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1. GENERAL CHARACTERISTICS OF THE PRESSURE SHAPING TECHNOLOGIES AND MACHINES DISCIPLINE
1.1. Annotation of the discipline content
The “Pressure shaping technologies and machines” discipline is introduced in the 6th semester. The main purpose is to develop professional knowledge, skills and competences of the post-graduate student in the field of pressure shaping equipment and technologies, oriented toward the machine building industry.
The discipline studying assumes accomplishment of the following tasks:
- to form a complex of the fundamental knowledge in the field of sciences that compose a  theoretical base of the specialty, ability to forecast the development of researches, technologies and  production equipment that are innovative and useful;

- to train the post-graduate student on the methodology of a theoretical and experimental research,  diagnosis, modeling and optimization of pressure shaping processes and  production equipment;

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

· Ability for the critical analysis and the assessment of modern scientific achievements, generation of new ideas when solving research and practical tasks, including tasks in interdisciplinary areas (UC-1)

· ability to make a science-based assessment of new solutions in the field of building and modeling of machines, drives, equipment,  production systems and special machine-building equipment as also as  tools, jigs and fixtures of the production (GPC-1)

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

· ability to develop  design and production assignment for machines, drives, equipment, systems and nonstandard equipment, as also as  tools, jigs and fixtures, choose equipment and production accessories (PC-5)

· ability to develop physical and mathematical models of  tested systems, processes,  phenomena and objects, related to the  professional sphere, develop methods and organize execution of experiments with the analysis of their results (PC-6)

As a result of the course learning, the postgraduate student has to:

Know:
· theoretical and technological basics of pressure shaping processes;

· theory and basics of metal-forming machine design.

Be able to:

· build mathematical models of  metal-forming processes with the use of modern application software;

· make the assessment of the stress and deformed condition of the metal-forming tool;

· execute experimental researches in the field of plastic deformation.

Demonstrate skills and experience of the following activities:

· methods for building mathematical models of metal-forming processes;

· modern application software for solving practical tasks on selecting metal-forming technologies and their jigs, fixtures and tools;

· methods for experimental researches of plastic deformation. 

1.4.  Discipline scope
	Item No.


	Types of academic activities


	Discipline scope
	Distribution of the discipline scope by semesters (hours)

	
	
	Total hours
	Incl. Contact work (hour)*
	6

	1.
	In-class studies
	4
	-
	4

	2.
	Lectures
	4
	4
	4

	3.
	Practical studies
	-
	-
	-

	4.
	Laboratory works
	-
	-
	-

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

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

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

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


2. СОДЕРЖАНИЕ ДИСЦИПЛИНЫ TC "СОДЕРЖАНИЕ ДИСЦИПЛИНЫ" \l 1    
	Code of section, topic
	Course section, topic
	Content

	Р1
	Theory and technological frameworks of metal shaping processes 
	Basic physics of the plastic deformation. 
Metal structure. Lattice types. Lattice defects. Mathematical model of interaction of two atoms in the lattice structure: change of the potential energy and interacting forces depending on the distance between atoms. Calculation basing on a mathematical model of interaction of two atoms of the modulus of elasticity, natural vibration frequency of atoms, linear expansion coefficient, critical shear stress, required for the plastic sliding deformation.
Dislocations, their types.

Occurrence of dislocations. Interacting forces of two dislocations, located in parallel planes, sources of dislocation appearance as the result of plastic deformation. Density of dislocations. Interaction of intersecting deformations.

Cold plastic deformation of mono- and polycrystals.

Influence of grain boundaries. Metal hardening, hardening curves. Bauschinger effect, residual stresses and accumulation of potential energy, textures of plastic deformation, anisotropy of properties.

Temperature factor.

Temperature impact on processes, running in lattice structures. Second law of thermodynamics and direct diffusion of atoms. Grain growth. Factors, influencing the grain size: temperature, grade of plastic deformation. Recrystallization curves.

Deformation types.

