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	Course placement
	https://classroom.google.com/c/NTQ1NzA5MjQ0NDk2?cjc=pnc7sim
Electronic campus
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The program of the discipline

1. Description of the discipline, its purpose, subject of study and learning outcomes
The program of the discipline "Heat treatment and coating" is compiled in accordance with the educational and professional training program of the bachelor of specialty 131 "Technologiesand mechanical engineering".
Academic discipline belongs to the cycle of professional and practical training. Subject of the  course: features of thermal, chemical-thermal methods of material processing, coating using highly concentrated energy flows and electrochemical coatings, physical and physico-chemical processes of changing the properties of the surface during electroerosive, electrochemical, ultrasonic, electron beam, laser, plasma and combined methods of material processing, technological operations and modes of their execution, technological characteristics of processes, Work environments, tools, and equipment.
The purpose of the discipline is to form students' abilities to determine the technological characteristics of the processes of processing materials and coating using thermal, chemical-thermal, electrical, electrochemical, acoustic, chemical and combined methods, as well as technological processes. changing the structure, condition and properties of the surface, using highly concentrated energy flows, electrical discharge, anode saturation, ultrasonic frequency oscillations or their  combined action, including the following sequence of actions for standard production situations:
· preliminary comparative assessment of the capabilities of existing processing methods relating to dimensional, qualitative, performance and cost indicators and operational characteristics of coatings to justify the choice of method;
· analysis of suitable technological processing schemes for the same purpose;
· mode support of the selected processing scheme, taking into account the requirements of the terms of reference (TOR) and the capabilities of the technological equipment in general or to which there is access.
Thus, the subject of the discipline is the technological support of the selected process of thermal, chemical-thermal, surface treatment or coating. As a result of studying the discipline, the student will learn to solve systems of typical tasks of activity to perform production functions.
The study of the educational component involves the strengthening and development of students' competencies provided for by the educational program "Technology of Mechanical Engineering", which is developed taking into account the Standard of Higher Education of Ukraine: the first (bachelor's) level, the field of knowledge 13 – Mechanical Engineering, specialty 131 – Applied Mechanics. 
The study of the discipline helps to strengthen the following competencies:
FC1. Ability to analyze materials, structures and processes based on laws, theories and methods of mathematics, natural sciences and applied mechanics.
FC3. Ability to conduct technological and technical-economic assessment of the effectiveness of the use of new technologies and technical means.
FC11 Ability to choose optimal typical technological processes in the manufacture of products and structures
The results of training of the educational component detail the following programmatic learning outcomes provided for by the educational program "Mechanical Engineering Technologies":
PH2. Use knowledge of the theoretical foundations of the mechanics of liquids and gases, heat engineering and electrical engineering to solve professional problems.
PH23 Select the necessary equipment for specified production conditions, perform the calculation of structural elements and machine tuning parameters according to known methods.
PH25 Design individual technological operations and technological processes for parts processing.

2. Prerequisites and post-requisites of the discipline (place in the structural and logical scheme of training according to the relevant educational program)
It is based on the knowledge that the student has learned in the study of fundamental and professionally oriented disciplines: "Engineering and computer graphics", "General physics", "Mechanics of materials and structures", "Theory of mechanisms and machines", "Machine parts and the basics of design", "Electrical engineering and electronics", "Higher mathematics", "Technology of structural materials, "Materials science". In turn, the discipline can be useful for further training in the disciplines: "Pre-diploma practice", "Diploma design".

3. Contents of the discipline
Section 1.  Theory of heat treatment
1.1.   General characteristics of the course. The main types of heat treatment (MOT) alloys. Austenite formation.
1.2.  Conversion of supercooled austenite. Pearlite transformations.
1.3. Martensitic transformation. Bainite transformation.
1.4. Conversion during tempered steel release. The effect of maintenance on properties.
Section 2.  Heat treatment technology
2.1.  Annealing of the I kind. Annealing of the II kind.
2.2.  Quenching.
2.3.  Supply.
2.4. Thermomechanical processing. Defects arising from quenching.
Heat treatment of aluminum and magnesium alloys.
Section 3.  Surface hardening
3.1.  Surface quenching.
3.2.  Chemical heat treatment. Cementation. Nitriding.
3.3. Cyanization and nitrocementation. Carbonitration.
3.4. Diffusion saturation with metals and non-metals.
Section 4.  Coatings and coating methods on the surface of products
4.1.  Classification of coatings. Coatings and methods of applying functional coatings.
4.2.  Technological operations of EDR, electrochemical, ultrasonic, hydroabrasive processing. Surface properties after EDM, electrochemical, ultrasonic, vibration processing.
4.3. Technological operations of beam methods of material processing. Properties of coatings applied using highly concentrated energy flows.
4.4.  Plasmamethods of  surface treatment of materials.  Laser surfacing and coatingin.
4.5.  Protective coatings of aircraft parts and structures. Coating with pure metals.
4.6.  Galvanic and chemical coatings.  Oxidation.  Phosphating. Other coatings.  Enamel coatings.  Paintwork.  Polymer coating.

