ASSIGNMENT QUESTIONS
UNIT I

LONG ANSWERS

l.

a ) What are the general considerations in the design of machine elements?
b ) A cast iron pulley transmits 10 KW at 400 rpm. The diameter of the pulleys 1.2
meter and it has four straight arms of elliptical cross section. In which the major axis is

twice the minor axis. Determine the dimensions of the arm if the allowable bending
stress is 15SMPa.

C) Explain simple stresses

2. a) Explain Goodman failure .

b) A circular bar of 0.5 m length is supported freely at its two ends. It is acted upon by a  central

concentrated cyclic load having a minimum value of 20 kN and a maximum value of 50 kN.
Determine the diameter of bar by taking a factor of safety of 1.5,size factor of 0.85, surface finish
factor of 0.9. The material properties of bar is given by : Ultimate strength of 650 MPa, Yield
strength of 500 MPa and Endurance strength of 350 MPa.

¢) Draw S-N curve for mild steel and explain its significance.

[98)

b) Explain briefly the various theory of failures.

a) Explain the modified Goodman diagram for bending stresses.

b) A transmission shaft of cold drawn steel 27Mn2 (Sy = 500 N/mm’ and, Sy =
30N/mm?) is subjected to a fluctuating torque which varies from -100 N-m to +400 N-

m. The factor of safety is 2 and the expected reliability is 0%. Neglecting the

effect of stress concentration, determine the diameter of the shaft. Assume the distortion
energy theory of failure.

a) What are the manufacturing considerations in the design of Castings?

b) A manufacturer is interested to start his business with five different models of
tractors ranging from 7.5 to 75 KW capacities. Specify power capacities of models. There
is an expansion plan to further increase the number of models from five to nine to fulfill
the requirements of the farmers. Specify the power capacities of additional models.

a) Explain briefly about Soderberg and Goodman lines with neat sketches.

b) A circular bar of 500 mm length is supported freely at its two ends. It is acted upon by
a central concentrated cyclic load having a minimum value of 20 KN and a
maximum value of 50 KN. Determine the diameter of bar by taking a factor of
safety of 1.5, size effect of 0.85, surface finish factor of 0.9.The material properties of bar

are given by : Ultimate strength of 650 MPa, yield strength of 500 MPa and endurance
strength of 350 MPa.
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10.

UNITI

a) Explain briefly about the preferred numbers.

b) A cantilever cold drawn steel bar 20 mm diameter and 100 mm length is loaded by a
transverse force of 0.55 kN, an axial load of 8 kN and a torque of 30 Nm. The yield
tensile and compressive strength are 165 MPa and 190MPa.Compute factor of safety
based on Maximum shear stress theory and Maximum distortion energy theory.

a) Draw the Gerber curve, Goodman and Soderberg lines with neat sketch

and explain its significance.

b) A solid circular shaft made of steel Fe620 (Su = 620 N/mm” and Sy = 380 N/mm?) is
subjected to an alternating torsional moment, that varies from -200N-m to +400 N-m.
The shaft is ground and the expected reliability is 90%. Neglecting the stress
concentration, Calculate the shaft diameter for infinite life. The factor of safety is 2.Use
the distortion energy theory of failure.

a) Explain briefly about the torsional and bending stresses in the design of

machine elements.

b) A cylindrical shaft made of steel of yield strength 700 MPa is subjected to static loads
consisting of bending moment 10kN-m and a torsional moment of 30kN-m.
Determine the diameter of shaft using all theories of failure and assuming a factor of
safety of 2. Take E = 210 GPa and Poisson’s ratio = 0.25.

a) Estimate the factors that affect the fatigue strength.

b) A simply supported beam has a point load at the centre which fluctuates from a value
F to 4F. Length of beam is 500 mm and cross section is circular with a diameter of 60
mm. Ultimate, yield stresses are 700 MPa and 500 MPa respectively. Endurance limit in
reverse bending is 330 MPa. Factor of safety desired is 1.3.Assume size factor 0.83,
Surface finish factor 0.9, reliability factor 1.0.Find the maximum value of F.

a) Explain the manufacturing considerations in design.

b) State and explain various theories of failure under static loading.

