	[image: ]
	[image: ]
	Manufacturing engineering dep.
of IME

	Automated control systems
Work program of the discipline (Syllabus)


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

	Field of study
	13 Mechanical engineering

	Speciality
	131 Applied mechanics

	Educational program
	Mechanical engineering technologies

	Discipline status
	Regulatory / Selective

	Form of study
	full-time (full-time)/full-time(evening)/part-time/remote/mixed

	Year of preparation, semester
	3rd year, spring semester

	Volume of discipline
	4.5 credits

	Semester control/ control measures
	Exam

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

	Language of teaching
	Ukrainian

	Information about 
thecourse instructors / teachers
	Lecturer: Doctor of Technical Sciences, Professor, Petrakov Yu.V., t.0683565479
Practical/Seminary: 
Laboratory: Candidate of Technical Sciences, Associate Professor, Gladskyy M.M., t.0674647792 

	Course placement
	G-Suit, Telegram, EK, Google classroom, etc.


The program of the discipline
Description of the discipline, its purpose, subject of study and learning outcomes
The theory of automatic control is an applied discipline that studies the basics of building and calculating control systems for technical objects, in particular in metalworking. In the process of studying this discipline, the student masters the universal mathematical apparatus and system approach through the representation of systems and objects in the form of functional and structural schemes using transfer functions. This allows us to solve quite complex problems in obtaining transient and frequency characteristics by which it is possible to conduct an objective assessment of the static and dynamic properties of an object. Such important concepts as constancy, speed and accuracy of work are considered, the main methods of improving the quality of systems and objects in mechanical engineering are studied.
The discipline is taught in such a variant that it fully adapts to the future specialty of the student in the field of engineering, namely, mechanical engineering technology. Based on this concept, not only the basics of analysis and synthesis of automatic control systems are considered, but also the application of this universal mathematical apparatus to the modeling of controlled objects.
The main objectives of the discipline. 
According to the requirements of the educational and professional program, students after mastering the discipline should receive the following program competencies:
Professional competencies
FC15. Ability to apply modern mathematical methods to control technological processes, find analogues and correct existing processing schemes
FC23Ability to use robotics in technological systems of automated engineering.
And demonstrate the following programmatic learning outcomes:
PH22Conduct experiments according to specified methods with processing and analysis of results

Prerequisites and post-requisites of the discipline (place in the structural and logical scheme of training in the relevant educational program)
The course consists of lectures, laboratory-computer workshops and calculation and graphic work. The discipline is based on the courses "Mathematics", "Informatics", "Theory of Cutting", "Electrical Engineering, Electronics" and prepares students for the best mastering of the materials of the courses "Management of cutting processes", "Fundamentals of mechanical engineering automation", "Technological processes for CNC machines", "CAD technological processes".
Contents of the course 
Topic 1 Basic concepts and definitions. Management principles.
Topic 2 Mathematical models of systems and objects of automatic control. 
Topic 3 Representing mathematical models using state variables. 
Topic 4 Characteristics of systems and objects of automatic control. 
Topic 5 Typical dynamic elements and their identification.
Topic 6 Evaluation of the quality of systems and objects of automatic control.
Topic 7 Fundamentals of Systems Synthesis.

Learning Materials and Resources
Literature:
1) Petrakov Yu.V. Automatic control of materials processing processes by cutting: Textbook + CD Ministry of Education and Science of Ukraine, Kyiv 2004.-384s.+CD.
2) Petrakov Y., Gladskiy M. Theory of Automatic Control for Mechanical Engineering // LAP Lambert Academic Publishing, 2021, 192 p.
3) Suk-Hwan Suh, Seong-Kyoon Kang, Dae-Hyuk Chung, Ian Stroud Theory and Design of CNC Systems // 2008 Springer-Verlag London Limited, 466p. / https://www.academia.edu/4977293/Theory_and_Design_of_CNC_Systems
4) Tony L. Schmitz, K. Scott Smith Machining Dynamics. Frequency Response to Improved Productivity // Springer International Publishing AG, part of Springer Nature 2019, 389 p. / https://www.springer.com/gp/book/9781461499381
5) Control system advanced methods / edited by William S. Levine. 2nd ed. // 2011 by Taylor and Francis Group, LLC, 1700 p. / https://www.pdfdrive.com/the-control-systems-handbook-control-system-advanced-methods-second-edition-electrical-engineering-handbook-d175616386.html
6) C. Steve Suh and Meng-Kun Liu Control of cutting vibration and machining instability : a time-frequency approach for precision, micro and nano machining // A catalogue record for this book is available from the British Library, 2013, 255p. / https://www.amazon.com/Control-Cutting-Vibration-Machining-Instability/dp /1118371828
7) . Control system advanced methods / edited by William S. Levine. 2nd ed. // 2011 by Taylor and Francis Group, LLC, 1700 p. / https://www.pdfdrive.com/the-control-systems-handbook-control-system-advanced-methods-second-edition-electrical-engineering-handbook-d175616386.html
Educational content
Methods of mastering the discipline (educational component)
	Theme
	Content
	Lecture
	Laboratory

