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	Department of Machine Design

	Theory of mechanisms and machines. Coursework
Syllabus of discipline


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

	Field of study
	13 Mechanical engineering

	Speciality
	131 Applied mechanics

	Educational program
	Aircraft production technologies, 
Mechanical engineering technologies, 
Design and design of machines, 
Dynamics and strength of machines, 

	Discipline status
	Normative

	Form of study
	Full-time (full-time)/remote

	Year of preparation, semester
	3rd year, spring semester

	Volume of discipline
	30 hours (1 credit), SRS 30 hours.

	Semester control/ control measures
	Credit, protection

	Schedule of classes
	The schedule is not provided. Consultations with the head during the semester. Time and date are determined separately with each group

	Language of teaching
	Ukrainian

	Information about the course leader / teachers
	Ph.D., assoc. prof. Lukavenko Vasily Petrovich. 0937664126 (Telegram). lvp@bigmir.net
Senior lecturer, Ph.D. Protsenko Pavlo Yuriiovych, 0950850150 (Viber, Telegram), pavel07@i.ua
Senior lecturer, Ph.D. Petryshyn Andrey Igorevich, 0957017945 (Viber, Telegram), m.p3shka.a.i@gmail.com

	Course placement
	Link to a remote resource 
https://classroom.google.com/u/0/c/NTU5NzE1NzMxNjY1?hl=uk


The program of the discipline
Description of the discipline, its purpose, subject of study and learning outcomes
Discipline "Theory of mechanisms and machines. Course work" (TMM.KR) belongs to the normative educational components of the cycle of professional training of the educational qualification level "bachelor" in the specialty 131 "Applied Mechanics". TMM.KR is a general engineering discipline of the design profile.
The subject of study of the discipline is the assimilation of the principle of operation of the mechanisms used in industry in order to ensure the reliability and operability of the relevant technological equipment of the enterprise. These issues in this course are considered comprehensively, taking into account modern requirements for knowledge of the technical, technological and economic aspects of the engineering industry.
The main attention is focused on the principles of transformation of movements, energy in machines, methods of calculating new machines and the study of their characteristics. The study of the discipline will allow you to choose the optimal technical solutions for the synthesis of new mechanisms and perform their calculations.
The purpose of the credit module is the formation of competencies (according to the list of educational and professional program of specialty 131 – Applied Mechanics) for a student of the first (bachelor's) level of higher education of the degree "bachelor":  
· General:
ZK3. Ability to identify, set and solve problems.
ZK12. Ability to search, process and analyze information from various sources.
· Professional:
FC1. Ability to analyze materials, structures and processes based on laws, theories and methods of mathematics, natural sciences and applied mechanics. 
FC5. Ability to use analytical and numerical mathematical methods to solve problems of applied mechanics, in particular, to carry out calculations for strength, endurance, stability, durability, rigidity in the process of static and dynamic load in order to assess the reliability of parts and structures of machines.
The training should be completed with the following program results:
PH1. Choose and apply suitable mathematical methods to solve problems of applied mechanics.
PH5. Perform geometric modeling of parts, mechanisms and structures in the form of spatial models and projection images and draw up the result in the form of technical and working drawings.
PH6. Create and theoretically substantiate the designs of machines, mechanisms and their elements on the basis of methods of applied mechanics, general principles of design, the theory of interchangeability, standard methods for calculating machine parts.
PH12. Skills in the practical use of computerized design systems (CAD), production preparation (SAM) and engineering research (CAE).
Prerequisites and post-requisites of the discipline (place in the structural and logical scheme of training in the relevant educational program)
The educational component of TMM.KR is associated with the disciplines "Higher Mathematics", "Theoretical Mechanics" (sections "Kinematics" and "Dynamics"), "Mechanics of Materials and Structures", "Theory of Mechanisms and Machines". In turn, the educational component TMM.KR provides practical training for the study of disciplines "Machine parts and design basics. Course project", "Diploma design", as well as a number of disciplines of the cycle of professional training in accordance with educational programs.

