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1. GENERAL CHARACTERISTICS OF THE DISCIPLINE MECHANICAL AND PHYSICAL AND TECHNICAL MACHINING TECHNOLOGY AND EQUIPMENT
1.1. Annotation of the discipline content
The “Mechanical and physical and technical machining technology and equipment” discipline discipline is introduced in the 6th semester. The main purpose is the theoretical and scientific preparation of the post-graduate student to the systematization of theoretical knowledge and practical skills and formation of skills in individual research activities in the field of technology and equipment for the  mechanical and physical and technical machining.


The discipline learning assumes accomplishment of the following tasks:
- to form a complex of the fundamental knowledge in the field of sciences that compose a theoretical base of the specialty, ability to forecast the development of researches, technologies and production equipment that are innovative and useful;
- to train the post-graduate student on the methodology of a theoretical and experimental research, diagnosis, modelling and optimization of the  mechanical and physical and technical machining, production equipment, tooling systems and accessories;

- to train the post-graduate student on the methodology of imagineering, to form skills in generating innovative ideas in the creation of new technologies and production equipment.
- develop skills in designing, calculation and  improvement of the production equipment, cutting tools, tooling systems and accessories. 
1.2. Language of the program implementation – Russian
1.3. Anticipated results of the program implementation  
The result of the program learning consists in the development of the following competences:

· Ability for the critical analysis and the assessment of modern scientific achievements, generation of new ideas when solving research and practical tasks, including tasks in interdisciplinary areas (UC-1);
· ability to make a science-based assessment of new solutions in the field of building and modeling of machines, drives, equipment, production systems and special machine-building equipment as also as tools, jigs and fixtures of the production (GPC-1) 

· ability to define and solve non-typical tasks of a mathematical, physical, engineering, manufacturing, electrotechnical character when designing, manufacturing and operating a new machinery (GPC -2) 

· ability to create new and improve existing machining processes and corresponding equipment, apparatuses, mechanisms and other technical means that ensure high competitive capability due to the quality of formed parts, low costs, increased productivity, reliability, safety and environmental compatibility (PC-1).
· Possess the methodology of learning relationships and patterns in body (part) shaping processes by removal of initial amount of the material and also in process implementation hardware (machine tools, tools, apparatuses, mechanisms and other process tooling) on design and operation stages (PC-2).
As a result of the course learning, the postgraduate student has to:

Know:
· Modern state, perspectives of technology process equipment development on the world market,  technical capacity of the machine-building industry; 

· Theoretical basics, methods of modeling and experimental research of processes of mechanical and physical and technical machining, including processes of combined machining with application of different physical and chemical effects; 

· Physical and chemical phenomenon, taking place in the area of interaction of a tool and machined part; physical basics of the cutting process; geometric, kinematic, dynamic,  tribological and other peculiarities of material processing methods that are widely used in production; mechanism of  machined surfaces quality formation; 

·  Methods of analysis, planning and control of different  cutting technologies;

· Methods of the process optimization on order to increase the production, quality and  economical operation, and also to decrease energy consumption;

· Methodology of design, calculation and optimization of parameters of cutting tools, tooling systems and accessories that ensure technically, economically and energetically effective processes of mechanical and physical and technical machining; 
· Theory and methodology of the design of metal-cutting machine tools, machine-tool systems,  automated lines, equipment for the physical and technical machining; 

· Methods for the increase of performance, accuracy, quality and reliability of the process equipment and cutting tools, intensification of processes of mechanical and physical and technical machining; 

- Peculiarities of the appliance of processes of mechanical and physical and technical machining in the computer-aided manufacturing, including: modeling and optimization of process parameters, equipment and tools;  theory of reliability; diagnostic methods of  surface shaping processes and  state of the manufacturing equipment, tooling and cutting tools;
· Structural phase changes in materials in the event of mechanical and physical and technical methods of action of cutting tools or directed energy flow on the machined surface. 
Be able to:

· Model processes of mechanical and physical and technical machining, manufacturing equipment and cutting tools while shaping machine part surfaces; 

· Optimize process parameters in order to increase performance, quality and  economical operation as also as to decrease energy consumption;

· Develop competitive technologies for the mechanical and physical and technical machining while shaping machine part surfaces,  instruments of apparatuses, including technologies of  combined machining with the appliance of different physical and chemical effects; 

