ME 6503/ DESIGN OF MACHINE ELEMENTS DEPARTMENT OF MECHANICAL ENGINEERING 2016-2017
UNIT-1 - STEADY STRESSES AND VARIABLE STRESSES IN MACHINE MEMBERS
PART -A
1)How the machine design may be classified? (Nov 2012)
The machine design maybe classified as follows.
a) Adaptive design b)Developed design c)New design d)Rational design
e)Empirical design f)Industrial design
2) What are the various phases of design process? (May 2015)
i. Recognition of need. ii. Definition of problem iii. Synthesis
iv. Analysis and optimization ~ v. Evaluation  vi. Presentation
3) Define 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.

4) Differentiate between resilience and toughness. (May 2011)

Resilience is the property of the material to absorb energy and to resist shock and impact loads. This

property is essential for spring materials.

5) What are the factors affecting selection of material for machine element? (Nov 2010)

The factors affecting selection of material for machine element are,

a) Load applied b)Purpose and operating conditions of the part c)Suitability for manufacture d)Minimum
weight and optimal size e)Availability and cost.
6) What are the different types of loads that can act on machine components?
The types of loads act on machine components are,
a) Steadyload b)Variable load c)Shock load d)Impact load.
7) Define bearing stress.
A localized compressive stress at the surface of contact between two members of machine part that are relatively at
rest is known as bearing stress.
8) What is principle stress and principle plane?
A plane which has no shear stress is called principle plane the corresponding stress is called principle stress.
9)Differentiate between direct stress and bending stress.
Direct stress  : Load is applied axially. The stress distribution is uniform throughout the cross Section.
Bending stress: Load is applied laterally i.e., Perpendicular to the axis.
10)What is torsion shear stress?

When a machine member is subjected to the action of two equal and opposite couples acting in  parallel
planes (or torque or twisting moment) then the machine member is said to be subjected to torsion. The stress set-up
by torsion is known as torsion is known as torsion shear stress.
11)Define: Factor of safety (Nov 2012, April 2011)

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

FOS for brittle material is 4.
12)L.ist out the factors involved in arriving at factor of safety. (Nov 2011)

i. Material properties ii. Nature of loads iii. Presence of localized stresses

iv. Mode of failures v. Presence of initial stresses
13)What is curved beam? Give some example for curved beam. (Nov 2012)

If the neutral axis of the cross section is shifted towards the centre of curvature of the beam causinga non -

linear distribution of stress, then the given beam is curved beam.
14) What is eccentric load and eccentricity?
An external load ,whose line of action is parallel but does not coincide with the centrodial axis of the machine
component ,is known as an eccentric load .the distance between the centrodial axis of the component and the
eccentric load is called eccentricity.
15) If the section is unsymmetrical, where the maximum and minimum bending stress will occur for curved
beam?

If the section is unsymmetrical, then the maximum bending stress may occur at either the inside fibre or
the outside fibre.
16)Give some methods of reducing stress concentration. (Nov 2012)

i. Avoiding sharp corners.

ii. Providing fillets.

iii. Use of multiple holes instead of single hole

iv. Undercutting the shoulder parts.
17)What is an S-N Curve?(Dec 2015)

An S- N curve has fatigue stress on Y axis and number of loading cycles in X axis. It is used to find the
fatigue stress value corresponding to a given number of cycles.
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18)Distinguish between brittle fracture and ductile fracture.

In brittle fracture, crack growth is up to a small depth of the material. In ductile fracture large amount of
plastic deformation is present to a higher depth
19)Define stress concentration and stress concentration factor.(May 2014)

Whenever a machine component changes the shape of its cross-section, the simple stress distribution no
longer holds good and the neighbourhood of the discontinuity is different. This irregularity in the stress distribution
caused by abrupt changes of form is called stress concentration. It occurs for all kinds of stresses in the presence of
fillets, notches, holes, keyways, splines, surface roughness or scratches etc.

The theoretical or form stress concentration factor is defined as the ratio of the maximum stress in a
member (at a notch or a fillet) to the nominal stress at the same section based upon net area.

Mathematically, theoretical or form stress concentration factor, Kt =Maximum stress /Nominal stress
The value of Kt depends upon the material and geometry of the part.
20)What are various theories of failure? (Nov 2012)

i. Maximum principal stress theory. ii. Maximum shear stress theory.

iii. Maximum principal strain theory
21)Define endurance limit. (May 2015)

Endurance limit is the maximum value of completely reversed stress that the standard specimen can

sustain an infinite number (10°) of cycles without failure
22)What are the factors affecting endurance strength.

Factors affecting endurance strength are

i. Load ii. Surface finish iii. Size iv. Temperature v. Impact vi. Reliability
23)What are the types of variable stresses?

a. Completely reversed or cyclic stresses b. Fluctuating stresses c. Repeated stresses
24)Differentiate between repeated stress and reversed stress.

Repeated stress refers to a stress varying from zero to a maximum value of same nature.

Reversed stress of cyclic stress varies from one value of tension to the same value of compression.
25)Explain notch sensitivity. State the relation between stress concentration factor, fatigue stress

concentration factor and notch sensitivity.

Notch sensitivity (q) is the degree to which the theoretical effect of stress concentration is actually reached.
The relation is, K¢ =1 + q (Ki-1)

26) Describe the material properties of hardness, stiffness and resilience. (Nov 2013, May 2014)

Hardness is the ability of material to resist scratching and indentation.

Stiffness is the ability of material to resist deformation under loading.

Resilience is the ability of material to resist absorb energy and to resist shock and impact load.

27) What are the methods used to improve fatigue strength? (Nov 2013, Nov 2014)

Cold working like shot peening, burnishing, Heat Treatment like induction hardening, case hardening,

nitrating and Pre Stressing Or Auto Fretting.
28)What is ""Adaptive Design'? where is it used? Give Examples.(Nov 2012)

This is used where a new product is developed just by making small changes to the existing product. This is

best suited to occasions where no or limited scope is available to go for an entirely new design.
29) What do you mean by Optimum design?(Nov 2011)

Optimization is a process of maximizing a decided quantity or minimizing undecided one.

30). Define Poisson’s Ratio? (April 2011)
It is a ratio between lateral strains to the longitudinal strain.
31). What are the common materials used in engineering design?(Nov 2015)
(i) alloy steel, (ii) low , medium and high carbon steel (iii) cast iron (iv) Composites -fiber and metal matrix
composites
PART-B
1) a) Give the general procedure in machine design.
b) What are the general considerations in machine design?
c)Give some important mechanical properties of the metals.
a) Give the general procedure in machine design.

1. Need or Aim

2.Synthesis (Mechanisms)

3.Analysis of Forces

4. Material Selection

5. Design of Elements

6. Modification

7.Detailed Drawing

8. Production (Explain in detail)

b) What are the general considerations in machine design?
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. Strength & Stiffness
. Surface finish and tolerances
. Manufacturability
. Ergonomics and aesthetics
. Working Atmosphere
. Wear & Hardness Requirement
. Cooling and Lubrication
. Safety & Reliability
. Noise Requirement
10. Cost. (Explain in detail)
c)Give some important mechanical properties of the metals.

