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Details of the discipline
	Level of higher education
	First (bachelor's) 

	Field of study
	13 Mechanical engineering

	Speciality
	131 Applied mechanics

	Educational program
	Mechanical engineering technologies

	Discipline status
	Custom

	Form of study
	full-time (full-time)/full-time (evening)/remote/mixed
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	4th year, spring semester

	Volume of discipline
	4 credits (total total)

	Semester control/ control measures
	Passed

	Schedule of classes
	http://rozklad. kpi. ua/

	Language of teaching
	Ukrainian

	Information about 
thecourse instructors / teachers
	Lecturer: Doctor of Technical Sciences, Assoc. Prof. Okhrimenko O.A., Okhrimenko.Oleksandr@lll.kpi.ua
Practical: Doctor of Technical Sciences, Assoc. Prof. Okhrimenko O.A., Okhrimenko.Oleksandr@lll.kpi.ua
Laboratory: Doctor of Technical Sciences, Assoc. Prof. Okhrimenko O.A., Okhrimenko.Oleksandr@lll.kpi.ua

	Course placement
	https://classroom.google.com/u/1/c/MTQ5MzYzODI3ODIz


The program of the discipline
Description of the discipline, its purpose, subject of study and learning outcomes
In the 8th semester, the purpose of the credit module is to form students' abilities to: solve the following typical problems: analyze the kinematic scheme of processing; determine the initial instrumental surfaces based on a known kinematic shaping scheme; to carry out analysis in shaping during machining; define a set of tools designed to handle a given surface of a part. And professionally understand the following issues: the role and importance of the formation process in mechanical engineering; what is the output tool surface; kinematic scheme of formation; general information about the methods of forming the surfaces of parts: casting, pressure and cutting treatment, electrophysical methods; methods of giving the initial tool surface formative properties in a variety of processing processes; what is an enveloping family of flat curves and surfaces; conditions for forming the surface of the part.
Also, the student can professionally: analyze the kinematic processing scheme; determine the initial instrumental surfaces based on a known kinematic shaping scheme; to carry out analysis in shaping during machining; define a set of tools designed to handle a given surface of a part. Develop new processes for forming the surfaces of parts and effectively operate modern processes of machining machine parts; design the processes of forming a given surface of parts with a known kinematic scheme of shaping; competently solve the problems of determining possible surfaces that can be processed with a known shaping scheme and the initial tool surface; design the processes of forming complex surfaces on CNC machines, that is, solving problems of determining the trajectory of the tool relative to the workpiece.
The main tasks of the discipline, in accordance with the requirements of the educational and professional program, students after mastering the discipline should receive the following program competencies:
FC12Ability to conduct research of existing technological processes, their system analysis and find on the basis of this analysis new methods of processing and compilation
FC14Ability to make decisions on the choice of tools for automated production.
And demonstrate the following programmatic learning outcomes:
PH20Carry out information and analytical research on a given topic.
PH25Design separate technological cutting operations and technological processes for processing machine parts of different classes, including using computer-aided design systems.
Prerequisites and place of discipline (place in the structural and logical scheme of training according to the relevant educational program)
To study this discipline, it is necessary to study the following disciplines: mechanics, materials and structures, theory of mechanisms and machines, metrology, standardization and certification, technology of structural materials.
This discipline is one of the auxiliary disciplines for special sections of diploma design. 
Contents of the course 
	Section and topic titles
	Number (credits) hours

	
	Just
	including

	
	
	Lecture
	Practical 
	Laboratory 
	SRS

	Section 1. General provisions. 

	Topic 1. The role and importance of the formation process in mechanical engineering.
	22
	2
	3
	3
	14

	Total for Chapter 1
	22
	2
	3
	3
	14

	Section 2. Initial tool surfaces.

	Topic 2.1. General provisions on the initial instrumental surfaces and methods of their formation. 
	8
	2
	2 (1pr)
	-
	4

	Topic 2.2. The essence of the three methods of formation of the initial tool surfaces. [
	6
	2
	-
	-
	4

	Total for Chapter 2
	14
	4
	2 (1pr)
	-
	8

	Section 3. The main provisions on conjugate surfaces.

	Topic 3.1. Enveloping families , flat curves and theories of enveloping surfaces..
	6
	2
	-
	-
	4

	Topic 3.2. Analytical, graph – analytical and graphic methods for determining enveloping curves and surfaces.
	6
	2
	-
	-
	4

	Total under Chapter 3
	12
	4
	-
	-
	8

	Section 4.  Conditions for the formation of surfaces during machining.

	Topic 4.1. General provisions on the formation of surfaces without deviations from the drawing.
	4
	2
	-
	-
	2

	Topic 4.2. Conditions for the contact of the original tool surface with the treated surface without deepening the part into the body.
	4
	2
	
	
	2

	Topic 4.3. The condition of non-intersection of adjacent areas of the original tool surface. Topic 4.4. Determination of the parameters of transition curves and trimming of conjugate profiles with partial formation schemes.
	6
	2
	
	
	4

	Total for Chapter 4
	14
	6
	-
	-
	8

	Section 5. Kinematics of machining processes.

	Topic 5.1. Movements performed in the process of machining parts and their classification. Kinematic schemes of surface formation in their classification. Topic 5.2. Types of surfaces treated with a variety of shaping schemes. Topic 5.3. Transformation of the fundamental kinematic machining scheme of processing into a kinematic scheme of equipment for machining.. Topic 5.4.Methods for determining the set of initial tool surfaces for forming a given surface.
	8
	2
	-
	-
	6

	Total under Chapter 5
	8
	2
	-
	-
	6

	Section 6. Initial instrumental surfaces in the formation schemes of the first class.

	Topic 6. Surface treatment in the formation scheme of the first class.
	6
	2
	-
	-
	4

	Total under Chapter 6
	6
	2
	-
	-
	4

	Section 7. Initial instrumental surfaces in the formation schemes of the second class.

