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IV B.Tech. I-Semester Regular Examinations, November-2003.

MACHINE TOOL DESIGN

(Production Engineering)

Time: 3 hours






Max. Marks: 80

NOTE:-     1. Answer any FIVE questions

                 
 2. All questions carry equal marks

                 
 3. Assume suitable data if necessary

  
4. Log-Log/semi-Log Graph papers are to be supplied on demand.
- - - -

1.a)
Describe the operating principle of a crank and rocker mechanism with a neat sketch. Name two popular machine tools where such a mechanism is employed.

   b)
What are the advantages of using rolling friction nut and screw transmission systems in machine tools?

   c)
Show by means of neat sketches the working motions for milling, external cylindrical grinding and broaching machines.

2.a)
Define the following terms used in stepped drives:


i)
Velocity Range (RV)

ii)
Diameter Range (R​D)


iii)
Range Ratio (RN)
and
iv)
Productivity Loss.

b)
What are the kinematic advantages of G.P.Series (for layout of speeds in machine tools)

   c)
What is the difference between structural diagram and Ray diagram? 

3.
A 2x2 drive is required to be designed for transmitting 10 H.P. with speeds ranging from 400 rpm onwards with (=1.4. Select a suitable structural form and the optimum ray diagram. Hence, calculate the gear sizes, module, width of gears. Also calculate the shaft sizes. Sketch the gear box. Assume suitable data if necessary.

4.a)
Depict Meander’s Mechanism employed in Feed Boxes and write the expressions for obtaining different transmission ratios.

   b)
Compare stepped and stepless regulation of speeds with respect to cost, productivity loss and ease of operation.

   c)
Depict a Face Plate Variator with two friction discs and explain how the actual transmission ratio can be found.

5.a)
Determine the maximum shear stress and the angle of twist for a box section as shown in Fig.1, if it is subjected to a twisting moment of 200 kg.m. Assume G=8X105 kg/cm2.
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b)
i)   Which type of section has the highest torsional stiffness and the best suited in    terms of strength and stiffness?


ii)   Name a few factors that affect the stiffness of machine tool structures.

iii)  How the stiffness of structures, in general, can be improved?

iv)  Sketch Warren beam structure of a lathe bed.

6.a)
Obtain an expression for the static compliance of a centre lathe when a shaft is being turned between centres by a single point turning tool.

   b)
What are the functions and requirements of spindle unit of a machine tool?

   c)
Draw the cross-sectional view of head stock spindle of a centre lathe and indicate the main features.

7.a)
Write two main differences between Hydrostatic and Hydrodynamic bearings.

   b)
Design a full hydrodynamic babbit bearing for a journal of diameter 80 mm rotating at 2000 rpm. Determine its load capacity if the average bearing pressure is not to exceed 8kgf/ cm2. Check the bearing against excessive heating if the maximum permissible bearing temperature is 700C and the maximum ambient temperature = 400C. Assume certain data whenever necessary.

   c)
Write four advantages of antifriction bearings compared to plain sleeve bearings.

8.a)
Explain with a neat sketch the working of a four-way, three-position, piston-type direction-control valve.

   b)
Describe with a neat proportionate sketch the working principle of cone type throttle valve. Write the expression for the flow rate through throttling passage.
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1.a)
Explain how the machine tools can be classified by different criteria. Give examples for each type.
   b)
Describe with a neat sketch a mechanism for obtaining intermittent motion in machine tools.

   c)
A rotary work table is driven by a Geneva mechanism with six slots. The driver rotates at 30 rpm. Determine the cycle time, available process time and the lost time each cycle indexing the table.

2.a)
Design the Head Stock Gear Box of a turret lathe having arrangement for nine spindle speeds ranging from 60 to 950 rpm. The motor H.P.=6. Minimum number of teeth on a gear is 25.


(i)
Draw at least two feasible structural forms.


(ii)
Draw at least 3 Ray diagrams and select the best one.

(iii) Show the layout of the gear box and connection to motor.

(iv) Draw the deviation diagram for the available speeds and find out whether the deviations are within the permissible limits.

3.a)
What are the requirements for layout of a stepped drive?

   b)
How do you set the upper and lower speed limits of a centre lathe?

   c)
How do you make the analysis of Productivity Loss in a stepped layout?

   d)
What is a saw diagram? What is a Test-Line?

4.a)
What is a double- bound gear?

   b)
What is “Ray Restriction” rule?

   c)
Outline the procedure for design of lathe beds.

   d)
A bed subjected to torsional loading is constructed as a closed box-type structure, while a bed subjected to bending is constructed as an I-section. Why? Give mathematical proof to support your conclusion.
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5.a)
Obtain an expression for the static compliance of a centre lathe when a shaft is being turned between centres by a single point turning tool.

   b)
Make sketches of commonly used column sections and mention the application of each.

   c)
Define “Unit Stiffness” of a material

6.a)
When do you prefer sliding bearings?
   b)
Write a few guide lines on the bearing selection.

   c)
Name four materials which are recommended for machine tool spindles.

   d)
Sketch the Head Stock spindle (cross-sectional view) and mention the salient features.  (for a centre Lathe)
7.a)
What are the advantages and draw backs of hydraulic controls in machine tools?

   b)
What are the functions of accumulators in hydraulic circuits?