1. Learning Materials and Resources
Basic literature
1. Heat treatment and coating. Lecture notes [Electronic resource]: a textbook for applicants of the first (bachelor's) level of education in the educational program "Technologies of mechanical engineering" specialty 131 Applied Mechanics / Y. V. Klyuchnikov, O. T. Serditov, V. L. Dubnyuk ; KPI them. Igor Sikorsky – Kyiv : KPI them. Igor Sikorsky, 2022.  https://ltft.kpi.ua/ua/studentam/navchalno-metodychna-dokumentatsiia.html
2. Heat treatment and coating. Workshop [Electronic resource] : a textbook for applicants of the first (bachelor's) level of education in the educational program "Technology of mechanical engineering" specialty 131 Applied Mechanics / Y. V. Klyuchnikov, O. T. Serditov, V. L. Dubnyuk ; KPI them. Igor Sikorsky.– Kyiv : KPI them. Igor Sikorsky, 2022.  https://ltft.kpi.ua/ua/studentam/navchalno-metodychna-dokumentatsiia.html

Further reading
1. Metal science and heat treatment of metals. Kuzin O.A., Yatsyuk R.A. Textbook. – Kyiv: Osnova, 2005. – 324 p.
2. Structural materials science. Garnets V.M., Kovalenko V.M. Textbook. – Kyiv: Lybid', 2007. – 384 p.
3. Y. V. Klyuchnikov, A. M. Lutai, O. T. Serditov. Methodical instructions for laboratory work to study the discipline "Material Science" (Electronic resource). Textbook NTUU KPI, 2012
4. Technology of laser surface treatment of materials. Course of lectures \ Golovko L.F. NTUU "KPI", 2015. http://ltft.kpi.ua/documents/PLPO/PLPO-lec.pdf
5. Electrophysical and electrochemical methods of surface treatment of parts in mechanical engineering: [textbook]. - Kryvyi Rih: KTU Publishing Center, 2011.- 412 p. Kiyanovsky M.V., Tsyvinda N.I.
6. Advanced Machining Processes. Copyright © 2005 by The McGraw-Hill Companies. All rights reserved. Manufactured in the United States of America.
7. Manufacturing, Engineering & Technology, Fifth Edition, by Serope Kalpakjian and Steven R. Schmid. ISBN 0-13-148965-8. © 2008 Pearson Education, Inc., Upper Saddle River, NJ.
8. Manufacturing Technology for Aerospace Structural Materials / F.C. Campbell / First edition 2006.  Library of Congress Control Number: 2006927672; ISBN-13: 978-1-85-617495-4;  ISBN-10: 1-85-617495-6

Information resources
1. ltft.kpi.ua (site of the Department of LT and FTT)
2. login.kpi.ua (CAMPUS website)
3.library.ntu-kpi.kiev.ua (site of the scientific and technical library of NTUU "KPI them. Igor Sikorsky")
4. https://classroom. google. com (Google class course)

Educational content
5. Methods of mastering the discipline (educational component)
	The educational material of the educational component is taught in the classroom according to the following structure (Table 1). 
Table. 1. The structure of teaching the educational component
	Section and topic titles
	Number of hours

	
	Just
	including

	
	
	Lecture
	Laboratory
	SRS

	1
	2
	3
	4
	5

	Introduction. General characteristics of electrophysical and electrochemical methods of material processing

	Section 1.  Theory of heat treatment

	Topic 1.1.  General characteristics of the course. The main types of heat treatment (MOT) alloys. Austenite formation.
	8
	2
	4
	2

	Topic 1.2.  Conversion of supercooled austenite. Pearlite transformations.
	6
	2
	 
	4

	Topic 1.3.  Martensitic transformation. Bainite transformation.
	6
	2
	 
	4

	Topic 1. 4. Conversion at the release of hardened steel. The effect of maintenance on properties.
	8
	2
	 4
	2

	Total by chapter 1
	28
	8
	8
	12



	Section 2.  Heat treatment technology

	Topic 2.1.  Annealing of the I kind. Annealing of the II kind.
	8
	2
	4
	2

	Topic 2.2.  Quenching.
	10
	4
	4
	2

	Topic 2.3.  Supply.
	7
	1
	4
	2

	Topic 2. 4. Thermomechanical processing. Defects arising from quenching.  Heat treatment of aluminum and magnesium alloys.
	7
	1
	4
	2

	Total by chapter 2
	32
	8
	16
	8

	Section 3. Surface hardening

	Topic 3.1.  Surface quenching.
	7
	2
	2
	4

	Topic 3. 2.  Chemical heat treatment. Cementation. Nitriding.
	7
	2
	 2
	4

	Topic 3. 3. Cyanization and nitrocementation. Carbonitration.
	6
	2
	
	4

	Topic 3. 4. Diffusion saturation with metals and non-metals.
	6
	2
	
	2

	Total by chapter 3
	26
	8
	4
	14

	Section 4.  Coatings and coating methods on the surface of products

	Topic 4.1.  Classification of coatings.  Coatings and methods of applying functional coatings.
	5
	2
	
	2

	Topic 4.2.  Technological operations of EDR, electrochemical, ultrasonic, hydroabrasive processing. Surface properties after EDM, electrochemical, ultrasonic, vibration processing.
	6
	2
	2
	2

	Topic 4. 3. Technological operations of beam methods of material processing. Properties of coatings applied using highly concentrated energy flows.
	5
	2
	
	4

	Topic 4. 4. 	Plasmamethods of  surface treatment of materials.
 Lasersurfacing  and coating.
	5
	2
	
	2

	Topic 4. 5. Protective coatings of aircraft parts and structures. Coating with pure metals.
	6
	2
	2
	 2

	Topic 4. 6. Galvanic and chemical coatings.  Oxidation.  Phosphating. Other coatings.  Enamel coatings.  Paintwork.  Polymer coating.
	7
	2
	4
	2

	Total by chapter 4
	34
	12
	8
	14

	Total hours
	120            
	36
	36
	48




5.1. Lectures
	No s/n
	The title of the lecture topic and a list of basic questions 
(list of didactic tools, tasks on the SRS with reference to the literature)

	1
	General characteristics of the course. The main types of heat treatment (MOT) alloys. The formation of austenitis.
General characteristics of the course. 
Critical points. 
The main types of heat treatment alloys. 
Annealing and normalization. Changes in steel when heated
Pearlite transformation.
Grain growth. The effect of grain size on the properties of steel.  Determining the size of the grain. Overheating and burning.  The occurrence of internal stresses during heating. Decarbonization of the surface.

