10 the torque transoutted. We know that torque

transmuatted (T )

R D ox, 240 .
340 X 107 = ()" m Xty X Sh= () X AX30% == = 11 311 (d))

() = 3440 x 1011 311 = 304 ord, = 17.4 mm
Assumng coarse threads, the standard nominal diameter of bolt 15 18 mm. Ans
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The other proportions are taken as follows

Outer diameter of the flange

D, = 4d=4x 80 =320 mm Ans
Thickness of protectrve caircumferential tlange

i, =0 25 d=0.25 % 80 = 20 mm Ans.
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CH-4
Design of Coupling

Short Questions & Answers
What do you mean by Coupling ?

A coupling is termed as a device used to make permanent or semi-permanent connection,
where as a clutch permit rapid connection or disconnection at will of the operator.

What is Shaft Coupling ?

To provide for the connection of shafts that are manufactured separately such as
motor and generator.

To provide for misalignment of the shaft or to introduce mechanical flexibility.
To reduce the transmission of shock loads from one shaft to another.
To introduce the protection against overloads.
It should have no projecting parts.
What are the requirements of a Good Shaft Coupling ?
The following requirements are :
It should be easy to connect or disconnect.
It should transmit the full power from one shaft to the other shaft without losses.
It whould hold the shaft in perfect alignment.
It should reduce the transmission of shock load from one shaft to another.
It should have no projecting parts.
Define Rigid Coupling ?
It is used to connect two shafts which are perfectly aligned.
The following types of Rigid Couplingare :
%  Sleeve or Mulf Coupling.
* Clamp or Split-Muff or Compression Coupling.
* Flange Coupling.
Define Flexible Coupling ?
Itis used to connect two shafts having both lateral and angular misalignment.

The following types of Flexible Couplingare: % Bushed Pin Type Coupling
* Universal Coupling
%  Oldham Coupling

Long Questions :

Q.1
Q.2
Q.3.

Write the design procedure of Sleeve or Muff Coupling with neat sketch.
With neat sketch, write the design procedure of Clamp or Compression Coupling.

Design a Muff Coupling to connect two shafts transmitting 40KW at 120 r.p.m. The
permissible shear stress and crushing stress for the shaft and Key Material((M.S) are
30MPa and 80MPa respectively. The matrial of Muff is cast iron with permissible shear
stress of 15MPa. Assume that the maximum torque transmitted is 25% greater than
mean torque.

Design a compression coupling for a shaft to transmit 1300N-M. The allowable shear
stress for the shaft and key is 40MPa and the number of botts connecting the two halves
are 4. The permissible tensile stress for the bott material is 70MPa. The co-efficient of
froction between the Muff and the Shaft surface may be taken as 0.3.
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SPRING

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, absorh or control energy due to cither shock or vibration as in car springs, railway
buffers, air<crafl landing gears, shock absorbers and vibration dampers.

1. To apply forces, as in brakes, clutches and spring loaded valves.
X, To control motion by maintaining contact belween two elemenis as in cams and followers.
4. To measure forces, as in spring balances and engine indicators.

5. To store encrgy, as m walches, toys, ¢ie

I'YPES OF SPRINGS

Though there are many types of the springs, vet the following, according to their shape, are
important from the subject point of view

1. Helical springs. The helical springs are made up of a wire coiled in the form of a helix and
15 pnmarily mtended for compressive or ensile 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. 23,0 (@) and rension helical spring
as shown i Fig. 23,1 (&),

I'he helical springs are said to be closely coifed when the spring wire 15 coiled so close that
the plane comaining cach tm is nearly at right angles 1o the axis of the helix and the wire i3
subjected to torsion. In other words, in a closely coiled helical spring, the helix angle is very
small, it 15 usually less than 107 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 epen coiled helical springs, the spring wire 15 cotled in such a way that there 15 a gap
between the two consecutive turms, as a result of which the helix angle 15 large. Since the




application of open coiled helical springs are hmited, therefore our discussion shall confine to
closely conled helical springs only.