c¢) Find the diameter of shaft required to transmit 60 kW at 150 rpm if the maximum
torque is likely to exceed the mean torque by 25% for a maximum permissible torsional

shear stress of 60 N/mm?. Also find the angle of twist for a length of 2.5 meters. Take G
= 80 GPa.

a) Explain the types of fluctuating stresses.

b) A hot rolled steel shaft is subjected to a torsional moment that varies from +350 Nm to
-115 Nm and an applied bending moment at a critical section varies from 445 Nm to 225
Nm. The shaft is of uniform cross section. Determine the required shaft diameter. The
material has an ultimate strength of 550 MPa and yield strength of 410 MPa. Take the
endurance limit as half the ultimate strength, factor of safety of 2, size factor of 0.85 and
a surface finish factor of 0.62. (Using Goodman’s Line).

a) What is the difference between caulking and fullering? Explain with the help ofneat
sketches.

b) Design a triple riveted longitudinal double strap butt joint with unequal straps for a
boiler. The inside diameter of the drum is 1.3 meters. The joint is to be designed for a

233



Il

15.

16.

steam pressure of 2.4 N/mm”. The working stresses to be used are 6=77N/mm?’, t=62
N/mm?; 6c=120 N/mm?. Assume the efficiency of the joint as 81 %.

Find the diameter of shaft required to transmit 60 kW at 150 rpm if the maximum torque
is likely to exceed the mean torque by 25% for a maximum permissible torsional shear
stress of 60 N/mm?. Also find the angle of twist for a length of 2.5 meters. Take G = 80
GPa.

. a) Explain the causes of stress concentration.

b) A circular cross section cantilever beam having length 130 mm. subjected to a cyclic
transverse load of varying form -150 N to 350 N, FOS is 2, theoretical stress
concentration factor is 1.4, notch sensitivity factor is 0.9, ultimate strength is 540 MPa,
yield strength is 320 MPa. Size correction factor is 0.85. Endurance limit is 275 MPa,
surface correction factor is 0.9 and notch sensitivity factor is 0.9. Determine the
diameter of the beam by (i) Goodman method and (ii) Soderberg method.

. a ) Discuss various theories of failure.

b) Find the diameter of shaft required to transmit 60 kW at 150 rpm if the maximum
torque is likely to exceed the mean torque by 25% for a maximum permissible torsional

shear stress of 60 N/mm?. Also find the angle of twist for a length of 2.5 meters. Take G
= 80 GPa.

. a) ) Explain the factors that affect the fatigue strength.

b) A machine member is made of plain carbon steel of ultimate strength 650 N/mm?® and
endurance limit of 300 N/mm”. The member is subjected to a fluctuating torsional
moment which varies from -200 Nm to 400 Nm. Design the member using (i) modified
Goodman’s equation and (ii) Soderberg equation.

a) A shaft is required to transmit 1 MW power at 240 rpm. The shaft must not twist more
than 1°on a length of 15 diameters. If the modulus of rigidity for material of the shaft is
80 GPa, find the diameter of the shaft and shear stress induced.

b) A bolt is subjected to a direct tensile load of 20 kN and a shear load of 15 kN. Suggest
the suitable size of bolt according to various theories of elastic feature, if the yield stress
in simple tension is 360 MPa. A factor of safety of 3.5 should be used. Take Poisson’s
ratio as 0.25.

a ) Explain the factors that affect the fatigue strength.
b) A machine member is made of plain carbon steel of ultimate strength 650 N/mm? and
endurance limit of 300 N/mm?. If the member is subjected to a fluctuating torsional

moment which varies from -200 N-m to 400 N-m. Design the member using (i) modified
Goodman’s equation and (i) Soderberg equation.
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UNIT 11X

LONG ANSWERS

1.

a) Explain briefly the design considerations of welded assemblies.

b) How the strength of transverse fillet weld is evaluated?

