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1.a)
What are the numerous factors considered in selection of materials for design?
   b)
Describe principal strain theory and its limitations.

2.a)
Describe the generation of R40 series for the manufacture of cables of copper wire ranging from 0.01 mm to 10 mm.

b)
A belt pulley is transmitting 5 kW at 600 RPM to another pulley below it. The pulley is resting on two bearings 500 mm apart. The load on the pulley due to belt tension and its own weight is 5 kN. Determine the minimum diameter of the shaft required for an allowable shear stress of 48 N/mm2.

3.a)
Describe the general design procedure of muff coupling.

b)
A machine shaft is subjected to an axial thrust of 60 kN and bending moment of 92000 N mm, while transmitting 70 kW at 900 RPM. The shaft is supported between two ends of span of 2.4 m . Determine the shaft deameter.

4.
A full journal bearing of 50 mm diameter and 100 mm length is to carry a load of 7kN. The journal speed is 900 RPM. The dimensional clearance is 0.005 cm. The bearing is lubricated with oil whose absolute viscosity at operating temperature of 750C is 11 centipoise . The room temperature is 350C. Calculate power loss due to friction and mass of oil required to dissipate heat generated during operation. Take specific heat of oil as 0.45 k cal/kg/0C.

5.a)
Define terms: Stress concentration; Endurance limit and Endurance strength.

Derive Soderberg’s equation.

   b)
A hot rolled steel shaft is subjected to a torsional load that varies from                   -100 kN mm to 440 kN mm. at a point where axial load varies between                 -2200 N to + 2200 N. Determine the shaft diameter of the shaft using a factor of safety of 1.6.



fut = 500 N/mm2

fyt = 320 N/mm2

6.
A leather belt transmits 16 kW from a pulley 1m diameter running at 500 RPM. The density of belt material is 0.004 kg/cm3 and maximum stress in belt is         5.5 N/mm2. The angle of twist of lap is 1700 and μ = 0.25. The belt is 3.5 mm thick. Calculate width of belt.

7.
Describe the design procedure of connecting rod for I.C. Engines.
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8.
A shaft running at 240 RPM is driven by 12 kW, 960 RPM motor through a pair of 14
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 involute spur gears. The centre distance is 0.4m.The gear is made of cast steel and pinion is made of forged steel. Design the gears assuming the following. Safe static stress for gear = 140 N/mm2 and for pinion = 200 N/mm2. Service factor = 0.65.
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1.a)
Discuss the various considerations in general for design of machines.
   b)
Describe Maximum strain energy theory and its limitations.

2.a)
What are Preferred Numbers? How are the R20 series is generated for manufacture of cranes of capacity ranging between 10 tons to 600 tons.

   b)
A circular rod of 48 mm diameter and 240 mm long is supported at one end as cantilever and the other end loaded with a combination of 12.8 kN (compressive) 2.5 kN (shear) and a torque of 23.5 kN mm. Determine the principal stress and maximum shear stress.

3.a)
Describe the general design procedure for solid shafts on the basis of strength and rigidity.

   b)
Design a muff coupling for transmitting 45 kW at 240 RPM. The shear stress for the shaft is 60 N/mm2 and for cast iron muff is 10 N/mm2. The shear and crushing stresses for the key are 60 and 126 N/mm2. respectively.

4.
Design a journal bearing for a 10 kW 300 rpm centrifugal compressor for the following:


Journal diameter = 75 mm


Length of Journal = 90 mm


Load on Journal = 10 kN


c/d ratio
= 0.001


Check whether hydrodynamic lubrication will prevail or not. Find power loss heat generated and heat dissipated.

5.a)
Discuss methods of reducing stress concentration in machine members. Derive Goodman’s equation.

   b)
A hot rolled steel shaft is subjected to a torsional load that varies from              320 kN mm to 120 kN mm at a point where bending moment varies from         420 kN mm to -220 kN mm. Find the shaft diameter for

fut = 500 N/mm2
fy = N/mm2
FOS = 1.8

6.
In an open belt drive the diameter of a pulley on the driving shaft is 0.6m and rotates at 150 RPM. A counter shaft is to be driven at 300 RPM. If the center distance between shafts is 3000 mm and μ = 0.28, determine the width of belt so that 5 kW is transmitted the safe stress is 20 kg/cm width of belt.
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7.
Desbribe in detail the design procedure for the design of I.C. Engine piston.

8.
A motor shaft transmits 15 kW at 1200 RPM to a low speed shaft with a speed reduction of 3:1. The teeth are 14.50 involute with 24 teeth on the pinion. Both gear and pinion are made of steel heat treated and maximum allowable static stress in gear and pinion is 220 N/mm2. The starting torque is 30% more than running torque and safe shear stress for shaft and key is 45 N/mm2. Design a suitable spear gear drive.
-*-*-*-
Code No:321401

III B.Tech. II-Semester Supplementary Examinations, November-2003.

