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1. a) Enumerate the factors that influence most the formation and maintenance of the thick oil 
film in hydrodynamic bearings. [5M]  
b) A full journal bearing of 50 mm diameter and 100 mm long has a bearing pressure of 
1.4 N/mm2. The speed of the journal is 900 r.p.m. and the ratio of journal diameter to the 
diametral clearance is 1000. The bearing is lubricated with oil whose absolute viscosity at 
the operating temperature of 75°C may be taken as 0.011 kg/m-s. The room temperature is 
35°C. Find : (i) The amount of artificial cooling required, and (ii) The mass of the 
lubricating oil required, if the difference between the outlet and inlet temperature of the oil 
is 10°C. Take specific heat of the oil as 1850 J / kg / °C. [10M] 

 
2.  a) What are the methods and materials used in the manufacture of crankshafts? [5M]  

b) Design a plain carbon steel centre crankshaft for a single acting four stroke, single 
cylinder engine for the following data: Piston diameter = 250 mm; Stroke = 400 mm; 
Maximum combustion pressure = 2.5 N/mm2; Weight of the flywheel = 16 kN; Total belt 
pull = 3 N; Length of connecting rod = 950 mm. When the crank has turned through 30° 
from top dead centre, the pressure on the piston is 1 N/mm2 and the torque on the crank is 
maximum. Any other data required for the design may be assumed. [10M] 

 
3.  a) Explain the various types of cylinder liners. [5M]  

b) A four stroke internal combustion engine has the following specifications: Brake power 
= 7.5 kW; Speed = 1000 r.p.m.; Indicated mean effective pressure = 0.35 N/mm2; 
Maximum gas pressure = 3.5 N/mm2; Mechanical efficiency = 80 %. Determine: (i) The 
dimensions of the cylinder, if the length of stroke is 1.4 times the bore of the cylinder; (ii) 
Wall thickness of the cylinder, if the hoop stress is 35 MPa; (iii). Thickness of the cylinder 
head and the size of studs when the permissible stresses for the cylinder head and stud 
materials are 45 MPa and 65 MPa respectively. [10M] 

 
4. Determine (i) location of neutral axis, (ii) maximum and minimum stresses when a curved 

beam of trapezoidal section of bottom width 30 mm, top width 20 mm and height 40 mm is   
subjected to pure bending moment of + 600 Nm. The bottom width is towards the centre 
of curvature. The radius of curvature is 50 mm and beam is curved in a plane parallel to 
depth. Also plot the variation of stresses across the section. [15M] 

 
5. a) Derive the expression for the ratio of the driving tensions on the two sides of a pulley.   

b) A flat belt, 8 mm thick and 100 mm wide transmits power between two pulleys, running 
at 1600 m/min. The mass of the belt is 0.9 kg/m length. The angle of lap in the smaller   
pulley is 165° and the coefficient of friction between the belt and pulleys is 0.3. If the 
maximum permissible stress in the belt is 2 MN/m2, find (i) Maximum power transmitted, 
and (ii) Initial tension in the belt. [6M+9M] 
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6. a) How are the gears classified and what are the various terms used in spur gear 
terminology?   
b) A spur gear made of bronze drives a mid steel pinion with angular velocity ratio of 3.5. The 
pressure angle is 14.5° . It transmits 5 kW at 1800 r.p.m. of pinion. Considering only strength, 
design the smallest diameter gears and find also necessary face width. The number of teeth 
should not be less than 15 teeth on either gear. The elastic strength of bronze may be taken as 
84 MPa and of steel as 105MPa. Lewis factor for 14.5° pressure angle may be  
taken as y =0.124 – (0.684/No. of teeth) [6M+9M] 

 
7.  a) Show that the efficiency of self locking screws is less than 50 percent. [5M]  

b) A screw jack is to lift a load of 80 kN through a height of 400 mm. The elastic strength of 
screw material in tension and compression is 200 MPa and in shear 120 MPa. The material for 
nut is phosphor-bronze for which the elastic limit may be taken as 100 MPa in tension, 90 
MPa in compression and 80 MPa in shear. The bearing pressure between the nut and the 
screw is not to exceed 18 N/mm2. Design the (i) screw, (ii) Nut for it. [10M] 

8.  a) What do you understand by leverage ? Why are levers usually tapered ? [5M]  
b) A hand lever for a brake is 0.8 m long from the centre of gravity of the spindle to the point 
of application of the pull of 300 N. The effective overhang from the nearest bearing is 100 
mm. If the permissible stress in tension, shear and crushing is not to exceed 66 MPa, design 
the spindle, key and lever. Assume the arm of the lever to be rectangular having 
width twice of its thickness. [10M] 
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1. a) Explain the following terms and their significance as applied to journal bearings : (i) 

