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Answer any Five questions

All questions carry equal marks

--- 
1.a)
What factors should be considered when selecting bearings?  
   b)
Design a full journal bearing for the following specifications  
Radial load =30 kN

Journal diameter = 120 mm

Speed of the journal = 500 rpm

Minimum oil film thickness = 0.025 mm.
2a)
Write short notes on  

(i) Basic static load rating      
(ii) Basic dynamic load rating.
  b)
Select a suitable antifriction bearing for the following requirements  

Radial load on the bearing
= 5000 N


Thrust load


= 3000 N


Speed of the shaft

= 1000 rpm


Expected life


= 10,000 hours.
3.
A double acting steam engine has a bore of 0.7 5m a stroke of 1.125m and a 
speed of 60 rpm. If the boiler pressure is 1.165 Mpa and the length of the 
connecting rod is 2.25 m. Design the connecting rod and give the neat 
dimensioned sketch.  
4.
Design the over hung crankshaft with 2 main bearings and a flywheel for an I.C engine single cylinder 0.25X0.30 m. The flywheel weighs 27 kN. The maximum pressure is 2.1 Mpa .The torsional moment is maximum when the crank is at 35° from I.D.C, while the pressure is 1.05 Mpa.

5.a)
Derive an expression for deflection of a helical torsion spring.




b)
Design a spring for a balance to measure 0 to 1000 N over a scale of length 80 mm. The spring is to be enclosed in a casing of 25 mm diameter. The approximate number of turns is 30. The modulus of rigidity is 85 kN/mm2. Also calculate the maximum shear stress induced. 
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6.a)
Prove that the centrifugal tension must be 1/3rd of the maximum tension for maximum power transmission.


   b)
Design a cross belt drive having 1.5m center distance between the two pulleys 
The diameter of bigger and smaller pulleys are 'D' and 'd' respectively. The 
smaller pulley rotates at 1000 r.p.m. and the bigger pulley at 500 r.p.m. The flat 
belt is 6 mm thick and transmits 7.5 kW power at belt speed of 13 m/s 
approximately. The coefficient of belt friction is 0.3 and the density of belt 
material is 950 kg/m3. The permissible tensile stress for the belt material is 

1.75 MPa. 

      



7.
In a spur gear drive for a rock crusher, the gears are made of case hardened alloy steel. The pinion is transmitting 18 kW at 1200 rpm with a gear ratio of 3.5. The gear is to work 8 hours/day for 3 years. Design the drive.

8.
Design a trunk type CI piston for an IC engine having a diameter of 100mm and a length of 150mm. The maximum pressure is 35 Mpa, maximum permissible tension for CI for the design head thickness is 30Mpa and for the piston pin material is 45Mpa.  Bearing pressure for the piston should not exceed 20 Mpa.
$$$

Code No: 320301

III-B.Tech. II Semester Examination April, 2003

MACHINE DESIGN

 (common to Mechanical Engineering, Production Engineering, Mechanical Manufacturing Engineering.)

Time: 3 Hours






Max. Marks: 80

Answer any Five questions

All questions carry equal marks

---

1.a)
What are the dimensionless parameters used in designing hydrodynamic bearing? Explain their significance.  

b)
A 3 kN load is supported by a journal bearing of 75 mm diameter and 75 mm long. Diametral clearance 0.05 mm and bearing is lubricated by an oil of 0.0207 PaS viscosity at operating temperature. Determine the maximum speed of rotation of bearing when it is capable of dissipating 80 watts by heat transfer.                    1 centipoise = 10-3 PaS.   

2.a)
What specific dynamic capacity is necessary for a desired life of 10, 000 hrs (for 90% of the bearing) for a speed of 500 rpm and a radial load of 3 kN? What will be the dynamic capacity for 98% reliability?  

   b)
Select a deep groove ball bearing for the lower bearing of a vertical shaft that carriers a pulled for V-belt drive. It has been determined that the total belt tension (T1+T2) acting on the pulled is 5.4 kN and the estimated weight of shaft and pulled is 1500 N and it is pulled by the lower bearing. The loading steady and the life required is 4000 hours. The minimum diameter of the shaft may be taken as 25 mm. The shaft rotates at 300 rpm. Also estimate the 90% life of the bearing and the probability of survival for the rated life.  