	Topic 7.1. Possible types of treated surfaces and scope and shaping schemes of the second class.
	10
	2
	-
	6 (3L)
	2

	Topic 7.2. Graphic and analytical determination of the initial instrumental surfaces conjugated with complex shaped surfaces with a product of variable form in the schemes of formation of the second class
	20
	2
	-
	
	6

	Total under Chapter 7
	30
	4
	-
	6
	8

	Section 8. Initial instrumental surfaces in the formation schemes of the third class.

	Topic 8.1. Possible types of treated surfaces and scope of formation schemes of the third class.
	12
	4
	-
	-
	8

	Total under Chapter 8
	12
	4
	-
	-
	8

	Section 9. Output tool surfaces conjugated with typical machine parts. 

	Topic 9.1. Instrumental surfaces conjugated with Archimedean screw surfaces (threaded parts processing).
	6
	2
	-
	-
	4

	Topic 9.2. Initial tool surfaces conjugated to the surface of the evolvent gear wheel in the formation schemes of the first, second and third classes   
	6
	2
	-
	-
	4

	Total under Chapter 9
	12
	4
	-
	-
	8

	Section 10. Possible forms of treated surfaces with a given initial tool surface and a known shaping scheme

	Topic 10.1. Types of initial tool surfaces used in practice. Methods of analytical and graphical means of determining the treated surfaces of parts. Topic 10.2. Basics of forming complex shaped surfaces on CNC machines. Topic 10.3. Schematic kinematic diagrams of multi-coordinate machining on CNC machines. The kinematics of the process during stitching processing. Topic 10.4. Mathematical modeling of formation processes of complex surfaces with product variable for machining on CNC machines.
	16
	2
	2 (1pr)
	-
	8

	Total for Chapter 10
	16
	2
	2
	-
	8

	Section 11. Transformation of a body bounded by the original instrumental surface into a workable tool.

	Topic 11.1. Giving the original tool surface formative properties. The original instrumental surface as a combination of several cutting edges. Topic 11.2. Reproduction of the original tool surface using one cutting edge and one profiling edge point. Accuracy of shaping. 
	6
	2
	-
	-
	7

	Total under Chapter 11
	6
	2
	-
	-
	7

	Exam
	
	
	
	
	

	Total hours 
	120
	36
	18
	18
	48




Learning Materials and Resources
Main:
1. Ravska N. S. Fundamentals of surface shaping during machining / N. S. Ravska, P. P. Melnychuk, T. P. Nikolayenko., O.A. Okhrimenko // - K.: Ed. SKD-Druk, 2013. – 215 p.
2. Ravska N.S. Geometry of conjugate surfaces / Ravska N.S., Rodin P.R., Nikolayenko T.P., Melnychuk P.P., Vygovskyy G.M. // – Zhytomyr: ZHYTI, 2001 – 314s.
3. Families P.R. Fundamentals of surface formation/ Families P.R. //.- K.: Vysushaya school 1977. – 192 p.
4. Rodin P.R. Basics of surface formation. Laboratory workshop./ Rodin P.R., Ravska N.S., Radzievych S.P., Solodkyy V.I.// - Kyiv, 1998. – 194 p.
5. Basics of surface shaping. Methodical instructions for practical work of students from the course BASICS OF SURFACE SHAPING Topic: Basics of forming shaped surfaces on CNC machines. Okhrimenko O.A. http://itm.kpi.ua/wp-content/uploads/pract3_ofp_-2017.pdf; stamp of the faculty (institute); Council Minutes No. 5; date of receipt of the stamp 26.12.2016.
6. Basics of surface shaping. Methodical instructions for the implementation of laboratory work "Determination of conjugate profiles in the shaping scheme, corresponding to rolling without sliding the initial circle in the initial circle"incl. Okhrimenko O.A., Julius D.Yu., Maydanyuk S.V. http://itm.kpi.ua/wp-content/uploads/lab1_ofp_-2017.pdf; stamp of the faculty (institute); Council Minutes No. 7; date of receipt of the stamp 27.02.2017.
7. Basics of surface formation.  Methodical instructions for the implementation of laboratory work "Determination of conjugate profiles in the formation scheme corresponding to rolling without sliding the initial circle along the initial straight line, when the profile of the part is connected to the initial straight line" incl. Okhrimenko O.A., Julius D.Yu., Maydanyuk S.V. http://itm.kpi.ua/wp-content/uploads/lab2_ofp_-2017.pdf; stamp of the faculty (institute); Council Minutes No. 2; date of receipt of the stamp 02.06.2017.
8. Basics of surface formation.  Methodical instructions for the implementation of laboratory work "Determination of conjugate profiles, in the scheme of shaping,corresponding to rolling without sliding the initial circle connected to the specified profile along the initial straight line connected to the waste instrumental surface", incl. O.A. Okhrimenko, D.Y. Julii, S.V. Maydanyuk. http://itm.kpi.ua/wp-content/uploads/lab3_ofp_-2017.pdf; stamp of the faculty (institute); Council Minutes No. 2; date of receipt of the stamp 02.06.2017.
9. Basics of surface shaping. Methodical instructions for the implementation of practical work "Coordinate transformations, kinematic method of surface formation" for students of the direction of training 6.050503 – Mechanical Engineering / Compiled by: O.A. Okhrimenko, K.: "KPI gi. Igor Sikorsky", 2017. – 29 p.; https://classroom.google.com/u/1/c/MTQ5MzYzODI3ODIz: ; Adopted by the Methodical Council; Protocol No. 1; Date 29.08.2017.
10. Basics of surface formation. Methodical instructions for the implementation of practical work "Determination of the bending family of flat curves" for students of the direction of training 6.050503 – Mechanical Engineering / Conclusion: O.A. Okhrimenko, K.: "KPI andIgor Sikorsky", 2017. – 22 p.; Url: ; Adopted by the Methodical Council; Protocol No. 1; Date 29.08.2017.