Contents of the course 
30 hours are allotted for the study of the discipline (1 ECTS credit).
	Form of study
	Just
	Distribution of study time and types of classes
	Semester. Certification

	
	Loans
	Hours
	Lecture
	Pract.
	Labor.
	SRS
	

	Day
	1
	30
	-
	-
	-
	30
	100 points Standings



Principles and fundamentals of the creation of machines and mechanisms used both in general mechanical engineering and in industry. The main attention will be paid to the principles of transformation of movements, energy in machines, methods for calculating new machines and studying their characteristics. And finally – we will learn how to choose the optimal technical solutions for the synthesis of new mechanisms and perform their calculations.
Approximate content of the course work:
1. Synthesis of a given hinge-lever mechanism and construction of a position plan (12 positions).
2. Kinematic calculation of the SHVM. Building speed plans for all 12 positions.
3. Kinematic calculation of the SHVM. Construction of two acceleration plans for the 0th position and the position corresponding to the specified angle of φ.
4. Dynamic analysis of shVM. Plotting the erected moment from the strength of the useful resistance.
5. Dynamic analysis of shVM. Building a work schedule of useful resistance by graphically integrating the moment graph from the useful resistance force. Calculation and selection of the electric motor.
6. Dynamic analysis of shVM. Plotting the consolidated moment of inertia for the link in the construction of the SHVM. The study of the established movement of the machine unit and the calculation of the flywheel.
7. Kinetostatic examination of the SHVM for a position that corresponds to a given angle of φ.
8. Determination of the balancing moment by building a rigid Zhukovsky lever. Comparison of balancing moments obtained from kiteostatic research and Zhukovsky's lever.
9. Synthesis of the planetary gearbox of the drive mechanism.
10. Kinematic calculation of the drive (analytical and graphic). 
11. Calculation of geometric parameters and quality indicators of engagement of the last pair of drive wheels.
12. Synthesis of the cam mechanism. Construction of graphs of analogues of accelerations, velocities and movement of the output link of the cam mechanism.
13. Synthesis of the cam mechanism. Determination of the minimum radius of the cam and construction of its profile by the method of inverse motion.
14. Synthesis of the cam mechanism. Closure of a higher kinematic pair. Determination of the profile angles of the cam.

Additional part of the course work:
15. Synthesis of the control system of the mechanisms of the automatic machine.
 
Control over the implementation of course work is carried out by the head, based on the calendar plan, which is an integral part of the task. Failure to appear of students without a good reason to check the completion of the stage is considered as a failure to fulfill the work schedule.
List of options
Course work is carried out in the amount of 3 – 4 sheets of A1 format and an explanatory note in the amount of up to 40 pages with calculations, necessary diagrams and figures. 
Topics of term papers are devoted to the calculation of mechanisms of technological or transport machines. The design objects in 35 technical specifications (TK are attached) are the most common machines in mechanical engineering, namely, actuators and drives of technological or transporting machines.

Learning Materials and Resources

Basic literature
1. Kinitsky Y.T. Theory of mechanisms and machines /. -Textbook. K.: "Naukova Dumka", 2002. – 660 p.
2. Kinitsky Y.T. Workshop on the theory of mechanisms and machines / Lviv. :"Poster", 2002. – 452 p..
3. Theory of mechanisms and machines. A course of lectures for students of the specialty "Dynamics and strength of machines"/ Author: Ph.D., assoc. prof. O.P. Zakhovaiko. – K.: NTUU "KPI", 2010. – 243 p.
4. Theory of Mechanisms and Machines [Text]: textbook. posib. / O.A. Kiriyenko. – K.: NTUU "KPI", 2013. – 232 p.
5. Nikolaychuk V.M., Strelets V.M. Theory of mechanisms and machines and machine parts. Tutorial. – Exactly. NUWGP, 2012. – 277 p.

