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1. The purposes of development of discipline
As a result of development of the given discipline the bachelor acquires knowledge and the skills providing achievement of purposes Ц1, Ц2, Ц3, Ц4 and Ц5 of the basic educational program 150700 “Mechanical Engineering”.
The discipline is aimed at preparation of bachelors to:
· industrial-technological activity in the field of modern machine-building manufacture based on resource-saving techniques;
· design activity in sphere of mechanical engineering products designing, technology of their manufacture and technological equipment;
· scientific-research activity in the field of innovative “know-how” of mechanical engineering products and their technological equipment;
· independent training and development of a new professional knowledge and abilities, continuous professional self-improvement;
· activity on maintenance effective functional of machine-building manufacture.
2. Place of discipline in the BEP structure
The discipline concerns basic part of professional cycle (Б3.3, Б3.4). It is directly connected with disciplines of a natural-science and mathematical cycle (Physics, Chemistry) and professional cycle (Technical Plotting, Strength of Materials); it leans on knowledge and ability mastered at studying of the given disciplines. Co-requisites for discipline “Technology of Structural Materials” are disciplines of professional cycle, such as “Materials Science”, “Engineering Mechanics”.

3. Results of development of discipline
Studying the structure of machine industry; structural materials classification; basic technological processes of manufacturing machine parts by casting, plastic deformation, welding, cutting, powder metallurgy, electro-physical, electrochemical methods; characteristics of adaptability to manufacture and profitability of technological processes, students should learn how to choose a method of manufacturing as a result of the service conditions analysis.
After studying of the given discipline bachelors acquire knowledge, abilities and the experience, corresponding to the results of the basic educational program: Р8, Р9, Р11. Conformity of discipline “Technology of Structural Materials” development results in competences formed by BEP is presented in the Table 1.
Table 1

	Competences formed by BEP*
	Results of discipline development

	З.8.1, З.8.2, З.9.1, З.11.4
	As a result of discipline development the bachelor should know:

Methods of maintenance of technological discipline at the machine-building enterprise; modern technological processes of parts manufacturing and machines assemblage; modern process equipment of the machine-building enterprises; progressive methods of equipment operation.

	У.8.1, У.8.2, У.9.1, У.11.4
	As a result of discipline development the bachelor should be able to:

Organise keeping of technological discipline at the machine-building enterprise; reveal advantages and disadvantages of new technological processes of parts manufacturing and machine assemblage; master the modern process equipment of the machine-building enterprises; provide progressive methods of equipment operation.

	В.8.1, В.8.2, В.9.1, В.11.4
	As a result of discipline development the bachelor should possess:

Monitoring methods of technological discipline keeping at the machine-building enterprise; methods of development of modern technological processes of parts manufacturing and machine assemblage, estimations of a technical condition of the operating process equipment, introduction of progressive methods of process equipment operation.


* Decoding of codes of training results and formed competences is presented in the Basic educational program of bachelor’s preparation in a direction 150700 “Mechanical engineering”.

4. Content and structure of the discipline
4.1. Content of the discipline sections
Part 1. Bases of metallurgical manufacture
Theme 1.1. Structure of metallurgical industry. Cast iron production
Lecture. Introduction. Problems and importance of discipline “Technology of Structural Materials”. Classification of structural materials. Initial materials for blast furnace fusion, the basic physical and chemical processes of cast iron production in modern blast furnaces. Products of blast-furnace process. Processes of extra blast furnace iron production.
Theme 1.2. Steel production
Lecture. Essence of metallurgical treatment of cast iron into steel. The basic stages of steel melting, physical and chemical processes of steel production. Steel melting in martin furnaces, oxygen converters, electric arc and induction furnaces. Ways of steels pouring. Ways of steel quality improvement: processing by synthetic slag, jet degassing and degasifying, electro-slag and vacuum-arc remelting.
Theme 1.3. Powder metallurgy
Lecture. Kinds and properties of metal and ceramic-metal powder materials. Methods of powders production and products manufacturing.