	Topic 1
Entry. Basic concepts and definitions. Management principles. Classification of ACS.
	Entry. Historical background on the development of automatic control, technological cybernetics. Automatic control system, its composition. Management by perturbation and error. Closed and open systems. The principle of feedback.
The objectives of automatic control. Discrete and analog systems, linear and nonlinear systems, systems of direct and indirect action, one-dimensional and multidimensional systems, adaptive systems. Systems with self-tuning parameters, structure, extreme systems.
	4
	

	Topic 2
Mathematical models of systems and objects of automatic control.
	Definition of nonlinearity. Two forms of movement: transitional and established. The main method of linearization. Standard form of recording a mathematical model. Transfer function. Examples of the compilation of transfer functions of automatic control objects. Definition of a functional scheme. Systematic approach to the presentation of systems and objects of automatic control. Laplace transformation. Block diagrams. Examples of the presentation of mathematical models in the form of structural diagrams. Basic rules and conditions for the designation of structural diagrams. Sequential and parallel connection of elements. Convert diagrams with feedback. Transfer of a comparative device. Examples of the transformation of structural schemes..
	6
	2

	Topic 3 Representing mathematical models using state variables. 
	Three forms of representation of mathematical models: differential equation, transfer function and state variables. Adequacy of presentation.  Transfer matrix. Representation of a mathematical model in matrix form. The main properties of complex systems: the ability to control and monitor. Definitions of observable, controlled, etc. systems. The ability of the system to control and monitor. Examples. The technique of recognizing systems that are observed but not controlled. .
	4
	2

	Topic 4 Characteristics of systems and objects of automatic control.
	Evaluation of systems and objects of automatic control. The purpose and objectives of the assessment of systems and objects. Typical dynamic influences. Single step function, single momentum, harmonic signal. The reaction of systems and objects and typical dynamic influences. Characteristics of systems in time and frequency spaces.
Methods for obtaining frequency characteristics. Frequency transfer function. Amplitude-frequency and phase-frequency characteristics. Determination of the frequency characteristics of systems and objects according to their mathematical models. Experimental determination of frequency characteristics. Necessary equipment, methods of experiment. Forms of representation of frequency characteristics. Amplitude-phase-frequency characteristic. Image on a complex plane, Nyquist diagram. Logarithmic frequency characteristics. Method of constructing logarithmic frequency characteristics. Coordinate system, decibels, decade. Logarithmic AFCS – Black diagram.
Transient characteristics. Methods for obtaining transient characteristics. Obtaining transitional characteristics according to mathematical models of systems and objects. The classic method. Operational method using Laplace transformations. Graphoanalytic method of actual frequency trapezoidal characteristics. Obtaining transient characteristics by modeling systems. Modeling methods. Presentation of mathematical models in the form necessary for modeling on a PC. Numerical methods. Euler's one-step method, the fourth-order Runge-Kutta method. Modeling of systems and objects on analog machines. The method of compiling electronic analogues. Calculation of scale, registration of results.
	8
	2

	Topic 5 Typical dynamic elements and their identification.
	Typical dynamic elements. Definition of a typical dynamic element according to a mathematical model. Advantages and methods of drawing up mathematical models and structural schemes using typical dynamic elements. Obtaining the characteristics of complex systems.
Positional elements. The order in which typical dynamic elements are represented. Inertial elements. Aperiodic elements of the 1st and 2nd order. Oscillatory elements. Examples, methods of constructing transient and frequency characteristics.  Integrating elements. The perfect integrating element. A real integrating element. Mathematical models, examples, methods of obtaining transient and frequency characteristics. The use of integrating elements in the representation of systems.  Differentiating elements. Ideal differentiating element. Real differentiating element. Mathematical models, examples, methods of obtaining transient and frequency characteristics. Latent and special typical dynamic elements. Methods for identifying typical dynamic elements.
	8
	4