Further reading
6. Methodical instructions for laboratory work with TMM "Use of resonance method for determining the parameters of mechanisms"/ Ukl. Panov S.L., Lukavenko V.P. Kyiv, 2000.
7. Dynamic analysis of mechanisms. Methodical instructions for studying the course "Theory of Mechanisms and Machines" and the implementation of the course project / Ukl. O.A.Kiriyenko, V.P.Lukavenko. Kyiv. "Polytechnic". 2005.– 52 p.
8. Theory of mechanisms and machines. Methodical instructions for the use of computer technology in course design / V.P. Lukavenko, O.A. Kirienko. Kyiv. "Polytechnic". 2006. - 56 p
9. Theory of mechanisms and machines. Methodical instructions for the implementation of control and homework / O.A.Kirienko, L.G.Ovsienko. Kyiv. NTUU "KPI". 2007. - 68 p.
10. Theory of mechanisms and machines. Synthesis of flat mechanisms with lower pairs. Methodical instructions for studying the course and course design for students of engineering specialties. 6.050502 "Engineering Mechanics" /Compiled by: O.A.Kiriyenko, L.G.Ovsienko – K.: NTUU "KPI", 2011. – 80 p.
11. Methodical instructions for course design with TMM. Section: "Kinematic and kinetostatic study of the mechanism of the pantograph of a balanced manipulator" K.: NTUU "KPI", 2008 Lukavenko V.P., Gorbatenko Yu.P.
12. Theory of mechanisms and machines. Methodical instructions for the implementation of the course project for students of engineering and chemical specialties. / O.A.Kiriyenko. – K.: NTUU "KPI". 2010. - 72 pages.
13. Theory of mechanisms and machines. Synthesis and analysis of the drive mechanism. Methodical instructions for the implementation of the course project for students of engineering specialties. 6.050502 "Engineering Mechanics" /Compiled by: O.A.Kirienko, L.G.Ovsienko – K.: NTUU "KPI", 2010. – 76 p.
14. Theory of mechanisms and machines. Methodical instructions for the implementation of the course project on the credit module for students of technical areas of training. Section "Synthesis of cam mechanisms" / Compiled by Kiriyenko O.A. – K.: NTUU "KPI", 2017. – 48 p.
15. Methodical instructions for independent work on the discipline "Theory of Mechanisms and Machines" for students of technical areas of training /Compiled by Kiriyenko O.A. – K.: NTUU "KPI", 2014. – 88 p.

These sources are freely available in the KPI library and the Internet, as well as some are presented in Googleclass. 
The above sources fully reflect the content of the sections of the course work indicated for the implementation.

Methods of mastering the discipline (educational component)
Methodical recommendations for the implementation of course work, its features, rules and norms of design are contained in the electronic publications of KPI developed by the department. Igor Sikorsky [1-15]. 
The defense is represented by term papers performed in full (explanatory note and drawings) according to the task. The explanatory note is drawn up in accordance with the requirements of the ESCD and the USTD (see. [15, art. 22]).
Completed coursework is allowed for protection. 
Completed coursework is submitted for inspection by the commission a week before the defense. In the case of distance learning, an electronic version of the course work is submitted to Google class and / or Telegram / Google disk, etc. 
The dates of the defense of term papers are announced approximately two weeks before the start of the session.
Calendar plan for the implementation of course work
	No p.p.
	The name of the stages of the course work
	Literature, information resources
	Necessary
drawing
	Term of work stages
	Evaluation

	1
	Synthesis of a given hinge-lever mechanism and construction of a position plan (12 positions). 
	1, 3,  4, 10, 12
	1st (A1)
	1 week
	

	2
	Kinematic calculation of shVM. Building speed plans for all 12 positions. 
	1, 3, 4, 10, 12
	1 sheet (A1)
	2 week
	

	3
	Kinematic calculation of shVM. Construction of two acceleration plans for the 0th position and the position corresponding to the specified angle of φ.
	1, 3, 4, 12
	1 sheet (A1)
	3 week
	

	4
	Dynamic analysis of shVM. Plotting the erected moment from the strength of the useful resistance.
	1, 3, 4, 7, 12
	1 sheet (A1)
	Week 4
	

	5
	Dynamic analysis of shVM. Building a work schedule of useful resistance by graphically integrating the moment graph from the useful resistance force. Calculation and selection of the electric motor.
	1, 3, 4, 7, 12
	1 sheet (A1)
	5 week
	

	6
	Dynamic analysis of shVM. Plotting the consolidated moment of inertia for the link in the construction of the SHVM. The study of the established movement of the machine unit and the calculation of the flywheel.