Bearing characteristic number and (ii) Bearing modulus [5M]  
b) Design a journal bearing for a centrifugal pump running at 1440 r.p.m. The diameter of 
the journal is 100 mm and load on each bearing is 20 kN. The bearing is running at 75°C 
temperature and the atmosphere temperature is 30°C. The energy dissipation coefficient is 
875 W/m2/°C. Take diametral clearance as 0.1 mm. [10M] 

 
2.  a) Explain the various stresses induced in the connecting rod. [5M]  

b) Design a connecting rod for an I.C. engine running at 1800 r.p.m. and developing a 
maximum pressure of 3.15 N/mm2. The diameter of the piston is 100 mm ; mass of the 
reciprocating parts per cylinder 2.25 kg; length of connecting rod 380 mm; stroke of piston 
190 mm and compression ratio 6 : 1. Take a factor of safety of 6 for the design. Take length to 
diameter ratio for bearing as 1.3 and small end bearing as 2 and the corresponding bearing 
pressures as 10 N/mm2 and 15 N/mm2. The density of material of the rod may be taken as 
8000 kg/m3 and the allowable stress in the bolts as 60 N/mm2 and in cap as 80 N/mm2. The 
rod is to be of I-section for which you can choose your own proportions. [10M] 

 
3. a) State the function of the following for an internal combustion engine piston:  

 (i) Ribs ; (ii) Piston rings ; (iii) Piston skirt ; and (iv) Piston pin [4M] 
 b) A four stroke diesel engine has the following specifications : Brake power = 5 kW ; 
 Speed = 1200 r.p.m. ; Indicated mean effective pressure = 0.35 N / mm2  ; Mechanical 
 efficiency = 80 %. Determine : (i) bore and length of the cylinder ; (ii) thickness of the 
 cylinder head ; and (iii) size of studs for the cylinder head. [11M] 

4. a)  What  are  the  assumptions  made  in  derivation  of  stresses  in  a  curved  bar  which  is 
 subjected to bending moments [5M] 
 b) Derive the expression for Winkler-Bach formula. [10M] 

5. a) Discuss the procedure used in designing a cast iron pulley [6M]  
b) An exhaust fan fitted with 900 mm diameter pulley is driven by a flat belt from a 30 
kW, 950 r.p.m. squirrel cage motor. The pulley on the motor shaft is 250 mm in diameter 
and the centre distance between the fan and motor is 2.25 m. The belt is 100 mm wide 
with a coefficient of friction of 0.25. If the allowable stress in the belt material is not to 
exceed 2 MPa, determine the necessary thickness of the belt and its total length. Take 
centrifugal force effect into consideration for density of belt being 950 kg/m3. [9M] 
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6. a) Explain the different causes of gear tooth failures and suggest possible remedies to 

avoid such failures. [5M]  
b) A gear drive is required to transmit a maximum power of 22.5 kW. The velocity ratio is 1:2 
and r.p.m. of the pinion is 200. The approximate centre distance between the shafts may be 
taken as 600 mm. The teeth has 20° stub involute profiles. The static stress for the gear 
material (which is cast iron) may be taken as 60 MPa and face width as 10 times the module. 
Find the module, face width and number of teeth on each gear. Check the design for dynamic 
and wear loads. The deformation or dynamic factor in the Buckingham equation may be taken 
as 80 and the material combination factor for the wear as 1.4. [10M] 

 
7. a) In the design of power screws, on what factors does the thread bearing pressure depend? 

Explain. [5M]  
b) Design a screw jack for lifting a load of 50 kN through a height of 0.4 m. The screw is 
made of steel and nut of bronze. The following allowable stresses may be assumed 
For steel : Compressive stress = 80 MPa ; Shear stress = 45 MPa 
For bronze : Tensile stress = 40 MPa ; Bearing stress = 15 MPa, Shear stress = 25 MPa.  
The coefficient of friction between the steel and bronze pair is 0.12. The dimensions of the 
swivel base may be assumed proportionately. The screw should have square threads. Design 
the screw and nut. [10M] 

 
8.  a) What is a lever ? Explain the principle on which it works [5M]  

b) A foot lever is 1 m from the centre of shaft to the point of application of 800 N load. Find  
(i) Diameter of the shaft, (ii) Dimensions of the key, and (iii) Dimensions of rectangular arm 
of the foot lever at 60 mm from the centre of shaft assuming width of the arm as 3 times 
thickness. The allowable tensile stress may be taken as 73 MPa and allowable shear stress as 
70 MPa. [10M] 
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1.  a) Explain how the following factors influence the life of a bearing: 