	Topic 6 Evaluation of the quality of systems and objects of automatic control.
	Quality criteria for systems and objects.  Quality assessment methods. Evaluation of the quality of systems and objects according to their mathematical models. Theoretical and experimental methods of quality assessment. General quality criteria. Determination of constancy. Accuracy and performance. Integral criteria for quality assessment. Using the characteristics of systems and objects to assess quality.
 Permanence. Sustainability evaluation criteria. Algebraic criterion of Hurwitz. Matrix of coefficients. Nyquist frequency criterion. Constancy reserve by amplitude and phase Estimation of constancy using logarithmic frequency characteristics of an open system.
Performance. Evaluation of performance and sustainability reserve by transitional characteristic. Overturning. Evaluation of speed and constancy margin by root methods. Quality diagram in the time plane. Attenuation over the period, degree of constancy. Quality diagram on a complex plane.
Accuracy estimates. Determination of accuracy. The evolution of system error over time. Static and astatic systems. Assessment of accuracy in static mode of operation, mode of movement at a constant speed, with constant acceleration. The quality of systems in terms of speed, acceleration. Mode of movement according to the harmonic law. Evaluation of accuracy according to the LAFC system. Direct and inverse accuracy assessment problems. Error rates.
Methods for assessing the quality of complex systems. General approach to quality assessment. Evaluation of the quality of electromechanical systems. Comprehensive quality assessment of hydromechanical systems. Comprehensive quality assessment of automatic stabilization systems for cutting force during turning.
Methods for assessing the quality of technological processing systems. Determination of the main quality indicators of TOC. The main criteria for assessing quality. Evaluation of the quality of TOC processing parts by cutting. Methods of improving the quality of TOC.
	14
	4

	Topic 7 Fundamentals of Systems Synthesis.
	General principles of improving the quality of systems. Ensuring quality requirements in the design. General design principles. Computer-aided design systems. The general structure and algorithm of CAD. General methods of improving quality: improving and ensuring constancy, accuracy, speed.
Methods to improve accuracy. Increase in the transmission coefficient of the direct control circuit. Increasing the order of astatism. Isodromic devices and PI controllers. Regulation by derivative of error. PD-regulators. Invariance and combined control. The use of non-single feedback.
Ensuring the requirements for the sustainability and speed of the system. Methods to increase constancy. Corrective elements. Sequential, parallel corrective elements. Corrective elements in the form of local feedback. Synthesis of sequential feedback. Synthesis of successive corrective elements according to the LACH of the open system.
Methods of ensuring the quality requirements of complex systems. Providing an area of constant values of drive parameters. Mechanical comparative devices. Frequency method of quality analysis and synthesis of systems. Hall nomograms for amplitudes and for phases. Solving the problem of synthesis on the Nyquist plan. Determination of the transmission coefficient of self-propelled guns using the Black nomogram.
Methods of ensuring the quality requirements of technological processing systems. Basic methods of managing the time of receipt of information used. Management of a priori information. Method of designing control during processing on CNC machines.
	10
	4
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Independent work of a student / graduate student
Independent work is provided on the following topics:
Topic 1 Basic concepts and definitions. Management principles.
Topic 2 Mathematical models of systems and objects of automatic control. 
Topic 3 Representing mathematical models using state variables. 
Topic 4 Characteristics of systems and objects of automatic control. 
Topic 5 Typical dynamic elements and their identification. 
Topic 6 Evaluation of the quality of systems and objects of automatic control.
Topic 7 Fundamentals of Systems Synthesis.

Politics and control
Policy of the discipline (educational component)
Deadline and Rescheduling Policy: Works that appear in violation of deadlines without good reason are evaluated for a lower grade(-10 points). Re-examination takes place with the permission of the dean's office if there are valid reasons (for example, sick leave).
Academic integrity policy: All written works are checked for plagiarism and are allowed to be protected with correct textual borrowings of no more than 20%.
Attendance Policy: Class attendance is a mandatory component of the assessment for which points are awarded. For objective reasons (for example, illness, international internship), training can take place on-line in agreement with the course leader.
Types of control and rating system for evaluating learning outcomes (RSO)
Current control: express survey, survey on the topic of the lesson, ICR, test, etc.
Semester control: credit
Conditions of admission to semester control: semester rating of more than 63 points.

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

	100-95
	Perfectly

	94-85
	Very good

	84-75
	Well

	74-65
	Satisfactory

	64-60
	Enough

	Less than 60
	Disappointing

	Admission conditions not met
	Not allowed



Additional information on the discipline (educational component)
· the possibility of crediting certificates of distance or online courses on relevant topics;
· the possibility of crediting articles published abroad

Compiled by Associate Professor of the Department of Mechanical Engineering Technology, Doctor of Technical Sciences, Professor.  Petrakov Yu.V.
Approved by the Department of Mechanical Engineering Technology (protocol No 1 dated 29.08.2022)
Approved by the Methodical Commission of the Faculty (protocol No 1 dated 30.08.2022[footnoteRef:1]) [1:  Methodical Council of the University – for university-wide disciplines.] 
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