Concept of cold, incomplete cold, hot and incomplete hot plastic deformation, advantages and disadvantages of abovementioned deformation types.
Plasticity and deformability of metals and alloys. 
Influence of a chemical and phase composition on the plasticity of metals and alloys. Influence of the structure and its unevenness on plasticity of metals and alloys. Influence of temperature and speed modes of the plastic deformation on the plasticity; diagrams of stressed condition. Plasticity of metals in the field of extra high hydrostatic pressure. Peculiarities of the behavior of bodies with the nanocrystalline structure during pressure shaping. Superplasticity of alloys and possibilities of its use in pressure shaping. 
Basics of the mechanics of the metal pressure shaping, thermophysics.
Elements of the stress-strain state theory. Components of stress tensors, deformations, deformation rates, their invariant characteristics. Stress circles for strains and deformations. Material continuity condition. Differential equations of equilibrium. Relations between stresses, relative deformations and relative deformation rates at elastic and plastic deformations. Generalized Hooke’s law. Plasticity conditions: energy, consistency of maximum shear stresses. Consideration of hardening in the context of plasticity. Special cases of  stress-strain states: plane deformation, plane stress state.
Friction during the metal working process.

Contact friction mechanism. Influence of the physical and chemical state of the workpiece and tool surfaces, temperature, deformation rate and loads on the intensity of forces, caused by friction. Friction laws. Fluid friction and hydrodynamic effect. Process lubricants.
Plastic deformation fracture.

Damage accumulation. Limit plasticity curves and their use when calculating pressure shaping processes. Restoration of the plasticity margin. Metal plasticity under conditions of hot deformation. 

Heat conduction equations and their use when solving process tasks. 
Boundary conditions when solving heating and cooling tasks. Solving methods for the strain-stress computation task (SSS) under conditions of developed plastic flow.
Boundary conditions when solving the strain-stress computation task.

Engineering method. Method of plastic equilibrium approximate (one-dimensional) equations. Main allowances when building equilibrium approximate equations and plasticity state. Determination of the deformation force using the example of cylindrical workpiece upsetting operation.

Slip-line (characteristics) method. Methods of building slip-line networks on the basis of Hencky and Prandtl theorems and the matrix and operator method. Properties of slip lines, the motion hodograph. Determination of stress and specific deformation force  for the upsetting of an infinitely long workpiece between two rough plates.
Variational strain-energy method. Concept of functional, Lagrangian, Castigliano, Kolmogorov functionals. Setting of the problem, main variational equation. Examples of selecting kinematically-admissible velocity fields. Boundary conditions, discontinuities of velocities. Upper and lower assessments of deformation forces. Solving of the boundary-value problem by the deformation zone discretization. Finite difference method. Finite-element method. Use of the finite-element method in the field of variable temperatures. Boundary element method.
Dynamic tasks of pressure shaping.
Metal working process modeling. Mathematical and physical modeling of pressure shaping processes, their optimization. Process control.
Peculiarities of plastic deformation processes,
Specific characteristics of plastic deformation thermomechanical modes of special alloys: high speed, corrosion-resistant, heat-resistant steels, aluminum alloys, copper alloys, titanium alloys.
Main principles for selecting a tool material. Consideration of temperature and power conditions of its operation.
Experimental methods of the plastic deformation research.

Coordinate grid method. Deformation measurement processing method, photoelastic method and moire method, their use when calculating strains by the visioplasticity method. Methods and apparatuses for the measurement of deformation forces, moments, contact stresses. Methods and means for the deformed metal temperature measurement.  Influence of the power, heat, velocity (pulse and dynamic), electroenergetic and magnetic-force and other possible actions on mechanical characteristics of materials and their processing properties.