(a) Load (b) Speed (c) Temperature (d) Reliability [6M]  
b) Select a single row deep groove ball bearing for a radial load of 4000 N and an axial load 
of 5000 N, operating at a speed of 1600 r.p.m. for an average life of 5 years at 10 hours per 
day. Assume uniform and steady load. [9M] 

 
2.  a) Discuss the materials commonly used for making the valve of an I. C. engine.   [5M]  

b) Design a plain carbon steel centre crankshaft for a single acting four stroke single 
cylinder engine for the following data: Bore = 400 mm ; Stroke = 600 mm ; Engine speed 
= 200 r.p.m. ; Mean effective pressure = 0.5 N/mm2; Maximum combustion pressure = 2.5 
N/mm2; Weight of flywheel used as a pulley = 50 kN; Total belt pull = 6.5 kN. When the 
crank has turned through 35° from the top dead centre, the pressure on the piston is 
1N/mm2 and the torque on the crank is maximum. The ratio of the connecting rod length 
to the crank radius is 5. Assume any other data required for the design. [10M] 

 
3. Design a cast iron piston for a single acting four stroke engine for the following data: Cylinder 

bore = 100 mm ; Stroke = 125 mm ; Maximum gas pressure = 5 N/mm2 ; Indicated mean 
effective pressure = 0.75 N/mm2 ; Mechanical efficiency = 80% ; Fuel consumption = 0.15 kg 
per brake power per hour ; Higher calorific value of fuel = 42 × 103 kJ/kg ; Speed =  
2000 r.p.m. Any other data required for the design may be assumed. [15M] 

 
4. Determine (i) location of neutral axis, (ii) maximum and minimum stresses when a curved 

beam of trapezoidal section of bottom width 30 mm, top width 20 mm and height 40 mm is 
subjected to pure bending moment of + 600 Nm. The bottom width is towards the centre of 
curvature. The radius of curvature is 50 mm and beam is curved in a plane parallel to depth.  
Also plot the variation of stresses across the section. [15M] 

5.  a) Derive the relation for the ratio of driving tensions of a V-belt. [6M]  
b) Determine the percentage increase in power capacity made possible in changing over 
from a flat belt drive to a V-belt drive. The diameter of the flat pulley is same as the pitch 
diameter of the grooved pulley. The pulley rotates at the same speed as the grooved pulley. 
The coefficient of friction for the grooved and flat belt is same and is 0.3. The V-belt 
pulley groove angle is 60°. The belts are of the same material and have same cross-
sectional area. In each case, the angle of wrap is 150°. [9M] 
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6. A pair of 20° full-depth involute tooth spur gears is to transmit 30 kW at a speed of 250 r.p.m. 

of the pinion. The velocity ratio is 1 : 4. The pinion is made of cast steel having an allowable 
static stress, 100 MPa, while the gear is made of cast iron having allowable static stress, 55 
MPa. The pinion has 20 teeth and its face width is 12.5 times the module. Determine the 
module, face width and pitch diameters of both the pinion and gear from the   
standpoint of strength only taking velocity factor into consideration. Assume suitable values 
of velocity factor and Lewis factor. [15M] 

 
7.  a) Differentiate between differential screw and compound screw. [4M]  

b) A vertical square threads screw of a 70 mm mean diameter and 10 mm pitch supports a 
vertical load of 50 kN. It passes through the boss of a spur gear wheel of 70 teeth which 
acts as a nut. In order to raise the load, the spur gear wheel is turned by means of a pinion 
having 20 teeth. The mechanical efficiency of pinion and gear wheel drive is 90%. The 
axial thrust on the screw is taken up by a collar bearing having a mean radius of 100 mm. 
The coefficient of friction for the screw and nut is 0.15 and that for collar bearing is 0.12. 
Find:(i) Torque to be applied to the pinion shaft,(ii) Maximum principal and shear stresses 
in the screw ; and [7M] 
(iii) Height of nut, if the bearing pressure is limited to 12 N/mm2. [4M] 

 
8. a) Why are levers usually tapered ? Why are bushes of softer material inserted in the eyes 

of levers ? Why is a boss generally needed at the fulcrum of the levers. [6M]  
b) A hand lever for a brake is 0.8 m long from the centre of gravity of the spindle to the point 
of application of the pull of 300 N. The effective overhang from the nearest bearing is 100 
mm. If the permissible stress in tension, shear and crushing is not to exceed 66 MPa, design 
the spindle, key and lever. Assume the arm of the lever to be rectangular having 
width twice of its thickness. [9M] 

***** 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2 of 2 
 
 
|'''|||'|''||''|''|| 



Code No: R32035 R10 Set No: 4 
 

 
 

 
JNT University Kakinada  

III B.Tech. II Semester Supplementary Examinations, January/February -2015  
DESIGN OF MACHINE MEMBERS-II 