	2.
	Conversion of supercooled austenite. Pearlite transformations.
Austenitic transformation. 
Construction of a diagram of the isothermal transformation of austenite. 
Pearlite transformations.

	3.
	Martensitic transformation. Bainite transformation.
Martensitic transformation. 
The main characteristics of the martensitic transformation. 
Bainite (intermediate) transformation. 
Isothermal transformation of austenite in alloyed steels.

	4
	Conversion at the release of hardened steel. The effect of maintenance on properties.
Areas of austenite conversion and critical cooling rate.
The transformation of austenite with continuous cooling.
Conversion of martensite and residual austenite when heated (tempered steel release).
Fragility during the release of alloyed steels.
Carbon steel aging.

	5
	Annealing of the I kind. Annealing of the II kind.
Annealing of the I kind. Homogenization. Recrystallization annealing.
Annealing to relieve residual stress.
Annealing of the II kind (phasesa recrystallizationof the self).  Complete annealing. Isothermal annealing.
Patenting. Incomplete annealing. Spheroidization. Normalization.

	6
	Quenching.
Quenching. The choice of quenching temperature. Duration of heating during austenization of steel. Medium for heating during heat treatment.
Cooling media for quenching.
Hardenability and hardenability of steels. Critical diameter.
Internal stresses in hardened steel. Quenching methods.

	7
	Supply.
Low temperature (low) supply
Release at medium temperatures
High-temperature (high) supply

	8
	Thermomechanical processing.  Defects arising from quenching.
In high-temperature a  thermomechanicaltreatment  a (BTMO) and low-temperature a (NTMO).
Mehaniko-heat treatment (MTO).
Defects arising from quenching.
Heat treatment of aluminum and magnesium alloys.

	9
	Surface quenching.
Surface quenching. Quenching with induction heating.
Quenching with flame heating. Laser surface hardening. 

	10
	Chemical-heat treatment of steels.
Chemical-heat treatment of steels.
Cementation. Heat treatment modes after steel cementation
Nitriding. Ionic nitriding. Nitriding in liquid media (low-temperature cyanization) (tenifer process)

	11
	Cyanization and nitrocementation.
Cyanization.
Nitrocementation  (gas cyanization)
Carbonitration.  Advantages of carbonite walkie-talkie technology.

	12
	Diffusion saturation with metals and non-metals
Diffusion saturation with non-metals. Boring. Silication.
Diffusion saturation with metals.  Alitting.  Chrome plating.  Galvanizing.
Laser chemical and heat treatment.

	13
	Coatings and coating methods on the surface of products
Adhesion and cohesion processes in the surface layer of
substrate and coating materials.
Classification of coatings by the nature of the location on the surface.
Classification by coating methods
Class andfiction of coating methods, based on differences in the aggregate and physical state of the applied substance
Methods of applying functional coatings
Obtaining coatings from the steam-gas phase
Obtaining coatings from melts and semi-melts. Immersion in the melt.  Enamel coatings.  Drip spraying.
Surfacing on metal products of alloys of other metals
Obtaining coatings from solids and their air mixtures.
Obtaining coatings from solutions and thin suspensions. 
Application of solid-liquid substances, followed by heat treatment.
Galvanic and chemical coatings.
Cathode formation.

	14
	Technological operations of EDM, electrochemical, ultrasonic, hydroabrasive processing.
Surface properties after EDM, electrochemical, ultrasonic, vibration processing.
EDM coating of metals.
The process of electro-spark doping of metals
The process of electrospark hardening of metals

	15
	Technological operations of beam coating methods. Properties of coatings applied using highly concentrated energy flows.
Physical methods of spraying coatings by evaporation of refractory materials in vacuum
Electron beam deposition
Methods of surface treatment of materials with accelerated beams (ion-beam technology, ion implantation)
Spraying the surfaces of materials with a controlled beam of ions

	16
	Plasmaand methods of  surface treatment of materials
Plasma surfacing
Plasma spraying of parts surfaces
Ion-plasma technology
Laser surfacing  and coating
Hardening without phase transformation
Laser annealing (release)
Hardening with phase transformation
Laser doping
Laser surfacing (spraying)
Surface amorphization
Shock strengthening

	17
	Protective coatings of aircraft parts and structures.
Protective coatings of parts and structures of LA.
Coating with pure metals.
Zinc coating.  Comparative characteristics of hot, galvanic  and other galvanizing methods. 
Cadmium coating.
Copper coating.
Nickel plating.
Chrome coating.
Tin coating.


	18
	Oxidation. Phosphating. Other coverages. Types and purpose of paintwork. Polymer coating.
Anode oxidation of aluminum alloys
Oxidation of titanium alloys
Other coverages. 
Phosphating
Types and purpose of paintwork.  Polymer coating.



5.2. Laboratory classes
The main tasks of the cycle of laboratory classes. 
The purpose of thisin laboratory work is  to  practically consolidate the main topics  of the educational component, which have been studied theoretically.  Andthe main task is to provide knowledge on  the choice of optimal materials for parts and structural elements, taking into account their structure, physical, mechanical, chemical and operational properties and, as well as economic factors and skills todevelop technological processes for processing materials.    In connection  with this, all laboratory work is associated with this activity.
	№
s/n
	Name of laboratory work
	Number of classroom hours
	Score 
(along with the test)

	1.
	Determination of the structure of materandali by microanalysis methods.
	4
	6

	2.
	Annealing and normalization of carbon steel.
	4
	6

	3.
	The effect of the cooling rate on the structure and hardness of steel.
	2
	3

	4.
	Determination of hardening of steels.
	4
	6

	5.
	Hardening of steel. Analysis of the diagram of the isothermal transformation of austenite. Tempered steel release.
	4
	9

