
                                                           MAHARASHTRA STATE  BOARD OF TECHNICAL EDUCATION 
                                                                                                            (Autonomous) 

   (ISO/IEC - 27001 - 2005 Certified) 

_____________________________________________________________________________________________ 

                                                       WINTER – 15 EXAMINATION 
Subject Code:17532                                      Model Answer                                                          

 
 

 
 

 

 

Important Instructions to examiners: 

1) The answers should be examined by key words and not as word-to-word as given in the 

     model answer scheme. 

2) The model answer and the answer written by candidate may vary but the examiner may try 

     to assess the understanding level of the candidate. 

3) The language errors such as grammatical, spelling errors should not be given more 

     Importance (Not applicable for subject English and Communication Skills). 

4) While assessing figures, examiner may give credit for principal components indicated in the 

    figure. The figures drawn by candidate and model answer may vary. The examiner may give  

    credit for any equivalent figure drawn. 

5) Credits may be given step wise for numerical problems. In some cases, the assumed constant 

    values may vary and there may be some difference in the candidate’s answers and model 

answer. 

6) In case of some questions credit may be given by judgement on part of examiner of relevant  

    answer based on candidate’s understanding. 

7) For programming language papers, credit may be given to any other program based on 

equivalent concept. 

 

Q. 1 A) Attempt any three 

a) Define factor of safety. List the factors governing its selection.  
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factors governing its selection 

 

02 Marks for Definition 02 Marks for any 4 Factors  

 

b) Differentiate between cutting tool and machine tools. 

Cutting Tool Machine Tool 

 Cutting tool is any tool that is used to 

remove material from the work piece 

by means of shear force. 

 Machine tool is an assembly of many 

machine parts to convert energy from 

one form to another. 

 Cutting tool is a component of machine 

tool 

 Machine tool represents itself such as 

milling, lathe machine. 

 Cutting tools are used for cutting the  Machine tools employ some sort of tool 
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workpiece. that does the cutting or shaping. 

 Cutting tool is portable.  Machine tool is a non portable power 

operated. 

   01 Mark to each point 

c)      State the different requirement of machine tool structures

 

Any 04 requirements 04 Marks 

d) What is closed and open guide ways? Draw the sketch of any one type. 
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Explanation 02 Marks Sketch (Any One Type) 02 Marks 

B) Attempt any one 

i) Define stress concentration factor. State its importance in design. 

Stress concentration factor:- 
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Importance in design 

 

03 Marks for definition 03 for Importance 

ii) List the factors affecting stiffness of machine tool structure. Give the methods to 

improve it. 

Factors affecting stiffness of machine tool structure: 
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Methods to improve it: 

 

 

 

 

03 Marks for Factors 03 for  Methods  of Improvement 

 

Q. 2 Attempt any four: 

i) Write general procedure of machine tool design.  

The general procedure of machine tool design is as follows: 

1. Problem definition: 

 

2. Need Analysis: 
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3. Research of design: 

 

4. Tentative Design solution: 

 

5. The Finished design: 

 

Any 04 points 04 Marks 
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ii) State the types of spindle and its requirement. 

 

 

 

 

Types ½ Mark each and 02 marks to any 04 requirements 
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iii) Draw any structure diagram for 1x2x3 and 3x1x2. 

 

Ray Diagram for (1X2X3)        Ray Diagram for (3X1X2) 

02 Marks to each Sketch 

iv) Explain significance of Ray diagrams. 

 

 

Relevant explanation 04 Marks 

 

 

 

 

 



                                                           MAHARASHTRA STATE  BOARD OF TECHNICAL EDUCATION 
                                                                                                            (Autonomous) 

   (ISO/IEC - 27001 - 2005 Certified) 

_____________________________________________________________________________________________ 

                                                       WINTER – 15 EXAMINATION 
Subject Code:17532                                      Model Answer                                                          

 
 

 
 

 

 

v) State the importance of ergonomics in machine tool design. 

 

 

Relevant explanation 04 Marks 

 

Q 3 Attempt any TWO of the following  

a) 

i) Materials used in Machine Tool structure and properties:- 

 The materials used are :- The commonly used materials are cast iron 

and steel. The cast iron structures were almost exclusively used in machine 

tools till a decade or so ago, but lately welded steel structures are finding wider 

applications due to advances in welding technology.  

                    02  Materials 02 marks 
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Material properties:- The material properties of relevance are:- 

1 steel has higher strength under static and dynamic load. 