The mechanical properties of the metals are those which are associated with the ability of
the material to resist mechanical forces and load. These mechanical properties of the metal include
strength, stiffness, elasticity, plasticity, ductility, brittleness, malleability, toughness, resilience,
creep and hardness.

(Explain in detail)
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Solution. Given: W =3 kN = 3000 N ; T=1000 N-m = 1 x 10° N-mm ; P = 15 kN= 15 x 10° N ;
d =50 mm; x =250 mm
STEPS: 1. Calculate the cross-sectional area of the shaft,
2. Calculate Tensile stress due to axial pulling at points A and B,
3. Calculate Bending stress at points A and B,
4. This bending stress is tensile at point A and compressive at point B.
.".Resultant tensile stress at point A,
oa=op+ 0, =61.1 +7.64 = 68.74 MPa
and Resultant compressive stress at point B,
0g=0Op— 0o = 61.1 — 7.64 = 53.46 MPa
5. Calculate the shear stress at points A and B due to the torque transmitted
6. Calculate the maximum and minimum principal (or normal) stress at point A, and maximum shear
stress
7. Calculate the maximum and minimum principal (or normal) stress at point A, and maximum shear
stress

2) A shaft, as shown in Fig, is subjected to a bending load

of 3 kN, pure torque of 1000 N-m and an axial pulling -
force of 15 kN. Calculate the stresses at A and B. All
dimensions in mm.

3) The frame of a punch press is shown in Fig. Find the stresses at the inner and outer surface at
section X-X of the frame, if W=5000N. Section at X-X; All dimensions in mm.

Given: W=5000N ;bi=18 mm;bo=6mm;h=40 mm; Ri=25mm;
Ro =25 + 40 = 65 mm. Calculate the following,

1. area of section at X-X,

2. radius of curvature of the neutral

DHANALAKSHMI COLLEGE OF ENGINEERING 3



ME 6503/ DESIGN OF MACHINE ELEMENTS DEPARTMENT OF MECHANICAL ENGINEERING 2016-2017
axis, (use PSG DB)

. radius of curvature of the centroidal axis,

. Distance between the centroidal axis and neutral axis,

. distance between the load and centroidal axis,

. Bending moment about the centroidal axis

. direct tensile stress at section X-X,

. Distance from the neutral axis to the inner and outer surface,

. Maximum bending stress and resultant stress at the inner surface and

outer surface. X X w
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4) A C-clamp is subjected to a maximum load of W, as shown in Fig. If the 3_+_ I“,
maximum tensile stress in the clamp is limited to 140 MPa, find the value 22 o
of load W. Section of X-X ; All dimensions in mm.  (Nov 2012)

Solution. Given : ot(max) = 140 MPa = 140 N/mm?; Ri=25 mm ; Ro=25+ 25 =50 mm ;bi= 19 mm ; ti=
3mm;t=3mm;h=25mm

calculate the following,

. area of section at X-X,

. radius of curvature of the neutral axis, (use PSG DB)

. radius of curvature of the centroidal axis,

. Distance between the centroidal axis and neutral axis,

. distance between the load and centroidal axis,

. Bending moment about the centroidal axis

. direct tensile stress at section X-X,

. Distance from the neutral axis to the inner and outer surface,

. Maximum bending stress and resultant stress at the inner surface and outer surface.

O©ooO~NO O WN -

5) An overhang crank with pin and shaft is shown in Fig. A tangential load of 15 kN acts on the
crank pin. Determine the maximum principal stress and the maximum shear stress at the centre
of the crankshaft bearing.

Crank _ - I
13’11; I ' 2P
S| - B
o ! Crank shaft |
= | N\ Ao
LN ___é wam L]
_ - | AR \_l_,"'
H J \—'f-/
4—1201nm___

Solution. Given: W=15kN =15x10*N :d =80 mm :

y =140 mm ; x =120 mm

1. Calculate the bending moment at the centre of the crankshaft bearing,
2. Calculate torgue transmitted at the axis of the shaft,

3. Calculate bending stress due to the bending moment

4. Calculate shear stress due to the torque transmitted,

5. Calculate Maximum principal stress

6. Calculate Maximum shear stress
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6) A hollow circular column of external diameter 250 mm and 20 kN
internal diameter 200 mm carries a projecting bracket on which a
load of 20 kN rests, as shown in Fig. The centre of the load from the
centre of the column is 500 mm. Find the stresses at the sides of the
column. All dimensions in mm.

Solution. Given : D =250 mm ; d =200 mm ;P =20 kN = 20 x 10°
N ; e =500 mm, calculate

1. cross-sectional area of column,

2. Direct compressive stress,

3. Section modulus for the column,

4. Bending moment and bending stress

5. Maximum Compressive stress and tensile stress.

7) A mild steel bracket as shown in Fig. is subjected to a pull of 6000N acting at 45° to its horizontal axis.
The bracket has a rectangular section whose depth is twice the thickness. Find the cross-sectional
dimensions of the bracket, if the permissible stress in the material of the bracket is limited to 60 MPa.
(Nov 2012)

_f_- Py
? 75 mm 45°
Ralloaill -
] .y b

— b

130 mm |

Solution. Given : P = 6000 N ; 6 =45° ; 6 = 60 MPa = 60 N/mm?

find,

1.Cross-sectional area and Section Modulus

2.load, bending moment and maximum bending stress of horizontal component.(Py)

3. load, bending moment , Direct stress and maximum bending stress of vertical component.(Py,
4.dimension of the bracket by equating permissible stress to resultant stress.

5. the final answers is t=28.4 mm, b=56.8mm.

8) A horizontal pull P = 5 kN is exerted by the
belting on one of the cast iron wall brackets which
carry a factory shafting. At a point 75 mm from
the wall, the bracket has a T-section as shown in
Fig. Calculate the maximum stresses in the flange
and web of the bracket due to the pull.

Given : Horizontal pull, P =5 kN = 5000 N All dimensions in mm.

find,

1. cross-sectional area of the section, and direct tensile stress.

2. find the position of neutral axis in order to determine the bending stresses. The neutral axis passes
through the centre of gravity of the section.

¥ = Distance of centre of gravity (i.e. neutral axis) from top of the flange.

3. moment of inertia of given section about N.A.