	6.
	Microstructure and properties of steel after chemical heat treatment.
	4
	6

	7.
	Heat treatment of aluminum alloys.
	2
	3

	8.
	Analysis of patterns of surface  heat treatment and  alloys and selection of laser hardening modes.
	4
	6

	9.
	Heat treatment of alloy steels.
	2
	3

	10.
	The choice of the type of pcovering and the method of its application.
	6
	12


6.  Independent work of the student
	No s/n
	Names of topics and questions submitted for independent study and links to educational literature
	Number of hours of SRS

	1
	Topic 1.1. The main types of heat treatment (MOT) alloys. The formation of austenitis.  List the steps for converting the ferritic-carbide structure to austenite when heated. How does the grain value affect σ in, σ0.2, δ, ψ, KCU, KC, KST, K1c and t50? How to get fine austenite grain from steel?  [1, 2, D1, D2].
Topic 1.2. Conversion of supercooled austenite. Pearlite transformations. What is the difference in structure and properties of perlite from sorbitol and cane? How do I get these structures?
Topic 1.3. Martensitic transformation. Bainite transformation. How to get the structure of bainite and martensite in carbon steel from 0.45% C?
What explains the high hardness of martensite?  [1, 2, D1, D2].
Topic 1.4. Conversion at the release of hardened steel. The effect of heat treatment on the moisturecontent [1, 2, D1, D2].
	


2


4



4

2

	2
	Topic 2.1. Set the temperature of complete annealing of steel containing 0.30 and 0.6% C. What is the purpose of annealing?
How do the size of the grain and the nature of the structure change after complete annealing?
What steel should be cooled more slowly during annealing - carbon or alloyed? Why?
Why and how is the process of spheroidizationof carbon and alloy steels carried out?
How can the hardness of alloy steels having a satisfactory structure after rolling (forging) be reduced?
In what cases is the normalization process recommended?  [1, 2, D1, D2].
Topic 2.2. In the Fe-Fe3C diagram, show the quenching temperatures of the hypoeutectoid and eutecto and bottomsteels. Why is it heated to these temperatures?  [1, 2, D1, D2].
Topic 2.3. Steel containing 0.4% C, 1.5% Cr and 2.0% Ni has been hardened and subjected to temper at 550 °C. What cooling should be after tempering to obtain high KCU and KST values?
Why at low supply temperatures (up to 200 ° C) high hardness and strength (σc) are maintained?
What are the causes of irreversible and reversible vacation fragility?
Topic 2.4. Defects arising from quenching. Heat treatment of aluminum, magnesium and aluminum alloys [1, 2, D1, D2].
	










2

2






2

2

	3
	Topic 3.1. Surface quenching.
1. Laser quenching. Determination of laser hardening modes of tool steels [D 4, D5].
2. What are the advantages of thermomechanical treatment over conventional quenching and why?
3. For which parts is surface quenching recommended for induction and laser heating?
4. Why does the endurance limit increase after surface hardening?
5. Why is the temperature under quenching during induction heating higher than when heated in a furnace? In which case will there be a smaller grain of austenite?
6. How is it carried out and what are the advantages of quenching with deep induction heating?  [1, 2, D1, D2].
Topic 3.2. Microstructure and properties of steel after chemical heat treatment.  [1, 2, D1, D2].
Topic 3.3. Cyanization and nitrocementation. Carbonandtraction.
1. In what cases is cementation, nitrocementation and nitriding used?
2. What structure (structure) has a cemented and nitrided layer? Associate the structure of the layer with the state diagram Fe-Fe3C and Fe-N.
3. Specify the advantages of gas cementation over cementation in a solid carburizer.
4. It is necessary to obtain a diffusion layer with a thickness of 1.5 mm and a hardness of 60 HRC. What process will ensure these requirements? Describe the technology of the accepted process.
5. At what temperatures is the cementation process carried out? Why?
9. What is the heat treatment and why is it carried out after cementation and nitro-cementation?
6. What is the structure of the cemented layer after heat treatment?
7. In what cases is nitrocementation used? [1, 2,  D1, D2].
Topic 3.4. Diffusion saturation with metals and non-metals.
What are the main methods of diffusion metallization? [1, 2, D1, D2].
	













4

4
















4

2

	4
	Topic 4.1. Classification of coatings. Coatings and methods of applying functional coatings.
Topic 4.2. The method of calculating the main parameters of electrochemical treatment.
Study of the properties and dimensional characteristics of the surface layer in the electro-spark alloying of alloys.
Youdefine the  basic regularities of vibration processing of products made of ferrous and non-ferrous metals, determine the influence of the composition and characteristics of the working environment on the productivity and quality of surfaces of the  processed products.
Topic 4.3. Technological operations of beam methods of material processing. Properties of coatings applied using highly concentrated energy flows.
Topic 4.4. 	Analysis of patterns and selection of laser hardening modes.
Topic 4.5. Protective coatings of aircraft parts and structures. 
Topic 4.6. Characteristics and brands of coatings
	