· Forecast and create manufacturing processes of mechanical and physical and mechanical machining, equipment and tools, based on new physical effects; 

· Develop a design, perform calculations and optimization of parameters of tools and tooling, ensuring mechanically and economically effective processes of mechanical and physical and technical machining; 

· design metal-cutting machines,  machine tool systems, automated lines and equipment for the physical and technical machining, perform calculations and optimize their arrangement, equipment configuration and parameters of the machine-tool equipment;

· perform diagnostics of  surface shaping processes, production equipment, cutting tools and tooling;

· solve problems of rational use of the production equipment, cutting tools and tooling. 
Demonstrate skills and experience of the following activities:

· skills in working with  software systems for mathematical and  simulation modeling of material machining processes; 

· skills in calculation and justification when selecting conditions of mechanical and physical and technical machining of materials. 

1.4.  Discipline scope
	
	Types of academic activities
	Discipline scope
	Distribution of the discipline scope by semesters (hours)

	Item No.
	
	Total hours
	Incl. Contact work (hour)*
	6

	1.
	In-class studies
	4
	-
	4

	2.
	Lectures
	4
	4
	4

	3.
	Practical studies
	-
	-
	-

	4.
	Laboratory works
	-
	-
	-

	5.
	Students' individual work, including all types of the current  assessment
	86
	0,6
	86

	6.
	Midterm assessment
	18
	2,33
	Ex (18)

	7.
	Total volume on the plan of study, hours
	108
	6,93
	108

	8.
	Total volume on the plan of study, c.p.
	3
	
	3


2. DISCIPLINE CONTENT
	Code of section, topic
	Course section, topic
	Content

	Р1
	Significance of mechanical and physical and technical machining methods in the modern  mechanical engineering

	Content of the specialty, process- and equipment-related problems of the modern machine-building industry. Main tasks, solved by mechanical and physical and technical methods, their relative share in product total labour intensity in the machine-building industry and the development direction. Material processing by cutting and physical and technical methods is one of main elements of the modern machine-building technology. Fund-creating role of the machine tool building in the machine building industry. Meaning of machine tools for the machine production. Main development directions and the most important achievements of the machine-building and tool industry by the engineering level indexes. Modern tendencies and ways of ensuring the competitive capability of the machine-tool equipment and tools. International dynamics of the machine tool and tool market. World structure of the machine-building development. 

	Р2
	Cutting

	Tasks of the metal cutting theory. Advantages and disadvantages of the machining by cutting in comparison with other methods. Key terms of the cutting process, its physical basics. Mechanics of the cutting process, chip formation charts, friction during cutting, build-up forming. Methods and means of an experimental research of the cutting process. Processing energy balance. Heat, electric, magnet and other phenomena during cutting. Means of the heat generation reduction during cutting. Methods and tasks of studying physical phenomenon during cutting. 
Vibrations at cutting, their types and occurrence principles. 
Process media and their action. Machining with limited use of a coolant. 
Tool materials, their types and fields of application. Types of wear, criteria of the tool change and methods of the tool life extension.
Concept of tool durability. Typical geometric pattern of the tool working surface wear during machining, its dependency on a type of machined material, operation, cutting modes; concept of wear curves and life period. Tool dulling criteria; their assignment depending on a tool and operation type. Process criteria of dulling and the concept of uniform wear of different tool types. Physical basics of the tool wear; concept of an abrasive, adhesive, diffusive and oxidative wear mechanisms. General mechanism of the tool wear; wear intensity, its models. 
Optimization of a cutting mode, its methods and criteria. Physical and economic requirements to the optimization resulting from one- or multitool machining, single- or multiple-pass machining, unmanned technology, concept of automated lines and FMS.
Use of ECM for the selection of optimum cutting modes. Connection of a cutting mode with the superficial layer quality. Machinability of construction materials by cutting. Experiments in metal cutting, their peculiarities and requirements to procedures, experiment support facilities. Main unsolved questions in the field of cutting theory. 
Main machining methods (patterns). High-velocity cutting, combined work processes. Requirements to cutting tools, automatic tool size, state and setting control methods. 
Calculations of cutting forces. Their procedures.
 