4. distance of N.A. from the top of flange , bottom of the web and point of application of load.
5. bending moment exerted in section

6. tensile stress on flange and compressive stress on web

7. maximum tensile stress and compressive stress on flange .
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9) A steel cantilever is 200 mm long. It is subjected to an axial load which varies from 150 N (compression)
to 450 N (tension) and also a transverse load at its free end which varies from 80 N up to 120 N down. The
cantilever is of circular cross-section. It is of diameter 2d for the first 50mm and of diameter ‘d’ for the
remaining length. Determine its diameter taking a factor of safety of 2. Assume the following values:

Yield stress =330Mpa

Endurance limit in reversed loading = 300Mpa

Correction factors =0.7 in reversed axial Loading = 1.0 in reversed Bending

Stress concentration factor = 1.44 for bending

= 1.64 for axial loading

Size effect factor =0.85
Surface effect factor =0.90
Notch sensitivity index =0.90 (Nov 2015)
A BON
e 200 mm o

> 50 mm 150 mm ————

| * _E 150N 450 N

_ i —_—-— —=

120N
Solution. Given : I = 200 mm; Wa(max) = 450 N; Wa(min) =— 150 N ; Wt(max) =120 N ;
Wt(min) = - 80 N; F.S. =2 ; oy = 330 MPa = 330 N/mm? ; ce = 300 MPa = 300 N/mm?;
Ka=0.7; Kb=1; Ktb =1.44 ; Kta = 1.64; Ksz = 0.85 ; Ksur =0.90 ; g = 0.90
find
1. Mean axial load and stress.
2. Variable Axial load and stress.
3. fatigue stress concentration factor for reversed axial loading,
Kn=1+q(Ka-1)=1+09 (1.64-1)=1576
4. endurance limit stress for reversed axial loading,
Gea= Ge X Ka =300 x 0.7 = 210 N/mm®

. equivalent normal stress at point A due to axial loading,
. Mean Bending load , Bending moment and bending stress
. Variable Bending load , Bending moment and bending stress
. fatigue stress concentration factor for reversed bending

Kon=1+q (Kp-1)
9. endurance limit stress for reversed bending, cep= ce X Kj
10. equivalent normal stress at point A due to bending
11. total equivalent normal stress at point A,
12. find the diameter by equating permissible stress to total equivalent normal stress(d = 12.9mm)

0 N O Ol

10) A pulley is keyed to a shaft midway between two bearings. The shaft is made of cold drawn steel for
which the ultimate strength is 550 MPa and the yield strength is 400 MPa. The bending moment at the
pulley varies from — 150 N-m to + 400 N-m as the torque on the shaft varies from — 50 N-m to +150 N-m.
Obtain the diameter of the shaft for an indefinite life. The stress concentration factors for the keyway at the
pulley in bending and in torsion are 1.6 and 1.3 respectively. Take the following values:

Factor of safety =15
Load correction factors = 1.0 in bending,
and 0.6 in torsion
Size effect factor =0.85
Surface effect factor =0.88 (Nov 2012, Nov 2015)

Solution. Given : 6, = 550 MPa = 550 N/mm? ; 6, = 400 MPa = 400 N/mm? ;Mmin = — 150 N-m;
Mmax =400 N-m ; Tmin=-=50 N-m ; Tmax = 150 N-m ; Kfb =1.6 ; Kfs=1.3 ;
FS.=15;Kb=1;Ks=0.6;Ksz=0.85; Ksur=0.88

Let d = Diameter of the shaft in mm.

find
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1. mean or average bending moment and stress

2. variable bending moment and stress

3. Assuming the endurance limit in reversed bending as one-half the ultimate strength and since
the load correction factor for reversed bending is 1 (i.e. Kb = 1), therefore endurance limit in reversed
bending,

. Since there is no reversed axial loading, therefore equivalent normal stress due to bending,

. mean and variable torque

. mean and variable shear stress

. Endurance limit stress for reversed torsional or shear loading assuming yield strength in shear

.diameter by equating equivalent shear stress and permissible shear stress

oo ~NOo oA~

11) Determine the diameter of a circular rod made of ductile material with a fatigue strength (complete
stress reversal), o, = 265 MPa and a tensile yield strength of 350 MPa. The member is subjected to a varying
axial load from Wmin = -300 x 10° N to Wmax = 700 x 10° N and has a stress concentration factor = 1.8.
Use factor of safety as 2.0.

Solution. Given : ce = 265 MPa = 265 N/mm? ; 6y = 350 MPa = 350 N/mm? ; Wmin = — 300 x 10° N ;
Wmax =700 x 10° N ; Kf= 1.8 ;F.S.= 2
calculate

1. mean load and mean stress

2. variable load and stress

3. find diameter using Soderberg's formula

12) A circular bar of 500 mm length is supported freely at its two ends. It is acted upon by a central
concentrated cyclic load having a minimum value of 20 kN and a maximum value of 50 kN. Determine the
diameter of bar by taking a factor of safety 1.5, size effect of 0.85, surface finish factor of 0.9. The material
properties of bar at given by: ultimate strength of 650 MPa, yield strength of 500 MPa and endurance
strength of 350 MPa. (Nov 2012)

Given : 1 =500 mm ; Wisin = 20 kKN = 20 x 10°N ; Winax =50 KN =50 x 10° N ;F.S. = 1.5 ; K5, = 0.85 ;
Ksor= 0.9 ; ou = 650 MPa = 650 N/mm? ; oy = 500 MPa = 500 N/mm? ;6. = 350 MPa = 350 N/mm?
Calculate

maximum and minimum bending moment

2. mean bending moment and stress

3. variable bending moment and stress

4. diameter of bar using Goodman's formula (d=59.3mm) and Soderberg's formula(d=62.1mm)

=

UNIT -11 - DESIGN OF SHAFTS AND COUPL INGS
PART -A

1)Define shatft.
A shaft is a rotating machine element which is used to transmit power from one place to another. It is
used for the transmission of torque and bending moment.
2)Differentiate between shaft and axle (Nov 2012)
An axle, though similar in shape to the shaft, is a stationary machine element and is used for
transmission of bending moment only. It simply acts as a support for some rotating body.
3)What is spindle?
A spindle is a short shaft that imparts motion either to a cutting tool or to a work piece.
4)What are the types of shaft?
The various types of stresses induced in the shafts are,
a) Shear stresses due to transmission of torque
b) Bending stresses  ( ¢) Stresses due to combined Torsional and bending loads.
5)What are the standard sizes of transmission shafts?(May 2015)
The standard sizes of transmission shafts are,
a) 25 mm to 60 mm with 5 mm steps b)60 mm to 110 mm with 10 mm steps
b) 110 mmto 140mm with 15 mm steps d)140 mm to 500 mm with 20 mm steps
Standard length — 5 m, 6 mand 7m.
6)Define the term critical speed (May 2015)
The speed, at which the shaft runs so that the additional deflection of the shaft from the axis of rotation
becomes infinite, is known as critical or whirling speed.
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7)On what basis the shafts are designed?
a) Based on rigidity and stiffness. B)Based on strength. C)Based on critical speed.
8)What are the ways of improving lateral rigidity of shafts? (Nov 2015)
The ways of improving lateral rigidity of shafts are,
a) Maintaining proper bearing clearances b) Correct gear teeth alignment.
9)Why rotating shaft are generally made with circular cross section?