Additional:
11. Grabchenko L.I. ZD – modeling of instruments, formation and съemа assumption when processing resaniem. / Grabchenko L.I., Kondusova E.B., Krivosheya A.V., Ravskaya N.S., Rodyn P.R. // - Kharkiv: from KhPI, 2001. – 302 p.
12. Perepelytsya B.A., Reflection of affinity prostranism in the theory of formation of surfaces by rezaniem./ Perepelytsya B.A., // Kharkov: Vysushaya school. 1981. – 152p.
Educational content
Methods of mastering the discipline (educational component)
Information is provided (by sections, topics) about all training sessions (lectures, practical, seminar, laboratory) and recommendations for their assimilation are provided (for example, in the form of a calendar plan or a detailed description of each lesson and planned work).
4. Lectures
	No s/n
	Title of the lecture topic and list of main questions (list of didactic means, links to literature and tasks on the SRS)

	1
	Lecture 1
Section 1. General provisions. 
Topic 1.1. The role and importance of the formation process in mechanical engineering .General information about the methods of forming the surfaces of parts: casting, pressure and cutting treatment, electrophysical methods. The development and current state of the formation processes and their importance for mechanical engineering. The concept of the ideal process of formation. Accepted assumptions. Analysis and development of ideal processes – as the basis for the study of real processes of shaping and development of new progressive machines and tools [1,2,3,8].

	2
	Lecture 2
Section 2. Initial tool surfaces.
Topic 2.1. General provisions on the initial instrumental surfaces and methods of their formation. The concept of the initial tool surface, conjugated with the treated surface of the part with a given scheme of formation, when processed by casting, and pressure, cutting. Methods for giving the original tool surface formative properties during various processing processes. [1,5].

	3
	Lecture 3
Topic 2.2. The essence of the three methods of formation of the initial tool surfaces. [ 1,  2].

	4
	Lecture 4
Section 3. The main provisions on conjugate surfaces.
Topic 3.1. Enveloping families , flat curves and the theory of enveloping surfaces. Types of surfaces of machine parts.   General analytical method for determining enveloping curves and surfaces. General kinematic method for determining enveloping , curves and surfaces. [1, 2, 3, 4].

	5
	Lecture 5
Topic 3.2. Analytical, graph – analytical and graphic methods for determining enveloping curves and surfaces. Examples of determination of enveloping curves and surfaces , applied to the problems of tool production [1, 2, 3].

	6
	Lecture 6
Section 4.  Conditions for the formation of surfaces during machining.
Topic 4.1. General provisions on the formation of surfaces without deviations from the drawing. The condition for the existence of the original instrumental surface and its analysis. [1, 2].

	7
	Lecture 7
Topic 4.2. Conditions for the contact of the original tool surface with the treated surface without deepening the part into the body. [1, 2, 6].

	8
	Lecture 8
Topic 4.3. The condition of non-intersection of adjacent sections of the original tool surface in accordance with the conditions of shaping, the determination of the parameters of partial processes that ensure the processing of the surfaces of parts without deviations from the drawing. [1, 2].
Topic 4.4. Determination of the parameters of transition curves and trimming of conjugate profiles with partial formation schemes. [ 1, 2, 5].

	9
	Lecture 9
Section 5. Kinematics of machining processes.
Topic 5.1. Movements performed in the process of machining parts and their classification. Kinematic schemes of surface formation in their classification [1, 2, 6].
Topic 5.2. Types of surfaces treated with a variety of shaping schemes. Overview of schematic kinematic processing schemes. Transformation of kinematic shaping schemes into schematic kinematic processing schemes [1, 3].
Topic 5.3. Transformation of the fundamental kinematic scheme of processing into a kinematic scheme of equipment for machining [1, 2, 5, 6].
Topic 5.4.Methods for determining the set of initial tool surfaces for forming a given surface [1, 2].

	10
	Lecture 10
Section 6. Initial instrumental surfaces in the formation schemes of the first class.
Topic 6.1. Possible types of treated surfaces. Graphic, analytical and graph – analytical determination of the initial instrumental surfaces conjugated with cylindrical, screw, flat surfaces and rotation surfaces, with shaping schemes corresponding to rectilinear – translational, rotational and helical motion. Analysis of the conditions of formation [1,2].

	11
	Lecture 11
Section 7. Initial instrumental surfaces in the formation schemes of the second class.
Topic 7.1. Possible types of treated surfaces and scope and shaping schemes of the second class. Graphic, analytical and graph – analytical determination of the initial tool surfaces connected to the surfaces of parts that allow slipping "by themselves" in various schemes of formation of the second class [1,2,5].

	12
	Lecture 12
Topic 7.2. Graphic and analytical determination of the initial instrumental surfaces conjugated with complex shaped surfaces with a product of variable form in the schemes of formation of the second class [1,2]. Analysis of the conditions of formation [1,2].

	13
	Lecture 13
Section 8. Initial instrumental surfaces in the formation schemes of the third class.
Topic 8.1. Possible types of treated surfaces and scope of formation schemes of the third class. Graphic, analytical and graph – analytical determination of the initial instrumental surfaces in the schemes of formation of the third class. Analysis of the conditions of formation. [1, 2].

	14
	Lecture 14
Topic 8.1. Graphic, analytical and graph – analytical determination of the initial instrumental surfaces in the schemes of formation of the third class. Analysis of the conditions of formation. [1, 2].

	15
	Lecture 15
Section 9. Output tool surfaces conjugated with typical machine parts. 
Topic 9.1. Instrumental surfaces conjugated with Archimedean screw surfaces (threaded parts processing)[1, 2, 5, 6].

	16
	Lecture 16
Topic 9.2. Initial tool surfaces connected to the surface of the evolvent gear wheel in the formation schemes of the first, second and third classes [1, 2, 5, 6].

