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	Pulpit Technology mechanical engineering NN MMI

	Automation of technological processes
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)/part-time/distance/mixed

	Year of preparation, semester
	 Semester 8

	Volume of discipline
	4 credits (total total)

	Semester control/ control measures
	Passed

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

	Language of teaching
	Ukrainian

	Information about the course leader / teachers
	Lecturer: Ph.D., assoc. prof. Melnyk Olena Oleksiivna, melnyk.olena@lll.kpi.ua
Practical: Ph.D., assoc. prof. Melnyk Olena Oleksiivna, melnyk.olena@lll.kpi.ua

	Course placement
	https://classroom.google.com/u/0/c/NTkzODI5ODU0ODYz


The program of the discipline
Description of the discipline, its purpose, subject of study and learning outcomes
Automation of technological processes is a stage of complex mechanization, characterized by the release of a person from the direct performance of the functions of controlling technological processes and the transfer of these functions to automatic devices. When automating technological processes for receiving, converting, transmitting and using energy, materials and information are performed automatically using special technical means and control systems.
At the present stage, the automation of production in mechanical engineering contains a full range of measures: equipping production lines with modern robotic equipment, the introduction of automated process control systems, automation of control. In machine-building production, when introducing automation, all factors should be taken into account: from an engineering point of view, it is often quite difficult to automate the entire production cycle, and there may not be a need for this — it is enough to introduce automation on separate processes that are not related to each other.
The main factor in the automation of technological processes and production in mechanical engineering is the introduction of automated process control systems (Automated process control system), when management is carried out without human intervention. The system includes the automation of continuous, separate and mixed technological processes.
In the workshops of machine processing, lathes, milling and multi-profile CNC machines have long been used, when human participation is reduced only to the introduction of parameters into the program and the launch of the entire line of machines. All other operations are carried out by a specialized computer. Moving the workpiece, installing it on the next machine in the chain and dimensional control with micron accuracy is performed automatically.
Ability to design technological processes for processing machine parts of different classes using computer-aided design systems;
The ability to determine the basic parameters of the vibrobunker and its performance, depending on various factors, to solve optimization problems in scientific and applied research.
And demonstrate the following programmatic learning outcomes:
PH 12Develop effective processes of the automatic manipulator; acquire skills in developing the process of servicing technological equipment by a manipulator and programming its movements.
To study this discipline, it is necessary to study the following disciplines: mechanical engineering technology, cutting theory, design of technological processes, metrology, standardization and certification, technology of structural materials, cutting tools.
This discipline is one of the basic disciplines for diploma design. 
Contents of the course 
	Section and topic titles
	Number (credits) hours

	
	Just
	including

	
	
	Lecture
	Practical 
	Laboratory 
	SRS

	Section 1. General provisions. 

	Topic 1. Basic concepts and terms.
	3
	2
	
	
	1

	Total for Chapter 1
	3
	
	
	
	

	

	Topic 2.1. Technological processes - the basis of automated production in mechanical engineering

	10
	2
	6(1pr)
	
	2

	Topic 2.2. Features of the design of technological processes in the conditions of automated production
	6
	4
	
	
	2

	Total for Chapter 2
	16
	
	
	
	

	

	Topic 3.1. Basic principles of construction of machining technology in automated production systems
	8
	2
	
	
	6

	Topic 3.2. Manufacturability of product structures for automated production conditions
	16
	4
	6 (2pr)
	
	6

	Total under Chapter 3
	24
	
	
	
	

	

	Topic 4.1. Basic requirements for the technology and organization of machining in reconfigured automated production systems
	13
	4
	6(3pr)
	
	3

	Topic 4.2. Performance of automated systems.
	6
	2
	
	
	4

	Topic 4.3. The relationship of performance with reliability. Methods for improving the performance and reliability of automated systems.
	13
	4
	6(4pr)
	
	3

	Total for Chapter 4
	29
	
	
	
	

	

	Topic 5.1. RELIABILITY IN AUTOMATED PRODUCTION
	11
	2
	6(5pr)
	
	3

	Total under Chapter 5
	11
	
	
	
	

	

	Topic 6. CONTROL SYSTEMS FOR AUTOMATIC LINES
	8
	4
	
	
	4

	Total under Chapter 6
	8
	
	
	
	

	

	Topic 7.1. TARGET MECHANISMS OF AUTOMATIC LINES WITH SOLID COMMUNICATION.
	11
	4
	3 (6pr)
	