	1, 3, 4, 7, 8, 12
	1 sheet (A1)
	5 week
	

	7
	Kinetostatic examination of the SHVM for a position that corresponds to a given angle of φ.

	1, 3, 4, 11, 12
	2 sheet (A1)
	7 week
	

	8
	Determination of the balancing moment by building a rigid Zhukovsky lever. Comparison of balancing moments obtained from kiteostatic research and Zhukovsky's lever.
	1, 3, 4, 11, 12
	2 sheet (A1)
	8 week
	Certification 1

	9
	Synthesis of the planetary gearbox of the drive mechanism.
	1, 3, 4, 13
	-
	9
week
	

	10
	Kinematic calculation of the drive (analytical and graphic).
	1, 3, 4, 13
	Explanatory note (A4)
	10 week
	

	11
	Calculation of geometric parameters and quality indicators of engagement of the last pair of drive wheels.
	1, 3, 4, 13
	-
	11 week
	

	12
	Synthesis of the cam mechanism. Construction of graphs of analogues of accelerations, velocities and movement of the output link of the cam mechanism.
	1, 3, 4, 10, 12, 14
	3 sheet (A1)
	13
week
	

	13
	Synthesis of the cam mechanism. Determination of the minimum radius of the cam and construction of its profile by the method of inverse motion.
	1, 3, 4, 10, 12, 14
	3 sheet (A1)
	14 week
	

	14
	Synthesis of the cam mechanism. Closure of a higher kinematic pair. Determination of the profile angles of the cam.
	1, 3, 4, 10, 12, 14
	3 sheet (A1)

	15 week
	Certification 2

	15
	Completion of the explanatory note
	
	Explanatory note (A4)
	16 week
	

	16
	Submission of the completed term paper for verification.
	
	-
	17 week
	Up to 60

	17
	Protection of course work.
	
	-
	18 week
	Up to 40 points



Discipline policy
The defense of the course work takes place according to the calendar plan of the course work before the commission. The composition of the commission is approved at a meeting of the department.
University Policy
Academic integrity
The policy and principles of academic integrity are defined in Section 3 of the Code of Honor of the National Technical University of Ukraine "Igor Sikorsky Kyiv Polytechnic Institute". Read more: https://kpi.ua/code (other necessary information regarding academic integrity) 
Norms of ethical behavior
The norms of ethical behavior of students and employees are defined in Chapter 2 of the Code of Honor of the National Technical University of Ukraine "Igor Sikorsky Kyiv Polytechnic Institute". Read more: https://kpi.ua/code
Procedure for appealing the results of control measures of evaluation
Students have the opportunity within one week after the control event to raise any question that relates to the procedure for their assessment. In case of disagreement with the result obtained, the student informs the teacher in writing (by e-mail, the format of indicating the subject of the message: group cipher, name of the KM, appeal against the results. reasonable text of the objection). 
Read more: Nakaz NoNON / 228/2022 of 21.07.2022 "On approval of the new version of the regulation on appeals in the KPI them. Igor Sikorsky",  https://document.kpi.ua/2022_HOH-228

Types of control and rating system for evaluating learning outcomes
Calendar boundary control
Intermediate certification of students (hereinafter – certification) is a calendar boundary control. The purpose of the certification is to improve the quality of students' education and monitor the implementation of the schedule of the educational process by students.
	Criterion
	First certification
	Second certification

	Term of certification
	8th week (subject to the execution of 1 letter according to the task)
	15th week

	Conditions for obtaining positive certification
	10
	27


Semester certification

The rating assessment of the course work has two components. 
The first (starting) characterizes the student's work on the course work and its result – the quality of the explanatory note and graphic material. 
The second component characterizes the quality of student protection of the course work. 
The size of the scale of the starting component is 60 points, and the component of the defense is 40 points.
1. Starting component r1:
- correctness of application of methods of analysis and calculation −  up to 30 points
- quality of registration, fulfillment of the requirements of regulatory documents - up to 15 points;
- the quality of graphic material and compliance with the requirements of DSTU - up to 15 points;
The minimum number of points at which a student is admitted to defense is 60% of the starting scale – 36 points.
 In case of untimely completion of the stages of course work, penalty points may be awarded, but in the amount of not more than 10% of the starting component, that is, 6 points.