	17
	Lecture 17
Section 10. Possible forms of treated surfaces with a given initial instrumental surface and a known pattern of shaping [1, 2].
Topic 10.1. Types of initial tool surfaces used in practice. Methods of analytical and graphical means of determining the treated surfaces of parts. [1, 2]
Topic 10.2. Basics of forming complex shaped surfaces on CNC machines. [ 1, 2, 4]
Topic 10.3. Schematic kinematic diagrams of multi-coordinate machining on CNC machines. The kinematics of the process during stitching processing. [1, 2, 5]
Topic 10.4. Mathematical modeling of formation processes of complex surfaces with product variable for machining on CNC machines [2, 3, 7].

	18
	Lecture 18
Section 11. Transformation of a body bounded by the original instrumental surface into a workable tool.
Topic 11.1. Giving the original tool surface formative properties. The original instrumental surface as a combination of several cutting edges[ 1, 2, 6].
Topic 11.2. Reproduction of the original tool surface using one cutting edge and one profiling edge point. Accuracy of shaping[1, 2].


5.Practical classes
Practical classes cover the main topics of the lecture material and consider the practical application of the knowledge gained. Their topics are as follows:
- Topic 2; Coordinate transformations, kinematic method of surface formation.
- Topic 3.1; Determination of an enveloping family of flat curves.
- Topic 10.2; Basics of forming shaped surfaces on CNC machines
	No s/n
	Name of laboratory work (computer workshop)
	Number of rooms. Hours

	1
	Introduction, organizational issues, obtaining input individual data for practical work, studying the features of automation of mathematical calculations in the MathCAD and SciLab systems.
	2

	2
	Topic 2; Coordinate transformations, kinematic method of surface formation.
	2

	3
	Topic 3.1; Determination of an enveloping family of flat curves.
	2

	4
	Topic 10.2; Basics of forming shaped surfaces on CNC machines
	2

	5
	Final lesson
	1




6. Laboratory classes 
The main tasks of the cycle of laboratory classes are practical testing and consolidation of knowledge that was received in lectures.
	No s/n
	Name of laboratory work (computer workshop)
	Number of rooms. Hours

	1
	Introduction, organizational issues, obtaining input individual data for laboratory work
	2

	2
	Determination of conjugate profiles in the formation scheme, corresponding to rolling without sliding the initial circle in the initial circle. Topic 7.1.
	2

	3
	Determination of conjugate profiles in the formation scheme, corresponding to rolling without sliding the initial circle along the initial straight line, when the profile of the part is associated with the initial straight line. Topic 7.1.
	2

	4
	Determination of conjugate profiles, in the shaping scheme,corresponding to rolling without sliding the initial circle bound to a given profile along the initial straight line connected to the waste instrumental surface. Topic 7.1.
	2

	5
	Final lesson
	1


5.7. Individual tasks
 Not provided.
5.8. Tests
MKR under sections 1, 2, 3, 4.


1. Independent work of the student

	No s/n
	The name of the topic, in preparation for classroom classes
	Number of hours of SRS

	1
	Section 1. General provisions. 
Topic 1.1. The role and importance of the formation process in mechanical engineering .General information about the methods of forming the surfaces of parts: casting, pressure and cutting treatment, electrophysical methods. The development and current state of the formation processes and their importance for mechanical engineering. The concept of the ideal process of formation. Accepted assumptions. Analysis and development of ideal processes - as the basis for the study of real processes of shaping and development of new progressive machines and tools [1,2,3,8].
	14

	2
	Section 2. Initial tool surfaces.
Topic 2.1. General provisions on the initial instrumental surfaces and methods of their formation. The concept of the initial tool surface, conjugated with the treated surface of the part with a given scheme of formation, when processed by casting, and pressure, cutting. Methods for giving the original tool surface formative properties during various processing processes. [1,5].
	4

	3
	Topic 2.2. The essence of the three methods of formation of the initial tool surfaces. [ 1,  2].
	4

	4
	Section 3. The main provisions on conjugate surfaces.
Topic 3.1. Enveloping families , flat curves and the theory of enveloping surfaces. Types of surfaces of machine parts.   General analytical method for determining enveloping curves and surfaces. General kinematic method for determining enveloping , curves and surfaces. [1, 2, 3, 4].
	4

	5
	Topic 3.2. Analytical, graph - analytical and graphical methods for determining enveloping curves and surfaces. Examples of determination of enveloping curves and surfaces , applied to the problems of tool production [1, 2, 3].
	4

	6
	Section 4.  Conditions for the formation of surfaces during machining.
Topic 4.1. General provisions on the formation of surfaces without deviations from the drawing. The condition for the existence of the original instrumental surface and its analysis. [1, 2].
	4

	7
	Topic 4.2. Conditions for the contact of the original tool surface with the treated surface without deepening the part into the body. [1, 2, 6].
	4

	8
	Topic 4.3. The condition of non-intersection of adjacent sections of the original tool surface in accordance with the conditions of shaping, the determination of the parameters of partial processes that ensure the processing of the surfaces of parts without deviations from the drawing. [1, 2].
Topic 4.4. Determination of the parameters of transition curves and trimming of conjugate profiles with partial formation schemes. [ 1, 2, 5].
	4

	9
	Section 5. Kinematics of machining processes.
Topic 5.1. Movements performed in the process of machining parts and their classification. Kinematic schemes of surface formation in their classification [1, 2, 6].
Topic 5.2. Types of surfaces treated with a variety of shaping schemes. Overview of schematic kinematic processing schemes. Transformation of kinematic shaping schemes into schematic kinematic processing schemes [1, 3].
Topic 5.3. Transformation of the fundamental kinematic scheme of processing into a kinematic scheme of equipment for machining [1, 2, 5, 6].
Topic 5.4.Methods for determining the set of initial tool surfaces for forming a given surface [1, 2].
	6

	10
	Section 6. Initial instrumental surfaces in the formation schemes of the first class.
Topic 6.1. Possible types of treated surfaces. Graphic, analytical and graph - analytical determination of the initial instrumental surfaces, conjugated with cylindrical, screw, flat surfaces and surfaces of rotation, with formation schemes corresponding to rectilinear - translational, rotational and helical motion. Analysis of the conditions of formation [1,2].
	4