Part 2. Metal processing by pressure
Theme 2.1. General characteristic of metal processing by pressure. Rolling

Lecture. Physical bases of metal processing by pressure. Heating of billets. Concept of rolling shape and assortment. Rolling manufacture, essence of process, the tool and equipment. Rolled sheet and sectional iron, rolling of pipes, special kinds of rolling. Manufacture of roll-formed sections. Pressing, essence of process, the tool and equipment. Drawing, the tool and equipment.

Theme 2.2. Forging and die forging
Lecture. Essence of free forging process, the tool and equipment. Working out of forging technological process. Hot die forging, essence of process, the tool and equipment. Forging by open die technique and closed die technique. Designing of die forged pieces and stamps for fin and finless die forging.

Laboratory work 1. Equipment and technology of forging.

Theme 2.3. Cold forming

Lecture. Essence of cold die forging method. Characteristic features of cold hobbing, cold upsetting, cold forming, and stamping. Sheet-metal stamping, essence of process, the tool and equipment. Shearing, forming and assembly operations. Special methods of sheet-metal stamping. high-velocity forming.
Part 3. Foundry production

Theme 3.1. Sand casting
Lecture. Physical bases of casting manufacture. Casting characteristics of alloys. Sandy-and-clay moulding and core mixes, their basic properties. Gating systems. Hand moulding. Casting moulds for large-sized mould pieces. Core moulding. Machine moulding by pressing and shaking. Compacting by sand-throwing machine. Film-vacuum moulding. Sequence of casting manufacturing.
Laboratory work 2. Manufacturing of expendable casting mould.

Laboratory work 3. Designing of casting and foundry industrial equipment.
Theme 3.2. Special methods of casting
Lecture. Shell casting: essence of process, moulding mixes, equipment applied. Investment casting: modelling waxes, fitting-out and equipment. Chill casting: essence of a method, types of metal moulds. Pressure casting: essence of a method, die-casting machines with cold and hot compressing chambers. Centrifugal casting: essence of a method, casting with horizontal and vertical axis of rotation.
Laboratory work 4. Special methods of casting.
Theme 3.3. Casting manufacturing of various alloys.

Lecture. Features of casting manufacturing from grey, malleable, nodular cast iron. Plain carbon and alloyed steel castings. Casting manufacturing from aluminum, magnesium, copper and refractory alloys. Melting furnaces.

Part 4. Welding manufacture

Theme 4.1. Welding by fusion

Lecture. Physical bases of welding joint producing. Classification of welding methods. Arc welding: essence of process, welding arc properties. Direct and alternating welding current sources, their external characteristics. Manual arc welding by the covered electrode, the process scheme. Electrodes for manual arc welding. Advantages and lacks of a method. Automatic submerged arc welding: essence of process, welding materials. Advantages and lacks of a method in comparison with the manual arc welding. Gas-metal arc welding: essence of process and its versions. Protective gases, features of welding in carbonic gas, a field of application.


Laboratory work 5. Manual arc welding.

Theme 4.2. Welding by fusion (continuation)

Lecture. Gas welding: essence of process, combustible gases, a structure of gas-welding flame. Ways of acetylene obtaining. Application. Welding and processing of materials by a plasma stream. Essence and the scheme of process. Plasma stream and plasma arc. Features of application. Electro-slag welding, essence of process. Features of a slag bath as distributed source of warmth. Application. Beam methods of welding: electron-beam welding and laser welding. Ways of an electronic and light beam generation. Features of welded seam formation. Application of methods. Thermal cutting of metals: gas-oxygen, arc-air, plasma, electron-beam, laser. Application of methods.

