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PRINCIPLES OF MACHINE DESIGN

Time: 3 Hours






Max. Marks: 80

Answer any Five questions

All questions carry equal marks

---
1. a)
Discuss any two theories of failure.

b)
A vertical post of a radial drill machine is shown in the fig. The column has hollow circular section whose outer diameter is 1.5 times the inner diameter.  Find the dimensions of the column cross-section assuming the allowable stress for the column material as 50 Mpa.  The spindle is subjected to upward thrust of 5KN during the drilling operation.
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2. 
A pulley is keyed to a shaft midway between two bearings.  The shaft is made of cold draw steel for which the Ultimate strength is 600 MPa  and the yield strength is 450 MPa.  The bending moment at the pulley varies from- 100 Nm to 400 Nm and the torque on the shaft varies from 100 Nm clockwise to 150 Nm counter clock wise.  Determine the diameter of the shaft for an indefinite life by taking the following values.

Stress concentration factor for the key way at the pulley in bending and in torsion are 1.6 and 1.3 Factor of safety = 1.5

Load correction factors
=
1.0 in bending and 0.6 in torsion

Size effect factor

=
0.85


Surface effect factor

=
0.88

3.
An electric motor drives an Exhaust fan.  Following data are provided:







Motor pulley

Fan pulley


Diameter



400 mm

1600 mm


Angle of wrap



2.5 radians

3.78 radians


Coefficient of friction


0.3


0.25


Speed




700 rpm                                Contd…2
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The belt is 280 mm width and 5 mm thick.  The density the belt material is    0.001 ks/cm3.  Determine the maximum power that can be transmitted by the drive, assuming the permissible stress for belt material as 2.25 MPa.


4.
A horizontal solid shaft of steel is supported by two bearings 1.5 m apart.  A gear 200 involute teeth and 200 mm in diameter, is located 400 mm to the right of the left hand bearing.  The gear is driven by a gear directly behind it.  A 600 mm diameter pulley is keyed to the shaft 500 mm to the left of the right hand bearing.  The pulley drives a pulley with a horizontal belt directly behind it.  The ratio of the slack and tension sides of the belt is 3.2 with slack side on top.  The drive transmits 30 kw at 210 rpm.

5.
The Pinion of a Spur Gear drive is to transmit 20 kw at 750 rpm. The velocity ratio is 3:1 and the allowable static stresses to the pinion and Gear are 120 and 100 MPa respectively.  The pinion has 20 number of teeth with face width 10 


times the module.  The tooth form factor is     0.154 – 0.912             and the



  No. to teeth 
                                                          

            velocity factor is [3/(3+v)].  Design and specify the spur Gear drive.

6.
Design a connecting rod for a petrol engine from the following data:


Diameter of the piston




:
10 cm


Weight of the reciprocating parts


:
2 kgf


Length of the connecting Rod



:
30 cm


Stroke






:
14 cm


Speed






:
1500 rpm


Compression Ratio




:
4:1


Maximum Explosion Pressure


:
2.5 MPa


The connecting Rod to be of I-section and to be made of forged steel.  Assume suitable I-section.  The allowable stress for the material may be assumed as 300 MPa.

7.
Design a sleeve and cotter joint subjected to a load of 30 KN.  All parts are made with steel, for which the permissible stresses are 55 MPa in tension, 90 MPa in crushing and 30 MPa in shear.

8.
Answer the following

a) List out the assumptions made in deriving the expression for static beam strength of a gear tooth (i.e. Lewi’s equation)

b) Write a brief note on Goodman’s line and soder berg’s line

c) What are desirable properties for Journal Bearing Materials.

d) Discus about the different types of feather Keys.

###

Code No: 321401

III-B.Tech II-Semester Supplementary Examination December2002/January 2003

PRINCIPLES OF MACHINE DESIGN

(Mechatronics)

Time: 3 Hours






Max. Marks: 80

Answer any Five questions

All questions carry equal marks

---
1.
A mild steel bracket as shown in fig.  is subjected to a pull of 10 KN acting at 450 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 is limited to 50 MPa.



[image: image2.png]75





2.
A steel cantilever beam of circular cross-section whose length being 200 mm, is subjected to an axial load which varies from 200 N compressive to 400 N tensile, and a transverse load at its free end which varies from 150 N (upwards) to 300 nN(downwards).  The Ultimate strength is 500 MPa, yield strength is 400 MPa and endurance limit of the material is 250 MPa.  Stress concentration factor for bending and axial loads are 1.25 and 1.42 respectively.  Assume size factor as 0.8 and surface finish factor as 0.9.