	11
	Section 7. Initial instrumental surfaces in the formation schemes of the second class.
Topic 7.1. Possible types of treated surfaces and scope and shaping schemes of the second class. Graphic, analytical and graph - analytical determination of the initial instrumental surfaces connected to the surfaces of parts that allow slipping "by themselves" in various schemes of formation of the second class [1,2,5].
	2

	12
	Topic 7.2. Graphic and analytical determination of the initial instrumental surfaces conjugated with complex shaped surfaces with a product of variable form in the schemes of formation of the second class [1,2]. Analysis of the conditions of formation [1,2].
	6

	13
	Section 8. Initial instrumental surfaces in the formation schemes of the third class.
Topic 8.1. Possible types of treated surfaces and scope of formation schemes of the third class. Graphic, analytical and graph - analytical determination of the initial instrumental surfaces in the formation schemes of the third class. Analysis of the conditions of formation. [1, 2].
	4

	14
	Topic 8.1. Graphic, analytical and graph - analytical determination of the initial instrumental surfaces in the formation schemes of the third class. Analysis of the conditions of formation. [1, 2].
	4

	15
	Section 9. Output tool surfaces conjugated with typical machine parts. 
Topic 9.1. Instrumental surfaces conjugated with Archimedean screw surfaces (threaded parts processing)[1, 2, 5, 6].
	4

	16
	Topic 9.2. Initial tool surfaces connected to the surface of the evolvent gear wheel in the formation schemes of the first, second and third classes [1, 2, 5, 6].
	4

	17
	Section 10. Possible forms of treated surfaces with a given initial instrumental surface and a known pattern of shaping [1, 2].
Topic 10.1. Types of initial tool surfaces used in practice. Methods of analytical and graphical means of determining the treated surfaces of parts. [1, 2]
Topic 10.2. Basics of forming complex shaped surfaces on CNC machines. [ 1, 2, 4]
Topic 10.3. Schematic kinematic diagrams of multi-coordinate machining on CNC machines. The kinematics of the process during stitching processing. [1, 2, 5]
Topic 10.4. Mathematical modeling of formation processes of complex surfaces with product variable for machining on CNC machines [2, 3, 7].
	8

	18
	Section 11. Transformation of a body bounded by the original instrumental surface into a workable tool.
Topic 11.1. Giving the original tool surface formative properties. The original instrumental surface as a combination of several cutting edges[ 1, 2, 6].
Topic 11.2. Reproduction of the original tool surface using one cutting edge and one profiling edge point. Accuracy of shaping[1, 2].
	4



Politics and control
Policy of the discipline (educational component)
· The rules for attending classes (both lectures and practical / laboratory) are regulated: "Regulations on the organization of the educational process in the KPI them. Igor Sikorsky" https://osvita.kpi.ua/node/39; "Regulations on the system of internal quality assurance of higher education in KPI them. Igor Sikorsky" https://osvita.kpi.ua/node/121; 
· rules of conduct in the classroom (activity, preparation of short reports or texts, disconnection of telephones, use of communication tools to search for information on the teacher's Google disk or on the Internet, etc.) are regulated by the "Regulations on the organization of the educational process in KPI them. Igor Sikorsky" https://osvita.kpi.ua/node/39, ;
· rules for the protection of laboratory work; each student personally passes laboratory work;
· rules for the protection of individual tasks; each student personally passes individual works; 
· in this credit module there are only incentive points that a student can receive on a voluntary basis performing a certain list of additional tasks related to the subject of the credit module;
· the policy of deadlines and re-examinations is regulated by the "Regulations on the current, calendar and semester control of learning outcomes in the KPI. Igor Sikorsky" https://osvita.kpi.ua/node/32, "Regulations on the system of evaluation of learning outcomes in the KPI. Igor Sikorsky" https://osvita.kpi.ua/node/37 ;
· The policy on academic integrity is regulated by the "Regulations on the system of prevention of academic plagiarism in the KPI. Igor Sikorsky" https://osvita.kpi.ua/node/47; provisions "Regulations on the resolution of conflict situations in the KPI them. Igor Sikorsky" https://osvita.kpi.ua/2020_7-170;

Types of control and rating system for evaluating learning outcomes (RSO)

Distribution of study time by type of classes and tasks in the discipline in accordance with the working curriculum Table 8.1.
	Semester
	Just
	Distribution by semesters and types of classes
	FDM
	RGR
	Exam

	

	

	Lek.
	Prak.
	Lab.
	SRS
	

	

	


	8
	120
	36
	18
	18
	48
	+
	-
	+

	Just
	120
	36
	18
	18
	48
	+
	-
	+



The student's rating in the discipline consists of points that he receives for:
- execution and protection of 3 laboratory works -  45 credits;
- execution and protection of 3 practical works - 45 credits
- modular tests -  10 credits;
- at the request of the student, a test paper is possible - 40 credits.


THE SYSTEM OF RATING (WEIGHT) POINTS AND EVALUATION CRITERIA

8.1. Laboratory works (r1)
A prerequisite for admission to laboratory work is the presence of a protocol. The weight score of one laboratory work is 15 points (Table 10.2). The maximum number of points for all laboratory work: r1 = 3 works x 15 points = 45 points.
The maximum number of penalty points minus 3 points or incentive +3 points for all laboratory classes.

Rating points for one laboratory work Table 8.2
	Points
	Evaluation criterion

	15,00
	There are no comments on the report, there are answers to all questions

	13,50
	Non-essential comments on the report, answers to most questions

	12,00
	Comments on the results, answer to some questions

	10,50
	The report has errors, answers only to individual questions

	9,00
	The work has been done, the correct results have been obtained, but not protected.