Theme 4.3. Welding by pressure

Lecture. Resistance welding, essence of process. Ways of resistance welding: butt, spot, seam and projection. Welding by the accumulated energy, its versions. Essence and the scheme of condenser welding process. Diffusion welding in vacuum: essence of a method, welded surfaces preparation, method application. Friction welding: essence and schemes of process. Types of joints made by friction welding, application. Ultrasonic welding: essence and the scheme of process, application of the method. Cold welding: essence and the scheme of process. Versions of cold welding: spot, seam, and butt. Application. Explosion welding: essence and the scheme of process. Features of welded seam formation, application of the method. Bases of welding of various metals and alloys technology. Manufacturing of free from defects welded joints of carbon and alloyed steels, cast irons, copper and its alloys, aluminium and its alloys, refractory metals and alloys. Soldering of metals and alloys: essence of process, materials for soldering, methods of the soldering, application. Deposition of special coatings, ways, materials, the equipment.
Laboratory work 6. Resistance welding.
Part 5. Metal cutting
Theme 5.1. Bases of metal processing by cutting
Lecture. Physical bases of cutting process. Movements in metal-cutting machine tools. Cutting mode. The contact phenomena upon cutting. Components, elements and geometry of a turning cutter.
Laboratory work 7. Metal processing by cutting.
Theme 5.2. Metal-cutting machine tools
Lecture. Wearing and tool life. Modern tool materials. The general data on metal-cutting machine tools, their classification, Russian system of machine tools designation.
Laboratory work 8. Kinematic schemes of metal-cutting machine tools.
Theme 5.3. Machining of work-pieces on lathes
Lecture. Features of work-pieces machining on turning machine tools; cut-maps, the tool and equipment. Machining of conic surfaces, holes and plain surfaces. Machining of work-pieces on boring machine tools, cut-maps, the tool and equipment.

Laboratory work 9. The basic modes of work on lathes.
Laboratory work 10. Screw thread cutting on lathes.

Laboratory work 11. Machining of conic surfaces on lathes.
Theme 5.4. Machining of work-pieces on milling machines
Lecture. The characteristic of work-pieces machining on milling machine tools; climb milling and down milling. Types of mills, jigging and cut-maps. Machining of work-pieces on grinding machine tools. The tool, the equipment and the basic schemes of grinding. Finishing processing of surfaces: polishing, lapped finishing, honing, superfinish, etc.

Laboratory work 12. The basic modes of work on milling machine tools.
Laboratory work 13. Adjustment universal indexing head on direct indexing, simple indexing and differential division.

Theme 5.5. Machining of work-pieces on planing machines
Lecture. The characteristic of work-pieces machining on planing machine tools, the tool and equipment. Planing and shaping. Machining of work-pieces on broaching machines, the basic schemes of broaching, types of broaches and equipment. Elements of circular broach.

Laboratory work 14. The basic modes of work on planing machins.
4.2. Discipline structure, organization forms and training control
Table 2

	Section / theme
	Contact hours
	IWS (hours)
	Total
	Forms of the current control

	
	Lect.
	Pract.
	Lab.
	
	
	