The helical springs have the following advantages,

(@) These are easy to manufacture,

(B) These are available in wide range.,

(¢) These are reliable,

() These have constant spring rate

(e) Their performance can be predicted more accurately

(/) Their charactenistics can be varied by changing dimensions

Y. Conieal and volute springs. The conical and volute springs, as shown in Fig. 23.2, are
used m special applications where a telescoping spring or a spring with a spning rate that
increases with the load 15 desired. The comical spring, as shown i Fig. 23.2 (a), 15 wound
with a uniform pitch whercas the volute springs, as shown in Fig. 23.2 (#), are wound in the
form of paraboloid with constant pitch and lead angles. The springs may be made either
partially or completely welescoping

(ah Conical spring. (b} Volute spring.

3. Torsion springs. These springs may be of kefical or spiral type a3 shown in Fig, 23.3, 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. The spiral type is also used where the load tends
tor increase the number of coils and when made of flan strip are used in watches and clocks
The major stresses produced in torsion springs are tensile and compressive due to bending

fa) Helical torsion spring. i) Spiral torsion spring.
4. Laminated or leaf springs. The laminated or leal spring (also known as flat spring or
carriage spring) consists of a number of at plates (known as leaves) of varying lengths held




together by means of clamps and bolts, as shown in Fig. 23.4. These are mostly used in
automobiles
The major siresses produced 1n leaf springs are tensile and compressive siresses.

Fig. 23.4. Lamanated or leaf springs Fig. 23.5. Dasc or bellevile spnngs
5. Dise or bellevile springs. These springs consist of a number of comcal discs held together
against slipping by a central bolt or tube as shown in Fig. 23.5. These springs are used in
applications where high spring rates and compact spring units are required
The major stresses produced in disc or Belleville springs are tensile and compressive stresses
6. Special purpese 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

MATERIAL USED FOR HELICAL SPRING

The matenal 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
L. SEVETE SCrvice, '.I'-'..‘I"q'l:_',L' SErvice o1 |I:.'J‘I|. SCTVICE.

Severe service means rapid continuous loading where the ratio of minimum 1O maximuom
load (or stress) is one-half or less, as in automotive valve springs

Average service includes the same stress range as in severe service but with only imtermintent
11]1\.‘[.‘1[](1]1_ as in |..'!2||i_.[2|]1l.,! gﬂ"r'l.,: mar H|1ri|'|1'7'.‘: :J:I1I:i ;I1Jl1|l11.ll|1'l|l.,! .‘\.I.|:i|'l¢l'l'-:'il1]1 a.prmg:i

Light service includes springs subjected to loads that are static or very infrequently varied, as
in safety valve springs

['he springs are mostly made from oil-tempered carbon steel wires containing 0,60 to 0.70 per
cent carbon and (060 w 1.0 per cent manganese. Music wire 15 used for small springs. Non-
ferrous matenials like phosphor bronze, beryllium copper. monel metal, brass ete., may be
used in special cases lo mcrease fatigue resistance, lemperature resistance and cormosion
resistance.
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STANDARD SIZE OF SPRING WIRE

The standard size of spring wire may be selected from the following table:

Standard wire gauge (SWG) number and corresponding diameter of spring wire,

S Digmeter | SWG Diamater S Diamwier WG Dhigmatar
{immp i) (mm) [

12.10 4470 3 0.914 : 0.2540
11.785 4,064 0.813 0.2337
10973 1658 0711 02134
10,160 3251 0.610 } 0.1930
2490 2946 0.559 ] 01727
839 Ta4l 5 0.508 0.1524
829 3 2337 : 0457 0.1321
1620 2.032 04166 0.121%
1010 5 1829 0.3759 0.1118
G401 1.626 03454 0.1016
5693 1422 03150 ] 00914
3,385 1.219 02946 00813

4877 i 0.2743

FTERMS USED IN COMPRESSION SPRING

The following terms used m connection with compression sprngs are important from the subyject
point of view

1. Solid length. When the compression spring 15 compressed untl the coils come i contact
with each other, then the spring 15 said to be solid. The sold length of a spnng 15 the product of total
number of coils and the diameter of the wire. Mathematically

Solid length of the spring

Ly=nd
where n* = Total number of couls. and
d = Dhameter of the wire

1. Free length. The free length of a compression spring, as shown m Fig. 23.6, 15 the length of
the spring i the free or unloaded condion. It 1s equal to the solid length pls the maxomim deflection
of compression of the sprng and the clearance between the adjacent coals (when fully compressed)
Mathematically