2 The unit rigidity of steel under tensile, torsional, and bending loads is higher. 

3 Cast iron has higher inherent damping properties, damping in steel 

structures occur mainly in welds; if welded joints are properly designed, the 

damping of steel structure may approach that of cast iron. 

4 Cast iron has better sliding properties. 

               Any four related points 02 Marks 

ii) Different profiles used in machine tool structure:- 
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04 sketches 02 marks 

Examples:- Bench and radial drilling machines, planning machines, vertical 

Lathe, Boring Machine, Grinding machine etc 

          Any four related examples 02 Marks 
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b) Different type of spindle supports:-  

 

 

Eight figures 04 marks 

 

The figure shows the typical combinations of majority of spindle units in small 

and medium size machine tools. Some important operational features of 

different types of bearings can be as under. 

1 use the tapper roller bearings considerably increases both radial as well as 

axial run outs. 

2 use of only cylindrical bearings at the front support greatly enhances axial 

thermal deformation of the spindle nose. 
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3 Use of angular contact bearings at the front support results in low heat 

generation 

4 Use of zero film bearings can be used for sliding contacts. 

Four points 04 Marks 

 

C) Different sources of vibrations in Machine tools: and Methods to reduce 

it. 

 Sources of forced vibrations are of two types due to cutting process and 

due to Machine operations:- 

1)  Variable undeformed chip thickness due to inherent characteristics of 

certain machining operations, such as milling and broaching. 

2) Variable undeformed chip thickness at the time when cutting tool enters 

the workpiece or comes out of it. 

3) Change in cutting speed during operations such as facing. 

4) Change in kinematic cutting angles in the direction of feed. 

5) Due to errors in gears, splines and keys. 

6) Due to disbalanced rotating parts. 

7) Pulsating forces from coolant and hydraulic pumps. 

8) Shocks transmitted through foundation. 

Any eight points 04 Marks 

 

Methods to reduce vibrations 
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           Any 04 points 04 Marks 

Q 4 A) Attempt Any Three 

a) Factors to be consider while selecting material for Machine tool 

Structure:-  

 
Explanation 01 Three points 03 Marks 
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b) Stepless speed drive 

 

 Examples:- Grinders, CNC Milling Machine, shaping machine, Planning 

Machine, Boring Machine etc. 

Explanation 03 Marks and Examples 01 Marks 

C) Layout of speed step 
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             Advantages of GP series 

 

 

Layout -3 Advantages -1 

 

d) Aesthetic consideration in Machine Tool:- 

 Aesthetic considerations are nothing but the overall appearance look of 

the machine from outside.

 

Meaning 01 Mark and Explanation 03 Marks 
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Q4 B)  Attempt Any One 

a) 

i) Define Spindle Unit:- It is defined as the component of machine tool which 

rotates and clamp the workpiece or tool; depending on the requirement. E.g. 

Lathe, Drilling, Boring etc. 

Definition 02 Mark  

ii) Spindle unit of a machine tool performs the following important 

functions:- 

1 Centering the workpiece e.g. In lathe ,Turret, Boring etc.  

2 Clamping the workpiece or tool during the machining operation 

3 Imparting rotary motion (in Lathe) or rotary cum translator motion (In 

drilling). 

Any Two points 02 Mark  

iii) Two requirements of spindle unit:- 

1 The spindle should rotate with high degree of accuracy. Accuracy of rotation must 

not exceed the permissible limits which are specified depending upon the required 

machine accuracy. 

2 The spindle unit must have the high static stiffness. The stiffness of the unit is made 

up of the unit proper and the bearings. Machine accuracy is influenced by bending, 

axial as well as torsional stiffness. 

3 The spindle unit must have high dynamic stiffness and damping. 

4 The deformation of the spindle due to heat transmission should not be large. 

Any Two points 02 Mark  

b) Feasibility of ray diagram is essential     
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03 Marks for Explanation 

  To check feasibility of Ray diagram:- 
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03 Marks for Explanation 

Q.5 Attempt any four 

i) )  Functions of knobs: 

1) for making fine adjustments 

2) as a selector (switching knobs) 

                                         

 

(02 marks for functions, 02 marks for sketch (any two types) 
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ii) Explain the concept of natural frequency of vibration. 