	1.1. Basis of ferrous metallurgy. Cast iron production
	4
	
	
	4
	8
	Test

	1.2. Steel production
	4
	
	
	4
	8
	Test

	2.1. General characteristic of metal processing by pressure. Rolling
	6
	
	
	6
	12
	Test

	2.2. Forging and hot die forging
	4
	
	4
	8
	16
	Lab. report.
Prelim. control

	2.3. Sheet-metal stamping
	4
	
	
	2
	6
	

	Part 1. Metallurgy
Part 2. Metal processing by pressure
	22
	
	4
	24
	50
	

	
	50
	Subtotal control

	3.1. Sand casting
	4
	
	4
	6
	14
	Lab. report.
Prelim. control

	3.2. Special methods of casting
	4
	
	4
	6
	14
	Lab. report.
Prelim. control

	4.1. Welding by fusion
	4
	
	4
	6
	14
	Lab. report.
Prelim. control

	4.2. Welding by pressure
	4
	
	4
	6
	14
	Lab. report.
Prelim. control

	Part 3. Foundry production

Part 4. Welding manufacture
	16
	
	16
	24
	56
	

	
	56
	Subtotal control

	5.1. Basis of metal processing by cutting
	2
	
	2
	8
	12
	Lab. report.
Prelim. control

	5.2 Metal-cutting machine tools
	2
	
	2
	8
	12
	Lab. report.
Prelim. control

	5.3. Machining on lathes
	2
	
	8
	10
	20
	Lab. report.
Prelim. control

	5.4. Machining on milling machines
	2
	
	8
	8
	18
	Lab. report.
Prelim. control

	5.5. Machining on planing machines
	2
	
	8
	8
	18
	Lab. report.
Prelim. control

	Part 5. Metal cutting
	10
	
	28
	42
	80
	

	
	59
	Test

	Total
	48
	
	48
	90
	186
	Examination


The report defence includes oral testing.
4.3. Distribution of competences onto discipline sections
Distribution of planned training results formed within the limits of the given discipline and specified in point 3 onto discipline sections is shown in Table 3.
	Table 3

№
	Formed compe-tences
	Discipline sections

	
	
	1.1
	1.2
	1.3
	2.1
	2.2
	2.3
	3.1
	3.2
	3.3
	4.1-
4.2
	4.3
	5.1
	5.2
	5.3
	5.4
	5.5

	1
	З.8.1
	×
	×
	×
	×
	×
	×
	×
	×
	×
	×
	×
	×
	×
	×
	×
	×

	2
	З.8.2
	
	
	×
	×
	×
	×
	
	×
	
	×
	×
	
	
	×
	×
	×

	3
	З.9.1
	×
	×
	×
	×
	×
	×
	
	×
	
	×
	
	
	
	×
	×
	×

	4
	З.11.4
	
	
	
	
	×
	×
	
	
	×
	×
	
	
	
	×
	×
	×

	5
	У.8.1
	×
	×
	×
	×
	×
	×
	×
	×
	×
	×
	×
	
	
	×
	×
	×

	6
	У.8.2
	
	
	×
	×
	×
	×
	
	×
	×
	×
	×
	
	
	×
	×
	×

	7
	У.9.1
	×
	×
	×
	×
	×
	×
	
	×
	×
	×
	×
	
	
	×
	×
	×

	8
	У.11.4
	×
	×
	
	×
	×
	
	
	
	×
	×
	×
	
	
	×
	×
	×

	9
	В.8.1
	×
	×
	×
	×
	×
	×
	
	×
	×
	×
	×
	
	
	×
	×
	×

	10
	В.8.2
	
	
	×
	×
	×
	×
	
	×
	×
	
	
	
	
	×
	×
	×

	11
	В.9.1
	
	
	
	×
	×
	×
	
	×
	
	×
	×
	
	×
	
	
	

	12
	В.11.4
	
	
	×
	×
	×
	×
	
	×
	
	×
	×
	
	
	×
	×
	×


5. Educational technologies
At discipline development following combinations of studying with methods and forms of students’ informative activity are used for achievement of planned results of training and formation of competences (table 4).

Table 4

Methods and forms of learning organization
	  FLO
Methods
	Lectures
	Laboratory

works
	IWS

	IT-methods
	×
	
	×

	Command work
	(
	×
	

	Game
	
	×
	

	Problem training
	(
	×
	

	Training on the basis of experience
	
	×
	

	Advancing IWS
	
	×
	×

	Searching method
	(
	
	×

	Exploratory method
	
	(
	


For achievement of objectives in view of discipline teaching following means, methods and organizational actions are realized:
· Studying of a theoretical material at lectures using computer technologies;
· Independent studying of a theoretical material using Internet-resources, methodical learning aids, special educational literature;
· Consolidation of a theoretical material during laboratory works with use of the educational and scientific equipment and devices, performance of the problem focused tasks and decisions of research problems.
6. Planning and educational-methodical supporting