2

2






4


2
2
2

	8
	Total hours
	48


Politics and control
· 7. Policy of the discipline (educational component)
	The teaching of the educational component is based on generally accepted norms and according to traditional rules that encourage students to be interested in gaining knowledge in the disciplines that determine their professional competenciesand suitability. Among these rules, an important, but not decisive, is  the rule of attending all types of classes, as a condition of close contact with teachers for the direct assimilation of their knowledge, adopting the experience of  creative life,  culture and principles  of decent treatment, appearance and attitude towards equals and followers (or opponents). The number of visits to classes is not always proportional to the quality of the materials of the discipline, more decisive is activity, curiosity, creativity in the performance of  tasks, you solve trivial problems, which is manifested  in  search and finding original solutions of a systemic type and applied nature. Therefore,  the  student should be credited with not a blunt sitting at a desk in the classroom, but creative restlessness, active work on given data and in the search for unconventional answers and solutions. A large number of proposals, the requirement of frequent and in-depth explanations during the assimilation of the material of lectures, in practical classes and in the performance of laboratory work on the appropriate equipment are more valuable and useful,  than previously studied trivial foundations of well-known knowledge, citing paragraphs of textbooks, lecture notes, that is, should be evaluated by teachers with greater distinction. 
As for the rules of decent behavior in the classroom, in particular, maintaining communication with the external environment, it  is not the prohibition of the use of appropriate gadgets that can lead to a  useful result, but the student's interest in such a quality of teaching the material that he would not be interested in being distracted by other things. This approach allows you to widely involve in the creative learning process the possibilities of the Internet database , computer equipment and ontheir eyes.
Some types of training, such as laboratory work, have a significant difference from other types of activities in that they require meticulous preparation for them outside the educational institution.  Therefore, in addition to the presence and active behavior of students in laboratories, it should be required that the appropriate level is ready for the  purpose  of the work, the student has initial data, compliance forms and consumables in  a certain form. The procedure, conditions for the protection of laboratory work and its corresponding assessment should take into account the peculiarities of the type of classes and find a reflection in the rating system of assessment (RSO). 
Outstanding in content, quality of decisions and design of relevant text and graphic materials of work (individual and laboratory), as well as those that are worse in all respects can be evaluated with additional incentive or penalty points, which should also beoffended in the RSO.
Other rules and stages  of mastering the educational component, including conducting checks and  for plagiarism, adherence to academic integrity, as well as achieving a positive result in various types of control must comply with the regulatory documents  of the University and not contradict the legislation of Ukraine
8. Types of control and rating system for evaluating learning outcomes (RSO)
Current control.
On the topic of lectures, express surveys are conducted on  previously completed topics that encourage a better understanding of the material being taught and surveys on the topic of  a lecture or lesson.
Calendar control.
To monitor the current state of fulfillment of the requirements of the syllabus  twice a semester according to the schedule of the educational process, the University  or the Institute conducts modular tests, the topic of which is set out in Appendix B to the syllabus, and the assessment system is given in the RSO of the educational component. 
Semester control.
As a control of the knowledge mastered by students for the semester of teaching the educational component, the curriculum provides for the exam, the conditions for admission to which and the principle of assessment are set out in the RSO of the educational component.
Rating system for evaluating student learning outcomes
Distribution of study time by type of classes and tasks of the educational component in accordance with the working curriculum of the credit module.
	Semester
	Total (credit/hours)
	Distribution of hours by type of occupation
	Number of MKR
	Semester
 Certification

	
	
	Lecture
	Laboratory works
	SRS
	
	

	6
	4.0/120
	36
	36
	48
	1
	Passed



1. The student's rating  on the educational component is calculated on the basis of a 100-point scale includes an assessment of current control measures in the discipline during the semester and consists of points that the student receives for:
· performance of laboratory works (10 works);
· modular test work (1 work of 4 parts);
· as well as, incentive and penalty points. 
2. Criteria for calculating points:
2.1. Performance of laboratory works:
The weight score of one laboratory work is 6 points. The minimum number of points that must be scored for laboratory work to be considered credited  is 3.6 points,  that is, 60% of the maximum number for one job. 

Rating points for one laboratory work
	Points
	Evaluation criteria

	6,0
	The work has been completed completely, there are no comments, there are answers to all questions.

	5,4
	The work was done with insignificant comments, inaccuracies occur in the answers.

	4,8
	The work is done with comments, there are answers to most questions .

	4,2
	The work is done with errors, there are answers to only part of the questions.

	3,6
	The work was done with significant errors, there are answers only to certain questions.

	0,0
	Work not done, report not submitted.



The minimum number of points for all laboratory work: 
.
The maximum number of points for all laboratory work:  
.
The report on laboratory work is defended at the last laboratory lesson before the start of the test at the course. 

2.2. Modular test work of the MKR (up to 40 points  , or 4 MKR of 10 points each):
The working curriculum provides for one modular test (MKR) in the amount of 2 hours. MKR takes the form of four tests of 0.5 hours each. 
One test consists of several tasks. Assignments are updated every semester. The weight score of one test is 10 points.
Evaluation of the test is carried out in accordance with the table:

Rating points for one test
	Points
	Evaluation criterion

	10,0
	Correct answer to more than 95% of questions

	8,5
	Correct answer for more than 85% of questions

	7,5
	Correct answer to more than 75% of questions

	6,5
	Correct answer for more than 65% of questions

	6,0
	Correct answer to more than 60% of questions

	0
	The correct answer is less than 60% of the questions or the student was absent



The maximum number of points for all tests, respectively, is: 

2.3. Penalty and incentive points for (no more than 10% of RD):
· No penalty points are provided.
· Participation in the conference, the Olympiad in the discipline, the modernization of laboratory work, the implementation of tasks for the improvement of didactic materials in the discipline is provided from 5 to 10 incentive points.

2. 4 Conditions of milestone certification
Calendar control of the discipline (educational component) is carried out, as a rule, at 7-8 and 14-15 weeks of each semester. The condition for obtaining a positive assessment of calendar control in the discipline is the value of the current rating of the applicant not less than 50% of the maximum possible at the time of such control. The results of calendar control are recorded in the module "Calendar control" of the Electronic Campus.