Natural frequency is the frequency at which a system tends to oscillate in the absence of any 

driving or damping force. Free vibrations of any elastic body is called natural vibration and 

happens at a frequency called natural frequency. Natural vibrations are different from forced 

vibration which happens at frequency of applied force (forced frequency). If forced frequency is 

equal to the natural frequency, the amplitude of vibration increases many fold. This phenomenon 

is known as resonance. 

 Free vibration occurs when a mechanical system is set off with an initial input and then allowed 

to vibrate freely. Examples of this type of vibration are pulling a child back on a swing and then 

letting go or hitting a tuning fork and letting it ring. The mechanical system then vibrates at one 

or more of its "natural frequency" and damps down to zero. 

In short natural frequency is the frequency of free vibration without damping. It is denoted by  

 

Explanation for 04 marks 

iii) Define speed chart. Why is it necessary? 

Speed chart can be defined as an improved structural diagram which shows no speed stage, 

increase in speed and reduction in speed. 

Necessity: 

A structural diagram only depicts the range ratio of transmission groups but gives no information 

about transmission ratios, in order to determine the transmission ratios of all transmissions and 

the r.p.m values of speed box shafts, it is necessary to plot the speed chart. 

https://en.wikipedia.org/wiki/Oscillate
https://en.wikipedia.org/wiki/Damping
https://en.wikipedia.org/wiki/Elastic_body
https://en.wikipedia.org/wiki/Frequency
https://en.wikipedia.org/wiki/Resonance
https://en.wikipedia.org/wiki/Resonance
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(02 for definition and 02 for explanation) 

iv) Define common ratio. State factors on which selection of common ratio depends. 

Common ratio:-  

 

Factors on which selection of common ratio depends:- 

 

(02 marks for definition, 02 marks for any two factors) 

v) Antifriction guide ways: 

 

( 2 marks  for open ad 2 marks for closed) 
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vi) What is osmostatic slide ways? State its advantages over conventional 

guide ways. 

In osmostatic slide ways gas-friction conditions at the interface of mating 

surfaces are achieved by supplying compressed air under pressure. It is similar 

to that of hydrostatic slide ways, the basic difference being that the lubricating 

medium in this case is compressed air instead of oil. 

Advantages – 

1. It is not necessary to collect oil as in case of hydrostatic slide ways, 

2. The moving member can be reliably clamped in the desired position after 

cutting off the supply of compressed air, 

3. Due to air pressure the mating surfaces are effectively protected from 

dust, abrasive particles and chips, and 

4. The pulling force requires to displace even heavy units is very small due 

to negligibly small friction at all sliding velocities. 

 

Explanation 02 Marks Advantages 02 Marks 
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Q6 : Attempt Any Four: 

i) 

  

 

ii) Note: figures are not essential but preferred ) 

Ergonomic considerations in design and location of display and control members:- 

i) the accuracy of the dial or scale should be in accordance with the accuracy required. 

ii) The dial or scale should not give any superfluous information. 

iii) The necessary information should be provided to the operator in the simplest possible 

manner.(to avoid the conversions and computations) 

iv) The subdivisions should be for values 1,2 or 5; subdivisions of  2, 4 etc should be 

avoided. 

v) The scale or dial should not be overcrowded and figures should be written only on the 

large markings. 

vi) The pointer tip should not cover the figure or scale markings. 
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Ergonomic considerations 

i) The optimum angles of the location, which cause least fatigue on the neck and other 

relevant muscles for standing and sitting operator. 

ii) The scale and indicators of displays should be positioned such that parallax is 

minimum. 

iii) The location of control members such as lever, hand wheels etc is governed by the 

anthropometric and functional anatomy considerations. 

 

            

(02 marks for design considerations, 02 marks for ergonomics (any two points)] 

iii) (01 mark each, any four) 

1) Anti-friction bearings (roller bearing, ball bearings) 

2) Hydrodynamic bearings 

3) Hydrostatic bearings 

4) Air – lubricated bearings 

iv) Suitable guideways: 

 a) Planning machine – open V type slide ways  
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b) surface grinders- Flat type 

c)  Lathe tailstocks – cylindrical slide ways  

d) Small vertical drills - Half closed type  

v) Machine tool structure profile mostly used in machine tools: 

Box type structures are mostly used as a machine tool structure 

Reason:- 

1. Box type section has the highest torsional stiffness. 

2. The strength is high as compared to other structures. 

3. Proper mating with the other surfaces. 

(01 mark for type, 03 marks for reasons (any three)) 

                                                    -------------------------------- 

 

 

 

 

 

 