	Р3
	Cutting tools

	Role and meaning of cutting tools in metal working. Typical tasks and design stages of cutting tools. Design methods. Functional and structural model of a cutting tool. Purpose of structural and geometric parameters of cutting tools in accordance with cutting process requirements. Peculiarities of cutting tool designing for different types of machining.   Mounting and locating methods. Mounting and locating of cutting elements of built-up tools. Requirements to the construction of a mounting (body) part of a tool in case of rapid and high-velocity machining. 
Standardization and certification of cutting tools. 
Algorithmization of calculation and design procedures  for cutting tools. Cutting tool CAD. 
Additional requirements to tools in large-scale and automated production: on unit-type machine tools, automated lines, on CNC machine tools, multi-purpose machines, GM-modules. 
Tool adjustment on and out of machine. Methods of automatic cutting tool position correction. Tool incoming inspection. Tooling backup of different types of production. Perspectives of the development of cutting tool constructions.


	Р4 
	Physical and technical machining methods 


	The concept of physical and chemical processing as a part production method by removing a material layer from a workpiece as a result of all possible tool actions, including mechanical, heat, electrical and chemical in process media and their combinations. Physical and chemical processing mechanism as a method of removing of a material layer in the form of chip (machining), products of anodic stripping (electromechanical processing), electrospark destruction (electrospark machining),  as also as metal melting and evaporation (laser and electron-beam machining) and other actions.
Classification of existing methods of the physical and chemical machining and theoretical prerequisites of creating principally new methods on the basis of the combination of use of known physical, chemical and other phenomena. Concept of the cutting processing class (mechanical, heat, electric, chemical, combined), group that characterizes by a certain physical and chemical cutting mechanism (for example, plasma-assisted machining by cutting) and method of specific implementation of a certain machining (for example, plasma-assisted machining by a hard-carbide tool).

	Р5
	Types of metal-cutting machine tools and their classification. Machine kinematics 

	Classification of machine-tools by a process application, accuracy, degree of automation, models and catalogues of metal-cutting machine-tools. 
Peculiarities of design of machine-tools of main groups. Procedure of price generation of machine-tools with regard to their quality.
International standardization and certification of machine-tools and their components.
Competitive capability of metal-cutting machine tools.
Surface shaping on machined parts.

Classification of travels in machine tools.

Kinematic scheme of machine tools with mechanical and non-mechanical kinematic relations. Comparative analysis of the kinematic scheme of distinct types of machine tools.

	Р6
	Process basics of machining on metal cutting machine tools of different types 


	Technology and physical and chemical methods of removal of a part of initial amount of the workpiece material during mechanical machining, electromechanical, electrospark and laser machining and other types of part shaping. 

Technological preparation of the machine design.  Formation of the requirements to a machine tool on the basis of machined part parameter analysis. 

	Р7
	Main stages of design and calculation of the machine-tool equipment 
	Marketing in order to determine the  competitive capability of a created machine-tool by a set of technical and economical indexes.

Main criteria of the machine-tool operability, performance, strength, robustness, wear resistance, stability (initial and with consideration of temperature deformations).  
Machine tool reliability. General concepts. Parametric and functional reliability. Reliability during normal operation and wearout failures. Backing-up.

Composition of a technical assignment for the  machine tool engineering on the basis of the process design. Determination of main constructional and technological parameters. Methods of formation of indexes and criteria of the machine technical state assessment by its output characteristics.

Formation of the  layout arrangement and frame construction ща machines. Determination of design parameters. 
Development of the kinematic scheme, selection of the control, monitoring and diagnosis philosophy. 

static elastic displacements and their influence on the machine accuracy. 
 Dynamic system of the machine. Characteristics of its main components (elastic system, cutting process, friction process, processes in motors).
Stability of motion of machine movable operating elements and methods of the stability ensuring. 

Machine CAD. Multiobjective optimization in tasks of the machine design. Formation of the requirements to main machine systems.

Concept of the end-to-end design method and CAD-CAM-CAE part manufacturing.

Parametrical solid models.
GPSS simulation modeling as a mean of quantitative analysis of manufacturing systems. Development of mathematical models of constructions and processes that take place in machines.
Use of Internet and Intranet during the machine designing.
Methods of the process equipment quality assessment on design and assembly stages.