L I LT e )
sl

Compressed

Fig. 13.6. Compression sprng nomenclage
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Free length of the spnng
""F Sohd length + Maximum compression + *Clearance between
adjacent couls {or clash allowance)

=n'd+ 8 o t0158

The following relation may also be used to find the free length of the spring, i.¢
Ly n'd+ I.i'!.

o T '=1)% 1 mm

In ths expression, the clearanee between the two adjacent conls 15 taken as 1 mm
3. Spring index. The spnng mdex 15 defined as the ratio of the mean diameter of the coil to the
dapmieter of the ware. Mathematically,
Spring mdex, C=D/d
where D = Mean diameter of the coll, and
d = Dhameter of the wire
4. Sprimg rafe. The spnng rate (or shffness or spring constant) 15 defined as the load required
per umt deflection of the spnng. Mathematically,
Sprng rafe, k=Wb
where I¥ = Load, and
& = Deflection of the spring
5, Pireh, The puch of the col 5 defined as the axial distance between adjacent couls in
uncompressed state. Mathematically
Free kngth
n-1
The pitch of the codl may also be obtamed by wsing the following relation, 1.2

Patch of the coil B = ﬁ +d
n

Pitch of the col p

where L = Free length of the spring
L. = Sold length of the spring
n" = Total number of coils, and
d = Dhameter of the wire
In choosing the pitch of the coals, the following pownts should be noted
() The patch of the couls should be such that of the spring 15 accidently or carelessly compressed
the siress does not mcrease the yield pomnt stress in forsion
(trp The spring shotld not close up before the maximum service load 15 reached
Nobe : In desagrung a tendon sprng (See Example 23.8), the mumnium gap berween two codls when the spring
1% i the free state is taken 33 1 mm Thus the free length of the sprng
fl =pd*=(m=1)

b

and patch of the coal
n=1

D . 0




Total number of turns, solid length and free length fordifferent types of end connections.

Tipe of end Toral mumber af Solid length Froe langth

furns (n)
Plain ends (m+1)d prrn+d
Ground ends nxd PER

Squared ends (m+3)d prr+3d
Seuared and ground (m+2)d prn+2d

ends

1 = Mumber of active turns,
# = Puich of the coils, and
o = Diameter of the spring wire

STRESS IN HELICAL SPRING OF CIRCULAR WIRI

Consider a helical compression spnng made of corcular wire and subjected to an axial load ¥, as

shown m Fig. 23.10 (a)
Lat D = Mean diameter of the spnng coil
= Daameter of the spring wire

Number of acthive couls

¢ = Modulus of ngadity for the sprmg materal
Axial load on the spring
Maximum shear stress mduced 1o the wire

C = Spring index = Dd

p = Pitch of the couls, and

& = Deflection of the spring, as a result of an axal load ¥

{a) Axially losded helical spring, () Free body diagram showing that wire
is subjected to torsional shear and a
direct shear,
Fig. 23.10
Now consader a part of the compression spring as shown i Fig. 23.10 (b). The load W tends to
rotate the wire due to the twistng moment { T') set up m the wire. Thus torsional shear stress 15
induced in the wire
A hitle consaderation wall show that part of the spring, as shownm Fig. 23,10 (5), 15 m equubbrum
under the action of two forces W and the twisting moment T We know that the twisting moment
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I'= ll'.f-ﬁ-)-:-l-:-:-' T
L 11
WD
nd’
The torsional shear stress diagram 15 shown i Fig. 23.11 {a)

In addition to the torsional shear stress (1, ) induced i the ware, the following stresses also act
on the wire

1. Darect shear stress due to the load W, and
2, Stress due to curvature of wire
We know that direct shear stress due to the load ¥
Load
Cross-sectional area of the wire

W 4

Exd: nd*

The direct shear stress diagram 1s shown m Fig. 23.11 () and the resultant diagram of torsional
shear stress and direct shear stress 15 shown i Fig. 23 11 (¢)

() Torskonal shear siress diagram {b) Diirect shear siress diagram

| | Innet
li wdge

'\H'“..!i__ '