Stress distribution pattern will be uniform throughout the circular cross section.
10)State any two reasons for preferring hollow shaft over solid shaft. (Nov 2012)

The two reasons for preferring hollow shaft over solid shaft are,

a) For same weight of shaft, hollow shaft can transmit 1.5 times the torque transmitted by solid shaft.
b) For a particular power transmission, hollow shaft requires minimum weight.
11)What is key? What is a keyway? (Nov 2012)

Key is an element which is used to connect two machine parts for preventing relative motion of  rotation
with respect to each other. Key way is a slot or recess in a shaft and hub of the pulley to accommodate a key.
12)What are the types of keys? (Nov 2012)

i. Saddle key ii. Tangent key iii. Sunk key iv. Round key and taper pins
13)What is woodruff key? State its main application. (Nov 2013)

Wood ruff key is piece from a cylindrical disc having segmental cross section. A woodruff key is capable
of tilting in a recess milled out in the shaft by a cutter having the same curvature as the disc from which the key is
made. They are largely used in machine tools and automobile constructions.
14)What are the various forces acting on a sunk key?(Nov2015)

The various forces acting on a sunk key are, a)Forces due to fit of the key in its keyway  b)Forces due to
torque transmitted by the shafts.
15)What are splines?
The keys are made integral with the shaft which fits in the keyways broached in the hub. Such shafts are known as
splined shafts. These shafts usually have four, six, ten or sixteen splines. The splined shafts are relatively stronger
than shafts having a single key way.
16)What is the effect of keyways cut into the shaft?(Nov 2015)

The key way cut into the shaft reduces the load carrying capacity of the shaft. This is due to the stress
concentration near the corners of the keyway and reduction in the cress sectional area of the shaft. In other words
the Torsional strength of the shafts is reduced.
17)What is the function of a coupling between two shafts?

Couplings are used to connect sections of long transmission shafts and to connect the shaft of a driving machine to
the shaft of a driven machine
18) Differentiate between rigid coupling and flexible coupling.

Rigid coupling Flexible coupling
It is used to connect two shafts It is used to connect two Shafts
having both lateral aligned. which are perfectly and angular
misalignment.

19)What are the purposes in machinery for which couplings are used?
1. To provide the connection of shafts of units those are manufactured separately such as motor
and generator and to provide for disconnection for repairs or alterations.
2. To provide misalignment of the shafts or to introduce mechanical flexibility.
3. To reduce the transmission of shock from one shaft to another.
4. To introduce protection against over load
20)What is a flange coupling? (May 2015)
Flange coupling is a coupling having two separate cast iron flanges. Each flange is mounted on the
shaft end and keyed to it. The faces are turned u at right angle to the axis of the shaft. One of the flange
has a projected portion and the other flange has a corresponding recess. This helps to bring the shafts into line and
maintain alignment.
21) What are the main functions of the knuckle joints?
a)lt is used to transmit axial load from one machine element to other.
b) Small angular movement is possible between the rods.
22)What are the types of flexible coupling and rigid couplings? (Nov 2012)
Flexible coupling is a type of coupling used to connect two shafts having both lateral and angular
misalignment. The types are,
a) Bushed pin type coupling b)Universal coupling c)Oldham’s coupling
Rigid coupling is used to connect two shafts which are perfectly aligned. The types are
a) Sleeve or muff coupling b)Clamp or split muff or compression coupling
c)Flange coupling.
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23)What is difference between coupling and a clutch?

A coupling is a device used to make permanent or semi permanent connection whereas a clutch permits
rapid connection or disconnection at the will of the operator.
24)List out the requirements of a shaft coupling?

The requirements of a shaft coupling are,
(@)1t should be easy to connect or disconnect. b).It should transmit the full power of the shaft.
(c). 1t should hold the shafts in perfect alignment. d).It should have no projecting parts.
25)When a solid flange coupling is preferred?

For very large shafts or when large Torsional moments and forces are to be transmitted such as those

used for propeller shafts, solid flange couplings are preferred.
26) Discuss the various forces acting on the keys.(Nov 2014)
(i) Forces due to torque transmitted giving rise to the shear and compressive strength
(if)Forces due to tight fit of the key cause rise in compressive stress at shaft and hub
27) What are the possible modes of failure at pin in flange coupling? (Nov 2015)

(i) shear failure (ii) crushing failure

PART-B

1) A shaft is supported by two bearings placed 1 m apart. A 600 mm diameter pulley is mounted at
a distance of 300 mm to the right of left hand bearing and this drives a pulley directly below it
with the help of belt having maximum tension of 2.25 kN. Another pulley 400 mm diameter is
placed 200 mm to the left of right hand bearing and is driven with the help of electric motor and
belt, which is placed horizontally to the right. The angle of contact for both the pulleys is 180° and
p = 0.24. Determine the suitable diameter for a solid shaft, allowing working stress of 63 MPa in
tension and 42 MPa in shear for the material of shaft. Assume that the torque on one pulley is
equal to that on the other pulley. (Nov 2012)
Solution. Given: AB=1m; Dc =600 mmorR:=300mm=0.3m; AC=300mm=0.3m;T;=2.25 kN =2250
N; Dpb=400mmorRp=200mm=0.2m; BD=200mm=0.2m; 6=180°=nrad ; u=0.24;
ob = 63 MPa = 63 N/mm?* ; 1= 42 MPa = 42 N/mm’
solution
1. Draw space diagram
2. Calculate tension by using formula t1/t2 = e**
3. Find vertical load acting at C & D in the shaft
4. Find T3 and T, using formulas

Torque,T:(Tg'T4)RD and T3/T4:T1/T2

Find horizontal load acting on C and D

6. Find maximum bending moment for vertical loading and

horizontal loading by taking moments at A and B.
7. Find resultant B.M at C(Mc) and D(Mp).

My = JiMey)? + (Mpy)?

L&

My

|.'1-.|r|_:n_. :l':l + .'”'.]:.| :'2

8. Select max value and let it be M
9. Find equivalent twisting moment using formula T.=\(M?*+T?) and find diameter of shaft using formula

T 3
— = T "

Te- 18 )
10. Find equivalent bending moment using formula M.=1/2 (M+V(M?*+T?) and find diameter of shaft using formula

m .3
— KOy X d

M, = 32
11. From both the diameter select the diameter whichever is maximum.

2) A steel solid shaft transmitting 15 kW at 200 r.p.m. is supported on two bearings 750 mm apart
and has two gears keyed to it. The pinion having 30 teeth of 5 mm module is located 100 mm to the
left of the right hand bearing and delivers power horizontally to the right. The gear having 100
teeth of 5 mm module is located 150 mm to the right of the left hand bearing and receives power
in a vertical direction from below. Using an allowable stress of 54 MPa in shear, determine the
diameter of the shaft. (Nov 2015)

Solution. Given : P = 15 kW = 15 x 10°W ; N = 200 rp.m.; AB=750mm; Tp=30; mp=5mm; Bp =100 mm;
DHANALAKSHMI COLLEGE OF ENGINEERING 9



ME 6503/ DESIGN OF MACHINE ELEMENTS

TC=100; mc=5mm; AC = 150 mm ; T = 54 MPa = 54 N/mm?

Find torque transmitted
Tangential force at C and D

Find horizontal load acting on C and D

cookrwdE

Find vertical load acting at C & D in the shaft

horizontal loading by taking moments at A and B.