	Р8
	Main machine systems and their design and calculation 


	Mechatronic unit design principles. Main advantages of their use in machines. 
Linear and circular motion guide. Design and calculation of  half-floating, hydrostatic, hydrodynamic and linear slideways.
Design and calculation of gear and feed boxes.
Spindle units with sliding, rolling, hydrostatic and hydrodynamic bearings. Design and calculation with consideration of high-frequency spindles.

Mechanisms for the execution of straight line motions, their types, design and calculation of mechanisms: sliding and rolling feed nut assembly, rack motion mechanism, pinion and rack mechanism etc.

Mechanisms for the execution of periodic motions. Mechanisms for micro motions. Feed mechanisms. Fixation mechanisms. Automatic tool change mechanisms. Tool and workpiece (arrangement) mechanisms. Clamping devices of metal-cutting machines. Classification, main types. Calculations of typical accessories for machines of different process application.

Experimental researches of metal cutting machines, methods of execution and result processing.


3. COURSE SCHEDULING

3.1. Distribution of teaching load and  individual work activities by discipline sections
	
	Discipline scope (credit points.):3

	Discipline section
	In-class studies (hours) 
	Discipline section

	Section, topic code
	Section, topic code
	Total per section, topic (hours)
	Total in-class studies (hours)
	Lectures
	Practical studies
	Laboratory works
	Total student individual works (hours)
	Preparation for in-class studies (hour.)
	Individual out-of –class studies (quant.)
	Preparation for assessment activities (quant.)
	Preparation for qualification activities on the discipline
 (hours)
	Preparation for module qualification activities within the course (hours)

	
	
	
	
	
	
	
	
	Total
	Lecture
	Practical seminar study
	Laboratory work
	Scientific seminar, seminar-conference, colloqium
	Total  
	Homework
	Graphical work
	Report, essay, тcreative work
	Ind. or group project
	Translation of foreign literature
	Calculations, development of the software product
	Calculation and graphic works
	Total
	Lecture
	Practical seminar study
	Laboratory work
	Scientific seminar, seminar-conference,  colloquium  
	Pass-fail exam  with examination
	Pass-fail exam  without examination
	Examination
	Integrated assessment of results of learning of module disciplines 
	Integrated examination on the module

	Р1
	Significance of mechanical and physical and technical machining methods in the modern  mechanical engineering
	11
	1
	1
	 
	 
	
	10
	10
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Р2
	Cutting
	11
	1
	1
	 
	 
	
	10
	10
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Р3
	Cutting tools
	11
	1
	1
	
	
	
	10
	10
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Р4
	Physical and technical machining methods 
	11
	1
	1
	
	
	
	10
	10
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Р5
	Types of metal-cutting machine tools and their classification. Machine kinematics 
	11
	
	
	
	
	
	11
	11
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Р6
	Process basics of machining on metal cutting machine tools of different types 
	11
	
	
	
	
	
	11
	11
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Р7
	Main stages of design and calculation of the machine-tool equipment 
	12
	
	
	
	
	
	12
	12
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Р8
	Main machine systems and their design and calculation 
	12
	
	
	
	
	
	12
	12
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Total (hours) without midterm assessment:
	90
	4
	4
	
	
	86
	86
	86
	0
	0
	0
	0,0
	0
	0
	0
	0
	
	0
	0
	0
	0
	0
	0,0
	0
	0
	
	
	
	

	
	Total per discipline (hours):
	108
	4
	
	104
	Incl. midterm assessment
	0
	18
	0
	0

	


4. ARRANGEMENT OF PRACTICAL STUDIES, INDIVIDUAL WORK IN THE DISCIPLINE
4.1. Laboratory works
Not applicable
4.2. Practical studies
Not applicable
4.3. Exemplary topic of the individual work
4.3.1. Exemplary list of homework topics 
Not applicable
4.3.2. Exemplary list of reports (essays, creative works)
Not applicable
4.3.3    Exemplary topics of individual or group projects 

Not applicable
4.3.4 Exemplary topics of control works
Not applicable
4.3.5.  Exemplary topics of  colloquiums
Not applicable
3. CORRELATION OF DISCIPLINE SECTIONS, TOPICS AND USED TEACHING TECHNOLOGOES
	Code of a discipline, discipline topic


	Active methods of teaching
	Remote educational technologies and electronic teaching