Axcis ol I\-..|_|rir|;.,l
Aoxchs of \.pr'-u.g

() Resuliand iorsional shear and direct (d) Resuliant torsional shear, direct shear
shear siress diagram and curvature shear siress diagram

Fig. 21.11. Superpostion of stresses m a heheal sprng
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We know that the resultant shear stress induced m the wire
EWD 4W
T Lo = T I <
nd’  md”
The posirive sign 15 used for the mner edge of the wire and negarive sign 15 used for the outer
Ige of the wire. Since the stress is maxunum at the mner edge of the wire, therefore
Maxunum shear stre<s mduced m the wire
= Torsional shear stress + Direct shear stress
§WD AW _SWD(  d |
xd® xd md \ 2D
swD( 1

=1+ — . -
= 4 | Th (i)

{Subitvnating D' = £

where K, = Shear stress factor

(87D 1

From the above equation, it can be observed that the effect of direct shear | — FE T 15
N -

appreciable for spnngs of small sprmg mdex C. Also we have neglected the effect of wire curvature
0 equation (417), It may be noted that when the springs are subjected to static loads, the effect of wire
curvature may be neglected, because vielding of the matenal will relieve the stresses

I order to consider the effects of both direct shear as well as curvature of the wire, a Wahl's
stress factor (K) mtroduced by A M. Wahl may be used. The resultant diagram of torsional shear
direct shear and curvature shear stress 15 \Ip:m'ri m Fig 23.11 ()

2 Maamum shear stress induced i the wire

. ﬂ“"-!) K HH'I.E"
nd’ Kd*
4c -1 | 0615

ac -4 C
The values of K for a given spnng mdex (C) may be obtaned from the graph as shown
Fig. 23.12

1=K

where

1.8

-

Strrwees. Tacior (K)

T B 910010 12134 15 16
Spring index () ——
Fig. 23.12. Wahl's stress factor for helscal springs
We see fom ]'li' 312 that Wahl's stress factor mereases very r.'||:¢|d.1:\.' as the prmg midex
decreases, The spnng mostly used in machinery have spnng wndex above 3
Nate: The Wahl's stress factor (K) may be conadered as compoted of rwo sub-factons, K and K, wuch thar
K=Kk
whete K, = Swess factor due to sheas, and

K. Siess concentration Bacicy due B curvahge




DEFLECTION OF HELICAL SPRING OF CIRCULAR WIRE

In the previous article, we have discussed the maximum shear stress developed in the wire,
We know that
Total active length of the wire
I = Length of one coil = No. of active cols =x D = o
Lat 8 = Angular deflection of the wire when acted upon by the torque T
~ Axial deflection of the spring
Gmg=D?
We also know that
1 T
7 D2
Ti r G

s | considenng = =
.- | :
o (’r

J = Polar moment of mertia of the spring wire

L]

i .
—xdt d bemg the diameter of spring wire
[
and & = Modulus of ngdity for the matenal of the spning wire

Now substinating the values of [ and J in the above equation, we have

D
larw ™ | o .
|II - | ® Dn 161 D

G

K
—xd G
kL ¥ 1
Substituiing thas value of 8 1n equation (f), we have
16WD'n D SWD'n 8WC'n
W o— = -
Gdt 2 G4 Gd
and the stiffness of the sprng or spang rate
wo Gd Gd
= - —_— = e = (GO
& 8§Fn BC'n

23.10 Eccentric Loading of Springs

Somvetanes, the load on the spruigrs does mot councude with the axs of the spang. ié the Spring
% '\I.Itl]ﬁ'h":i to an eccentne load In such cases, ot only the safe load for the Spnag redices the
stiffness of the sprng 1s also affected. The eccentric load on the spring mcreases the stress on one side
of the spring and decreases on the other side. When the load 1s offset by a distance ¢ from the spring
acas, then the safe load on the sprng may be obtaned by multeplymg the axial load by the factor

where D 15 the mean diameter of the spring
e+ D

23.11 Buckling of Compression Springs
It has been found experimentally that when the free length of the spring (L) 15 more than four
times the mean of pitch diameter (D), then the spring behaves like o column and may fal by buckling
al a comparatively low load as shown m Fig. 23 13 The entical axial load (W_) that causes bucklng
may be caleulated by using the followng relation, i.e
¥ 'I"L'H'f.?

