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	Mechanical engineering department

	
EQUIPMENT FOR AUTOMATED PRODUCTION
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
	Custom

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

	Year of preparation, semester
	4th year, spring semester

	Volume of discipline
	Total 4 ced.

	Semester control/ control measures
	Passed

	Schedule of classes
	http://rozklad. kpi. ua/Schedules/ScheduleGroupSelection. aspx

	Language of teaching
	Ukrainian

	Information about 
the academicyeara course/teachersin
	Lecturer: Ph.D., assoc. prof. Lashina Yu.V., lashyna.yuliia@lll.kpi.ua
Practical: Ph.D., assoc. prof. Lashina Yu.V., lashyna.yuliia@lll.kpi.ua


	Course placement
	https://classroom.google.com/c/NTkzNjMxMTEzODk5?cjc=3z5g3g7


The program of the discipline
Description of the discipline, its purpose, subject of study and learning outcomes
A modern specialist in mechanical engineering technology should know, in addition to various methods of processing parts and designing blanks, also approaches to the design of computer-aided production equipment, features of technological preparation  of automated production and equipment, devices and tools that are used in the transition of cutting and assembly work.
The purpose of the discipline is to study the features of technological preparation of automated mechanical assembly production, design and selection of its equipment in order to apply the knowledge gained independently in the future in production conditions.  Nacquisition of knowledge: features of the course of technological preparation  of automated production; basic  dependencies and interrelations that arise in the design (including automated)  of technological processes of automated production; basic methods of ensuring the reliability of assembly products and the technology of their manufacture; basic requirements for technological efficiency  constructions of parts, assemblies and machines; equipment, devices and tools that are used in the performance of automated work.

Prerequisites and post-requisites of the discipline (place in the structural and logical scheme of training in the relevant educational program)
[bookmark: _Hlk125734442]Discipline refers to the cycle of disciplines of professional and practical training. The study of the discipline is based on the knowledge gained by students in the study of the disciplines "Machine parts and  the basics of design", "Metrology, standardization and certification", "I  engineering and computer graphics", "Technology of mechanical engineering", "Theory of automatic control" . The knowledge that students will receive when studying this discipline is used later in the implementation of course and diploma projects, in production activities.
Contents of the course

	Section and topic titles
	Just
	Lecture
	Practical (seminar)
	SRS

	Topic 1. Technological processes as the basis of automated production in mechanical engineering
	12
	4
	4
	4

	Topic 2. The performance of automated systems and their equipment
	20
	6
	8
	6

	Topic 3.  Conditions for the use of automatic assembly
	24
	8
	4
	12

	Topic 4.  Automation of mechanical assembly production
	36
	10
	12
	14

	Topic 5.  Management of technological objects and processes and reliability of automated systems
	14
	4
	4
	6

	Topic 6. Modeling of automated systems and complex automation
	14
	4
	4
	6

	Total hours 
	120
	36
	36
	48



Learning Materials and Resources
Basic literature
1. Technology of automated production: Textbook / O.O.Zholobov, V.A.Kandrylovych, P.P. Melnychuk, V.A. Yanovskyy. – Zhytomyr: ZhDTU, 2008. – 1014 p.
2. "Equipment of automated production" "Modern trends in the development of automation systems" for in-depth study of the discipline: Textbook / I.I. Verba, O.V.  Danylenko, O.V. Samoylenko. – KPI them. Igor Sikorsky. – Kyiv: KPI them. Igor Sikorsky, 2020. – 260 p  
3. Scientific bases of machine assembly: lecture notes / compilers: V.I. Savchuk, O.V. Ivchenko – Sumy: Sumy State University, 2013. – 212 p. 
Further reading
4. Boothroyd, G. Assembly automation and product design / Geoffrey Boothroyd. 2nd ed. ISBN 1-57444-643-6, CRC Press Taylor & Francis Group, 2005
5. Savulyak, V.V. Assembly processes in mechanical engineering: textbook / compiler: V.V. Savulyak – Vinnitsa : VNTU, 2014. – 99 p.

Educational content
Methods of mastering the discipline (educational component)
1.1.  Lectures
	No s/n
	Title of the lecture topic and list of main questions (list of didactic means, links to literature and tasks on the SRS)

	Topic 1. Technological processes as the basis of automated production in mechanical engineering

	1
	Лекція 1.  Technological processes in the conditions of automated production
1.1. Features of the design of technological processes in the conditions of automated production 1.2. Basic principles of construction of machining technology in automated production systems 1.3. Typical and group technological processes
Didactic tools: Electronic presentation.