of individual work of students (IWS)
6.1. Current and advancing IWS,

aimed at extending and intensification of knowledge, and also development of practical skills, concludes in: 
· learning of theoretical material, searching for literature and electronic sources of the information on a given subject,
· carrying out home tasks,
· studying the themes chosen for individual work,
· laboratory work preparation which includes studying of a theoretical material and making a report,
· final control and final test preparation.
6.2. Creative problem-focused individual work (CIW),
focused on the development of intellectual skills, set of universal (common cultural) and professional competences, rise of creative potential of students, consists in:
· searching, analysis, structuring and presenting the information on the specified subject,
· research work and participation in student scientific conferences, seminars and competitions.
6.3. The themes for individual work:
1.
Crystallisation process and structures of killed, rimming and semikilled steel ingots.
2.
Technology of parts die forging from powders.
3.
Ways of controlled pressure die casting.
4.
Constructive and technological actions for welding deformation and stress reduction.
5.
Electro-physical and electrochemical methods of work-pieces processing.
6.4. Examples of individual tasks for presentations:
1.
Modern workings out and prospects of continuous steel smelting.
2.
Advantages and lacks of high-alloyed steels smelting in direct current arc furnaces.
3.
Technological schemes and application of monocrystalline casting.
4.
Use of isothermal die forging for manufacturing of machine parts from high-alloyed steels.
5.
Scopes, advantages and lacks of magnetic pulse welding.
6.
Ways of conic gearwheels with circular teeth manufacturing.
6.5. The control of individual work
Questions on the themes for independent study are necessarily joined to materials of testing and the total control.

Individual tasks are estimated by students and the teacher at obligatory consultations.
6.6. Educational-methodical maintenance of individual work of students
1. Electronic study aid “Technological Processes of Machine Industry”, 300 Mb. Authors Evtjushkin Y.A., Khvorova I.A.

The manual contains a theoretical material on 5 basic sections of the course, illustrated by photos, drawings, animation and video fragments. Each section is completed by 20 tests for self-examination; there is a glossary.
2. Technological Processes of Machine Industry. Part 1, 2/ Authors K.G. Gerasimovich, Y.А. Evtjushkin, N.I. Fomin, I.А. Khvorova: Study aid. – 2-nd ed. – Tomsk: TPU Publishing House, 2004. – 104 p., 138 p.
3. Collection of laboratory instructions on “Technology of Structural Materials”, placed on the site of Faculty of Materials Science and Technology of metals IPHT TPU.

7. Means of a current and total estimation of quality of discipline development (fund of estimated means)
The gain score of students is carried out by results:
1. Entrance test control of preparation for laboratory works.
2. Performance and defence of laboratory work reports (orally).
3. Express control of a new material mastering during lecturing (usually test questions).
4. The subtotal control: computer testing or written work.
5. Presentations of the individual task or participation in SRWS, competitions, etc.
6. The total control is both the test and examination: the written answer to examination card questions including all studied sections of discipline. In the course of the total control there is a communicative component necessarily.
On the Faculty there are all necessary control tasks on discipline, tests, training apparatus, and programs of computer testing.
The level of knowledge and abilities of a student is estimated according to the rating-plan on discipline and “Instruction for students” (the Appendix 1).
7.1. Examples of supervising materials
Preliminary control at laboratory work:
Variant № 1
The most simple way of manufacturing отливок is:
a) Shell casting

b) Investment casting

c) Sand casting

d) Cavityless casting
Variant № 2
For hammers drive … is used (specify all necessary):
a) steam
b) compressed air
c) water under pressure
d) explosives
e) compressed oxygen

f) gravitational field

g) high-frequency current
Examination cards:

Card № 3
1. How the martin furnace works?
2. Describe the gating systems design.
3. Name the basic parts of the planing machine tool.
Card № 14
1. How is rolling manufacture production classified?
2. Tell about argon-arc welding.