where k = Sprng rate or siuffness of the spring = o
L
Ky = Buckling factor depending upon the ratio Ly / D

Free length of the spnng and




The buckling factor (Kg) for the hinged end and bualt-in end springs may be taken from the
following table

Fixeel end Goigbibesd emdd

Fixed end Luided end

Fig. 23.12. Buckhng of compression springs
Table 23.4. Values of buckling factor (Ky)

LD | Himged end spring | Butli-in end spring | L/ D| Hinged end spring | Built-in end spring

| 0.72 0.72 ] 011 0.53
i 0.63 0. .07 0.38

3 0.38 0.68 0.05 0.26
4 020 .63 004 019

It may be noted that a iinged end sprinmg 15 one whuch 15 supported on prvots at both ends as m

case of spnngs having plain ends where as a built-fn end spring 15 one m which a squared and ground
end spring 15 compressed between two ngid and paralle] flat plates

It order to avord the buckling of spring, 1t 15 ether mounted on a central rod or located on a tube
When the spring 15 located on a tube, the clearance between the tube walls and the sprng should be

kept as small as possible, but it must be sufficient to allow for increase m spnng diameter dunng
CDI]]F!‘I’.“H%[M

SURGE TN SPRINGS

When one end of a helical spring 15 resting on a ngd support and the other end 15 loaded
suddenly, then all the cols of the spnng will not suddenly deflect aqually, because some tme 15
required for the propagation of stress along the spring wire. A Iittle consideration wall show that m the
beginmng, the end coils of the spring i contact with the apphed load takes up whole of the deflection
and then 1t transmuts a large part of its deflection to the adjacent coils. In thes way, a wave of compression
propagates through the conls to the supported end from where it 15 reflected back to the deflected end
Thas wave of compression travels along the spning mdefuutely, If the apphed load 15 of fluctuating
type as i the case of valve spring m internal combustion enganes and if the tume mterval between the
load apphications 15 equal to the tume requared for the wave to travel from one end to the other end
then resonance will occur. This results m very large deflections of the coals and correspondingly very
hugh stresses. Under these conditions, 1t 15 just possible that the spring may fml. This phenomenon 15
called surge.

Ithas been found that the natural frequency of spring should be atleast twenty tunes the frequency
of application of a penodic load m order to avord resonance with all harmome ﬁ'eqummm upto
twenfieth order. The natural frequency for springs clamped between two plates 15 given by
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__4 I’ﬁ G.g
mpinY p
Diameter of the wire
Mean diameter of the sprng
Number of active fumns
Modulas of ngdity
Accelerahon due to gravity, and
Density of the matenal of the sprmg
The surge umn sprngs may be elmunated by wang the followmg methods
1. Byusing friction dampers on the centre coils so that the wave propagation dies out
1. Byusing springs of high naneral frequency
X By UG SPTS |t.'|'.'!|:|!? il!li'tl of the couls near the ends different than at the centre 10 have
different natural frequencies

cyeles's

Example 23.1. A compression coil spring made of an alley sweel is having the following
specifications ;

Mean diameter of coil = 50 mm ; Wire diameter = 5 mm ; Number of active coils = 10

If thiz spring iz subjected to an avial load of 300 N ; calculare the maxinmm shear stress
(neglect the curvature gffect) fo which the spring material is subjeched

Solution. Given : D= 50 mm ; o= 5mm ; *n= 20, F= 500N

We know that the spring mdex

. Slear stress factor

. 1 1
KE=1+—=1+ = 1.05
2C 2% 10
and maxamum shear stress (neglecting the effect of wire curvature)

aw.D 8% 500 = 50

Kq ® T =105 -
Rd RS
= 5347 MPa Ans
Example 23.2. A helical spring is made from a wire of o mm diameter and has outside diameter
of 75 mm. If the permissible shear smess is 350 MPa and modulus of rigidity §4 KNV, find the
avial load which the spring can carry and the deflection per acrive mrm
Solution. Given © 4 = 6 mm | D, =7T5mm; T=235) MPa= 330N mm’ | G = §4 KN/mm’
=84 x 10° N/mm-
We know that mean diameter of the spnng
D=0 -d=75-6=69mm
_D_ &
d 6
Lat W = Axaal load, and

6/ n = Deflechion per active fum

= 534 7 N/mm®

;. Spring midex, ‘ =115

L. Negleciing the ¢ffect of carvarire
We know that the shear stress factor,

1 1
Kelt—=l+——=1043
X 2xils

and maximum shear stress mduced 1n the wire (T)
EW.D W =69
350 m Ke ® — = 1043 x — =(.845 IF

R R

W= 350/ 0848 =412.7TN Anms.