	P2
	Theory and design frameworks of metal shaping machines 
	Classification of typical actuating mechanisms of discrete-type and continuous-type machines for pressure shaping.
Kinematics of the crank-and-rod mechanism of the crank press, influence of design parameters. Kinematics of universal joints in spindles of rolling mills. Consideration of friction forces in kinematic pairs, consideration of inertial forces. Statics of the rank-and-rod mechanism of the press. Calculation of transmitted torque. Analysis of jamming conditions. Stages of energy calculations of mechanisms, reduction of forces and weights to the initial link, generation of mechanism motion equations. Energy equation of the rank-and-rod mechanism of the press. Influence of the design parameters on the efficiency coefficient of the crank press. Calculation of the handwheel.
Types of frictional bonds and friction laws.
Influence of sliding velocities and loads on friction conditions. Mechanism of lubricant actions, Rehbinder effect. Frictional wear. Requirements to frictional materials in connection with their use in friction-type couplings of the press engagement and breaking. Main principles of the calculation of friction-type couplings of the press engagement and breaking.

Impact and vibrations.

Conservation-of-momentum theorem and the theorem on the principle moment of momentum in the closed loop system in case of an impact. Direct central impact. Сoefficient of restitution. Kinetic energy loss at an inelastic impact. Calculation of energy, power and efficiency for a hammer stroke. Calculation of the work stand for the rollover at the moment of the workpiece gripping. Main characteristics of mechanical vibrations. Differential equations of free and forced vibrations of single- and multimass systems. Resonance conditions.
Basics of the machine strength and dynamics.
Theories of strength, consideration of different material resistance to compression and  extension. Fatigue resistance. Factors, influencing the limit endurance. Concentration of stresses. Main principles for selection of allowable strains and safety factor at static and variable loading.
Calculation of stresses and deformations in parts and units. Main principles of calculations for strength and robustness of flat and space frames. Their use in calculations of press beds, work stand beds of rolling mills. 

Calculation of beams, bended on the elastic foundation. Calculation of round shafts, subject to bending with torsion. Their use in calculations for strength and robustness of crankshafts of crank presses and rolls of duo and quarto mills.
Calculations of compression bars for stability and determination of the critical force. Their use in calculations of rods, pre-stresses beds of presses and work stands of rolling mills.
Calculations of stresses and deformations in thick wall cylinders under the action of radial pressure. Their use in calculations of working cylinders of hydraulic presses. Calculation method of  dynamic stresses in case of impact and its use in stress calculations for hammer rods.
Basics of thermodynamics and hydrodynamics.

Ideal gas law. First law of thermodynamics. Gas heat capacity. Thermodynamic processes in ideal gases: adiabatic, isochoric, polytropic, isobathic. Second law of thermodynamics. The Carnot cycle. Concept of the system entropy. Calculations of indicator diagrams of steam and compressed air hammers. Calculations of air cylinder systems of pump-and-accumulator stations of hydraulic presses. Calculation of the pneumatic system of  pneumatic hammers. Thermodynamic calculation of steam and compressed air hammers (forging and stamping).
Motion of ideal viscous fluid, the Euler's and Navier-Stokes equation. The Bernoulli's equation for a stationary and nonstationary motion of ideal liquid. Energy losses an sudden expansion and compression of ideal liquid in flow and liquid resistance. Hydraulic impact, the Joukowski theory. The flow structure in pipes, transfer from the laminar flow to turbulent flow. Main stages of dynamic calculation of hydraulic presses with the pump and accumulator drive.


3. COURSE SCHEDULING

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

	Discipline section
	In-class studies (hours) 
	Individual work: types, quantity and scopes of activities

	Section, topic code
	Section, topic name
	Total per section, topic (hours)
	Total per section, topic (hours)
	Lecture
	Practical seminar study
	Laboratory work
	Total individual work of post-graduate students (hours)
	Preparation for in-class studies (hours)
	Execution of individual out-of-class tasks (number)
	Preparation for control activities of the current assessment (number)
	Preparation for the midterm assessment on the discipline 
(hours)
	Preparation for the midterm assessment on the module within the discipline 
(hours)

	
	
	
	
	
	
	
	
	Total
	Lecture
	Practical seminar study
	Laboratory work
	Scientific seminar, seminar-conference, colloqium
	Total  
	Homework
	Graphical work
	Report, essay, тcreative work
	Ind. or group project
	Translation of foreign literature
	Calculations, development of the software product
	Homework in foreign language*
	Translation of foreign literature*
	Course work*
	Course project*
	Total (hours)