	0,00
	Work not done, report missing



8.2. Modular control (r2)
The modular test consists of four questions of the MKR, which is carried out before the first attestations and at the end of the academic semester. The weight score of the MKR is 12 points. The maximum number of points for two modular tests is: r2 = 10 points x 1 mod.contra. works = 10 points.

MKR rating points Table 8.3
	Points
	Evaluation criterion

	10,0
	Correct answer to more than 90% of questions

	9,0
	Correct answer to 90% of questions

	8,0
	Correct answer to 80% of questions

	7,0
	Correct answer to 70% of questions

	6,0
	Correct answer to 60% of questions

	0,0
	The correct answer to less than 60% of the questions or the student was absent without a good reason




8.3. Practical work (r3)
Practical work consists of 3 tasks. The weight score of one practical work is 15 points. The maximum number of points for two modular tests is: r3 = 15 points x 3 practical work = 45 points.

Rating points for one practical work Table 8.4
	Points
	Evaluation criterion

	15,00
	There are no comments on the report, there are answers to all questions

	13,50
	Non-essential comments on the report, answers to most questions

	12,00
	Comments on the results, answer to some questions

	10,50
	The report has errors, answers only to individual questions

	9,00
	The work has been done, the correct results have been obtained, but not protected.

	0,00
	Work not done, report missing



	
8.5. Penalty and incentive points
The overall rating in the discipline includes only incentive points (Table 8.5). The total amount of incentive points may not exceed 50 x 0.1 = (+ 6) points.

Incentive Points Table 8.5
	Action
	Points

	Participation in the modernization of laboratory or practical work
	plus 2 points

	Improvement of didactic materials on the discipline
	plus 3.. .5 points

	Application of the original approach in solving problems
	plus 1 point




8.6. Conditions of milestone certification
At the 8th week of study (first certification), the schedule provides for the implementation of: 1st practical work 2 points and protection of at least 1 laboratory work 4 points; MKR 12 points. Which is in the amount of 4+4+12=20 points. Thus, to obtain "satisfactory" from the first milestone certification, the student must have at least 20x0.5 = 10 points. At the 14th week of training (second certification), the schedule provides for the implementation of: 2 practical work and protection of at least 2 laboratory works: 2pr x 8 points + 2 lb x 8 points = 32 points; Which is in the sum of 36=3points. Thus, in order to obtain "satisfactory" from the first line of certification, a student must have at least 36 x0.5=18 points.

8.7. Criteria for evaluating credit work.
The work consists of two tasks, weight 1 question 12 points, weight 2 questions 28 points. The maximum number of points for the success test is 40 points.

The criterion for evaluating the test work is defined as the sum of the quality of the answers to each task of the ticket in Table 8.6. and 8.7.

The number of points for the relevant issues of credit work
Evaluation criteria Question 1 credit workTable 8.6
	Points
	Evaluation criterion

	12
	Excellent answer (at least 95% of the information), possible insignificant comments and inaccuracies

	11.52
	Very good answer (at least 85% of information), there are no errors, the answer to the vast majority of questions, creative thinking

	9.6
	Good answer (at least 75% of the information), there are no errors, the answer to most questions, some shortcomings

	8.4
	A sufficient answer (at least 60% of the information) is a remark, the answer is only to part of the questions

	7.2
	Satisfactory answer (at least 60% of information), significant errors, answer to single questions, cannot explain the results

	0,0
	The answer is not correct or less than 60% of the information, or is missing



Evaluation criteria Question 2 of the test workTable 8.7
	Points
	Evaluation criterion

	28
	Excellent answer (at least 95% of the information), possible insignificant comments and inaccuracies

	25.2
	Very good answer (at least 85% of information), there are no errors, the answer to the vast majority of questions, creative thinking

	22.4
	Good answer (at least 75% of the information), there are no errors, the answer to most questions, some shortcomings

	19.6
	A sufficient answer (at least 60% of the information) is a remark, the answer is only to part of the questions

	16,8
	Satisfactory answer (at least 60% of information), significant errors, answer to single questions, cannot explain the results

	0,0
	The answer is not correct or less than 60% of the information, or is missing



8.8. Calculation of the rating scale for the discipline (rd):

The sum of the weight points of control measures during the semester is: Rc = where are - rating or weight points for each type of work in the discipline (Table 8.2-8.7). Rc = 45lb + 45pr + 10μr = 100 points.
Thus, the rating scale for the discipline is Rd = Rc = 100 points.
In the case when the student does not agree with the assessment, he writes a test paper that can be rated a maximum of Re = 40 points and the overall rating will be Rd = 60 + Re = 100 points

The component of the Rd scale is equal to (Table 8.8): Re = 100 points.


Table of correspondence of rating points to assessments on a university scale. Table 8.8
	Score
	Score