PRINCIPLES OF MACHINE DESIGN

 (Mechatronics)
Time: 3 hours






   Max. Marks: 80

Answer any FIVE questions

All questions carry equal marks

- - -

1.a)
What are the various properties of materials considered in the selection of materials for design? Define various mechanical properties considered for material selection.
   b)
Describe maximum normal stress theory and its limitations.

2.a)
Describe the generation of R5 series for specification of tonnages of air conditioners ranging from 2 tons to 350 tons.

   b)
A belt pulley is transmitting 3.5 kW at 750 rpm to another pulley below it. The pulley is resting on two beatings 500 mm apart. The load on the pulley due to belt tension and its own weight is 4500 N. Determine the minimum diameter of the shaft required for an allowable shear stress of 50 N/mm2.

3.a)
Sketch various types of keys and describe general design of a rectangular key.

   b)
Design a muff coupling of steel to transmit 40 kW at 300 RPM. The shear stress for steel is 60 N/mm2 and a crushing of 120 N/mm2. Assume all the elements are made of same material.

4.a)
What are the advantages of ball bearings over journal bearings?

   b)
Design a journal bearing for a centrifugal pump running at 1200 RPM. The journal is of 80 mm diameter and load on journal is 18 kN. The factor ZN/P is 2600. The length and diameter ratio is 1.2. Take correction factor as 0.002. The bearing and atmospheric temperatures are 800C and 300C respectively.

5.a)
Differentiate clearly between theoritical stress concentration factor and fatigue stress concentration factors. What is notch sensitivity? Discuss size factor and surface finish factors.

   b)
A hot rolled steel shaft is subjected to a torsional load that varies from                   -100 kN mm to 440 kN mm. Determine the diameter of the shaft using  

FOS = 2.0
fut = 500 N/mm2
fyt = 320 N/mm2

6.
A leather belt transmits 12 kW from a pulley 0.9m diameter running at 450 RPM. The density of belt material is 0.004 kg/cm3 and maximum stress in belt is            5 N/mm2. The angle of lap is 1650 and μ = 0.27. The belt is 4 mm thick. Calculate width of belt.
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7.
Describe in detail the design procedure of steam engine connecting rods.

8.
A shaft running at 240 RPM is driven by 12 kW, 720 RPM motor through a pair of 14
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 involute spur gears. The centre distance is 0.4m. The gear is made of cast steel and pinion is made of forged steel. Design the gears assuming the following:


Static stress for gear = 135  N/mm2 
and 
for pinion = 190 N/mm2  

Service factor = 0.65.
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1.a)
Discuss the ISI coding of materials (with special reference to steels) on the basis of chemical composition and mechanical properties.
   b)
Discuss maximum shear stress theory, its limitations and its advantages when compared to distortion energy theory.

2.a)
Describe generation of RIO series for the manufacture of screws for ranging from 2 mm nominal diameter to 16 mm diameters.

   b)
A mild steel circular rod of 48 mm diameter and 240 mm long is supported at one end as cantilever and loaded at the other end with shear load of 2500 N and a torque of 23.5 kN. Determine tensile stress, compressive stress and shear stress.
3.a)
Discuss the design procedure for flange coupling (rigid type).

   b)
A shaft is to transmit 600 kW at 120 RPM. The angle of twist is 1 degree in      1.4 m length of shaft and allowable shear stress in shaft material is 60 N/mm2. Determine suitable size of shaft for a rigid modulus of 0.8 ×105 N/mm2.

4.
Design a journal bearing for a centrifugal pump for the following: 

Diameter of journal = 80mm

Speed of journal =  1200 rpm.

Load on each journal = 11.5 kN.
Bearing pressure = 1.4 N/mm2.

ZN/p value = 2840.


Operating temperature = 700C.

Atmospheric temperature = 300C.

5.a)
Differentiate clearly between endurance limit and endurance strength. What are the methods of estimating endurance strength.

   b)
A steel shaft is subjected to a torque varies between 20 kN m clockwise to           10 kN m anticlockwise at a point where bending moment varies between 40 kN m to 20 kN m. Find the shaft diameter given.


fut = 36 N/mm2
fy = 28 N/mm2

FOS = 2.5.

6.
In an open belt drive the diameter of pulley on the driving shaft is 540 mm and rotates at 160 RPM. A counter shaft is to be driven at 300 RPM. If the centre distance is 2.5 m  and μ = 0.3, determine width of belt so that 4 kW is to be transmitted. The permissible stress is 760 N/cm width of belt.
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7.
Describe the design procedure of pistons for steam engines.

8.
A motor shaft transmits 15 kW at 1200 RPM to a low speed shaft with a speed reduction ratio of 3.5:1. The teeth are 14
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 involute with 24 teeth on the pinion. Both gear and pinion are made of steel heat treated and maximum allowable static stress in gear and pinion is 220 N/mm2. The starting torque is 25% more than running torque and safe shear stress for shaft and key is 40 N/mm2. Design the spur gear drive.
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