	Control work*
	Colloquium*
	Pass/fail examination 
	Examination
	Integrated examination on the module
	Module project

	Р1
	Theory and technological frameworks of metal shaping processes 
	45
	2
	2
	 
	 
	43
	43
	43
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Р2
	Theory and design frameworks of metal shaping machines 
	45
	2
	2
	 
	 
	43
	43
	43
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

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

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

	


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

Not applicable
4.3.5.  Exemplary topics of colloquiums
Not applicable
5 CORRELATION OF DISCIPLINE SECTIONS, TOPICS AND USED TEACHING TECHNOLOGIES
	Code of a discipline, discipline topic


	Active methods of teaching
	Remote educational technologies and electronic teaching

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

	Р1-Р2
	
	
	
	+
	
	
	
	
	
	
	
	


6. FUND OF ASSESSMENT MEANS FOR THE EXECUTION OF THE CURRENT AND MIDTERM ASSESSMENT ON THE COURSE  IN THE DISCIPLINE (Appendix 1)
7. METHODOLOGICAL AND INFORMATIONAL SUPPORT OF THE DISCIPLINE  TC "УЧЕБНО-МЕТОДИЧЕСКОЕ И ИНФОРМАЦИОННОЕ ОБЕСПЕЧЕНИЕ дисциплины" \l 1 
7.1. Recommended literature  TC "Рекомендуемая литература" \l 2 
7.1.1. Main literature
1.   Lev Ivanovich Zhivov. Press Equipment : textbook for students of higher technical education institutions, pursuing a specialist's degree in "Pressure shaping technologies and machines" / L.I. Zhivov, A.G. Ovchinnikov, E.N. Skladchikov ; under editorship of L.I. Zhivov .— Moscow : Bauman MSTU, 2006 .— 560 p.: il. ; 24 sm.— Bibliogr.: p.554. — Allowed as textbook .— ISBN 5-7038-2804-X.

2. Evgeniy Aleksandrovich Popov. Technology and Automation of Sheet-Metal Stamping: textbook for higher educational institutions/ E.A. Popov, V.G. Kovalev, I.N. Shubin.— 2nd edition, ster. — М. : Publishing house of the Bauman MSTU, 2003 .— 480 p.: il. ; 22 .— Bibliogr.: p.478-479 (26 names). — recommended as textbook.— ISBN 5-7038-1394-8 : 95.40.
3. Forging and Stamping : Reference Book : in 4 vol. Vol. 1. Materials and heating, equipment, forging / [A.Y. Averkiev et al.] ; under editorship of E.I. Semenov / editorial board: E.I. Semenov (charman) [et al.] .— 2nd edition, rev. and enl.— Moscow : Machine-building industry, 2010 .— 716 p.: il. ; 25 cm.— Authors are indicated on the reverse side of the title page — Edition 1000 cop. — Bibliogr.: p.714-716 (68 names). — ISBN 978-5-217-03460-4.

4. Forging and Stamping : Reference Book : in 4 vol. Vol. 2. Hot forging / [A.P. Agroshenko et al.]; under editorship of E.I. Semenov / editorial board: E.I. Semenov (charman) [et al.].— 2nd edition, rev. and enl.— Moscow : Machine-building industry, 2010 .— 719 p.: il. ; 25 cm.— Authors are indicated on the reverse side of the title page — Edition 1000 cop. — Bibliogr. in the end as a separate chapter. — ISBN 978-5-217-03462-8.

5. Forging and Stamping : Reference Book : in 4 vol. Vol. 3. Cold forging. Forging of powdered metals / [E.G. Belkov et al] ; under editorship of A.M. Dmitriev / editorial board: E.I. Semenov (charman) [et al.].— 2nd edition, rev. and enl.— Moscow : Machine-building industry, 2010 .— 348 p.: il. ; 25 cm.— Authors are indicated on the reverse side of the title page — Edition 1000 cop. — Bibliogr. in the end as a separate chapter. — ISBN 978-5-217-03463-5.