	
	Project work
	Case-analysis
	Business games
	Problem-based learning
	Team work
	Other (practical study)
	Network-based education courses
	Virtual workshops and simulators
	Webinars and videoconferences
	Asynchronous web-conferences and seminars
	Collaborative work and content development
	Others (indicate)

	Р1-Р8
	
	
	
	+
	
	
	
	
	
	
	
	


6. FUND OF ASSESSMENT MEANS FOR THE EXECUTION OF THE CURRENT AND MIDTERM ASSESSMENT ON THE COURSE  IN THE DISCIPLINE (Appendix 1)
7. METHODOLOGICAL AND INFORMATIONAL SUPPORT OF THE DISCIPLINE  TC "УЧЕБНО-МЕТОДИЧЕСКОЕ И ИНФОРМАЦИОННОЕ ОБЕСПЕЧЕНИЕ дисциплины" \l 1 
7.1. Recommended literature  TC "Рекомендуемая литература" \l 2 
7.1.1. Main literature
1. V.M. Borisov Basics of the Mechanical Engineering Technology : study guide / V.M. Borisov .— Kazan: KSTU, 2011 .— 137 p. — ISBN 978-5-7882-1159-6 .— <URL:http://biblioclub.ru/index.php?page=book&id=258356>.

2. Igor Michailovich Kolesov. Basics of the Mechanical Engineering Technology: Textbook for higher educational institutions / I.M. Kolesov; Editorial board.: Y.M. Solomentcev (chairman) et al. — 2nd edition, rev. — М. : Vyshaya Shkola, 1999 .— 591 p. : il. — (Technology, equipment and automation of machine-building  facilities) .— recommended as a textbook .— ISBN 5-06-003662-6 : 55.00 

3. Andrei Aleksandrovich Matalin. Mechanical Engineering Technology: Textbook for higher educational institutions. — L. : Mechanical engineering, 1985 .— 512с. — allowed as a textbook.— 1.50. 

4. A.G. Suslov High Technologies in the Mechanical Engineering. : / A.G. Suslov, B.M. Bazrov, V.F. Bezyazychny, Y.S. Avraamov — Moscow: Mechanical engineering, 2012 .— ISBN 978-5-94275-619-2 .— <URL:http://e.lanbook.com/books/element.php?pl1_cid=25&pl1_id=5795>. 
5. Viktor Ivanovich Guzeev. Cutting modes for turning and drilling, milling and boring machine with  numerical control : handbook / V.I. Guzeev, V.A. Batuev, I.V. Surkov ; under the editorship of V.I. Guzeeva .— М. : Mechanical engineering, 2005 .— 366 p. : il. ; 24 cm .— nonclassified .— ISBN 5-217-03278-2.

7.1.2. Supplementary literature
1. P.P. Isaev Metal Cutting (cutting of metals, cutting tools, metal-cutting machines) / P.P. Isaev ; А.А. Bogdanov .— Moscow : State publishing house of the defense industry, 1959 .— 666 с. — ISBN 978-5-4458-4065-7 .— <URL:http://biblioclub.ru/index.php?page=book&id=212681>. 
2. Boris Ivanovich Gorbuniv. Metal Cutting, metal-cutting tools and machines: study guide for higher educational institutions / B.I. Gorbunov .— М. : Mechanical engineering, 1981 .— 287 p. : il. ; 22 cm .— Bibliogr: p. 284-285 (44 names.). — allowed as study guide .— 0.95. 

3. Yakov Mikhailovich Ashkinaziy. Centerless Cylindrical Grinding Machine. Design, machining and dressing / Y.M. Ashkinaziy ; under general editorship of V.I. Cherpakov .— Moscow : Mechanical engineering, 2003 .— 352 p. : il. ; 24 sm .— .— Paral. Title page engl. — Bibliogr.: p. 340-344 (98 names.). — ISBN 5-217-03206-5 .— <URL:http://e.lanbook.com/books/element.php?pl1_cid=25&pl1_id=797>. 

4. M.Y. Sibikin Basics of design, setup and operation of metal-cutting and wood-working machines / M.Y. Sibikin.— М.|Berlin : Direct-Media, 2017 .— 419 p. — ISBN 978-5-4475-4832-2 .— <URL:http://biblioclub.ru/index.php?page=book&id=480128>

5. Serafim Nikolaevich Vlasov. Arrangement, Setup and Maintenance of Metal-Working Machines and  Automated Line: Textbook for  secondary educational establishments/ S.N. Vlasov, G.M. Godovich, B.I. Cherpakov .— 2nd edition, rev. and enl. — М. : Mechanical engineering, 1995 .— 463с. — recommended as a textbook .— ISBN 5-217-02577-8 : 6000.