2.5 Criteria for scoring
The condition for admission to the test is the enrollment of all laboratory works (after their protection), the performance of tasks of independent work and a starting rating of at least 30 points. 
The rating assessment is communicated to applicants in the penultimate lesson in the discipline in the semester. Calculation of the rating scale :
RD = ∑(  r lr + r μr)  = 60 + 40 = 100 points
Applicants who have fulfilled all the conditions of admission to the test and have a rating score of 60 or more points, receive a score corresponding to the scored rating without additional tests. 
With applicants who have fulfilled all the conditions for admission to the test and have a rating score of less than 60 points, as well as with those applicants who want to increase their rating rating, at the last scheduled lesson in the discipline in the semester, the teacher conducts semester control in the form of a test or interview.  In this case, the points received for individual work remain, and the points received for modular tests are canceled.
At the test, students must complete a written test or give an oral answer. Each task should contain four theoretical questions (tasks) and one practical (task). Each task is compiled from the List of questions for the test (P.9) from the educational component. Each question is scored at 8 points according to the following criteria: 

The number of points for the tasks of the ticket
	Points 
	Evaluation criterion

	8,0
	full answer, at least 95% of the necessary information performed in accordance with the requirements for the level of "skills", (complete, error-free solution of the problem)

	6,8
	almost complete answer, at least 85% of the necessary information performed in accordance with the requirements for the level of "skills", (complete, error-free solution of the problem)

	6,0
	sufficiently complete answer, at least 75% of the necessary information that is completed in accordance with the requirements for the level of "skills or there are minor inaccuracies (complete solution of the problem with minor inaccuracies)

	5,2
	incomplete answer, at least 65% of the necessary information completed in accordance with the requirements for the "stereotypical" level and some errors (the task was completed with certain shortcomings)

	4,8
	incomplete answer, at least 60% of the necessary information performed in accordance with the requirements for the "stereotypical" level and some errors (the task was completed with certain shortcomings)

	0
	the answer does not meet the conditions up to "enough", less than 60%, or it is missing



In the information of semester control, the teacher enters the rating points received by the applicant in the semester or based on the results of the test paper, and the assessment (credit) in accordance with these points according to the table:

	Points
	Score

	100... 95
	Perfectly

	94... 85
	Very good

	84... 75
	Well

	74... 65
	Satisfactory

	64... 60
	Enough

	Less than 60
	Disappointing

	There are unaccounted laboratory works 
	Not allowed


[image: ]The scheme of functioning of the RSO in the discipline with semester control in the form of a test (Regulations on the system of evaluation of learning outcomes at the Igor Sikorsky Kyiv Polytechnic Institute.  Nakaz No 1/273 dated 14.09.2020 
Awritten or oral credit is made of the questions set forth in Para. 9 of  the syllabus. The ticket consists of 4 questions for each section (1; 2; 3; 4) and tasks.
9. Additional information on the educational component
Topics of tasks of modular tests and credit issues

Chapter 1, 2
1. What is heat treatment, its main parameters?
2. What is the purpose of applying various methods of heat treatment of metals and alloys?
3. How are  the main types of heat treatment classified?
4. What is the phase transformation in steels in the process of heating to the austenitic state?
5.  Name the main transformations that occur when heating and cooling steel.
6. What are the main structures that can be formed during the heat treatment of steel?
7. Howare the  main  heat treatment groups?
8. What is steel annealing?
9. What is the difference between annealing of the first and second kind?
10. What is steel  quenching and what are the types of quenching?
11. How do alloying additives affect the austenization process?
12. How does the temperature and heating rate affect the process of pearlitic-austenitic transformation?
13. What transformations of austenite occur during cooling?
14. How do carbon content and the degree of hypothermia affect the nature of austenite conversion during cooling?
15. What characterizes the diagram of the isothermal transformation of austenite?
16. What is aging steel? What are its features?
17. What is the difference between the kinetics of converting the ferritic-carbide structure to austenite during isothermal exposure and continuous heating? When will the austenization temperature and grain size be greater with slow or rapid heating?
18. List the steps in the transformation of the ferritic-carbide structure into austenite when heated.
19. How does the grain value affect σ in, σ0.2, δ, ψ, KCU, KST, K1c and t50? 
20. How to get fine grain of austenite from steel?
21. What is the difference between the mechanism of pearlite transformation and intermediate and martensitic?
22. What is the difference in structure and properties of perlite from sorbitol and troostitey? How do I get these structures?
23. What structure (rails y  or platey) does martensite have in steel with a temperature of martensitic points  M p =  200 ° C, and Mk = -50 ° C?
24. How much residual austenite is in steel from 0.3%C and 1.0%C? How to get rid of residual austenite?
25. What determines the stability of supercooled austenite? List the factors affecting the critical rate of quenching.
26. How do alloying elements affect the diagram of the isothermal decay of austenite? Yes,a qualitative and quantitative characteristic.
27.  How to get the structure of bainite and martensite in carbon steel from 0.45% C?
28. What explains the high hardness of martensite?
29. What is the difference between isothermal and thermokinetic decay diagrams of supercooled austenite? When should I use each of these diagrams?
30. Describe the phase composition of the steel after the completion of the first conversion at release.
31. List the main processes occurring during the first, second and third transformations during release. How do alloying elements affect the release?
32. Steel containing 0.4% C, 1.5% Cr and  2.0% Ni has been hardened and subjected to tempering at 550 °C. What cooling should be after tempering to obtain high KCU and CCP values?
33. Why at low supply temperatures (up to 200 ° C) high hardness and strength (σ c) are maintained?
34. What causes cause irreversible and reversible vacation fragility?
35. Why does the time resistance (σ c), the yield strength (σ 0.2) decrease with increasing the supply temperature and the plasticity (δ, ψ) increase?
36.  What structural components are formed as a result of hypothermia austenite?
37. What is a critical cooling rate and how is it determined?
38. What is the effect of alloying elements on the process of austenite transformation?
39. What phase transformations occur during the secondary heating of hardened steels (release)?
40. How do alloying elements affect the release process?
41. What are the sequence and modes of the main types of heat treatment?
42. What causes quenching stresses?
43. What are the characteristics of the main quenching media?
44. What is hardening and hardening? How to determine the depth of hardening and critical diameter?
45. What is the concept of an ideal critical diameter used for?
46. What are the methods for determining hardenability?
47. What is the annealing process? What are its types and purposes?
48. 3 what are the stages of the quenching process?
49. What are the main methods of hardening, their modes and purpose?
50. What is letting go and what are its types?
51. What are the features of heat treatment of cast iron?
52. What is the thermomechanical treatment of steel? What are its types and modes?
53. What are the most common defects due to heat treatment?
54. Set the temperature of complete annealing of steel containing 0.30 and 0.6% C. What is the purpose of annealing?
55. How do the size of the grain and the nature of the structure change after complete annealing?
56. What steel should be cooled more slowly during annealing - carbon or alloyed? Why?
57. Why and how is the process of spheroidization of eutectoid carbon and alloyed steels carried out?
58. How can the hardness of alloy steels having a satisfactory structure after rolling (forging) be reduced?
59. In what cases is the normalization process recommended?
60. In the diagram Fe-Fe3C, show the quenching temperatures of hypoeutectoid and eutectoid steels. Why is it heated to these temperatures?
61. In the isothermal decay diagram of supercooled austenite, apply cooling curves for different quenching methods. Why is quenching used?
62. What requirements must quenching fluids meet? What liquids are used for quenching, what are their advantages and disadvantages?
63. Set the quenching mode of steel containing 0.4 and 1.0% C (austenization temperature, heating time, heating medium, cooling medium).
64. How does the temperature of austenitization affect the stability of supercooled austenite, hardening and hardenability of steel?
65. What steel is hardened to a greater depth: 1) 0.45% C; 2) 0.45% C and 1.0% Sg; 3% Ni; 3) 0.45% C, 1.0% Sg, 2.0% Ni and 0.4% Mo? Why?
66. Determine the critical diameter for the structures of 50 and 95% martensite of steels indicated in Fig. 67, after quenching in water and oil.
67. A thin milling cutter made of steel containing 1% C undergoes warping (curvature) when quenched in water. What quenching method should be used to avoid warping?
68. What structure should steel have after isothermal quenching to ensure high structural strength?
69. What are the advantages of thermomechanical treatment over conventional quenching and why?