7. Find resultant B.M at C(Mc) and D(Mp).
Mg = f(Mey)® + (M)

My = JiMgy)? + (M)
8. select max value and let it be M

Find maximum bending moment for vertical loading and

DEPARTMENT OF MECHANICAL ENGINEERING 2016-2017

Radius of gear C and pinion D can be calculated using formula (diameter of gear=no. of teeth x module)

9. Find equivalent twisting moment using formula T.=V(M?+T?) and find diameter of shaft using formula

T 3
— = T "

T.. 18

3) A hollow shaft of 0.5 m outside diameter
and 0.3 m inside diameter is used to drive a
propeller of a marine vessel. The shaft is
mounted on bearings 6 metre apart and it
transmits 5600 kW at 150 r.p.m. The
maximum axial propeller thrust is 500 kN
and the shaft weighs 70 kN. Determine(1)The
maximum shear stress developed in the shaft,
and 2.The angular twist between the
bearings. (May 2015)

4)The Figure shows a shaft carrying a pulley
A and a gear B and supported in two
bearings C and D. The shaft transmits 20 kW
at 150 r.p.m. The tangential force Ft on the
gear B acts vertically upwards as shown. The
pulley delivers the power through a belt to
another pulley of equal diameter vertically
below the pulley A. The ratio of tensions T1/
T2 is equal to 2.5. The gear and the pulley,
weigh 900 N and 2700 N respectively. The

C

D

I m

B19.2
D

() Space diagram.

(k) Torgue dizgram,

{c) Vertical load diagram.

{ef) Horizontal load dizgram,

(&) Vertical B.M. diagram,

) Horizontal B.M. diagram.

{g} Resultant B.M. diagram

permissible shear stress for the material of the shaft may be taken as 63 MPa. Assuming the weight
of the shaft to be negligible in comparison with the other loads, determine its diameter. Take shock
and fatigue factors for bending and torsion as 2 and 1.5 respectively. (Nov 2012,Nov 2015)

T

1250

F=of==g
X

i ]
wn
=1

Given: P=20 kW =20 x 103W ;N=150r.p.m.; T1/T2=2.5; Wg =900 N ;WA =2700 N ; 1= 63 MPa
=63 N/mmz; Km=2:Kt=1.5; Dg=750 mmor Rg =375 mm ;Da = 1250 mm or Ra = 625 mm.

1). Torque transmitted by the shaft,

DHANALAKSHMI COLLEGE OF ENGINEERING
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3
Px60 _ 20x10" x 60 = 1273 N-m = 1273 x 10° N-mm
2N  2mx150

.. Total vertical load acting downward on the shaft at A
=T, +T,+ W, =3395+ 1358 + 2700 = 7453 N
Assuming that the torque on the gear Fis same as that of the shaft, therefore the tangential force
acting vertically upward on the gear B,
. T 1213x10°
" Ry 375
Since the weight of gear B (W, = 900 N) acts vertically downward, therefore the total vertical

load acting upward on the shaft at B
= F,- W, =3395-900=2495 N

7

=3395N

Taking moments about 1), we get
R, x 1000 = 7453 x 1250 + 2495 x 350 = 10.2 x 10°
R, =10.2 x 105/ 1000 = 10 200 N

i
T L
1250 | C D !
|
5 vy — s
TS >4
! I
2 |
™

[ 250 | 1000 _| 350

Ry 2495N

ol 1,
']

7453N Rc
2).find the maximum bending moment and maximum torque and substitute in the formula and find the diameter.

]
I

L= (K, x M)? + (K, x T)?

J(2x1863%10%2 + (1.5 x 1273 x 10%)?
4187 x 10° N-mm

ixfxf:%xﬁﬂxdgzlz.E?dE

4187 x 103 = 16
d® = 4187 x 103/ 12.37 = 338 x10?

d = 69.6 say 70 mm Ans.

5) Compare the weight, strength 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 shafts have the same material and length. (NOV 2013)

Solution. Given:do=d;di=do/2ork=di/do=1/2=0.5

find the following.

1. comparison of weight : weight of the hollow shaft,

W, = Cross-sectional area x Length x Density

T
= 0 [(ﬂ'oJZ = (dj)z] x Length x Density
ind weight of the solid shaft, .
W, = %X d* x Length x Density

DHANALAKSHMI COLLEGE OF ENGINEERING 11
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-[-'VH (d,)* - (d)* _ (d,)* - (d)°
w o (@)
()’
(d,);
2. Comparison of strength : the strength of the hollow shaft,

=1- =1-k=1-(0.52=0.75 Ans.

m
Ty = 5 X° (d,)? (1- k")
ind strength of the solid shaft,

. n 3
= —XTxd
= 16
Dividing equation (/f) by equation (¥}, we get
T (@) -k _ ()’ 1k
E- (d,)*

1-(0.5)* =0.9375 Ans.

3. Comparison of stiffness : the stiffness
. Stiffness of a hollow shaft,

—1-#

G_= 4 4
'S‘H = z xﬁ I:(dt’}} - [dr) :|
and stiffness of a solid shaft,
. G m 4
S = 7 X 7 xd
Dividing equation (v) by equation (vi), we get

Sy @) -@)' (@) —(d)' (9"
‘55 - d:t {do}{1 - (do}4

=1-k'=1-(0.5)*=0.9375 Ans.

6) Design and make a neat dimensioned sketch of a muff coupling which is used to connect two
steel shafts transmitting 40 kW at 350 r.p.m. The material for the shafts and key is plain carbon
steel for which allowable shear and crushing stresses may be taken as 40 MPa and 80 MPa
respectively. The material for the muff is cast iron for which the allowable shear stress may be
assumed as 15 MPa. (Nov 2012)

Solution. Given : P = 40 KW =40 x 10> W;N = 350 r.p.m.; ts =40 MPa =40 N/mm?; 6¢s = 80 MPa =80
N/mm?; 1, = 15 MPa = 15 N/mm?

1. find diameter of the shaft. use T = (P *60)/ (2*N*n), T = :—Ex 7, * d®, the diameter is 52mm

(approx 55 mm)
2. Design for sleeve : Outer diameter of the muff,

D=2d + 13 mm =2 x 55+ 13 =123 say 125 mm Ans.
length of the muff,

L=3.5d=35x55=192.5say 195 mm Ans.

00107 = e, (2L 2 [0 69)
’ 6 "L D 16 125

=370 x 10%1
7= 1100 x 103!370 x 10° = 2.97 N/mm?
the induced shear stress in the muff (cast iron) is less than the permissible shear stress of 15 N/mm?,
therefore the design of muff is safe.

3. Design for Key: from PSG DB for shaft diameter d= 55 mm
therefore width of key is w=18 mm=t
Length of the shaftis | = L/2 =97.5 mm
check the induced shear and crushing stresses in the key, consider shearing of the key, the torque
transmitted (T),

DHANALAKSHMI COLLEGE OF ENGINEERING 12
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1100 x 103 = IX wx T, xE—QTaxlﬂxr x; =48.2 x 103
= 1100 x 103/ 48.2 x 10% = 22.8 N/mm?

Now considering crushmg of the key. We know that torque transmitted (7),

d _ 18 55
1100 x 103=1x§xcmx§=9?.ax?x%x? —241x 1036

o, =1100 x 10%/24.1 x 10° = 45.6 N/mm?

Slnce the induced shear and crushing stresses are less than the permissible stresses, therefore the
design of key is safe.