2. The component of the protection of the course work r2 is 40 points:
- degree of possession of the material - up to 10 points;
- completeness of the analysis of possible options - up to 10 points;
- the degree of justification of the justification of the decisions made - up to 10 points;
- the ability to defend their opinions - up to 10 points.
The minimum number of r2 points for a successful defense is 60% of the maximum score of r2=40 points and is 24 points.

3. Additional points r3 .
The student can receive additional points – 10 points, in case of complete completion of part of the course work concerning the synthesis of the control system of the mechanisms of the automatic machine. The graphic part should be presented on the additional sheet A1. The explanatory part and calculations are given in the additional section of the explanatory note to the course work.

The sum of the points of the three components (r1+r 2+r3) is transferred to  the credit score according to the table.
	Points 
Starting component + protection component
	Score

	100... 95
	Perfectly

	94... 85
	Very good

	84... 75
	Well

	74... 65
	Satisfactory

	64... 60
	Enough

	Less than 60
	Disappointing

	Course work is not allowed to be defended
	Not allowed



Additional information on the discipline 
Questions to prepare for the defense of the course work
Questions to protect 1 drawing
1. Problems of dynamic analysis and synthesis of the hinge-lever mechanism.
2. Problems of kinematic analysis of the hinge-lever mechanism (SHVM).
3. Show all constructions relating to the kinematic analysis of the SHVM.
4. Building plans of provisions (the concept of the "serif" method).
5. The main characteristic of the seam (what is called it).
6. What is called the course of the mechanism.
7. The names of the links of the mechanism.
8. Speed plans. Determination of the speed of any point of the links of the mechanism.
9. Determination of angular velocity according to the velocity plan.
10. Acceleration plans. Determination of the components of acceleration at any point of the links of the mechanism.
11. Determination of angular acceleration according to the acceleration plan.
12. What is called the reduced mass (the reduced moment of inertia).
13. Properties of the reduced mass (reduced moment of inertia).
14. What is called a reduced force (a reduced moment of force).
15. Under what conditions it is advisable to use the graphoanalytic method of M.I. Mertsalov to solve the equations of motion of the mechanism.
16. The method of graphical integration.
17. Construction of schedules of consolidated works of useful resistance forces, driving forces and total work.
18. What is called the coefficient of uneven movement.
19. The problem of regulating periodic speed fluctuations.
20. Ways to limit periodic speed fluctuations.
21. What is the flywheel for?
22. Mechanics of the flywheel.
23. Determination of the moment of inertia of the flywheel by the method of M.I. Mertsalov.

Protection questions 2 drawings
1. Problems of kinetostatic analysis of the mechanism.
2. The principle of kinetostatics.
3. Determination of the inertia forces of any link. Determination of the point of its application.
4. Determination of forces in kinematic pairs of Assura groups. Plans of strength.
5. Balancing force and balancing moment. Definition, line of action.
6. Power calculation of the initial link.
7. Zhukovsky's theorem.
8. Determination of balancing force by the method of "hard lever" Zhukovsky.
9. Comparative analysis of the methods of plans of forces and leverage Zhukovsky.


Questions to protect 3 drawings
1. Problems of synthesis of cam mechanisms.
2. Cam mechanisms: their types, scope, advantages.
3. The laws of movement of the pusher – advantages, disadvantages.
4. The concept of phase angles.
5. The concept of pressure angles and motion transmission.
6. Determination of the minimum radius of the cam, depending on the type of cam mechanism.
7. Profiling the cam by the method of rotation of movement.
8. The closure of a higher kinematic pair is force, geometric.
9. The concept of center and actual cam profiles.
10. The purpose of the video.

In the process of protection, other questions can be asked on the topic of the work developed by the student. 

Work program of the discipline (syllabus):
Compiled:
Ph.D., assoc. prof. Lukavenko Vasyl Petrovych
Ph.D., Art. vic. Protsenko Pavlo Yuriiovych
Ph.D., Art. vic. Petryshyn Andrey Igorevich

Approved by the Department of Machine Design (protocol No13 dated 19.07.2022)
Approved by the Methodical Commission of NN MMI (protocol No11 dated 29.08.2022)
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