	100-95
	Perfectly

	94-85
	Very good

	84-75
	Well

	74-65
	Satisfactory

	64-60
	Enough

	Less than 60
	Disappointing

	Admission conditions not met
	Not allowed



Additional information on the discipline (educational component)
The list of questions that are submitted for the test work
· To evaluate the second method of formation of the initial tool surfaces.
· 
Determine the return point on the profile of the part formed by the enveloping flat family, which is determined by the equation.
· 
Determine the enveloping family of flat curves given by the equation , where x,y are the coordinates of the points of the product family of flat curves, c- parameter of motion of the product. 
· To evaluate the first condition of formation, to give an example.
· Justify the property of general normals with the relative rectilinear-translational motion of conjugate profiles.
· To determine the contact characteristic of conjugate surfaces with instantaneous rectilinear-translational and rotational relative motion using the property of general normals.
· To evaluate the kinematic schemes of formation of class 0.
· 
Determine the return point on the curve, which is given by the parametric equation .
· 
Determine the enveloping family of flat curves 
· To evaluate under what conditions, for different types of conjugate profiles, the second condition of shaping is met.
· Explain what movements can be additionally introduced into the formation scheme without disturbing the nature of the contact of conjugate surfaces.
· To give the stages of designing a real kinematic scheme of a metal-cutting machine.
· To evaluate the kinematic schemes of formation of class 1.
· To evaluate the kinematic schemes of formation of grade 2.
· To evaluate the kinematic schemes of formation of grade 3.
· Determine the enveloping family of surfaces using the kinematic method.
· To evaluate the second condition of shaping.
· Evaluate and compare the kinematic shaping scheme and kinematic cutting scheme.
· To evaluate the first method of formation of the initial tool surfaces.
· To evaluate the properties of general normals with instantaneous rotation of conjugate profiles.
· To evaluate the third method of formation of the initial tool surfaces.
· 
Determine the enveloping family of surfaces given by the equation , where x,y,z are the coordinates of the points of the product family of surfaces, c- parameter of the motion of the product. 
· To assess what the original instrumental surface is.
· To compare the ideal formation process with the real one.
· Determine using the conditions of shaping the radius of the initial circle when processing the sharp-slope shaft with a worm cutter.
· 
To determine the enveloping family of surfaces given in parametric form Where u,v – parametric coordinates of the product family of surfaces, c- the parameter responsible for the movement of the product during the formation of the product family.
· To evaluate the formation schemes of the second class.
· To evaluate the third condition of shaping.
· To assess which surfaces can be processed in the formation schemes of the first class.
· To substantiate under which schemes of formation (of which class) it is possible to process a complex surface with product variables.
· To determine the envelope of the helical surface with its relative rotational motion, see. Picture.
[image: KOMPAS -- Фрагмент19]



Where, the X1Y1Z1 system is related to the part, X2Y2Z2 is associated with the output instrumental surface (VIP), Y2 is the axis of rotation (VIP), p is the parameter of the helical surface, and is the center distance. The equation of the helical surface D in the system X1Y1Z1 : , where R- radius of the point of the helical surface under consideration is the equation of axial cross-section of the helical surface in the plane X1 = 0, is the angle of inclination of the tangent to the profile of the axial cross-section of the helical surface ε-angle of direction of the rotational motion vector.
· 
To determine the enveloping family of surfaces, which is formed during the rectilinear-translational movement of the conical surface, see. rice. The angle at the top of the conical surface will be 2ρ, and the angle between the axis of the conical surface and the velocity of translational motion will be equal (90 – τ). The X0Y0Z0 coordinate system is connected with the conical surface I. The Z0 axis passes along the axis of the conical surface, and the Y0 axis passes perpendicular to the velocity V. The cone equation ,l is the radius of the point of the surface of the cone in question.
[image: Рис 3_2]



· 
Find the enveloping family of flat curves given in parametric form , where c is the parameter on which the family of curves depends. 
· Determine analytically conjugate profiles when rolling a circle in a straight line, where the initial straight line is connected to the part. Where the coordinate system X1Y1 is related to the detail and the initial straight line, the coordinate system X2Y2 is associated with the original instrumental surface and the starting circle, the auxiliary coordinates Y0Z0, t2 is the angle of rotation of the Y2Z2 systems around the coordinate center O2, see . rice. a) –initial moment in time, b)- arbitrary point in time. Rω is the radius of the initial circle, ψ is the angle of inclination of the tangent to the profile of the part.
[image: KOMPAS -- Фрагмент10]
a) b)						
· To determine graphically using the properties of general normal the dimensions of the transition curve when processing a straight-sided spline shaft with a worm cutter, the dimensions of the shaft are arbitrary. The radius of the initial circle take the largest radius of the part Ra. On the side profile, for the calculation to take 4 points evenly spaced on the profile.
[image: ФрагментKKP7]
· 
Determine the equation of the transitional curve of the leg of a toothed straight-toothed uncorrected wheel with the number of teeth Z formed by a straight-toothed rail without rounding at the top. For a standard rail 
, where αn is the angle of the rail profile, m is the gear wheel module, rω is the radius of the initial circle. 
[image: Фрагмент3]
· Determine analytically the diameter of the circle for sharpening a round stretch. Where R is the largest radius of the conical surface of the circle, r is the smallest radius of the sharpened stretch surface, γ is the anterior angle of the stretch, β is the angle of inclination of the axis of the circle to the axis of the stretch.
[image: ]
· 
To determine the analytically enveloping plane I with its helical motion, the plane is inclined at an angle of φ to the axis of helical motion Y1 . Plane equation ,t- parameter of surface motion I.
[image: ris21]
· 

To determine analytically enveloping to the family of flat curves formed during the movement of a circle by radius R , the trajectory of movement of the center of the circle is the cosine curve. Parametric equation of a circle . Equation of trajectory of the center of the circle .
[image: R3_2]
· [bookmark: OLE_LINK1]Determine analytically conjugated profiles when rolling a circle in a circle. Where the coordinate system Y1Z1 is related to the detail, the coordinate system Y2Z2 is associated with the profile of the part, the auxiliary coordinates Y0Z0, t1,t2 are the angles of rotation of the Y1Z1 and Y2Z2 systems around the centers of their coordinates O1 and O2, see. rice. a) –initial moment in time, b)- arbitrary point in time.
[image: Фрагмент]
· Determine graph-analytically using the property of general normal profile of the worm cutter for processing a straight-sided spline shaft, the shaft dimensions are arbitrary.  The radius of the initial circle take the largest radius of part Ra.
[image: ФрагментKKP7]
· Determine analytically conjugate profiles when rolling a circle in a straight line, where the initial circle is connected to the detail. Where the coordinate system X1Y1 is related to the detail and the initial circle, the X2Y2 coordinate system is associated with the original instrumental surface and the initial straight line, the auxiliary coordinates Y0Z0, t is the angle of rotation of the Y1Z1 systems around the coordinate center O see. rice. a) –initial moment in time, b)- arbitrary point in time. rω is the radius of the initial circle, ψ is the angle of inclination of the tangent to the profile of the part.
[image: KOMPAS -- Фрагмент13] [image: KOMPAS -- Фрагмент14]
a) b)					
· To determine the envelope of the helical surface with its relative rotational motion, see. Picture.
· [image: KOMPAS -- Фрагмент16]