7) Design a cast iron protective type flange coupling to transmit 15 kW at 900 r.p.m. from an
electric motor to a compressor. The service factor may be assumed as 1.35. The following
permissible stresses may be used : Shear stress for shaft, bolt and key material =40 MPa ,
Crushing stress for bolt and key= 80 MPa ; Shear stress for cast iron=8 MPa , Draw a neat
sketch of the coupling. (May 2015)

Solution. leen P=15kW=15x10° W ; N 900 r.p.m. ; Service factor— 1.35;ts=1=w =40
MPa = 40 N/mm? : ; 6cp = Ock = 80 MPa = 80 N/mm ;1.=8MPa=8 N/mm?
The protective type flange coupling is designed as discussed below :
1. Design for hub
find the diameter of the shaft (d). the torque transmitted by the shaft,
use T=(P*60)/(2*N*n), T = :—63 7, * d®;d=30.1say 35 mm.
outer diameter of the hub,D =2d =2 x 35 =70 mm Ans.
and length of hub, L=1.5d =1.5 x 35 =525 mm Ans.
Now check the induced shear stress for the hub material which is cast iron. Considering
the hub as a hollow shaft. The maximum torque transmitted (Tmax)

4 4 1 4
. [u}z {MJ
2055 W0 = 32X | = Teal - 63 147 T,

t_ =215 x 10%/63 147 = 3.4 N'mm’ = 3.4 MPa
Since the induced shear stress for the hub material (i.e. cast iron) is less than the permissible
value of 8 MPa, therefore the design of hub is safe.
2. Design for key
Since the crushing stress for the key material is twice its shear stress (i.e. ock = 21k ), therefore a
square key may be used. from PSG DB, for a shaft of 35 mm diameter, Width of key, w = 12 mm Ans.
and thickness of key, t = w =12 mm Ans.
The length of key ( 1) is taken equal to the length of hub.
.1 =L =52.5mm Ans.
check the induced stresses in the key by considering it in shearing and crushing. Considering the key in
shearing. We know that the maximum torque transmitted (Tmax),

215 x 10° = Ix wx 1, x%=52.5x12xt# xi; ~ 110257,
7, = 215 x 10¥11 025 = 19.5 N/mm? = 19.5 MPa

‘onsidering the key in crushing. We know that the maximum torque transmitted (7__J,

max
d 12 35
215x 10° = 1X 2 X0y X 5 =525X 6y X2 = 55125 0,

6., = 215 x 10% 5512.5 = 39 N/mm? = 39 MPa

Since the induced shear and crushing stresses in the key are less than the permissible stresses, therefore
the design for key is safe.

3. Design for flange

The thickness of flange (tf) is takenas 0.5d. ..tf=0.5d = 0.5 x 35 =17.5 mm Ans.

Check the induced shearing stress in the flange by considering the flange at the junction of the hub in
shear. the maximum torque transmitted (Tmax),
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2 2
215 x 10° = “f xtoxt; =00 o %175 =134713 1,

T =215 x 10%134 713 = 1.6 N/mm? = 1.6 MPa

Since the induced shear stress in the flange is less than 8 MPa, therefore the design of flange is
safe.

4. Design for bolts

Let d1 = Nominal diameter of bolts. the diameter of the shaft is 35 mm, therefore let us take the number
of bolts, n = 3 and pitch circle diameter of bolts, D; = 3d = 3 x 35 = 105 mm

The bolts are subjected to shear stress due to the torque transmitted. the maximum torque transmitted
(Tmax),

' D 105
215 x 10° = g[d]}z T, ><n><71=5 (@)? 40% 3% =2 — 4950 (d))?

{d]]2 = 215 % 10%/4950 = 43.43 or d, = 6.6 mm

Assuming coarse threads, the nearest standard size of bolt is M 8. Ans.
Other proportions of the flange are taken as follows :

Outer diameter of the flange,

D,=4d=4x 35=140 mm Ans.

Thickness of the protective circumferential flange,

tp = 0.25d=0.25 x 35 =8.75 say 10 mm Ans.

8) Design and draw a protective type of cast iron flange coupling for a steel shaft transmitting 15
kW at 200 r.p.m. and having an allowable shear stress of 40 MPa. The working stress in the bolts
should not exceed 30 MPa. Assume 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 torque is 25% greater than the
full load torque. The shear stress for cast iron is 14 MPa.

Solution. Given : P = 15 kW = 15 x 10° W ; N = 200 r.p.m. ; s = 40 MPa = 40 N/mm? ;

7, = 30 MPa = 30 N/mm? ; Ok = 27 ; Tmax = 1.25 Tmean ; tc = 14 MPa= 14 N/mm?

The protective type of cast iron flange coupling is designed as discussed below :

1. Design for hub

find the diameter of shaft ( d ). the full load or mean torque transmitted by the shaft,

use T=(P*60)/(2*N*n), T = :—G:-c 7, * d’ ; d =48.4 mm say 50 mm

We know that the outer diameter of the hub,

D=2d=2x50=100 mm Ans.

and length of the hub, L=15d =15 x 50 = 75 mm Ans.

check the induced shear stress for the hub material which is cast iron, by considering

it as a hollow shaft. the maximum torque transmitted (Tmax),

" 4 4 4 9
i, [ujzz (100)* — (50) ]
895 x 10° = =X T, 5 = xr(_.[\ T ; 184 100 T,
T = 895« 10°/184 100 = 4.86 N/mm? = 4.86 MPa

i
Since the induced shear stress in the hub is less than the permissible value of 14 MPa, therefore
the design for hub is safe.

2. Design for key

the crushing stress for the key material is twice its shear stress, therefore a square key may be used.

we find that for a 50 mm diameter shaft, Width of key, w = 16 mm Ans.

and thickness of key, t = w =16 mm Ans.

The length of key ( I) is taken equal to the length of hub. .".1 = L =75 mm Ans.

check the induced stresses in the key by considering it in shearing and crushing. Considering the key in shearing.
the maximum torque transmitted (Tmax),
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895 x 10° = Ix wx T, X%ZTEXIGXT;\, xﬁ—; =30x10%,
T, = 895 x 10%/ 30 % 10° = 29.8 N/mm? = 29.8 MPa

Considering the key in crushing. We know that the maximum torque transmitted (T__ )

t d 16 50
805 x 103 = Ix 5 X Oy X5 =T5X =X 0 X —= =15 x 1030,

= 895 x 10%/ 15 x 10° = 59.6 N/mm? = 59.6 MPa
Slnce the induced shear and crushing stresses in key are less than the permissible stresses, therefore the design for
key is safe.
3. Design for flange
The thickness of the flange ( tf ) is takenas 0.5 d. ; .".tf = 0.5 x 50 = 25 mm Ans.
check the induced shear stress in the flange, by considering the flange at the junction of the hub in shear. the
maximum torque transmitted (Tmax),

2 2
LS =““%xz{. x 25 =302 750 T,

895 x 10°

T, = 895 x 10%/392 750 = 2.5 N/mm? = 2.5 MPa

Since the induced shear stress in the flange is less than the permissible value of 14 MPa, therefore the
design for flange is safe.