Sketch and explain the working of a bag type accumulator. What is the governing law of an hydraulic accumulator?

8.a)
Explain with the help of a neat sketch the working of a compound relief valve.

   b)
Explain with relevant hydraulic circuits how the rate of feed in machine tools can be controlled by controlling the output of a fixed delivery pump by throttles.
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1.a)
How the machine tools are classified? Give examples of each type.

   b)
What are the principal features of construction of any machine tool?

   c)
With a neat diagram explain the Geneva Mechanism employed in Machine Tools.
   d)
What is the motion required to produce the generatrix called?

2.a)
Outline the procedure for determining the upper and lower speed limits of a centre Lathe.

   b)
Explain the following in connection with the optimum design of a Gear Box:


i)
Ray Restriction
ii)
Stage Restriction,          and


iii)
Maximum Nodal Sum ((d)

3.a)
Describe with the help of a neat proportionate sketch the method of changing feed rates using Tumbler (Nortons) Gears.

   b)
Illustrate with sketches and figures the effect of aperture and different cover plate designs on the static and dynamic stiffness of Box Section.

4.a)
Explain the meaning and significance of the following in the design of Machine Tool Structures:


i)
Unit Strength.


ii)
Unit Rigidity.


iii)
Dynamic Stiffness 
and

iv) Magnification Factor.

b)
Make a neat sketch of a spindle of a milling machine with an arbour fitted into the spindle and secured with a draw-in bolt. The arbour carries the cutter also.

5.a)
Name four materials which are recommended for machine tool spindles.

b)
Obtain an expression for the deflection of spindle axis due to complicance of spindle supports.

                                                                                                                        (Contd…2)

Code No:412003




-2-


Set No.3

6.
A Gear Box providing 2(3(2 sub divisions with the help of a back gear arrangement is shown in Fig.1. The speeds are laid from 10 rpm onwards with 


( = 1.41. The motor horsepower is 10 and runs at 1420 rpm. An open structural form is indicated in Fig.2.
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a)
Construct the best ray diagram provided Umin ((1/4).
b)       Calculate the Back Gear Ratio.

c)         Calculate the size and Module of Back Gears.
7.a)
Prove that feed rate varies with the work resistance, forward pressure and throttle resistance for both Metering-in and Metering-out hydraulic circuits.

b)
What is the governing principle of a hydraulic accumulator? Sketch and explain 

the working of a bag type accumulator.

8.a)
With a neat sketch explain the principle of operation of a 4-edged tracer-controlled hydraulic circuits employed for reproduction of profiled parts. Name all the parts in the sketch.

   b)
Describe the working of a variable-delivery vane pump with neat sketches and write the expression for Q, the volume of oil delivered.
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1.a)
With neat diagrams of kinematic structures explain the following operations and write the equations of kinematic balance for each  structure:

i)
Screw cutting in a lathe.
ii)
Thread milling 
and


iii)
Taper turning by double feed method.

   b)
Explain, with a sketch, the working of slider crank mechanism.

2.
Calculate the intermediate speeds if the lowest rpm is 10 and the highest rpm is 450. The number of steps is 12 and the speeds are laid our in Logarithmic progression. Limiting cutting speed is 20 metres per mimute. Draw the saw diagram on log-log graph paper.


(Note: one can use semi-log graph paper if log-log graph sheets are not available after converting diameters into corresponding log values)

3.a)
Explain the five rules to be followed while incorporating sliding clusters in gear boxes.

   b)
Sketch a Ruppert drive that employs two sets of clutches and six gears. Draw also at least 4 admissible Ray diagrams of the above drive.

4.a)
Name some commonly employed materials for machine tool structures.

   b)
Taking the example of a simply supported beam with a concentrated load at its central explain how an optimum design is carried our and what are the recommendations for designer while designing machine tool structures.

   c)
Name various systems of achieving step less regulation of speeds in machine tool drives.

5.a)
During turning a 200mm diameter job in a lathe the following cutting tool forces act as shown in the figure below.
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Calculate:

(i)   The force dispositions at the head stock and tail stock centres.

(ii)  The maximum torque on the lathe bed. Neglect the weight of the workpiece.

b)
What do you mean by preloading of a bearing? With neat sketches explain a few methods of preloading ball bearings.
6
Write the step by step procedure of designing a typical machine tool spindle for bending stiffness and then to check the strength against fatigue failure.

7.a)
What are the desirable characteristics of a hydraulic fluid employed in hydraulic controls of machine tools?

   b)
Explain with the help of a neat sketch the working of compound relief valve.

8.a)
Make neat sketches of:


i)
Metering-in circuit.


ii)
Metering-out circuit
and

iii) Bleeding off circuits employed for the control of machine tool units and compare their performance characteristics, vis-a-vis loading conditions.

b)
Explain with a neat sketch the working of a single axis hydraulic copying unit for production of stepped shafts on a centre lathe.
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