¢) A steel plate, 80 mm wide and 10 mm thick, is joined to another steel plate by means
of a single transverse and double parallel fillet weld, as shown below Fig. 1. The strength
of the welded joint should be equal to the strength of the plate to be joined. The
permissible tensile and shear stresses for the weld material and the plates are 100 MPa
and 70 MPa respectively. Find the length of each parallel fillet weld. Assume that the
tensile force passes through the centre of gravity of three welds.

a) Explain the design procedure for the eccentrically loaded bolted joint.

b) 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 is 56 MPa

a) Explain briefly the design of welded joints subjected to twisting moment and the
bending moment.

b) A circular shaft, 75 mm in diameter, is welded to the support by means of a
circumferential fillet weld. It is subjected to a torsional moment of 3000 N-m. Determine
the size of the weld, if the maximum shear stress in the weld is not to exceed 70 N/mm?.

a) What are the advantages and disadvantages of welded joints?

b) A 65 mm diameter solid shaft is to be welded to a flat plate by a fillet weld around
the circumference of the shaft. Determine the size of the weld if the torque on the shaft
is 3 kNm and the allowable shear stress in the weld is 70 MPa.

a) A bolt is subjected to a direct tensile load of 20 kN and a shear load of 15 kN
Suggest the suitable size of bolt according to various theories of elastic failure, ifthe
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yield stress in simple tension is 360 MPa. A factor of safety of 3.5 should be used.
Take Poisson’s ratio as 0.25.

6. a) Explain the bolts of uniform strength.

b) A steam engine of effective diameter 300 mm is subjected to a steam
pressure of 1.5 N/mm?. The cylinder head is connected by 8 bolts having yield
point 330 N/mm?” and endurance limit at 240 N/mm?. The bolts are tightened
with an initial preload of 1.5 times the steam load. Assume a factor of safety 2.
Fill(ld the size of bolt required the stiffness factor for copper gasket may be
taken as 0.5.

7. a) Explain with sketches the different types of failures and efficiencies of the
riveted joints.

b) Two MS tie bars for a bridge structure are to be joined by means of a butt
Joint with double straps. The thickness of the tie bar is 12 mm and carries a
load of 400 kN. Design the joint completely taking allowable stresses as 100
MPa in tension, 70 MPa in shear and 150 MPa in compression.

8. a) Discuss the advantages and disadvantages of riveted, bolted and welded
joints.

b) Design a cotter joint of socket and spigot type which is subjected to a pull
and push of 50 kN. All the parts of the joint are made of the same
material with the permissible stress as 70 MPa in tension, 100 MPa in
compression and 40 MPa in shear.

9. a) Explain briefly design procedure for circumference lap joint for a boiler.

b) Design a triple riveted longlitudinal butt djoint with unequal cover jalates for a boiler
1

seam. The diameter of the boiler is 2 m and the internal pressure is 2 MPa. The working

stresses are 70 MPa in tension, 50 MPa in shear and 120 MPa in compression and
the required efficiency of the joint is 80%.

UNIT IV
LONG ANSWERS

I. a) Briefly explain the procedure to design a shaft based on any two theories of failures.
b) It is required to design a knuckle joint to connect circular shafts subjected to an axial
force of 50 kN. The rods are coaxial and a small amount of angular movement

between their axes is permissible. Design the joint and specify the dimensions of its
components. The allowable tensile, compressive and shear stress in the rod and pin
material is limited to 80MPa, 100MPa and 40MPa respectively.
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2. a) Explain types of couplings.
b) A mild steel shaft has to transmit 70 kW at 240 rpm. The allowable shear stress in the
shaft material is limited to 45MPa. Design a cast iron flange coupling. The shear stress in
the coupling bolt is limited to 30MPa.

98]

a) A shaft, 40 mm in diameter is transmitting 35 KW power at 300 rpm by means of
Kennedy keys of 10X 10 mm cross section. The keys are made of steel 45C8 (Syi= Syc =
380 N/mm?) and the factor of safety is 3.Determine the required length of the keys.

b) Design a sleeve and cotter joint to resist a tensile load of 60 KN. All parts of the joint

are made of the same material with the following allowable stresses. 6= 60 MPa , 1= 70
MPa and 6. =125 MPa.

4. a) Explain the design procedure for flexible coupling.

b) Design a Cast [ron flange coupling for a steel shaft transmitting 15 KW at 200
rpm 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.

5. a) Explain briefly about the design of shafts subjected to combined
bending and torsion.
b) A line shaft is to transmit 30 KW at 160 rpm. It is driven by a motor placed
directly under it by means of a belt running on a 1m diameter pulley keyed to the
end of the shaft. The tension in the tight side of the belt is 2.5 times that of the
slack side and the centre of pulley overhangs 150 mm beyond the centre line of
the end bearing. Determine the diameter of the shaft, if the allowable shear stress
is 56MPa and the pulley weighs 1600 N.

