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Course Code Course Name  Credit 

MEDLO6022 Tool Engineering   03 

 

Objectives : 
 

1. To familiarize with the basic concepts of machining science like mechanics of machining, 
tool wear, tool life, surface roughness and tool materials. 

2. To familiarize with various single and multipoint cutting tools designing processes 
3. To study the economics of machining process   

 

Outcomes: Learner will be able to…  
 

1. Calculate the values of various forces involved in the machining operations 
2. Design various single and multipoint cutting tools  
3. Analyze heat generation in machining operation and coolant operations 
4. Illustrate the properties of various cutting tool materials and hence select an appropriate tool 

material for particular machining application 
5. Demonstrate the inter-relationship between cutting parameters and machining performance 

measures like power requirement, cutting time, tool life and surface finish 
6.  Analyze economics of machining operations 

 

Module Details Hrs 

1 

1.1 Metal Cutting Theory: Orthogonal and oblique cutting, various types of 
chips, Mechanics of orthogonal steady state metal cutting, shear plane 
and shear plane angle, Merchant’s force circle, stresses, shear strain, 
velocity relations, rate of strain, energy considerations, Concept of 
specific power consumption in machining, Ernst and Merchant’s model 
& modified model for orthogonal cutting, problems on above topic. 

1.2 Dynamometry: Dynamometer requirements, force measurement, 
electric transducers, strain gauge lathe dynamometer, strain rings, milling 
dynamometer, drilling dynamometer, piezoelectric dynamometry  

08 

2 

2.1 Temperatures in metal cutting and cutting fluids: Heat generation in 
metal cutting, heat transfer in a moving material, temperature 
distribution in metal cutting,  effect of cutting speed on temperature, 
prediction of temperature distribution in machining, measurement of 
cutting temperature, work tool thermocouple, direct thermocouple 
measurement, radiation methods, hardness changes in steel tools, 
Cutting fluid types, the action of coolants, the action of lubricants,  
characteristics of an efficient lubricant in metal cutting, application 
methods of cutting fluid,  dry cutting and minimum quantity lubrication, 
cryogenic cooling, cutting fluid maintenance and environmental 
considerations, disposal of cutting fluids  

05 

3 

Cutting tool materials and machining induced surface integrity   
3.1 Properties of cutting tool materials, Major tool material types, Plain 

carbon steel, high speed steel, cast alloys, cemented tungsten carbide, 
titanium carbides, ceramic and cermet tools, synthetic diamond, 
polycrystalline diamond (PCD), cubic boron nitride (CBN), coated 
tools, Techniques for manufacturing coated tools 

3.2 Measurement and specification of surface finish, primary cutting 
edge finish, fracture roughness, BUE formation and its influence on 
finish, secondary cutting edge finish,  

04 
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4 

Tool life and Machining Economics:  
4.1 Definition, tool wear, criteria for tool failure, effect of cutting 

parameters and tool geometry on tool life, Taylor’s tool life equation, 
machinability of material, factors affecting machinability,  

4.2 Components of product cost, Optimum cutting velocity for minimum 
cost of production and maximum production rate, problems on above 
topic.  

06 

5 

 Design of single point cutting tools:  
Different systems of tool nomenclature like MRS and ORS, 
Constructional features of solid tool, tipped tools, mechanically held 
regrindable insert type tools and throw away tip type tools, Design of 
shanks, cutting tip and chip breakers for HSS and Carbide tools, ISO 
coding system for tipped tools and tool holders, Tool design for EDM 
and USM. 

05 

6 

Design of multi point cutting tools:  
Introduction to various form tools, Broach nomenclature, design 
steps for circular pull type, key way and spline broaches, Design of 
face and peripheral milling cutters, Drill, Reamer and Tap design 
using standard procedure.  

08 

 

Assessment:   

Internal Assessment for 20 marks:  
ConsistingTwo Compulsory Class Tests  

First test based on approximately 40% of contents and second test based on remaining contents 
(approximately 40% but excluding contents covered in Test I)   
 
End Semester Examination: 
Weightage of each module in end semester examination will be proportional to number of 
respective lecture hours mentioned in the curriculum.  
1. Question paper will comprise of total six questions, each carrying 20 marks 
2. Question 1 will be compulsory and should cover maximum contents of the curriculum 
3. Remaining questions will be mixed in nature (for example if Q.2 has part (a) from module 3 

then part (b) will be from any module other than module 3)  
4. Only Four questions need to be solved.  

 

Text/Reference Books 
 

1. Fundamentals of Metal Machining and Machine Tools, Third Edition by Winston A. Knight, 
Geoffrey Boothroyd, CRC press Taylor and Francis group 

2. Metal Cutting Principles by Milton Clayton Shaw,2nd Edition, Oxford University Press 
3. Cutting Tools by P H Joshi, A H Wheeler Publishing Co Ltd  
4. ASM Handbook, Vol. 16: Machining by Joseph R. Davis,9th Edition, ASM International  
5. Fundamentals of Metal Cutting and Machine Tools by B. L. Juneja, G. S. Sekhon and Nitin 

Seth,2nd Edition, New Age International 
6. Metal Cutting Theory and Cutting Tool Design, by V. Arshinov and G. Alekseev, Mir 

publishers, Moscow 
7. Typical Examples and Problems in Metal Cutting and Tool Design, by N. Nefedov and K. 

Osipov, Mir publishers, Moscow 
8. Production Technology – HMT handbook 
 

Links for online NPTEL/SWAYAM courses: 

https://nptel.ac.in/courses/112/105/112105233/ - Metal Cutting and Machine Tools, IIT Kharagpur 