Determine the required diameter of the beam using a factor of safety of 2.5.

3. A Power transmitting shaft is supported on bearings 1 meter apart.  Power is transmitted to the shaft by a belt running on a 450 mm pulley which over hangs the right bearing by 250 mm.  Power is transmitted from the shaft by a belt running on a 250 mm pulley located mid way between the bearings.  The belt drives are at right angles to each other and the belt tensions are 3 to 1 with the total pull on the tight side of either belt being limited to 2400 N.  Combined shack and fatigue factors for bending and to torsion are 1.5 and 1.1.  Determine the necessary size of the shaft assuming the allowable shear stress as 50 (Pa. Neglect the weight of the pulleys.

Contd..2

Code No. 3210401



.2.



Set No. 2

4.
A V-belt drive has to transmit 30 kw from a 250 mm dia.  V-pulley operating at 1800 rpm to a 900 mm dia. V-pulley.  The centre distance is 1 m.  The groove angle is 400 and coefficient of frictions is 0.2.  The weight of the belting is 0.001 kg/cm3.  Allowable stress for the belt material is 2 MPa.  What will be number of belts required if the cross-sectional area of the V-belt is 2.3 cm2?

5.
Two 30 mm diameter shafts are connected by a flange coupling.  Flanges are fitted with six bolts on 125 mm diameter bolt circle.  The shaft runs at 350 rpm and transmits 100 N.m.  Assuming the safe shear stresses for shaft as 60 MPa, bolts as 50 MPa, C.I. coupling as 10 MPa, and key as 50 MPa, determine the following:

a) diameter of the bolts

b) thickness of flanges

c) key dimensions

d) hub length, and

e) power transmitted

6.
Design and draw a piston for single cylinder four stroke cycle engine, developing 10 kw at 750 rpm.  Diameter of the piston is 120mm and the maximum explosion pressure is 4 MPa. Assume suitable data necessary for the design.

7.
A spur sear made of bronze drives a mild steel pinion with angular velocity ratio 4:1.  The pressure angle is 14½0.  It transmits 5 kw at 1800 rpm of pinion.  Considering only strength, design the smallest diameter gears and also find necessary face width.  The elastic strength of bronze may be taken as 80 MPa and steel as 100 MPa.  


Lewis form factor is ‘y’ =         0.124 –     0.634                 and velocity factor is 






       No. of teeth



3/(3+v) where v is the velocity.

8.
Answer the following:

a) Explain the need of Factor of safety in Machine Design.

b) What is endurance limit?  What are the factors which influence the endurance strength of a Material?

c) Explain why I-section is suitable for connecting Rods in I.C. Engines.

d) Discuss various Belt Materials.
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1. a)
What are the factors influence the selection of Materials during the design of machine parts?

    b)
A bolt is subjected to an axial force of 8 KN with a     transverse    shear    force of      

 6 KN. The yield strength of the bolt Material is 300 MPa.  The factor of safety required is 2.5.  Find the diameter of the bolt according to (i) Maximum Principal stress theory (ii) Maximum shear stress theory and (iii) Maximum Distorsion Energy theory.

2. a)
What is the difference between the Endurance Limit and Endurance strength.

    b)
a cantilever beam made of cold drawn steel 20C8 (Yield tensile strength is 540 MPa) is subjected to a completely reversing load of 2 KN as shown in the fig.
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The theoritical stress concentration factor is 1.28.  The Notch sensitivity Index is 0.85.  The endurance strength is 350 MPa.  Determine the diameter ‘d’.  Assume the necessary data required.

3.
A shaft received power of 20 kw from a motor through a coupling and transmits to two machine  tools through two flat belt drives, each machine tool is consuming 10 kw.  The diameters of the pulleys mounted on the shaft are 250 mm and 600 mm and their weights are 400 N and 750 N respectively Shaft speed is 1800 rpm.  Distance between the bearing is 1500 mm.  The smaller pulley is at a distance of 400 mm from left end bearing.  The larger pulley is at 600 mm from right end bearing.  Both belts are arranged horizontally.  The shock factors in bending and torsion are 1.5 and 1.0 respectively.  Determine the diameter of the shaft assuming the allowable stress for the shaft material as 50 MPa.
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4. a)
What are the advantages of V-belt drives over flat belt drives.

    b)
Determine the width of the belt in a flat belt drive (open type) which transmits power to a milling machine.  Motor supply’s 3.75 kw power at 500 rpm to the milling machine at 750 rpm.  A 300 mm diameter cast Iron pulley is located on the motor.  The density of the belt material is 970 kg/m3.  The allowable stress is 2 MPa.  The thickness of the belt is 4.75 mm.