6. Forging and Stamping : Reference Book : in 4 vol. Vol. 4.  Sheet-metal stamping / [A.Y. Averkiev et al.] ; under editorship of R.R. Yakovlev / editorial board: E.I. Semenov (charman) [et al.].— 2nd edition, rev. and enl.— Moscow : Machine-building industry, 2010 .— 731 p.: il. ; 25 cm.— Edition 1000 cop. — Authors are indicated on the reverse side of the title page — Bibliogr. in the end as a separate chapter, Bibliogr.: p.728-731 (79 names). — ISBN 978-5-217-03479-6.

7. Gennadiy Yakovlevich Gun. Theoretical Basis of Metal Treatment under Pressure. (Plasticity Theory) : textbook for students of higher technical education institutions, pursuing a specialist's degree in " Metal Treatment under Pressure " / G.Y. Gun ; under editorship of P.I. Polukhin .— Moscow : Metallurgy, 1980 .— 456 p.: il. ; 22 cm.— Bibliogr. in the end of the chapter.— Subject index: p.451-452. — Allowed as textbook .— 1.30.

8. Nikolay Petrovich Gromov. Theory of Metal Treatment under Pressure : Textbook for higher educational institutions.— 2nd edition, rev. and enl.— М. : Metallurgy, 1978 .— 360p.— 1r.20cop.

7.1.2. Supplementary literature
1. Michail Vasilievich Storozhev. Theory of Metal Treatment under Pressure: [textbook for machine-building and polytechnical higher educational institutions] / M.V. Storozhev, E.A. Popov ; under editorship of Е. П. Унксова .— 2nd edition, rev. — Moscow : Vyshaya Shkola, 1963 .— 389 p.: il. ; 22 cm.— Bibliogr.: p.380-384 (119 names) .— 0,76.
2. Petr Ivanovich Polukhin. Plastic Resistance of Metals and Alloys : Reference Book / P.I. Polukhin, G.Y. Gun, A.M. Galkin .— 2nd edition, rev. and enl.— М. : Metallurgy, 1983 .— 351p.— nonclassified.— 1.50.

3. Vadim Leonidovich Kolmogorov. Mechanics of Metal Treatment under Pressure: Study Guide for the “Plasticity Theory” course for attendees of the Advanced Training Faculty of the specialty 0408 " Metal Treatment under Pressure " / Kirov UPI.— Sverdlovsk : UPI, 1981 .— 83 p.— allowed as study guide .— 0.20.
4. D. Kulman-Wilsdorf. Physical Metallurgy: In 3 ed.: translated from the English. Ver. 3. Defects of the crystal structure. Mechanical properties of metals / D. Kulman-Wilsdorf, D.I. Takamura, D. Wirtman et al. ; Under editorship of В.М. Розенберга / Under editorship of R.U. Kan.— М. : Mir, 1968 .— 484p.— 2.30.
5. Ilya Lvovich Perlin. Theory of Metal Forming.— 2nd edition rev. and enl.— М. : Metallurgy, 1975 .— 447 p.— 3.30.
6. Yury Sergeevich Zykov. Theory of Solid Profile Drawing : Study Guide .— Kiev : UMK VO, 1991 .— 114 p.— recommended as study guide .— 0.25.
7. Exeprimental Methods of the  Deformable Solid Mechanics. Process tasks of treatment under pressure / [V.K. Vorontsov, P.I. Polukhin, V.A. Belevitin, V.V. Briza] .— Moscow : Metallurgy 1990 .— 479, [1] p.: il. — Authors are indicated on the reverse side of the title page — Bibliogr.: p.477-488 (67 names) .— ISBN 5-229-00175-5.