3. What is steel deoxidazing?
8. Educational-methodical and informational maintenance of discipline

basic text-books:

1. Technological Processes of Machine Industry. Part 1, 2 / Authors K.G. Gerasimovich, Y.А. Evtjushkin, N.I. Fomin, I.А. Khvorova: Study aid. – Second Edition. – Tomsk: TPU Publishing House, 2004. – 104 p., 138 p.
2. Technology of Structural Materials: Text-book for students of Mechanical Engineering direction. 6-th Edition / А.M. Dalskiy, Т.М. Barsukova, А.F. Vzjatov – М.:2005. – 596 p.
additional sources:

1. Technology of Structural Materials: Study aid / Editor М.А. Shaterin. – SPb.: 2005. – 596 p.
2. Temljantcev М.V. Ferrous metallurgy and thermotechnics. – М.: Тhermotechnic, 2010. – 171 p.
· program maintenance and Internet-sources
1. The information-educational environment of remote training based on a platform WebCT: http://e-el.lcg.tpu.ru
2. http://ddgg.isc.tpu.ru:8900
3. www.p2p.tomsk.ru
4. Electronic text-book “Materials Science” (Tool Book, 250 Mb). Authors Egorov The J.P., Khvorova I.A.;

5. The computer program for the subtotal control (Pascal 6.0) with files of questions, answers, illustrations, electronic magazine of results;

6. Computer graphic materials, animation fragments and video clips illustrating lectures.

The scientific and technical, and educational literature on discipline is laid out on following sites:
1. http://window.edu.ru/window
2. http://window.edu.ru/window/catalog?p_rubr=2.2.75.12.2
3. http://window.edu.ru/window/catalog?p_rubr=2.2.75.11.26
4. http://window.edu.ru/window/catalog?p_rubr=2.2.75.1
5. http://elibrary.ru/defaultx.asp
6. http://weldingsite.com.ua
7. http://www.autowelding.ru
8. http://www.markmet.ru/content/literatura-po-metallurgii
9. Material support of the discipline
At studying the basic sections of discipline and performance of laboratory works students use the equipment for mechanical tests, thermal furnaces with devices for temperature regulation, metal-cutting machine tools, the foundry and welding equipment, a pneumatic hammer. Computers are used for the control and preparation of methodical materials. The complex and expensive equipment is used for demonstration of possibilities of various kinds of the analysis in materials science and modern technological processes.
Stands and show-windows with exhibits

in the specialised lecture audiences and Faculty laboratories
Stands:
№ 1 Ferrous metallurgy
№ 2 Powder metallurgy
№ 3 Foundry production
№ 4 Metals processing by pressure
№ 5 Welding fabrication
№ 6 Cutting of metals
№ 7-18 Metal-cutting machine tools
Show-windows (supplied by short descriptions of exhibits):

           № 1 Metallic materials
           № 2 Non-metallic materials
           № 3 Foundry production
           № 4 Metals processing by pressure
           № 5 Welding fabrication
           № 6 Metal-cutting tools
List of educational laboratory equipment
1. Pendulum hammer







2
2. Electric chamber laboratory furnaces




14

3. Screw-cutting lathe







11
4. Milling machine







6

5. Planing machine







3

6. Drilling machine







3
7. Saw-band machine Pegas 140





2

8. Cutter-grinding machine Oregon





2
9. Welding transformer


2

10. Spot-welding machine


1

11. Resistance butt welding machine


1

12. Pneumatic hammer МА4129


1

13. High-frequency hardening and melting machine ВЧГ 2-100
1

14. Infrared pyrometer TPT-90


1

The program is composed on the basis of Standard BEP TPU according to requirements FGES-2010 in a direction “Mechanical engineering” and profiles “Technology, equipment and automation of machine engineering industry”, “Technological machines and equipment”.
The program is approved at meeting of Materials Science and Metals Technology Department (minutes № ____ «23» September 2014).
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