5. a)
A pair of mating spur gears have200 full depth teeth of 10 module.  The pitch diameter of the smaller gear is 180 mm.  If the transmission ratio is 4 to 1, Calculate 

a) number of teeth for each gear

b) addendum

c) whole depth

d) clearance

e) outside diameters

f) root diameters

g) dedundum

h) centre distance

b) Discuss about the various Gear Materials.

6. 
Design a cast Iron flange coupling to connect two shafts.  The power to be transmitted is 20kw at 600rpm.  Assume permissible shear stress for shaft, bolt and key as 50 MPa, shear stress for cast Iron as 10 Mpa and crushing stress for bolt and key s 150 MPa.

7. a)
Discuss the procedure for design of a piston for an I.C. Engine.

    b)
Discuss briefly about any two materials which are used with their merits and demerits.

8.
Answer the following briefly

a) Types of Roller Bearings

b) Preferred Numbers

c) Feather keys

d) Maximum Distorsion Energy Theory.
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1.
The dimensions of an overhang crank are shown in the figure.  The force acting at the crank pin is 1 KN.  The crank is made of steel for which yield tensile strength is 400 Mpa and the factor of safety is 2. Using maximum shear stress theory of failure, determine the diameter ‘d’ at the section x-x.
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2. a)
What do mean by stress concentration?  How this can be minimized in the machine parts.  Give examples.

b) A component machined from a plate made of steel 45C8 is shown in the figure.  The Ultimate Tensile strength is 600 Mpa.  It is subjected to a completely reversed axial force of 50 KN.  The theoritical stress concentration factor for the plate is 2.27.  The factor of safety is 2.  The notch sensitivity factor is 0.8. Determine the plate thick ness.
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3.
Design the shaft to transmit power from an electric motor to a Lathe Head-stock through a pulley by means of a vertical belt drive.  The pulley weighs 50kg and is located at 250 mm from the centre of the nearest bearing.  The pulley is over hung on the shaft.  The belt tensions are 2KN and 500N.  The angle of wrap is 1800.  Shock factors in bending and torsion are 1.5 and 2 respectively.  The allowable shear stress for the shaft material is 50 Mpa.

4.
A shaft of diameter 100 mm transmits a torque of 6 KN-m .  A flanged coupling is keyed to the shaft by means of a key 28 x 16 and 100 mm long.  The coupling has 6 bolts of 20mm diameter arranged along a bolt circle diameter of 300 mm.  Calculate the stresses induced in the shaft, key and bolts.

5.
A leather belt is to transmit 22kw from a 250mm fibre pulley running at 1200 rpm to a steel pulley of 600mm diameter.  The coefficient of friction between the steel 

pulley and belt is 0.3 and that between the fibre and belt is 0.4.  The distance between the pulley centers is 1.8m.  Assume that the maximum allowable stress in the belt is 1.7MPa and the belt mass density is 970 kg/m3.  Calculate the width of the belt, if the thickness is 10mm.

6.
Design a spur gear drive to transmit 10kw power at a speed of 1400 rpm.  The speed ratio is 3.5:1.  The teeth are 200 full dept involute.  The pinion is made of steel and the Gear is with cast Iron.  The allowable stress for steel and cast Iron are 150 MPa and 70 MPa.  Assume suitable data wherever required.

7.
Design the connecting rod of a petrol engine having the following specifications:


Piston Diametre – 12cms

Stroke – 15 cm


Weight of the Reciprocating Parts – 2.5 kg


Length of the connecting Rod – 38 cm


Normal Speed – 2000 rpm.


Compression Ratio – 5.5


Probable maximum Explosion pressure – 3MPa.


Allowable compressive stress for the connecting Rod material is 150 MPa.


Note:  Any missing data can be assumed suitably.

8.
Explain briefly about the following:

a) Preferred Numbers

b) Advantages of Antifriction bearings

c) Piston Materials for I.C Engines

d) Advantages of Involute toothed gears over cycloidal foothed gears.
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