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Working program of educational discipline (Syllabus)


Details of educational discipline
	Level of higher education
	First (bachelor)

	Branch of knowledge
	13 Mechanical Engineering

	Specialty
	131 Applied mechanics

	Profile Program 
	Manufacturing Engineering

	Course Type

	Elective

	Form of study
	full-time 

	Year of study, semester
	3th year, autumn semester

	Volume of learning
	3 ECTS credits, 90 hours

	Semester monitoring/ control measures
	Exam

	Scheduled Classes
	Lectures - once a week, practice and laboratory works – every 2 weeks

	Course Language
	English

	Course Coordinator / Course lecturer
	Lecturer: Assoc. Prof., PhD Danylova Liudmyla
phone: 0977641820
Practice/ Seminar: Assoc. Prof., PhD Danylova Liudmyla 
Laboratory:  Assoc. Prof., PhD Danylova Liudmyla

	Course placement
	G-Suite, Telegram, EK, Google classroom etc.


Curriculum
1. Description of the discipline, its purpose, subject of study and learning outcomes
The process of metal cutting is defined as a forming process, which takes place in the components of the cutting system that are so arranged that the external energy applied to the cutting system causes the purposeful fracture of the layer being removed. This fracture occurs due to the combined stress including the continuously changing bending stress causing a cyclic nature of this process. The most important property in metal cutting studies is the system time.  In this course students are brought about the essential concepts of the metal cutting theory.
“Cutting Theory” is the course that purpose is to increase general theoretical and practical professional levels of future specialists by understanding and appreciating the various principles of metal cutting, cutting tool materials and its wear mechanisms during the machining operations. At the end of this course the students are expected to impart the knowledge of various systems of tool geometry and derive their interrelationships; develop the relations for chip reduction coefficient, shear angle, shear strain, forces, power, specific energy and temperatures associated with orthogonal cutting; select cutting fluids, cutting tool materials and tool geometry for improving machinability and tool life.
The discipline refers to the cycle of professional and practical training.
COURSE OBJECTIVES

1. Knowledge will be gained in the subject matter

2. Able to apply theory to practical problems

3. Knowledge will be renhanced to implement the concept for product development

4. Knowledge gained will help for higher study in the subject area

COURSE OUTCOMES

This will help to develop fundamental concepts in metal cutting theory and tool design

2. The place of academic discipline in the structural and logical scheme of study according to the educational program

Prerequisites. List of disciplines, or knowledge and skills, possession of which students needed (training requirements) for successful discipline assimilation

"Mathematics"
"Physics"
"Technology of structural materials (TCM) and material science"
"Strength of Materials"
"The theory of mechanisms and machines"

3. Contents of the academic discipline

Week 1 Classification of metal Machining Processes, Tool Materials & Types of Tools

Week 2 Single Point & Multipoint Tool Geometry and Nomenclature; ASA, ORS & NRS 

 Effect of Tool Geometry and Effect of Machining Variables on machining
Week 3 Determination of cutting parameters: cutting speed, feed, depth of cut, forces acting on a cutting tool.
Week 4 Mechanism of Chip Formation

 Shear Deformation and Shear Plane

Week 5 Types of Chips

  Factors involved in Chip Formation

  Effect of Cutting Variables on Chip Reduction Coefficient
 Week 6 Orthogonal and oblique cutting. Schemas, characteristics and parameters.
  Orthogonal rake system (ORS). Conversions between ASA and ORS systems – graphical and   analytical methods, normal rake system (NRS) & relation with ORS.
Week 7 Force System in Turning

Week 8 Merchants circle diagram, velocity relationship 

Week 9 Stress in conventional shear plane, energy of cutting process

Mid Term Examination I

Week 10 Evaluation of Machinability

Week 11 Mechanism of Tool Wear

Tool Life & Taylors Tool Life

Week 12 Economics of Metal Cutting Operation 

Equations Determination of Optimum Cutting Speed in Machining

Week 13 Thermal Aspects оf Machining Chip

  Tool Interface temperature
Week 14 Grinding 

Week 15 Force System in Drilling
Week 16 Force System in Milling
Week 17 Cutting tool materials.
Mid Term Examination II