	4

	Total under Chapter 7
	11
	
	
	
	

	

	Topic 8.1. TARGET MECHANISMS OF AUTOMATIC LINES WITH FLEXIBLE COMMUNICATION
	11
	4
	3(6pr)
	
	4

	Total under Chapter 8
	11
	
	
	
	

	

	Passed
	
	
	
	
	6

	Total hours 
	120
	36
	36
	0
	48




Learning Materials and Resources
Main:
1. Petrakov Yu.V. Theory of automatic control in metalworking. (Textbook) Ministry of Education of Ukraine, Kyiv, Institute of Content and Teaching Methods, 1999.-224c.
2. Kapustin, M. M. Automation of production processes in mechanical engineering: Ucheb. for VTUS / Ed. M. M. Kapustina. - M.: High School, 2004. — 415.
3. Prots Ya.I., Savkiv V.B., Shkodzinskiy O.K., Lyashuk O.L. Automation of production processes. – Ternopil.: Textbook for higher educational institutions, 2011 – 344 p. 

Additional:
4. Golovko D.B. Automation and automation of technological processes, - K. 1997-345s.
5. Petrakov Yu.V., Melnychuk P.P. Automation of technological processes in mechanical engineering by means of microprocessor technology (Textbook) Ministry of Education and Science of Ukraine, Zhytomyr: ZHITI, 2001.-194s.
6. Baralo O.V., Samoylenko P.G., Granat S.E. Automation of technological processes and automatic control systems. – Kyiv.: Textbook, Agrarian Education, 2010 – 245 p.

Educational content
Methods of mastering the discipline (educational component)
Information is provided (by sections, topics) about all training sessions (lectures, practical, seminar, laboratory) and recommendations for their assimilation are provided (for example, in the form of a calendar plan or a detailed description of each lesson and planned work).
5.1. 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)

	1
	Lecture 1 Chapter 1. General provisions. 
Topic 1.1. Basic concepts and terms. The role and importance of the process in mechanical engineering. General information. Automation tasks [1-6].

	2
	Lecture 2
Topic 2.1. Technological processes are the basis of automated production in mechanical engineering. The main stages of the production process [1,5].

	3
	Lecture 3
Topic 2.2. Topic 2.2. Features of the design of technological processes in the conditions of automated production. Development of technological processes AP their features [1, 2].

	4
	Lecture 4 sequel
Development of technological processes AP their features [1-6].

	5
	Lecture 5
Topic 3.1. Basic principles of construction of machining technology in automated production systems. To reveal the potential of APS.  Ensuring the most effective APR [1, 2, 3, 4].

	6
	Lecture 6
Topic 3.2. Manufacturability of product structures for automated production conditions [1, 2, 3].

	7
	Lecture 7 sequel
Topic 3.3. Ways to increase the reliability of automated production [1, 2, 5,6].

	8
	Lecture 8
Topic 4.1. Basic requirements for the technology and organization of machining in reconfigured automated production systems [1-6].

	9
	Lecture 9 sequel
Topic 4.2. Methods of calculation and evaluation of the performance of automated systems. [1, 2, 6].

	10
	Lecture 10
Topic 4.2. Performance of automated systems. [ 1, 2, 5].

	11
	Lecture 11
Topic 4.3. The relationship of performance with reliability. Methods for improving the performance and reliability of automated systems. [1, 2, 5, 6].

	12
	Lecture 12 sequel
Functional features of non-cycle downtime of working machines and automatic lines. Own downtime. Organizational and technical downtime. Technical performance. Actual performance
 [1,2,5,6].

	13
	Lecture 11
Topic 5.1. RELIABILITY IN AUTOMATED PRODUCTION [1,2,5].
The state of the object,the physical content of concepts in the field of reliability.

	14
	Lecture 12
CONTROL SYSTEMS FOR AUTOMATIC LINES
Physics of failures and their features[1,2,3,4,5].

	13
	Lecture 13 sequel
Failure schemes Statistical method for assessing reliability [1-6].

	14
	Lecture 14
Topic 6. AUTOMATIC LINE CONTROL SYSTEMS. Select a control system . Tasks of the system of automatic control of technological elements. [1-6].

	15
	Lecture 15 sequel
FUNCTIONS AND CLASSIFICATION OF CONTROL SYSTEMS.  CONTROL SYSTEMS OF MACHINES AND UNITS.  BLOCKING, SIGNALING AND TROUBLESHOOTING SYSTEMS
 [1, 2, 5, 6].