	2
	Лекція 2.  Organization of machining and assembly in automated production systems
2. 1. Basic requirements for the technology and organization of machining in reconfigured automated production systems 2. 2. Features of the development of technological processes of automated and robotic assembly 2. 3. Directions of development of machine-building production
Didactic tools: Electronic presentation.

	Topic 2. Theproduct of automated systems and the means of their equipment

	3
	Лекція 3.  Selection of technological equipment of automated production systems
3.1. Technological equipment and principles of construction of automated production systems. 3.2. Performance of automated systems 3.3 Selection of technological equipment and industrial robots in automated production.
Didactic tools: Electronic presentationI.

	4
	Лекція 4.  Features of tool designs and devices in automated production
4. 1. Automation of loading, transportation and warehousing
products in conditions of automated production. 4. 2. Features of tool designs and devices in automated production 
Didactic tools: Electronic presentationI.

	5
	Лекція 5.  Layout of automated production systems
5. 1. Withhems of the layout of automated production systems. 5. 2. Economic efficiency of production automation 
Didactic tools: Electronic presentationI.

	Topic 3. Conditions for the use of automatic assembly

	6
	Лекція 6.  Manufacturability of product designs during automatic assembly
6.1. Types of manufacturability. 6.2. Manufacturability of assembly unit structures. 6.3. Manufacturability of connection structures. 6.4. Manufacturability of parts during assembly. 6.5. Evaluation of the manufacturability of the structure.
Didactic tools: Electronic presentationI.

	7
	Лекція 7.  Conditions for performing automatic assembly
7.1. Spatial relative position of parts. 7.2. General conditions for the possibility of automatic assembly of parts. 7.3. Parameters affecting the ability to automatically add.
Didactic tools: Electronic presentation.

	8
	Лекція 8.  Stages of the process of automatic connection of parts
8.1. The sequence of automatic connection of parts. 8.2. The influence of arising inertial errors. 8.3. Geometric parameters of automatic assembly of parts. 8.4. Forces arising from the automatic connection of parts, and their impact.  8.5. The influence of the dynamics of the formation of compoundson the conditions  of automatic assembly.
Didactic tools: Electronic presentation.

	9
	Лекція 9.   Basing and relative orientation of parts during automatic assembly
9.1.  Methods and schemes for basing parts of the assembly product.  9.2. Methods of relative orientation of parts during assembly.  9.3. Selection of rational basing schemes and relative orientation of parts of the assembly product.
Didactic tools: Electronic presentation.

	Topic 4.  Automation of mechanical assembly production

	10
	Лекція 10.   Automation of the assembly of typical connections
9.1. Assembly of threaded connections. 9.2. Assembly of cylindrical joints. 9.3. Assembly of keyed and spline connections. 9.4. Assembly of rivet joints.
Didactic tools: Electronic presentation.

	11
	Лекція 11.   Automatic assembly equipment
10.1. Classification and characteristics of assembly equipment. 10.2. Assembly equipment of aggregate-modular type. 10.3. Assembly machines.
Didactic tools: Electronic presentation.

	12
	Лекція 12.   Robotization of assembly work
11.1. Assembly works. 11.2. Assembly lines. 11.3. Robotic technological complexes of skladani.
Didactic tools: Electronic presentation.

	13
	Лекція 13.  Typical elements of automatic assembly equipment
12.1. Automatic boot devices. 12.2. Basing devices. 12.3. Devices of relative orientation of parts.
Didactic tools: Electronic presentation.

	14
	Лекція 14.  Parts group assembly devices
13.1. Assembly heads. 13.2. Devices for simultaneous loading and assembly of a group of parts. 13.3. Control devices
Didactic tools: Electronic presentation.

	Topic 5.  Management of technological objects and processes and reliability of automated systems

	15
	Лекція 15.   Control tools  for technological objects and processes
14.1. General idea of the management of technological objects. 14.2. Actuators of control systems for technological objects. 14. 3. Measuring devices, feedback sensors. 14.4. Development of control systems for technological objects.
Didactic tools: Electronic presentation.

	16
	Лекція 16.  Reliability, control and diagnostics in automated production
15.1. Economic and social aspects of reliability. 15.2. Relationship of reliability with performance. 15.3. Methods for improving the reliability of automated systems  15.4. Bench tests for reliability. 15.5. Control and diagnostics of product quality
Didactic tools: Electronic presentation

	Topic 6.  Mbranching the work of automated systems and complex automation

	17
	Лекція 17.  Mathematical modeling of automated systems
17. 1. Requirements for mathematical models and their classification. 17.2. Structural models. 17.3.  Mathematical models at different hierarchical levels. 17.4. Comparisonof automated systems.
Didactic tools: Electronic presentation.