6. V.K. Luchkin Designing and Programming of Machining on CNC Turning machines: study guide / V.K. Luchkin; V.A. Vanin .— Tambov : Publishing house FSBEI HPE “TSTU”, 2015 .— 83 p. — ISBN 978-5-8265-1397-2 .— <URL:http://biblioclub.ru/index.php?page=book&id=444957>.
7. A.M. Danielyan Metal Cutting and Tools / A.M. Danielyan.— Moscow : State scientific and technical publishing house for the mechanical engineering literature, 1950 .— 453 p. — ISBN 978-5-4458-4689-5 .— <URL:http://biblioclub.ru/index.php?page=book&id=213990>.
8. Tools for  the computer-aided manufacturing : Textbook for students of higher educational institutions of  “Technology, equipment and automation of a machine-building facility”, "Automation and management " fields of study and “Mechanical engineering technologies” and “Metal-cutting machines and tools”, “Automation of technological processes and production” specialties / V.A. Grechishnikov, A.R. Maslov, Y.M. Solomentcev, A.G. Skhirtladze; Under the editorship of  Y.M. Solomentcev.— М. : Vyshaya Shkola, 2001 .— 271 p. : il. ; 21 sm .— (Technology, equipment and automation of machine-building facilities) .— Bibliogr.: p. 269 (13 names). — recommended as a textbook .— ISBN 5-06-004064-X : 57.00.

9. Aleksandr Viktorovich Bobrovsky. Cutting of Nonferrous Metals : Handbook / A.V. Bobrovsky, O.I. Drachev, A.V. Rybyakov .— SPb. : Politekhnika 2001 .— 200 p. : il. ; 21 sm.— Bibliogr.: p. 193-194. Index: p. 195-197. — nonclassified .— ISBN 5-7325-0536-9 : 178.00.

10. Cutting of metals by the emission of powerful fiber lasers / E.D. Vaks [et al.] .— Moscow: Tekhnosfera, 2016 .— 352 p. : il. — (Mir tekhniki I fiziki. II : 34) .— Bibliogr. in the end of the section. — ISBN 978-5-94836-427-8.

7.2. Guidance papers
Not used
7.3. Software
Microsoft office (Word, Excel, Power point), MATCAD, Autodesk Inventor  TC "Программное обеспечение" \l 2 
7.4. Data bases, information and reference and search systems
1. Zonal scientific library http://library.urfu.ru/
2. Catalogues of the library http://library.urfu.ru/about/department/catalog/rescatalog/
3. Electronic catalogue http://library.urfu.ru/resources/ec/
4. Resources http://library.urfu.ru/resources
5. Search http://library.urfu.ru/search;

6. Electronic resources by UrFU subscription, for example, Techexpert data base.
7. Russian electronic scientific library. – Access mode:  http://www.elibrary.ru
8. Systems for search of publications of Russian and foreign scientific editions: http://www.sciencedirect.com, http://www.ingentaconnect.com
7.5. Electronic educational resources

Not applicable 
Appendix 1 TC "ПРОЦЕДУРЫ КОНТРОЛЯ В РАМКАХ БАЛЛЬНО-РЕЙТИНГОВОЙ СИСТЕМЫ" \l 1 
To the discipline work program
FUND OF ASSESSMENT MEANS FOR THE EXECUTION OF THE CURRENT AND MIDTERM ASSESSMENT ON THE COURSE  IN THE DISCIPLINE

8.1. CRITERIA FOR THE ASSESSMENT OF RESULTS OF   CONTROL ACTIVITIES OF THE CURRENT AND MIDTERM ASSESSMENT ON THE DISCIPLINE

 
Criteria for the assessment of post-graduate student’s achievement, accepted at the academic department, are used.  The system of assessment criteria is based on three levels of learning the competence components: threshold, advanced, high.