Week 18 Non-Conventional Machining Processes
4. Learning materials and resources

1. Amstead, B.H., Ostwald P.F., Begeman M.L., Manufacturing Processes, 8th ed., Wiley, New York, 1988.
2. Bhattacharya A, Metal Cutting: Theory and Practice, New Central Book Agency, Kolkata, 2007.
3. Boothroid D.G. & Knight W.A. Fundamentals of machining and machine tools, Marcel Dekker, Newyork, 1989.
4. Manufacturing Engineering & Technology, Kalpakjian. S., Pearson Education Asia, 2003.
5. Rao P.N., Manufacturing Technology – Metal Cutting and Machine Tools, 3th edition, TMH, New Delhi, 2013.
6. Schey, J.A., Introduction to Manufacturing Processes, McGraw-Hill, NewYork, 1977.
7. Shaw, M. C., Metal Cutting Principles, Oxford University Press, Oxford, 1984.
8. Trent, E. M. and P. K. Wright, Metal Cutting, 4th edition, Butterworth-Heinemann, 2000.

Course Contents
5. Detailed Syllabus:

	Topic
	Content
	Lectures
	Practical / laboratory w

	Unit 1

 Classification of metal Machining Processes, Tool Materials & Types of Tools

	Machine Tools and machining operation: Introduction, generating motions of machine tools, machines using single point tools, machines using multipoint tools, machines using abrasive wheels, summary of machine tool characteristics and machining equations. 


	2
	

	Unit 2
Single Point & Multipoint Tool Geometry and Nomenclature
	Various systems of specifications, single point cutting tool geometry and their inter-relation.

Single point and multi point cutting tools like drills, milling cutters, tool nomenclature, tool point reference systems, tool angle specification systems – ISO and ASA systems, Chip breakers Indexable inserts, tool holders for indexable inserts, Recommended tool angles, Effect of cutting parameters on tool geometry.
Drill geometry, design of drills, Rake& Relief angles of twist drill, milling cutters. 
	2
	2

	Unit 3
Determination of cutting parameters: cutting speed, feed, depth of cut, forces acting on a cutting tool.
	Introduces formulas for calculating basic parameters necessary for machine cutting. The conditions for machining depend on the machine tool you are using. Speed, feed and depth of cut, machining time, forces.
	2
	2

	Unit 4
Mechanism of Chip Formation  Shear Deformation and Shear Plane


	Introduction, terms and definitions, chip formation. The apparent mean shear strength of the work material, chip thickness, friction in metal cutting. The relative motion between the tool and the workpiece during cutting compresses, a shear deformation that forms the chip. The mechanics of the machining process.

	2
	4

	Unit 5
Types of Chips 


	Different type of chips formation. Mechanism of chip formation.  Forces acting on the cutting tool and their measurement, specific cutting energy, plowing force and the “size effect”, Problems on chip formation. Factors involved in Chip Formation. Effect of Cutting Variables on Chip Reduction Coefficient
	4
	4

	Unit 6
Orthogonal and oblique cutting. 
	Schemas, characteristics and parameters.
Orthogonal rake system (ORS). Conversions between ASA and ORS systems – graphical and   analytical methods, normal rake system (NRS) & relation with ORS.

	2
	2

	Unit 7
Force System in Turning.
	 The three cutting force components, the tangential force (FZ) is the greatest, the feed force (FY) is less in magnitude and the radial force (FX) is the least in magnitude.  Cutting force measuring techniques i.e dynamometer.
	2
	2

	Unit 8
Merchants circle diagram, velocity relationship 


	The merchant circle equation along with its diagram, assumptions, derivation, applications, advantages, limitations, and procedures on how to draw a merchant's circle diagram. Ernst and merchant angle relationship
	2
	2

	Unit 9

Stress in conventional shear plane, energy of cutting process.
	Merchant's circle diagram- determination of cutting and thrust forces. Coefficient of friction, shear plane angle, Velocity and force relationship, shear stress and strain and strain rate in orthogonal cutting, stress distribution along rake face, theories of Lee and Shaffer’s, Oxley’s, etc. Power required in metal cutting. Specific energy. 
	2
	2

	Unit 10

Evaluation of Machinability
	Definitions of machinability. Material machinability is most often defined by different criterion: cutting forces, tool wear, machined surface quality, chip shape, vibration and etc. 
	