3.
Enumerate the design procedure for the connecting rod section considering it as

a simple compression or tension member subjected to fluctuating load.  

4.
Design the side crank for an engine to the following specifications



Bore= 150mm;  
Stroke= 190mm



Length of the connecting rod =380mm



Maximum pressure=320 N/sq.mm



RPM=600



Break mean effective pressure =70 N/sq.mm



Design stress for the crank shaft =30N/sq.mm. 

5.a)
Derive an expression for maximum shear stress induced in the helical spring of circular wire?

   b)
Find the maximum shear stress and induced in a helical spring of the following specifications, if it has to absorb 1000 N-m of energy. Mean diameter of spring = 100 mm; Diameter of steel wire, used for making the spring = 20 mm; Number of coils = 30; Modulus of rigidity of steel = 85 kN/mm2.        
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6.a)
Prove that the tension in ratio given by T1 / T2 = e(( for flat belt drives.
b)
Power is transmitted between two shafts by a V-belt whose mass is 0.9kg/m length.  The maximum  permissible tension in the belt is limited to 2.2kN.  the angle of lap is 1700 and the groove angle 450.  If the coefficient of friction between the belt and pulleys is 0.17, design the V-belt drive.      

7.
A pair of gears is to be designed to transmit 30kW for a pinion speed of 1000rpm and a speed ratio of l:5. Design the gear pair. 
8.
A six speed gear box is to be designed for a lathe. Power input is 2 kW and speed range is 110 to 700 rpm. Draw the speed diagram and kinematic arrangement. Also find number of teeth on all the gears.
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1.a)
Explain wedge film and squeeze film journal bearings.  

   b)
The load on a 100 mm full hydrodynamic journal bearing is 9000 N. Speed of the 
journal is 320 rpm. Let L/D = 1, C/D = 0.0011. The operating temperature = 65(C 
and minimum oil film thickness = 0.022 mm.

(i) Select an oil that will closely accord with the stated conditions. For these selected oil, determine (ii) the friction loss (iii) the hydrodynamic oil flow through the bearing, (iv) the amount of leakage (v) the temperature rise of oil passes through the bearing and (vi) maximum oil pressure. 

2.a)
What are the types of rolling contact bearings? Explain in brief .

   b)
A ball bearing for drilling machine spindle is rotating at 3000 rpm. It is subjected to a radial load of 2500 N and an axial thrust of 1500 N. It is to work 50 hours per week for one year. Design a suitable bearing if the diameter of the spindle is      40 mm. 

3.
The following data refer to a 4-stroke cycle, single cylinder diesel engine



Suction pressure =0.095 Mpa



Cylinder diameter =200mm



Stroke=200mm



Ratio of compression= 15



Engine speed=7540rpm



Equivalent mass of reciprocating parts 2N/sq.mm of piston area



Ratio of connecting rod length to crank length is 4


Design nickel steel connecting rod of I -section choosing the suitable values for the permissible stresses for the material.  

4.

What are the stresses to which an over hanging shaft is subjected to? How would 
you proceed to design such a crank shaft?  

5.a)
What are the factors to be considered for design of springs subjects to fatigue 
loading?

   b)
A helical torsion spring of mean diameter 60 mm is made of a round wire of 6 mm diameter. If a torque of 6 N-m is applied on the spring, find the bending stress induced and the angular deflection of the spring in degrees. The spring index is 10 and modulus of elasticity for the spring material is 200 kN/mm2. The number of effective turns may be taken as 5.5.     
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6.a)
List out the advantages and disadvantages of V – belts.



   b)
A V-belt drive consists of three V-belts in parallel on grooved pulleys of the same 
size.  The angle of groove is 300 and the coefficient of friction 0.12.  The cross - 
sectional area of each belt is 800 mm2 and the permissible safe stress in the 
material is 3 MPa.  Calculate the power that can be transmitted between two 
pulleys 400mm in diameter rotating at 960 r.p.m.  