We know that deflection of the spnng
- 8w.D'n
°T G4
~ Deflection per active tum,
§ SW.D' _8x4127(69)
-_.- *ed = B4 %10 x 6 = 9 96 mum Ans

Y. Considering rthe effect of curvaiure

We know that Wahl's stress factor
. 4C-1 +Dl5-:|:'-__ 4x115-1 +'EI'.4515-__
40 =4 C 4x115=4 115
We also know that the maximum shear stress imnduced m the wire (1)

g .C S X113
0= K= 135 —a— =093

i il
W =350/0913=3834N Ans.

1.123

and deflection of the spring,

EW.Dn
G.d*

2 Deflection per active tum

5 _8w.D _8x3834(59)

- 1 T 4

i G.d BxXIr=6

Example 23.5. Design a helical compression spring for a maximum load of 1000 N for a
deflection of 25 mm using the value of spring index as 5.

=926 mm Ans.

The maximum permissible shear stress for spring wire s 420 MPa and modulus of rigidity is
54 ENVYmme,
i 4C =1 0815 :
Toke Wahl's foctor, K . + where C = Spring index
J iC—4 c
Solution, Given  W=1000 N 6=2mm C=Dd=51=40MPa=420N r|m|'\
G= 84 kNmm* = 54 = 10° N'mm*
1. Mean digmeier af fhe spring coll
Lat D = Mean diameter of the spnng coal, and
d = Dnameter of the spring ware
We know that Wahl's stress factor
4C=-1 0615 4x5-1 0815
_ . )

K= + - — =131
-4 €  4x5-4 5

and maxinim shear stress (1)
BIC |41, 8X1000%5 16677
1 Rd d
g = 16677/420= 397 or d=63mm
From Table 23 2 we shall take a standard wire of s1ize SWG 3 having dameter (d ) = 6 401 mm

420 K X

. Mean diameter of the spnng coal
D =Cd=5d=5% 6401 = 32005 mm Ans
and outer diameter of the spnng coil
D, =D +d=32005+ 6401 = 38 406 mm Ans
2. Number of furems af il conls

Lat 1 = Number of active turmns of the couls




We know that compression of the sprng (&)
§W.C n _ 81000 (5)'n
Gd  84x10 %6401
L n=153/186=1344say 14 Ans.
For squared and ground ends, the total mumber of tums
n'=En+l=14+2=16 Ans
X, Free length of the SpFiRg
We know that free length of the sprnng
=n'd+6+0155=16=6401 +25+0.15= 25
= 1312 mm Ans

=186n

4. Piich af fhe col
We know that piteh of the coal
Free length _ 1312
W1 16 -1
Example 13.6. Design a close coiled helical compression spring for a service load ranging
Jrom 2250 N 1o 2730 N, The avial deflecrion of the spring for the load range iz & mm. Aznume a
spring index of 5. The permissible shear stress intensity is 420 MPa and modulus of rigidity,
G = §4 kN/mm-
Neelect the effect of stress concentration. Draw a fully dimensioned skerch of the spring, show-
ing details of the finish of the end coils
Solution. Given W, = 2230 N, W, = 2750 N S=bmm,C=Did=5, 1=420 MPa
=420 Nimm? ; &= 84 kNmm? = 84 * 10° N/mm?

1. Mean diamerer af the spring coil

=875 mm Ans.