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

6. Electronic resources by UrFU subscription, for example, Techexpert data base.
7. Russian electronic scientific library. – Access mode:  http://www.elibrary.ru
8. Systems for search of publications of Russian and foreign scientific editions: http://www.sciencedirect.com, http://www.ingentaconnect.com TC "Базы данных, информационно-справочные и поисковые системы" \l 2 
7.5. Electronic educational resources  TC "Электронные образовательные ресурсы" \l 2 
Not used

 TC "ПРОЦЕДУРЫ КОНТРОЛЯ В РАМКАХ БАЛЛЬНО-РЕЙТИНГОВОЙ СИСТЕМЫ" \l 1 
Appendix 1 TC "ПРОЦЕДУРЫ КОНТРОЛЯ В РАМКАХ БАЛЛЬНО-РЕЙТИНГОВОЙ СИСТЕМЫ" \l 1 
To the discipline work program
FUND OF ASSESSMENT MEANS FOR THE EXECUTION OF THE CURRENT AND MIDTERM ASSESSMENT ON THE COURSE  IN THE DISCIPLINE

8.1. CRITERIA FOR THE ASSESSMENT OF RESULTS OF   CONTROL ACTIVITIES OF THE CURRENT AND MIDTERM ASSESSMENT ON THE DISCIPLINE
 
Criteria for the assessment of post-graduate student’s achievement, accepted at the academic department, are used.  The system of assessment criteria is based on three levels of learning the competence components: threshold, advanced, high.

	Competence components
	Signs of level of competence components learning 

	
	threshold
	advanced
	high

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

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

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

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


8.2. ASSESSMENT MEANS FOR THE EXECUTION OF THE CURRENT AND MIDTERM ASSESSMENT IN THE DISCIPLINE

8.2.1. Exemplary tasks for small control works during classes 

 Not applicable
8.2.2. Exemplary control tasks during classes 

Not applicable 

8.2.3. Exemplary control cases 

Not applicable
8.2.4. List of exemplary questions for the pass/fail exam 

Not applicable
8.2.5. List of exemplary questions for the examination 
1. Metal structure. Lattice types. Lattice defects. 
2. Mathematical model of interaction of two  atoms in the lattice structure: change of the potential energy and interacting forces depending on the distance between atoms. 
3. Dislocations, their types. Occurrence of dislocations. Interacting forces of two dislocations, located in parallel planes, sources of dislocation appearance as a result of plastic deformation.  

4. Density of dislocations. Interaction of  intersecting deformations.
5. Cold plastic deformation of mono- and polycrystals. Influence of grain boundaries. Metal hardening, hardening curves.
6. Bauschinger effect, residual stresses and accumulation of potential energy, textures of plastic deformation, anisotropy of properties.
7. Temperature impact on processes, running in lattice structures. Second law of thermodynamics and direct diffusion of atoms. Grain growth. Factors, influencing the grain size: temperature, grade of plastic deformation. Recrystallization curves.
8. Concept of cold, incomplete cold, hot and incomplete hot plastic deformation, advantages and disadvantages of abovementioned deformation types.

9. Plasticity and deformability of metals and alloys. Influence of a chemical and phase composition on the plasticity of metals and alloys.
10.  Influence of the structure and its unevenness on plasticity of metals and alloys. Influence of temperature and speed modes of the plastic deformation on the plasticity; diagrams of stressed condition.
11.  Plasticity of metals in the field of extra high hydrostatic pressure. Peculiarities of the behavior of bodies with the nanocrystalline structure during pressure shaping.
12. Superplasticity of alloys and possibilities of its use during pressure shaping. 

13. Contact friction mechanism. Influence of the  physical and chemical state of the workpiece and tool surfaces, temperature, deformation rate and loads on the intensity of forces, caused by friction.  