	18
	Лекція 18.  Virtual production systems
18. 2. Integration of computer-aided design of parts manufacturing. 18.3. Development of information technologies and creation of virtual production systems. 18.4. Main aspects and technologies  of Industry 4.0.
Didactic tools: Electronic presentation.


5.2 Practical exercises
Practical classes cover the main topics of the lecture material and consider the practical application of the knowledge gained. Their topics are as follows:
	№№ 
	Name and content
	What topic is associated with
	Number of hours

	1
	Introductory lesson. Acquaintance with the syllabus, issuance of variants of tasks.
	1
	2

	2
	Analysis of the manufacturability of the product design in the conditions of automation
	3
	4

	3
	Simulation of  the assembly process with assembly station component (in Siemens Tecnomatix Plant Simulation)
	2
	4

	4
	Simulation of  the dismantling process of parts with the DismantleStation component (in the Siemens Tecnomatix Plant Simulation environment)
	2
	4

	5
	Simulation of installation of identical parts using robots (in Siemens Tecnomatix Plant Simulation)
	4
	4

	6
	Simulation of installation of various parts using robots (in Siemens Tecnomatix Plant Simulation)
	4
	4

	7
	Moving assembly products between assembly positions on a conveyor (in Siemens Tecnomatix Plant Simulation)
	4
	4

	8
	Learning the automatic manipulator with program control
	5
	4

	9
	Study of the work and determination of the characteristics of the vibrating hopper feeder
	6
	4

	
	The last lesson is credit
	1
	2

	Just:
	36


5.3. Laboratory classes 
Not provided
5.4. Individual tasks
 Not provided
5.5. Tests
[bookmark: _Hlk126156801]MKR is performed at week 7 of training. The questions of the MKR correspond to the topics of lectures and practical classes.
Independent work of the student
	No s/n
	The name of the topic submitted for independent study
	Number of hours of SRS

	1
	Topic 1. Technological processes as the basis of automated production in mechanical engineering
Tasks on the SRS: To consider the features of the design of technological processes in the conditions of automated production. Get acquainted with examples of typical and group technological processes. To study the basic requirements for the technology and organization of machining in reconfigured automated production systems.
Didactic tools: Electronic presentation.
Literature: [1-2].
	4

	2
	Topic 2. The performance of automated systems and their equipment
Tasks on the SRS: Get acquainted with the peculiarities of the choice of technological equipment of automated production systems. To understand the features of the designs of tools and devices in automated production, to consider examples. To study the layout schemes of automated production systems.
Didactic tools: Electronic presentation.
Literature: [1-2].
	6

	3
	Topic 3.  Conditions for the use of automatic assembly
Tasks on the SRS: Get acquainted with the basic requirements for technologicalost and  product designs during automatic assembly. Consider examples. Perform an analysis of the manufacturability of the design in accordance with the variant of the task. Get acquainted with the languagesof performing automatic assembly. Consider the etaps of the process of automatic connection of parts. To study the featuresof bazing and relative th orientation of parts during automatic assembly.
Didactic tools: Electronic presentation.
Literature: [2-3, 4, 5].
	12

	4
	Topic 4.  Automation of mechanical assembly production
Tasks on the SRS: Get acquainted with the features of automation of the assembly of standard joints and mechanized equipment that is used. Consider automatic assembly equipment and features of robotization of assembly work. To study the typical elements of automatic assembly equipment. Get acquainted with the designs of devices designed to assemble groups of parts. Get acquainted with  the Siemens Tecnomatix Plant Simulation (Student Edition) environment  and the peculiarities of working in it. Perform individual tasks of practical work.
Didactic tools: Electronic presentation.  Dovidka Siemens Tecnomatix Plant Simulation.
Literature: [1-3, 4, 5].
	14

	5
	Topic 5.  Management of technological objects and processes and reliability of automated systems
Tasks on the SRS: Repeat the basics of control of technological objects. Consider the actuators of control systems for technological objects. Get acquainted with measuring devices, feedback sensors.  Consider  the conomic and social aspects of reliability, as well as the relationship ofreliability with performance.   Get acquainted with the methods of  improving the reliability of automated systems.
Didactic tools: Electronic presentation.
Literature: [1-3].
	6

	6
	Topic 6. Modeling of automated systems and complex automation
Tasks on the SRS: To study in the imoga to mathematical models and their classification y. Consider the tructural models and  mathematic models at different hierarchical levels. Get acquainted with the features of the department of automated systems. To consider the development of information technologies and the creation of virtual production systems. Get acquainted with the main aspects and technologies  of Industry 4.0.
Didactic tools: Electronic presentation.
Literature: [1-3].
	6