Where, the X1Y1Z1 system is related to the part, X2Y2Z2 is related to the output instrumental surface (VIP), p is the screw surface parameter, and the center distance. The equation of the helical surface D in the X1Y1Z1 system : , where R is the radius of the point of the helical surface under consideration, is the equation of the axial cross-section of the helical surface in the plane X1 = 0, is the angle of inclination of the tangent to the profile of the axial section of the helical surface, the ε-angle of direction of the vector of translational motion.
· Determine the equation of evolvent in polar coordinates and Cartesian coordinates.
[image: Рис1_1]
· 
To determine by the kinematic method (NV=0) the enveloping plane I with its helical motion, the plane is inclined at an angle of φ to the axis of helical motion Y1 . Plane equation , t- parameter of surface motion I.
[image: ris21]
· Determine analytically the diameter of the cylindrical circle Rkr for grinding the inner conical surface, the parameters of the conical surface: r is the smallest radius of the conical surface, ρ- half the angle of the conical surface at the top.
[image: Рис 3_4]
· Determine using the graphoanalytic method and the property of general normals the profile of the original instrumental surface when rolling a given profile of a part related to the initial straight line, dimensions see. Picture. 
· [image: R17_2]

· Determine the law of movement of the tool and workpiece on a 3-coordinate milling machine when processing the shaped surface with a spherical cutter. Where the X1Y1Z1 system is connected to the part, X2Y2Z2 system is connected to the cutter, R is the radius of the sphere, M is the arbitrary point of the processed part, C is the point on the surface of the cutter, which is conjugated to an arbitrary point M of the part, ε1, ψ1, μ, ψ2 – the angles of inclination of the tangents at the points M of the part and C of the cutter, S1, S2, S3 – the values of the movements of the system associated with the tool tool,  that need to be found.
[image: Рис 9_5]

· Graphically determine the surface of the part treated with a grinding cylindrical wheel, take the dimensions from the figure.
[image: R19_2]
· Graphically determine the dimensions of the transition curve when processing a stepped conical shaft with a relatively rectilinear translational motion of V conjugate profiles, the speed V is directed at an angle to the axis of the part.
[image: R20_2]
· 

Determine analytically the helical surface of the part, which is formed by the original cylindrical surface during its helical movement relative to the surface of the workpiece. It is known: the profile of the source surface , ; p- helical parameter of motion, x1 - the axis of helical motion, μ - the angle of rotation of the system during its helical motion, A - between the axial distance, ε - the angle of reversal between coordinate systems, see. rice.
[image: R21_2]
· Determine the enveloping plane Σ when it rotates around an inclined axis by the kinematic method. The axis of rotation is in the plane Z0Y0 and is inclined at an angle of τ to the Z0 axis, φ ,υ – the angles of inclination of the product plane Σ to the coordinate axes, respectively, Y0, X0.
[image: R22_2]
· Determine the movement of the final cutter, parameters S and t on the CNC machine when processing a flat circuit, the movements that are implemented on the machine : parameter t rotation of the part around its axis and parameter S vertical movement of the cutter. The profile of the part and the radius of the cutter are given. 
[image: R23_2]

· Determine the analytically conjugate profile of the part when rolling without sliding the initial straight tool rail along the initial circumference of the workpiece rω when the angle of the rail profile is α=0°. Associated with the rail

[image: Описание: Рис 8_1]
· To determine from the conditions of shaping the permissible radius of the initial circle in the formation scheme, which corresponds to the rolling of the initial circle of the part along the initial straight line of the tool, the profile of the part is connected to the initial circle, the part of the type is directly the side slotted shaft. Given Ra – the radius of the protrusions of the spline shaft, h - half the width of the slot.
[image: R25_2]
· Determine analytically on the profile of the dobach intended for processing a straight-sided spline shaft the point of return. The initial data R1, R2 are the radii of the initial circles of the part and the addition, h is half the width of the slots. Equation of the tool profile in parametric form, t – parameter of the angle of rotation of the part :


[image: R26_2]
· Determine analytically the profile of the finish intended for processing a straight-sided spline shaft. The machining scheme corresponds to the rolling of the initial circle of the part along the initial circle of the tool. The initial data R1, R2 are the radii of the initial circles of the part and the addition, h is half the width of the slots.
[image: R28_2]
· 
Determine analytically the profile of the original surface of the comb (worm cutter) when processing a square shaft. It is known: rω is the radius of the initial circle of the part, S is the size of the square, the contact equation , where X1, Y1 are the coordinates of the points of the profile of the part under consideration, ψ is the angle of inclination of the tangent at the points of the part with the coordinates X1, Y1.[image: R28_2_2]
· Determine the parameters of a single-loop evolvent worm conjugated with a gear wheel. It is known m- module of the gear wheel, Z - the number of teeth cuts my wheel, αI - the angle of the auxiliary rail T conjugated with the gear wheel, - the angle of installation of the axis of the cutter.
[image: R29_2]
· 

Determine by the kinematic method of enveloping the conical surface during the helical motion. Input data: coordinate system XYZ – coordinate system is associated with a conical surface, X1Y1Z1 is a fixed coordinate system with respect to which the conical surface moves along a helical trajectory with a helical parameter p, the Y1-axis of helical motion, the cone equation in the system where l, τ are independent variables describing the surface of the cone, the equation of connection between coordinate systems during helical motion , t- parameter of helical motion.
[image: R30_2]

Work program of the discipline (syllabus):
Compiled by acting head. Kaf Technologies of mechanical engineering, Doctor of Technical Sciences, Assoc.Prof., Okhrimenko O.A.
Approved by the Department of Mechanical Engineering Technology (protocol No 1 dated 29.08.2022)
Approved by the Methodical Commission of NN MMI (protocol No 1 dated 30.08.2022)
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