	Competence components
	Signs of level of competence components learning 

	
	threshold
	advanced
	high

	Knowledge 
	The post-graduate student shows the knowledge- acquaintance, the knowledge-copy: he recognizes subjects, phenomena and definitions, can find differences between them, shows the knowledge of  information sources, can  perform knowledge reproductive actions by reproduction and use of information on his own. 
	The post-graduate student shows analytical knowledge: reproduces and understands obtained knowledge , includes them into this or that classification group, systematize them by himself, establishes interconnections between them, fruitfully uses them in familiar situations.
	The post-graduate student can retrieve knowledge from the environment, creatively use them for making decisions in new and  non-conventional situations. 

	Skills
	The post-graduate student can correctly perform prescribed actions as per the instruction, algorithm in

a familiar situation, act by himself when solving typical tasks that require to make choice from the range of known methods, in a  predictably changing situation
	The post-graduate student can perform actions by himself  (approaches, operations) related to solving non-conventional tasks that require  to make choice on the basis of a combination of known methods, in a  predictably changing situation
	The post-graduate student can perform actions by himself related to solving research tasks, demonstrates creative appliance of skills (technologies)

	Personal qualities
	The post-graduate student has low motivation for the  learning activity, shows indifferent,  irresponsible attitude to the learning process, assigned task 
	The post-graduate student has obvious motivation for the learning activity, demonstrates positive attitude to the learning process and further labor activity, is active. 
	The post-graduate student has obvious motivation for the studying and working activity, is insistent and passionate, hard-working,  self-dependent, creative. 


8.2. ASSESSMENT MEANS FOR THE EXECUTION OF THE CURRENT AND MIDTERM ASSESSMENT IN THE DISCIPLINE
8.2.1. Exemplary tasks for small control works during classes 

 Not applicable
8.2.2. Exemplary control tasks during classes 

Not applicable 

8.2.3. Exemplary control cases 

Not applicable 

8.2.4. List of exemplary questions for the pass/fail examination 

8.2.5. List of exemplary questions for the examination
1. Tasks of the metal cutting theory. Advantages and disadvantages of the machining by cutting in comparison with other methods.
2. Key terms of the cutting process, its physical basics. Mechanics of the cutting process, chip formation charts, friction during cutting, build-up forming. Methods and means of an experimental research of the cutting process.
3. Processing energy balance. Heat, electric, magnet and other phenomena during cutting. Means of the heat generation reduction during cutting. Methods and tasks of studying physical phenomenon during cutting
4. Vibrations at cutting, their types and occurrence principles. Use of the vibration appliance on the machining process. 
5. Process media and their action. Machining with limited use of a coolant.
6. Tool materials, their types and fields of application. Types of wear, criteria of the tool change and methods of the tool life extension. 
7. Concept of tool durability. Typical geometric pattern of the tool working surface wear during machining, its dependency on a type of machined material, operation, cutting modes; concept of wear curves and life period. 
8. Tool dulling criteria; the assignment of tools depending on a tool and operation type. Process criteria of dulling and the concept of uniform wear of different tool types.
9. Physical basics of the tool wear; concept of an abrasive, adhesive, diffusive and oxidative wear mechanisms. General mechanism of the tool wear; wear intensity, its models.
10. Optimization of a cutting mode, its methods and criteria. Physical and economic requirements to the optimization resulting from one- or multitool machining, single- or multiple-pass machining, unmanned technology, concept of automated lines and FMS.
11. Connection of a cutting mode with the superficial layer quality. Machinability of construction materials by cutting.
12. Experiments in metal cutting, their peculiarities and requirements to procedures, experiment support facilities. Main unsolved questions in the field of cutting theory.
13. Main machining methods (patterns). High-velocity cutting, combined work processes. Requirements to cutting tools, automatic tool size, state and setting control methods. 
14. Calculations of cutting forces. Their procedures.
15. Role and meaning of cutting tools in metal working.
16. Typical tasks and design stages of cutting tools. Design methods. Functional and structural model of a cutting tool.
17. Algorithmization of calculation and design procedures  for cutting tools. Cutting tool CAD.
18. Additional requirements to tools in large-scale and automated production: on unit-type machine tools, automated lines, on CNC machine tools, multi-purpose machines, GM-modules.
19. Tool adjustment on and out of machine. Methods of automatic cutting tool position correction. Tool incoming inspection. Tool support of different types of production. 
20. Perspectives of development of cutting tool constructions.