	

	Unit 11

Mechanism of Tool Wear
	Tool wear mechanisms, Types of tool damage during cutting, Wear and chipping characteristics of different tool materials, Tool wear equations, tool failure criteria, Tool life equations, Effect of process parameters on Tool life, Tool life testing, Machinability, Surface finish and surface integrity. 
	2
	2

	Unit 12

Economics of Metal Cutting Operation 


	Economics of Metal Cutting Operation: Introduction, choice of feed, choice of cutting speed, tool life for minimum cost and minimum production time, estimation of factors needed to determine optimum conditions, example off a constant-cutting-speed operation, machining at maximum efficiency, facing operations, operations with interrupted cuts, economics of various tool materials and tool designs, machinability data systems. 
	2
	2

	Unit 13
Thermal Aspects оf Machining Chip

Tool Interface temperature
	Regions of heat generation; Heat In the Primary Shear Zone, Heat at the Tool/work Interface, Heat Flow at the Tool Clearance Face, Average shear plane temperature; Average chip-tool interface temperature; method of tool temperature measurement, temperature distribution in tool, Cutting Fluid: Types and composition of cutting fluids, selection of cutting fluid. 
	2
	2

	Unit 14

Grinding
	Introduction, the grinding wheel, effect of grinding conditions on wheel behavior, determination of the density of active grains, testing of grinding wheels, analysis of the grinding process, thermal effects in grinding, cutting fluids in grinding, grinding wheel wear, nonconventional grinding operations. 
	2
	2

	Unit 15

Force System in Drilling
	The cutting force components in drilling.
Influence of drilling parameters such as material thickness, drill diameter, drill point angle, feed rate and spindle speed on thrust force developed during drilling. 
	2
	4

	Unit 16

Force System in Milling
	The cutting force components in milling.
Influence of milling parameters such as material thickness, feed rate and spindle speed on thrust force developed during milling. 
	2
	4

	Unit 17

Cutting tool materials.

	Classiﬁcation of hard cutting tool materials. Tool steels, cold work steels, high speed steels. Components of cemented carbides and their properties.
Coating methods. Speciﬁc properties of hard material coatings. Ceramic cutting tool materials. Tool designs.
Cutting tools. Carbon steel tools, high speed steels. Structure, properties and composition. Tool life and performance of high speed steel tools.

	2
	

	Unit 18

Nonconventional Machining Processes 
	Introduction, range of nonconventional machining processes, ultrasonic machining, water-jet machining, abrasive-jet machining, chemical machining, electrochemical machining, electrolytic grinding, electrical discharge machining, wire electrical discharge machining, laser beam machining, plasma arc machining, comparative performance of cutting processes.  Surface integrity: Effect of machining on surface/subsurface, various types of surface alterations, assessment of surface integrity, concept of engineered surfaces. 
	2
	

	Exam
	
	


6. Laboratory works
1. Determining the cutting ratio and shear angle for metal cutting operation on lathe machine. 

2. Research of the wear process.  
3. Research of the thermal aspects оf machining
4. Determining the cutting forces in turning.
5. Determining the cutting forces in drilling.
Policy and control
7. Course policy (educational component)
Deadline and recompilation policy. Works that are submitted in violation of deadlines without good reason are evaluated at a lower score (-10 points). Re-examination takes place with the permission of the dean's office if there are good reasons (for example, hospital).

Academic Integrity Policy. All written works are checked for plagiarism and are allowed to be defended with correct text borrowings not more than 20%.

Attendance policy. Attendance is a mandatory component of the assessment, for which points are accrued. For objective reasons (eg illness, international internship) training can take place on-line in agreement with the course leader.
8. Types of control and rating system of assessing learning outcomes (RSA)

Current monitoring: express survey, survey on the topic of the lesson, test, etc.
Semester monitoring: exam.
Conditions of admission to semester control: semester rating is more than 63 points.

Table of correspondence of rating points to grades on a university scale:
	The number of points
	Rating

	100-95
	Perfectly

	94-85
	Very good

	84-75
	Good

	74-65
	Satisfactorily

	64-60
	Enough

	Less than 60
	Unsatisfactorily

	Admission conditions

are not met
	Not allowed


9. Additional information on the discipline (educational component)
· the possibility of enrollment in certificates of distance or online courses on relevant topics;

· the possibility of crediting articles published abroad.
Curriculum (Syllabus):
Folded: Assoc. Prof., PhD   
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