6. a) Explain about the design of Bushed pin flexible coupling with a neat sketch.
b) Design a Cast Iron flange coupling for a mild steel shaft transmitting 90 KW at
250 rpm. 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 allowable shear stress
in the coupling bolts is 30 MPa.

7. a) Explain the design procedure for Muff Coupling.
b) Design a Cast Iron flange coupling for a mild steel shaft transmitting 90 KW
at 250 rpm. 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 allowable shear stress
in the coupling bolts is 30 MPa.

8. a) Write the design procedure for a flexible coupling
b) Design a Muff coupling which is used to connect two steel shafts transmitting
40 KW at 350 rpm. The material for the shaft and key is plain carbon
steel for which allowable shear and crushing stresses may be taken as
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10.

12.

40MPa and 80MPa respectively. The material for the muff is cast iron for
which the allowable shear stress may be assumed as 15MPa.

a) Compare weight, strength and stiffness of two shafts of same material,
subjected to same torque. One being solid other being hollow with inner
diameter to outer diameter ratio 0.5.

b) Two shafts are connected by means of a flange coupling to transmit torque of
25 Nm. The two flanges of the coupling are fastened by four bolts of the same
material at a radius of 30mm. Find the size of the bolts if the allowable shear
stress for the bolt material is 30MPa.

Design and a cast iron coupling for a mild steel shaft transmitting 90kW at 250
rpm. The allowable shear stress in the shaft is 40MPa and the angle of twist is
not to exceed 1°in a length of 20 diameters. The allowable shear stress in
the coupling bolts is 30MPa.

. Design a rigid type of flange coupling to connect two shafts. The input shaft

transmits 37.5kW power at 180 rpm to the output shaft through the coupling. The
service factor for the application is 1.5. The design torque is 1.5times of rated
torque. Select suitable materials for various parts of the coupling, design the
coupling and specify the dimensions of the components.

Design a bushed pin type flexible coupling for connecting a motor shaft to a
pump shaft for the following service conditions. Power to be transmitted = 40
kW, speed of the motor shaft = 1000 rpm. The material properties are : i) The
allowable shear and crushing stress for shaft and key material is 40 MPa and 80
MPa respectively, ii) allowable shear stress for cast iron is 15 MPa, iii)
Allowable bearing pressure for rubber brush is 0.8 N/mm? and iv) the material of
the pin is same as that of shaft and key. Draw neat sketch of the coupling.
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UNITV

LONG ANSWERS

1.

|98

a) Explain the design procedure for the socket and spigot joint.

b) A circular steel bar 50 mm diameter and 200 mm long is welded perpendicularly to a
steel plate to form a cantilever to be loaded with SKN at the free end. Determine the size
of the weld, assuming the allowable stress in the weld is 100 MPa.

a) Design a Knuckle joint to transmit 150 kN. The design stresses may be taken as 75
MPa in tension, 60 MPa in shear and 150 MPa in compression.
b) Explain briefly a design of shafts subjected to combined bending and torsion.

a) Write the design procedure for Jib and Cotter joint for square rods.

b) A mild steel shaft transmits 20 KW at 200 rpm. It carries a central load of 900 N and is
simply supported between the bearings 2.5 m apart. Determine the size of the shatft, if the
allowable shear stress is 42 MPa and the maximum tensile or compressive stress is not to
exceed 56 MPa. What size of the shaft will be required, if it is subjected to gradually
applied loads?

a) Explain different types of keys.
b) Design a cotter joint to connect two mild steel rods for a pull of 30 kN. The maximum

permissible stresses are 55N/mm? in tension, 40N/mm?” in shear and 70 N/mm? in
crushing. Draw a neat sketch of the joint.

a) Explain stresses acting on keys.

b) Design a cotter joint to connect two mild steel rods for a pull of 30 kN. The maximum
permissible stresses are 55N/mm?’ in tension, 40N/mm?’ in shear and 70 N/mm?® in
crushing. Draw a neat sketch of the joint.

Two tie rods are to be connected by means of a sleeve and two steel cotters. The rods are
subjected to a tensile load of 40kN. Design the joint using the permissible stress in
tension as 60MPa, in shear as SOMPa and in crushing as 120MPa. Draw a neat sketch and
show all the dimensions.
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