4. Design for bolts

Let d1 = Nominal diameter of bolts. the diameter of shaft is 50 mm, therefore the number of bolts,
n=4

and pitch circle diameter of bolts,D1 =3 d = 3 x 50 = 150 mm

The bolts are subjected to shear stress due to the torque transmitted, the

maximum torque transmitted (Tmax),

D 150
895 x 109 = — (d)? T, x n X —- = = (d;)?30 x 4 x == = 7070 (d,)?
1 Tl 1
(d,)? = 895 x 103/ 7070 = 126.6 or d=11.25mm

Assuming coarse threads, the nearest standard diameter of the bolt is 12 mm (M 12). Ans.
Other proportions of the flange are taken as follows :

Outer diameter of the flange,

D2 =4d=4x50=200 mm Ans.

Thickness of the protective circumferential flange,

tp =0.25d =0.25 x 50 = 12.5 mm Ans.

9)Design and draw a cast iron flange coupling for a mild steel shaft transmitting 90 kW at 250
r.p.m. The allowable shear stress in the shaft is 40 MPa and the angle of twist is not to exceed 1° in
a length of 20 diameters. The aIIowabIe shear stress in the coupling bolts is 30 MPa (Nov 2012)
Solution. Given : P = 90 kW =90 x 10° W ; N =250 r.p.m. ;s =40 MPa = 40 N/mm? ;
0=1°=n/180=0.0175rad ; 1,= 30 MPa 30 N/mm?

find the diameter of the shaft ( d ). the torque transmitted by the shaft,

use T=(P*60)/(2*N*n), T = f_e.*‘ 7, *d®;d=76 mm

considering rigidity of the shaft, T/ J = C* ©/1, d= 78 mm say 80 mm.

1). design for hub

2). design of key

3). design for flange

4). design for bolts.

10) Design a bushed pin type of flexible coupling for connecting a motor and a pump shaft. The
following data are provided. Power transmitted = 20 kW, speed = 1000 rpm, diameter of the motor
and pump shaft = 50 mm , allowable bearing pressure in the rubber bush =0.3MPa.(Nov 2015)
Solution. Given : D = 400 mm ; L = 600 mm or r = 300 mm ; pm = 0.5 N/mm? ; p = 2.5 N/mm? ;
W=50kN:T1+T2=65kN;0=35°;p =IN/mm?;l/r=5

1. Design of the crankshaft when the crank is at the dead centre
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(a) Design of crankpin

(b) Design of left hand crank web

(c) Design of right hand crank web

From the balancing point of view, the dimensions of the right hand crank web (i.e. thickness and
width) are made equal to the dimensions of the left hand crank web.

(d) Design of shaft under the flywheel

2. Design of the crankshaft when the crank is at an angle of maximum twisting moment

(a) Design of crankpin

(b) Design of shaft under the flywheel

(c) Design of shaft at the juncture of right hand crank arm

(d) Design of right hand crank web

(e) Design of left hand crank web

The dimensions for the left hand crank web may be made same as for right hand crank web.

(f) Design of crankshaft bearings

UNIT - I11- DESIGN OF TEMPORARY & PERMANENT JOINTS
PART -A

1 How is a bolt designated?
A bolt is designated by a letter M followed by nominal diameter and pitch in mm.
2. What factors influence the amount of initial tension?
i. External load ii. Material used iii. Bolt diameter
3. What is bolt of uniform strength?
A bolt of uniform strength has equal strength at the thread and shank portion.
4. What are the ways to produce bolts of uniform strength?
i. Reducing shank diameter equal to root diameter. ii. Drilling axial hole
5. What stresses act on screw fastenings?
i. Initial stresses due to screwing up ii. Stresses due to external forces
iii. Combined stresses.
6. What are the different applications of screwed fasteners?
The different applications of screwed fasteners are
a. For readily connecting & disconnecting machine parts without damage
b. The parts can be rigidly connected c. Used for transmitting power
7. What are the advantages of screwed fasteners? (Nov 2012)
The advantages of screwed fasteners are (a). They are highly reliable in operation
b. They are convenient to assemble & disassemble c. A wide range of screws can be used for ~ various
operating conditions d. They are relatively cheap to produce.
8. Define pitch.
Pitch is defined as the distance from appoint on one thread to the corresponding on the adjacent thread in
the same axis plane.
9. Define lead.
Lead is defined as the distance, which a screw thread advances axially in one rotation of the nut.
10. What are the different types of metric thread?
1. BSW (British standard Whit worth) 2. BSE (British standard End
11. Define welding.
Welding can be defined as a process of joining two similar or dissimilar metals with or without
application of pressure along with or without addition of filler material.
12. What are the types of welded joints?
i. Butt joint ii. Lap joint iii. T —joint iv. Corner joint v. Edge joint.
13. What are the two types of stresses are induced in eccentric loading of loaded joint? (Nov 2012)
1. Direct shear stress. 2. Bending or Torsional shear stress.

14. Define butt and lap joint

Butt joint: The joint is made by welding the ends or edges of two plates.

Lap joint: The two plates are overlapping each other for a certain distance.

Then welded. Such welding is called fillet weld.
15 .When will the edge preparation need?

If the two plates to be welded have more than 6mm thickness, the edge preparation should be carried out.
16. What are the two types of fillet weld?
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i. Longitudinal or parallel fillet weld ii. Transverse fillet weld
17 .State the two types of eccentric welded connections.
i. Welded connections subjected to moment in a plane of the weld.
ii. Welded connections subjected to moment in a plane normal to the plane of the weld.
18. What are the practical applications of welded joints?
It has employed in manufacturing of machine frames, automobile bodies, aircraft, and structural works.

PART-B
1) Determine the size of the bolts for the bracket as shown in Fig. , if it carries a load of 40kN at an
angle of 60°to the vertical. The material of the bracket and the bolts is same for which the safe stress can
be assumed as 70MPa in tension.  All dimensions in mm

g |
T Y- + T
3%____ 120
Sl
l 60
¥
— ¢ p—
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2) For supporting the travelling crane in a workshop, the brackets are fixed on
steel columns as shown in Fig. The maximum load that comes on the bracket is
12 kN acting vertically at a distance of 400 mm from the face of the column. The
vertical face of the bracket is secured to a column by four bolts, in two rows (two
in each row) at a distance of 50 mm from the lower edge of the bracket. 37s
Determine the size of the bolts if the permissible value of the tensile stress for the

bolt material is 84 MPa.

wlkion = oo
B i e, Tt

50 mm et

B o = B N/LE VRS
W. YT :D;UECL 51\-’29)( IOOA ik e‘m}’

erich dhe load W vl key bl
.c.‘mchwfst eckron  abork the m»a; w\
DJTN e éujcjec‘[zecl. Lo dengile load A
Mascimu.m tensile (oad <amried LS._ :
W= _“i.‘:i_..__ -
aad #d ]

% Hi boke ave
_i::,:fsfge'@y;vaien{: Longile lOo.cl

+J st +Lr&~15jf =
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3) Figure shows a solid forged bracket to carry a vertical load of 13.5 kN applied = 2?““‘|

through the centre of hole. The square flange is secured to the flat side of a 4 | &

vertical stanchion through four bolts. Estimate the tensile load on each top bolt ;I 1 —

and the maximum shearing force on each bolt. Find the bolt size, if the _L [P

permissible stress is 65 MPa__in shear. All dimensions in mm & | @ 1
4 gﬂ{kh{m:;s-;mv — 13500N, Of =)o MPE = i : : fe—2755q. —| '+ kN

M= w(3o0-as) = :

E ucivalant bioiskng  Moment, 3 hiock:
i | TSR B

=

=iz
1€

Also - Tas

 Diamatex @) for Yo o of Aho bracket g
S Lion modulus, = = 13;4?»-%-9*-0-#3413_ .