7.a)
State and explain the necessity of Barth's equation in design of spur gear.

b)
Design a pair of 20o full depth spur gears to transmit 15kW at 1400rpm to 
another shaft rotating at 720 rpm. Design the gear drive and check for

dynamic load. 








 

8.
Design a gear box for an all geared head stock of lathe. The maximum and minimum speeds are to be 600 and 23 rpm respectively. Number of steps is 12 and drive is from an electric motor giving 2 kW at 1440 rpm.
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1.a)
Define the following:  


(i) Eccentricity of journal bearing



(ii) Minimum film thickness.
b)
Design a journal bearing for a centrifugal pump running at 1440 rpm. Diameter of the journal is 10 cm and load on each bearing is 2000 kg. The factor ZN/P may be taken as 2800 for centrifugal pump bearings. Assume the followings  

Atmospheric temperature

= 30(C

Operating temperature

= 75(C

Energy dissipation coefficient

= 0.00125


C/D ratio



= 0.001

L/D ratio



= 1.5

2.a)
Determine the basic static load rating of a radial contact and angular groove ball bearing having 12 balls and diameter of 16 mm.  

   b)
Select a ball bearing to carry satisfactorily a 65 kN radial load together with 10 kN



of thrust load. The journal supported by the bearing rotates at 1400 rpm for an



estimated 0.1 million hours of life. The journal diameter is 100 mm.  

3. 

Design a mild steel connecting rod with an I –section for a single cylinder spark ignition engine from the following data  


Diameter of the piston =104mm


Weight of the reciprocating parts=18.2 N



Length of the connecting rod from the center=314mm


Stroke length= 140 mm


Speed of the engine =1500rpm


Maximum explosion pressure=2.28Mpa. 

Assume that maximum thrust takes place at T.D. C during the explosion stroke.
4.
Give design consideration in determining


   
a)
Diameter of crank pin 





 


   
b) 
Web section







 

   
   
c) 
Crank shaft diameter.
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5.a)
Briefly discuss the materials that are used for helical springs.

   b)
Design a concentric spring for an air craft engine valve to exert a maximum force 
of 5000 N under a deflection of 40 mm. Both the springs have same free length, 
solid length and are subjected to equal maximum shear stress of 850 Mpa. The 
spring index for both the springs is 6.




 

6.
Two shafts whose centers are 1 metre apart are connected by a V-belt drive.  The driving pulley is supplied with 95kW power and has an effective diameter of 300mm. It runs at 1000 r.p.m. While the driven pulley runs at 375 r.p.m. The angle of groove on the pulleys is 400.  Permissible tension in 400mm2 cross - sectional area belt is 2.1 MPa. The material of the belt has density of 1100 kg / m3. The co efficient of friction between belt and pulley rim from the nearest bearing being 200mm. The coefficient of friction between belt and pulley rim is 0.28. Design a suitable V-drive for the above data.






  
 

7.a)
State and derive Lewis Beam Strength equation. 


    
 

   b)
A shaft running at 1440 rpm drives another shaft rotating at 500 rpm 
approximately. If the power to be transmitted is 10kW, and running 8 hrs/day,


design the spur gears. 



8.
A gear box is to be designed with the following specifications:

Power = 15 kW ; Number of speeds = 18; minimum speed = 16 rpm; 

Step ratio = 1.25 ; motor speed = 1400 rpm. The speeds are obtained 

as 2 X 3 X 3. Sketch the layout of the gear box and the speed diagram.  


Calculate the diameters of the shafts and number of teeth on the gear.   
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