14. Process lubricants. Fluid friction and hydrodynamic effect. 

15. Components of stress tensors, deformations, deformation rates, their invariant characteristics. Stress circles for strains and deformations. Material continuity condition.
16. Differential equations of equilibrium. Relations between stresses, relative deformations and relative deformation rates at elastic and plastic deformations. Generalized Hooke’s law.
17. Plasticity conditions: energy, consistency of maximum shear stresses. Consideration of hardening in the context of plasticity. Special cases of  the stress-strain states: plane deformation, plane stress state.
18. Method of plastic equilibrium approximate (one-dimensional) equations. Main allowances when building equilibrium approximate equations and plasticity state. Determination of the deformation force using the example of cylindrical workpiece upsetting operation.
19. Variational strain-energy method. Setting of the problem, main variational equation.  
20. Examples of selecting kinematically-admissible velocity fields. Boundary conditions, discontinuities of velocities. 
21. Upper and lower assessments of deformation forces.
22. Finite difference method. Finite-element method. Use of the finite-element method in the field of variable temperatures. Boundary element method. Experimental methods. Experimental and analytical methods, visioplasticity.
23. Plastic deformation fracture. Damage accumulation. Limit plasticity curves and their use when calculating pressure shaping processes. 
24. Restoration of the plasticity margin. Metal plasticity under conditions of hot deformation.
25. Heat conduction equations and their use when solving process tasks. Use of the finite-element method in the field of variable temperatures.
26. Dynamic tasks of pressure shaping.

27. Mathematical and physical modeling of pressure shaping processes, their optimization. Process control.
28. Specific characteristics of plastic deformation thermomechanical modes of special alloys: high speed, corrosion-resistant, heat-resistant steels, aluminum alloys, copper alloys, titanium alloys.
29. Main principles for selecting a tool material. Consideration of temperature and power conditions of its operation.
30. Influence of the power, heat, velocity (pulse and dynamic), electroenergetic and magnetic-force and other possible actions on mechanical characteristics of materials and their processing properties.
31. Classification of typical actuating mechanisms of discrete-type and continuous-type machines for pressure shaping. 

32. Kinematics of the crank-and-rod mechanism of the crank press, influence of design parameters. Kinematics of universal joints in spindles of rolling mills. Consideration of friction forces in kinematic pairs, consideration of inertial forces.  
33. Statics of the rank-and-rod mechanism of the press. Calculation of transmitted torque. Analysis of jamming conditions.  

34. Stages of energy calculations of mechanisms, reduction of forces and weights to the initial link, generation of mechanism motion equations. Energy equation of the rank-and-rod mechanism of the press. Influence of the design parameters on the efficiency coefficient of the crank press. Calculation of the handwheel.
35. Types of frictional bonds and friction laws. Influence of sliding velocities and loads on friction conditions. Mechanism of lubricant actions, Rehbinder effect. Frictional wear.  
36. Requirements to frictional materials in connection with their use in friction-type couplings of the press engagement and breaking. Main principles of the calculation of friction-type couplings of the press engagement and breaking.
37. Impact and vibrations. Conservation-of-momentum theorem and the theorem on the principle moment of momentum in the closed loop system in case of an impact. Direct central impact. Сoefficient of restitution.  
38. Kinetic energy loss at an inelastic impact. Calculation of energy, power and efficiency for a hammer stroke. Calculation of the work stand for the rollover at the moment of the workpiece gripping.
39. Kinetic energy loss at an inelastic impact. Calculation of energy, power and efficiency for a hammer stroke. Calculation of the work stand for the rollover at the moment of the workpiece gripping.
40. Theories of strength, consideration of different material resistance to compression and  extension. Fatigue resistance. Factors, influencing the limit endurance. Concentration of stresses. Main principles for selection of allowable strains and safety factor at static and variable loading.
41. Calculation of stresses and deformations in parts and units. Main principles of calculations for strength and robustness of flat and space frames. Their use in calculations of press beds, work stand beds of rolling mills.
42. Calculation of beams, bended on the elastic foundation. Calculation of round shafts, subject to bending with torsion. Their use in calculations for strength and robustness of crankshafts of crank presses and rolls of duo and quarto mills.
43. Calculations of compression bars for stability and determination of the critical force. Their use in calculations of rods, pre-stresses beds of presses and work stands of rolling mills. 

44. Calculations of stresses and deformations in thick wall cylinders under the action of radial pressure. Their use in calculations of working cylinders of hydraulic presses. 

45. Calculation method of  dynamic stresses in case of impact and its use in stress calculations for hammer rods.
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