~

Berding Adensite  gleess 67
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means of fillet welds as shown in Fig. Determine the size of the

4). A rectangular cross-section bar is welded to a support by l-j

welds, if the permissible shear stress in the weld is limited to 75

MPa. All dimensions in mm. (Nov 2012)

5). A 50 mm diameter solid shaft is welded to a flat plate as shown in Fig. If the size of
the weld is 15 mm, find the maximum normal and shear stress in the weld.
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6). Find the maximum shear stress induced in the 200 P=20kN Pt
weld' of 6 mm size when a channel, as shown in | _ _____ [ Y_ =
figure, is welded to a plate, and loaded with 20 kN I!
force at a distance of200 m. L ) AR mat S
90 I
Solution. Given:s=6mm; P=20kN=20x 103N ;1= | ————— = i
Channcl—/ > (=40 |-

40 mm ; b =90 mm, t = Throat thickness.

find the centre of gravity (G) of the weld system xbe the

distance of centre of gravity from the left hand edge of the weld system.
£ (40)?

x = =——————=04mm
21+b 2x40+90 |

P=20kN

and polar moment of inertia of the throat area of the weld system about G,

; : ~ -
(b+20* P B+t }
f:‘{ 12 b+2l I e

90 () Ty

_ 0707 5| 90+ 2% 420)°  (40° 90 +40)° | (o 1207078
12 90 +2 x 40

= 0.707 x 6 [409.4 x 103 - 159 x 10%] = 1062.2 » 10° mm*

Distance of load from the centre of gravity (G), i.e. eccentricity,
e =200-x=200-9.4=190.6 mm
rp=BG=40-x=40-9.4=30.6 mm
AB =90/2=45mm
maximum radius of the weld,

J(AB? + (BG)? = (45)? + (30.6)% = 54.4 mm

A 308 _ 5625
r 544
throat area of the weld system,
A=2x0.707sx 1+0.707s x b=0.707 s ( 21+ b)
=0.707 x 6 (2 x 40 + 90) = 721.14 mm?

.. Direct or primary shear stress,

i

cos b =

3
o = 2_20X10 o7 7 Nimm?
A 72114
and shear stress due to the turning moment or secondary shear stress,
. 3
:, - Pxexrn 20x10°x 190.6;( 044 195.2 N/mm?
J 1062.2 x 10

resultant or maximum shear stress,

T = J(tl)z +(15)% + 21 X T, % cos O

= J@7.7)% + (195.2) + 2x 27.7 x195.2 x 0.5625
= 212 N/mm? = 212 MPa Ans.

17 Tcn [B
Bl
|

7) A rectangular steel plate is welded as a cantilever to a vertical column and
supports a single concentrated load P, as shown in Fig. Determine the weld
size if shear stress in the same is not to exceed 140 MPa. All dimensions in
mm . (Nov 2012)

Solution. Given: P =60 kN =60 x 103N ; b=100 mm ;| =50 mm ;

7 =140 MPa = 140 N/mm? , S =Weld size, and t= Throat thickness.

150 —!
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£ (507

" 2/+b 2x50+100
and polar moment of inertia of the throat area of the weld system about G,

Jer2p 2
i T b+ 2l

=12.5 mm

(100 + 2 x50)*  (50)° (100 + 50)°
12 © 100+ 2x50
= 0.707s [670 x 10 - 281 % 103] = 275 % 10® s mm*
Distance of load from the centre of gravity (G) i.e. eccentricity,
e=150+50-12.5=187.5 mm
=BG=50-x=50-125=375mm
AEB =100/2 =50 mm

We know that maximum radius of the weld,
r, = J(AB? + (BG)? = J(50)% + (37.5)? = 62.5 mm

cosB = .i 3? .1
r 625
We know that throat area of the weld system,
A=2x0.707s x I+ 0.707s x b=0.707T s (2] + b)
=0.707s (2 x 50 + 100) = 141.4 s mm?®

-. Direct or primary shear stress,

4 0.707{ } (- t=0.7073)

3
Tl:fzﬁﬂxlﬁ _ﬁl\lr’mm
A 14145 5

and shear stress due to the turning moment or secondary shear stress,
Pxexr, 60x10°x187.5x625 2557 2
1. = = = N/mm
. i} 2715x10% s s

the resultant shear stress,

T :_\/(’51)2 + (Tg)z +27 X1, Xcos 0

140 - J(@] +(25°7} g i B B90T g 2B
5

5 5 5 5

s = 2832 /140 =20.23 mm Ans.

8). Design and draw a cotter joint to support a load varying from 30 kN in compression to 30 kN in
tension. The material used is carbon steel for which the following allowable stresses may be used. The
load is applied statically. Tensile stress = compressive stress = 50 MPa ; shear stress = 35 MPa and
crushing stress= 90 MPa.

Solution. Given: P =30 kN =30 x 10° N ; 6t =50 MPa=50 N/ mm?; 1= 35 MPa=35 N/ mm?

oC = 90 MPa = 90 N/mm?

Clearance ( otter
(2 to 3 mm)

Socket j‘
r Pg

Sockcl collar

DHANALAKSHMI COLLEGE OF ENGINEERING 22



ME 6503/ DESIGN OF MACHINE ELEMENTS DEPARTMENT OF MECHANICAL ENGINEERING 2016-2017

DHANALAKSHMI COLLEGE OF ENGINEERING 23



ME 6503/ DESIGN OF MACHINE ELEMENTS DEPARTMENT OF MECHANICAL ENGINEERING 2016-2017

9). Design a knuckle joint to transmit 150 kN. The design stresses may be taken as75 MPa in tension, 60
MPa in shear and 150 MPa in compression.

Solution. Given : P = 150 kN = 150 x 10° N ; ot = 75 MPa = 75 N/mm?; = 60 MPa = 60 N/mm?;

oC = 150 MPa = 150 N/mm’
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10).Design a double riveted butt joint with two cover plates for the longitudinal seam of a boiler shell 1.5
m in diameter subjected to a steam pressure of 0.95 N/mm? Assume joint efficiency as 75%,
allowable tensile stress in the plate 90 MPa ; compressive stress 140 MPa ; and shear stress in the
rivet 56 MPa.
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11).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: t =6 mm ; d =20 mm ; ot = 120 MPa = 120 N/mm? ; t = 90 MPa = 90 N/mm’ ;
oC = 180 MPa = 180 N/mm’
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