(Mechanical Engineering) 
Time: 3 Hours Max Marks: 75 

Answer any FIVE Questions 
All Questions carry equal marks 

*****  
(Data books may be allowed) 

 
1.  a) Define the following terms as applied to rolling contact bearings: 

(i) Basic static load rating (ii) Static equivalent load 
(iii) Basic dynamic load rating (iv) Dynamic equivalent load. [6M]  

b) A rolling contact bearing is subjected to the following work cycle : (a) Radial load of 6000 
N at 150 r.p.m. for 25% of the time; (b) Radial load of 7500 N at 600 r.p.m. for 20% of the 
time; and (c) Radial load of 2000 N at 300 r.p.m. for 55% of the time. The inner ring rotates 
and loads are steady. Select a bearing for an expected average life of 2500 hours. 

[9M] 
 

2. A connecting rod is required to be designed for a high speed, four stroke I.C. engine. The 
following data are available. Diameter of piston = 88 mm; Mass of reciprocating parts = 
1.6kg; Length of connecting rod (centre to centre) = 300 mm; Stroke = 125 mm; R.P.M. = 
2200 (when developing 50 kW); Possible overspeed = 3000 r.p.m.; Compression ratio = 
6.8 : 1 (approximately); Probale maximum explosion pressure (assumed shortly after dead  
centre, say at about 3°) = 3.5 N/mm2. [15M] 

 
3. Design a cast iron trunk type piston for a single acting four stroke engine developing 75 kW   

per cylinder when running at 600 r.p.m. The other available data is as follows: Maximum 
gas pressure = 4.8 N/mm2; Indicated mean effective pressure = 0.65 N/mm2; Mechanical 
efficiency = 95%; Radius of crank = 110 mm; Fuel consumption = 0.3 kg/BP/hr; Calorific 
value of fuel (higher) = 44 × 103kJ/kg; Difference of temperatures at the centre and edges 
of the piston head =200ºC; Allowable stress for the material of the piston = 33.5 MPa;   
Allowable stress for the material of the piston rings and gudgeon pin = 80 MPa; Allowable 
bearing pressure on the piston barrel = 0.4 N/mm2 and allowable bearing pressure on the  
gudgeon pin = 17 N/mm2. [15M] 

 
4.  a)  What  are  the  assumptions  made  in  derivation  of  stresses  in  a  curved  bar  which  is 

subjected to bending moments [5M] 
b) Derive the expression for Winkler-Bach formula. [10M] 

 
5. a) State the advantages and disadvantages of the chain drive over belt and rope drive.[6M] b) 

Design a roller chain to transmit power from a 20 kW motor to a reciprocating pump. The 
pump is to operate continuously 24 hours per day. The speed of the motor is 600 r.p.m. and 
that of the pump is 200 r.p.m. Find: 1. number of teeth on each sprocket; 2. pitch and width  
of the chain. [9M] 
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6.  a) Explain the following terms used in helical gears :  
 

(i) Helix angle; (ii) normal pitch; and (iii) axial pitch. [6M] 
  

b) A pair of helical gears are to transmit 15 kW. The teeth are 20° stub in diametral plane 
and have a helix angle of 45°. The pinion runs at 10 000 r.p.m. and has 80 mm pitch 
diameter. The gear has 320 mm pitch diameter. If the gears are made of cast steel having 
allowable static strength of 100 MPa; Determine a suitable module and face width from 
static strength considerations and check the gears for wear, given σes = 618 MPa. [9M] 

 
7. a) How does the helix angle influence on the efficiency of square threaded screw? What do 

you understand by overhauling of screw? [5M]  
b) A power screw having double start square threads of 25 mm nominal diameter and 5 
mm pitch is acted upon by an axial load of 10 kN. The outer and inner diameters of screw 
collar are 50 mm and 20 mm respectively. The coefficient of thread friction and collar 
friction may be assumed as 0.2 and 0.15 respectively. The screw rotates at 12 r.p.m. 
Assuming uniform wear condition at the collar and allowable thread bearing pressure of 
5.8 N/mm2, find: (i) the torque required to rotate the screw; (ii) the stress in the screw; and 
3. the number of threads of nut in engagement with screw. [10M] 

 
8. a) Discuss the design procedure of a rocker arm for operating the exhaust valve.   [7M]  

b) A hand lever for a brake is 0.8 m long from the centre of gravity of the spindle to the   
point of application of the pull of 300 N. The effective overhang from the nearest bearing is 
100 mm. If the permissible stress in tension, shear and crushing is not to exceed 66 MPa, 
design the spindle, key and lever. Assume the arm of the lever to be rectangular having 
width twice of its thickness. [8M] 
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