21. Main direction of creation of high-performance cutting modes. Physical peculiarities and process parameters of  the high-speed and power cutting, fine turning and  boring operations, typical tool constructions, cutting tools and field of application. 

22. Cutting processes with special kinematic and physical  machining patterns – rotary (skiving) and vibrational cutting, including ultrasonic cutting and wire brushing; nanotechnological machining methods.

23. Combined methods of cutting, integrating the action on the material of the removed layer of several physical and chemical phenomena. Cutting in special process media, with the advance plastic deformation, heating (thermal cutting), electromechanical methods edge cutting and chemical and mechanical methods of abrasive machining. Perspectives of the development of combined methods of cutting. 
24. The concept of physical and chemical processing as a part production method by removing a material layer from a workpiece as a result of all possible tool actions, including mechanical, heat, electrical and chemical in process media and their combinations.
25. Physical and chemical machining mechanism as a method of removing of a material layer in the form of chip (machining), products of anodic stripping (electromechanical processing), electrospark destruction (electrospark machining),  as also as metal melting and evaporation (laser and electron-beam machining) and other actions.
26. Classification of machine-tools by a process application, accuracy, degree of automation, models and catalogues of metal-cutting machine-tools. 
27. Peculiarities of design of machine-tools of main groups.
28. Procedure of price generation of machine-tools with regard to their quality.
29. Surface shaping on machined parts.
30. Classification of travels in machine tools.
31. Kinematic scheme of machine tools with mechanical and non-mechanical kinematic relations. Comparative analysis of the kinematic scheme of distinct types of machine tools.
32. Technology and physical and chemical methods of removal of a part of initial amount of the workpiece material during mechanical machining, electromechanical, electrospark and laser machining and other types of part shaping.
33. Technological preparation of the machine design.  Formation of the requirements to a machine tool on the basis of machined part parameter analysis.
34. Peculiarities of the process of machining on metal-cutting machine tools of different types, including machine-tools for the nanotechnology-based machining.

35. Main criteria of the machine-tool operability, performance, strength, robustness, wear resistance, stability (initial and with consideration of temperature deformations).  
36. Machine tool reliability. General concepts. Parametric and functional reliability. Reliability during normal operation and wearout failures. Backing-up.
37. Composition of a technical assignment for the machine tool engineering on the basis of the process design. Determination of main constructional and technological parameters. Methods of formation of indexes and criteria of the machine technical state assessment by its output characteristics.
38. Formation of the layout arrangement and frame construction ща machines. Determination of design parameters.
39. Development of the kinematic scheme, selection of the control, monitoring and diagnosis philosophy.
40. Static elastic displacements and their influence on the machine accuracy. 
41. Dynamic system of the machine. Characteristics of its main components (elastic system, cutting process, friction process, processes in motors). Stability of motion of machine movable operating elements and methods of the stability ensuring.
42. Machine CAD. Multiobjective optimization in tasks of the machine design. Formation of the requirements to main machine systems.
43. Development of mathematical models of constructions and processes that take place in machines.
44. Methods of the process equipment quality assessment on design and assembly stages.
45. Mechatronic unit design principles. Main advantages of their use in machine tools.
46. Mechanisms for the execution of straight line motions, their types, design and calculation of mechanisms: sliding and rolling feed nut assembly, rack motion mechanism, pinion and rack mechanism etc. Mechanisms for the execution of periodic motions. Mechanisms for micro motions.
47. Feed mechanisms. Fixation mechanisms. Automatic tool change mechanisms. Tool and workpiece (arrangement) mechanisms. Clamping devices of metal-cutting machines. Classification, main types. Calculations of typical accessories for machines of different process application.
48. Experimental researches of metal cutting machines, methods of execution and result processing.
49. Motor mechanical characteristics: acceleration, deceleration and rate adjustment. 
50. Automation of the cutting process. Adaptive systems. Accuracy control instruments for the manufacturing of parts on a machine tool and corrective adjustment of a machine tool.

51. Main principles of the arrangement of automated lines. Transport systems.  Application areas of automated lines. Definition.  Design concepts.

52. Comparative characteristics of physical and technical machining methods, their place among other methods of dimensional machining of materials and general issues of the mechanical engineering. Principles and diagrams of the programmable logic adaptive control of the machining process. Optimizing control of cutting modes. 
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