	Just:
	48


Politics and control
Policy of the discipline (educational component)
· The rules for attending classes (both lectures and practical / laboratory) are regulated: "Regulations on the organization of the educational process in the KPI them. Igor Sikorsky" https://osvita.kpi.ua/node/39; "Regulations on the system of internal quality assurance of higher education in KPI them. Igor Sikorsky" https://osvita.kpi.ua/node/121; 
· rules of conduct in the classroom (activity, preparation of short reports or texts, disconnection of telephones, use of communication tools to search for information on the teacher's Google disk or on the Internet, etc.) are regulated by the "Regulations on the organization of the educational process in KPI them. Igor Sikorsky" https://osvita.kpi.ua/node/39, ;
· rules for the protection of individual tasks: each student personally passes individual works; 
· in this credit module there are penalty and incentive points that a student can receive on a voluntary basis performing a certain list of additional tasks related to the subject of the credit module;
· the policy of deadlines and re-examinations is regulated by the "Regulations on the current, calendar and semester control of learning outcomes in the KPI. Igor Sikorsky" https://osvita.kpi.ua/node/32, "Regulations on the system of evaluation of learning outcomes in the KPI. Igor Sikorsky" https://osvita.kpi.ua/node/37;
· The policy on academic integrity is regulated by the "Regulations on the system of prevention of academic plagiarism in the KPI. Igor Sikorsky" https://osvita.kpi.ua/node/47; provisions "Regulations on the resolution of conflict situations in the KPI them. Igor Sikorsky" https://osvita.kpi.ua/2020_7-170;

Types of control and rating system  for evaluating learning outcomes (RSO) 

Distribution of study time by type of classes and tasks in the discipline according to the working curriculum 
Table 8.1.
	Semester
	Just
	Distribution by semesters and types of classes

	

	

	Lek.
	Prak.
	Lab.
	SRS

	8
	120
	36
	36
	-
	48




The student's rating in the discipline consists of points that he receives for:
- execution and protection of 8 practical works.

THE SYSTEM OF RATING (WEIGHT) POINTS AND EVALUATION CRITERIA

8.1.  Practical work (r1)
The weight score of one  practical work for work is 10 points  (Table 8.2). The maximum number of points for all practical work: r1 =   8  robandt x 10  points = 8 0 points. 

Rating points for one laboratory work Table 8. 2
	Points
	Evaluation criterion

	10
	There are no comments on the report, there are answers to all questions

	9
	Non-essential comments on the report, answers to most questions

	8
	Comments on the results, answer to some questions

	7
	The report has errors, answers only to individual questions

	6
	The work has been done, the correct results have been obtained, but not protected.



8.2. Modular control (r2)

The modular test is performed within two academic hours and aims to test the theoretical knowledge of students. The weight score of the MKR is 20 points (Table 8.3). 
r2 = 20 points.


MKR rating points    Table 8.3
	Points
	Evaluation criterion

	20
	Correct answer to more than 90% of questions

	18
	Correct answer to 90% of questions

	16
	Correct answer to 80% of questions

	14
	Correct answer to 70% of questions

	12
	Correct answer to 60% of questions

	0,0
	The correct answer to less than 60% of the questions or the student was absent without a good reason




8.3. Penalty and incentive points
The overall rating in the discipline includes penalty and incentive points (Table 8. 3). The total amount of penalty  points may not exceed 5 0 x 0.1 = (-5) points. The total amount of incentive points may not exceed  5 0 x 0.1 = (+ 5) points.

Penalty and incentive points 					Table 8. 3
	Action
	Points

	Late submission of the results of the practical lesson*.
* for the period of martial law is not valid
	- 1 (but in total no more than "– 5" points)

	Participation in the modernization of practical work
	+ 2 points

	Improvement of didactic materials on the discipline
	+ 3...5 points

	Application of the original approach in solving problems
	+1 point



8.4 Conditions of boundary certification
[bookmark: _Hlk125969549]Not provided

8. 5. Calculation of the rating scale for discipline (rd):
The sum of the weight points of control measures during the semester is: 
Rd = Rc  = r 1  + r2 = 80 pr + 20 mkr = 100 points. 
The test is set at the last lesson on the schedule in accordance with the points scored by the student during the semester.

[bookmark: _Hlk126156266]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

	Less than 36
	Not allowed



Additional information on the discipline (educational component)
· Enrollment of certificates of distance or online courses on the relevant topic is considered on an individual basis.

Work program of the discipline (syllabus):
Compiled by assoc. prof. , Ph.D., Lashina 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 [footnoteRef:1]1 dated  30.08.2022) [1:  Methodical Council of the University – дla general university disciplines.] 
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