Let D = Mean diameter of the spring coil for a maxumum load of
¥, = 2750 N, and
d = Dhameter of the sprng ware
We know that twisting moment on the spring

o 5d
T=F w—1=37::nxT=.33;_qd

We also know that twisting moment (T')

6875d = —xTxd =—x420xd’ =82484°
16 16
g = 6875 /8248 =8335 or d=913 mm

From Table 232, we shall take a standard wire of size WG 3/0 having diameter (d ) =9 49 mm
. Mean diameter of the spring coul
D = 5d4=35x 949 =47 45 mm Ans
We know that outer diameter of the spring coul,
D, = D+d=4745+949 = 5694 mm Ans,
and inner diameter of the spring coil
D, = D-d=4745- 949 = 37.96 mm Ans
2. Number of rarns af the spring coil
Let n = Number of actrve fums

Ttas gven that the axaal deflection (6) for the boad range from 2250 N 1w 2750 N (1.e. for W= 500 N)
15 6 1
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E We know thai the deflechon of the sprng (0),

! BW.C1n_ Bx500(5)n

! A =22 - L) =063in

i G.d B4 = 10" x 949 b (1

' no=6063=95ay 10 Ans g T
For squared and ground ends, the tofal nember of hams o ¥ =1

! n'= 10+ 2=12 Ans [ 1

' A, Free lenghh of the spring |"L|."" 1
Since the compression produced under 500 W 15 6 mm, therefore - ﬂ,l,—n- : 'I."! e

| maxmen compression produced under the maxsmum load of 2730 N 15

4 § = 6 < 7750 = 33 qun 138 mm ]
: e ™ 5o T

| W know that free length nf!-hﬂ' Pring

.
' L= nd+ I:;h“ +0 lf‘t‘.I_“ Fig. 23.14

! 12949+ 33+0.15 =
! = 13185 sy 150 min Ans

4. Pitch of the coifl

ad

W know that putch of the coul
Free length _ 152
=1 12=1
The spring 15 shown in Fig. 2314

=13.73 say 13.8 mm Ans
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CH-5
Design a Closed Coil Helical Spring
Short Questions & Answers

Define Spring ?

Aspring is defened as an elastic body, whose function is to distort when loaded and to
recover its original shape, when the load is removed.

Define Helical Spring ?

The helical spring are made up of a wire coiled in the form of a helix and primarily
intended for compressive or tensile loads. The cross sectin of the wire for which the
spring made may be circular, square or reatangular.

Define Solid Length of Spring ?

When the compression spring is compressed. Until the coils come in contact with
each other, then spring is called to be solid. The solid length of a spring is the product
of total number of coils and the diameter of the wire.

Ls=n'xd | where, n! = total number of coils

d = diameter of wire
Ls = Solid Length of Spring.

Define Spring Index and Spring Rate ?
Spring Index : It is defined as the ratio of mean diameter of coil to the diameter of wire.

Mathematically,|C = 2 | Where, C=Spring Index .
d D = Mean diameter of Coil

d = diameter of wire.
Spring Rate : The Spring Rate or Stiffiness or Spring Constant is defined as the load

required per unit deflection of the spring.

Mathematically,| K =" | Where, W=Load _
5 8 = deflection of the spring

What are the methods to eliminate Surge in Spring ?

The following methods are :

* By using friction dampers on the centre coil, so that wave propagation dies out.
* By using spring of high natural frequency.

* By using spring having pitch of the coils near the ends different than at the to
have different natural frequencies.

Long Questions :

Q.1
Q.2
Q.3.

Q.4

Briefly explain Surge in Springs ?
Derive Stresses in Helical Springs of Circular Wire ?

A Helical spring is made from a wire of 6mm diameter and has outside diameter of 75mm.
If the permissible shear stress is 350MPa and modulus of regidity is 84KN/mm?. Find
the axial oad which the spring can carry and the deflection per active turn ?

Design a spring for a balance to measure 0 to 1000N over the length of 80mm. The
spring is to be enclosed in a casing of 25mm diameter. The approximate number of
turns is 30. The modules of regidity is 85KN/m2, Also calculate the maximum shear
stress induced ?

Design a closed helical compression for a service load rasging from 2250N to 2750N.
The axial deflection of the spring for the load range is 6mm. Assume a spring Index of 5.
The permissible shear stress is 420MPa and modulus of rigidity is 84KN/mm?2.
Neglect the effect of stress concentration ?