Chapter 3, 4

1. For which parts is surface quenching recommended for induction and laser heating?
2. Why does the endurance limit increase after surface hardening?
3. Why is the temperature under quenching during induction heating higher than when heated in a furnace? In which case will there be a smaller grain of austenite?
4. How is it carried out and what are the advantages of quenching with deep induction heating?
5. Set the release mode for a steel cutter containing 1% C and a steel connecting rod from 0.45%C.
6. What is the chemical-heat treatment of steels and what stages does it consist of?
7. What are the main types of WHO and what is their purpose?
8.  What structural transformations occur during the cementation process and how do they affect the mechanical properties of alloys?
9. What is the nitriding process technology?
10. What are the features of the processes of cyanization and nitrocementation?
11. What are the main methods of diffusion metallization?
12. What are the most common defects due to heat treatment?
13. What is the difference between chemical heat treatment and heat treatment of steel?
14. Iron saturation is carried out at a temperature of 1000 ° C for 6 hours with carbon and chromium. In which case will there be more layer thickness and why?
15. What is meant by the term "effective layer thickness"? 
16. In what cases is cementation, nitrocementation and nitriding used?
17. What structure (structure) does the cemented and nitrided layer have? Associate the structure of the layer with the state diagram Fe-Fe 3C and Fe-N.
18. Specify the advantages of gas cementation over cementation in a solid carburizer.
19. It is necessary to obtain a diffusion layer with a thickness of 1.5 mm and a hardness of 60 HRC. What process will ensure these requirements? Describe the technology of the accepted process.
20. At what temperatures is the cementation process carried out? Why?
21. What is the heat treatment and why is it carried out after cementation and nitro-cementation?
22. What is the structure of the cemented layer after heat treatment?
23. In what cases is nitrocementation used?
24. What is the main advantage of the endothermic atmosphere for cementation (nitrocementation)?
25. When will the thickness and hardness of the nitriding layer be greater: after nitriding at 520°C for 24 hours or at 600°C for 24 hours?
26. Diffusion saturation with non-metals. Boring. Silication.
27. Diffusion saturation with metals. Alitting. Chrome plating. Galvanizing.
28. Laser chemical and heat treatment.
29.  Coatings and coating methods on the surface of products
30.  Adhesion and cohesion processes in the surface layer of materials
substrates and coatings.
31.  Classification of coatings by the nature of the location on the surface.
32.  Classification by coating methods
33.  Classification of coating methods based on differences in the aggregate and physical state of the applied substance
34.  Methods of applying functional coatings
35.  Obtaining coatings from the steam-gas phase
36.  Obtaining coatings from melts and semi-melts. Immersion in the melt. Enamel coating. Drip spraying.
37.  Surfacing on metal products of alloys of other metals
38.  Obtaining coatings from solids and their air mixtures.
39.  Obtaining coatings from solutions and thin suspensions. 
40.  Application of solid-liquid substances, followed by heat treatment.
41.  Galvanic and chemical coatings.
42.  Cathode formation.
43.  Technological operations of EDM, electrochemical, ultrasonic, hydroabrasive processing.
44.  Surface properties after EDM, electrochemical, ultrasonic, vibration processing.
45.  EDM coating of metals.
46.  The process of electro-spark doping of metals
47.  The process of electrospark hardening of metals
48.  Technological operations of beam coating methods. Properties of coatings applied using highly concentrated energy flows.
49.  Physical methods of spraying coatings by evaporation of refractory materials in vacuum
50.  Electron beam deposition
51.  Methods of surface treatment of materials with accelerated beams (ion-beam technology, ion implantation)
52.  Spraying the surfaces of materials with a controlled beam of ions
53.  Plasma methods for surface treatment of materials
54.  Plasma surfacing
55.  Plasma spraying of parts surfaces
56. Ion-plasma technology
57. Laser surfacing and coating
58. Hardening without phase transformation
59. Laser annealing (tempering)
60. Hardening with phase transformation
61. Laser doping
62. Laser surfacing (spraying)
63. Surface amorphization
64. Shock strengthening
65. Protective coatings of aircraft parts and structures.
66. Zinc coating. Comparative characteristics of hot, galvanic and other galvanizing methods.
67. Cadmium coating.
68. Copper coating.
69. Nickel plating.
70. Chrome coating.
71. Tin coating.
72. Anodic oxidation of aluminum alloys
73. Oxidation of titanium alloys
74. Phosphating
75. Types and purpose of paintwork. Polymer coating.

Typical ofthe adachasand
1. Set the release mode for a steel cutter containing 1% C and a steel connecting rod with 0.45%C.
2. Steel containing 0.4% C, 1.5% Cr and 2.0% Ni has been hardened and subjected to tempering at 550 °C. What cooling should be after tempering to obtain high KCU and CCP values?
3. It is necessary to obtain a diffusion layer with a thickness of 1.5 mm and a hardness of 60 HRC. What process will ensure these requirements? Describe the technology of the accepted process.
4. When will the thickness and hardness of the nitriding layer be greater: after nitriding at 520°C for 24 hours or at 600°C for 24 hours?
5. A thin milling cutter made of steel containing 1% C undergoes warping (curvature) during quenching
6. What steel is hardened to a greater depth: 1) 0.45% C; 2) 0.45% C and 1.0% Sg; 3% Ni; 3) 0.45% C, 1.0% Sg, 2.0% Ni and 0.4% Mo? Why?
7. How to get the structure of bainite and martensite in carbon steel with 0.45% C?
8. Set the temperature of complete annealing of steel containing 0.30 and 0.6% C. What is the purpose of annealing?
9. Set the quenching mode of steel containing 0.4 and 1.0% C (austenization temperature, heating time, heating medium, cooling medium).
10. Iron saturation is carried out at a temperature of 1000 ° C for 6 hours with carbon and chromium. In which case will there be more layer thickness and why?
[image: ]11.  In the experimental determination of the hardenability of one steel melting 40X by the method of end hardening, the distance to the zone with a semi-martensitic structure was 12 mm. Determine on the basis of these data and from the nomogram (see fig.) the critical diameter of the sample of this melting for cases of cooling in oil and in water. The calculation is made for a cylindrical sample with a ratio of L: D = 10.
12. In the experimental determination of the hardening of one steel smelting 35HGS by the method of end quenching, the distance to the zone with a semi-martensitic structure was 9 mm. 
Determine on the basis of these data and from the nomogram (see fig.) the critical diameter of the sample of this melting for cases of cooling in oil and in water. The calculation is made for a cylindrical sample with a ratio L: D = 5.

13. In the experimental determination of the hardening of one smelting of 9XC eutectoid steel, the length of the zone with a martensitic structure was 25 mm. Determine by nomogram (see Figs. 3.2 and 3.4) the critical diameter of this melting for samples with a ratio of L: D = 10 (long cylindrical sample) and L: D = 0.5 (flat washer). Accept that the samples have been cooled in oil.
14. In the experimental determination of the hardening of two melts of steel 40KhN, made with heating to the same temperature, the distance to the semi-martensitic zone was 18 mm for a sample of one melting and 20 mm for a sample of another smelting. Determine by nomogram pic. The critical diameter for these two melts when cooled in oil and indicate the possible causes of unequal hardening of different melts of the same steel grade. The calculation is made for a cylindrical sample with an L ratio:  D = 10.
15. In the experimental determination of the hardening of one steel smelting 35G2 by the method of end quenching, the distance to the zone with a semi-martensitic structure was 6 mm. Determine on the basis of these data and from the nomogram (see fig.) the critical diameter of the sample of this melting for cases of cooling in oil and in water. The calculation is made for a cylindrical sample with a ratio of L: D = 10.
16.  In the experimental determination of the hardening of one smelting of 9XC eutectoid steel, the length of the martensitic zone increased from 25 to 28 mm as a result of an increase in the quenching temperature from 860 to 900 oC. Determine by nomogram pic. critical diameter for these two quenching cases for cylindrical sample at L: D = 5. Explain the reasons why, as a result of an increase in quenching temperature, hardening increased.
17.  In determining the hardening of eutectoid steel X, the length of the martensitic zone was 8 mm when cooled in oil and 10 mm when cooled in water. Determine by nomogram (Fig.) the critical diameter for these two quenching cases for a cylindrical sample at L: D = 5.
18. When determining the hardenability of steels 35G2 and 35HGS, the distance to the zone with a semi-martensitic structure was 6 mm for the first steel and increased to 9 mm for the second. Indicate the reasons for the greater hardenability of steel 35HGS. Determine by nomogram (see fig.) the critical diameter of two steels for a cylindrical sample at L: D = 3.

The procedure for conducting a modular test

Modular control work is carried out in 4 stages (22 minutes - each  ) -  after each section. 

The work program of the educational componentin (syllabus):
Compiled by: Associate Professor,  Candidate of Physical and Mathematical Sciences, Associate Professor Klyuchnikov Yurii Valentynovych
Approved by: Department  of LTFTT (Protocol No. 14 of June  8, 2022. )
Approved by the Methodical Commission of the Institute of NN MMI
(protocol No 1 dated 30.08.2022. )
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