	16
	Lecture 16
Topic 7.1. TARGET MECHANISMS OF AUTOMATIC LINES WITH SOLID COMMUNICATION. Functions and classification of mechanisms. Stepper conveyors. Mechanisms for changing orientation. Drives of semi-finished products. [1, 2, 5, 6].

	17
	Lecture 17
Topic 7.2 Layout of transport systems .Mechanisms of transportation and collection of chips[1, 2, 5] 

	18
	Lecture 18 Topic 8.1. TARGET MECHANISMS OF AUTOMATIC LINES WITH FLEXIBLE COMMUNICATION. Conveyors-lifts. Transporters- distributors. Tray transport devices. Waste conveyors. Napychichi [1, 2,4,5,6].


5.2 Practical exercises
Practical classes cover the main topics of the lecture material and consider the practical application of the knowledge gained. 
	No s/n
	Name of laboratory work (computer workshop)
	Number of rooms. Hours

	1
	Study of the basics of cyclic control systems on the example of a programming logic controller SR-12MRDC company ARRAY ELECTRONIC
	6

	2
	Study of the basics of programming logic controllers on the example of Supercad software for controllers of the SR series by ARRAY ELECTRONIC
	6

	3
	Construction of non-optimized cyclic decentralized automatic control systems 
	6

	4
	Synthesis of optimized cyclic decentralized automatic control systems 
	6

	5
	Study of work and determination of the characteristics of the vibrating hopper feeder
	6

	6
	Learning the automatic manipulator with program control
	6

	
	
	36 hrs


5.3. Laboratory classes 
Not provided
5.4. Individual tasks
 Not provided.
5.5. Tests
MKR under sections 1, 2, 3, 4.


Independent work of the student

	No s/n
	The name of the topic, in preparation for classroom classes
	Number of hours of SRS

	1
	Lecture 1 Chapter 1. General provisions. 
Topic 1.1. Basic concepts and terms. The role and importance of the process in mechanical engineering. General information. Automation tasks [1-6].
	1

	2
	Lecture 2
Topic 2.1. Technological processes are the basis of automated production in mechanical engineering. The main stages of the production process [1,5].
	2

	3
	Lecture 3
Topic 2.2. Topic 2.2. Features of the design of technological processes in the conditions of automated production. Development of technological processes AP their features [1, 2].
	2

	4
	Lecture 4 sequel
Development of technological processes AP their features [1-6].
	4

	5
	Lecture 5
Topic 3.1. Basic principles of construction of machining technology in automated production systems. To reveal the potential of APS.  Ensuring the most effective APR [1, 2, 3, 4].
	4

	6
	Lecture 6
Topic 3.2. Manufacturability of product structures for automated production conditions [1, 2, 3].
	3

	7
	Lecture 7 sequel
Topic 3.3. Ways to increase the reliability of automated production [1, 2, 5,6].
	3

	8
	Lecture 8
Topic 4.1. Basic requirements for the technology and organization of machining in reconfigured automated production systems [1-6].
	2

	9
	Lecture 9 sequel
Topic 4.2. Methods of calculation and evaluation of the performance of automated systems. [1, 2, 6].
	2

	10
	Lecture 10
Topic 4.2. Performance of automated systems. [ 1, 2, 5].
	2

	11
	Lecture 11
Topic 4.3. The relationship of performance with reliability. Methods for improving the performance and reliability of automated systems. [1, 2, 5, 6].
	2

	12
	Lecture 12 sequel
Functional features of non-cycle downtime of working machines and automatic lines. Own downtime. Organizational and technical downtime. Technical performance. Actual performance
 [1,2,5,6].
	2

	13
	Lecture 11
Topic 5.1. RELIABILITY IN AUTOMATED PRODUCTION [1,2,5].
The state of the object,the physical content of concepts in the field of reliability.
	3

	14
	Lecture 12
CONTROL SYSTEMS FOR AUTOMATIC LINES
Physics of failures and their features[1,2,3,4,5].
	2

	15
	Lecture 13 sequel
Failure schemes Statistical method for assessing reliability [1-6].
	2

	16
	Lecture 14
Topic 6. AUTOMATIC LINE CONTROL SYSTEMS. Select a control system . Tasks of the system of automatic control of technological elements. [1-6].
	2

	17
	Lecture 15 sequel
FUNCTIONS AND CLASSIFICATION OF CONTROL SYSTEMS.  CONTROL SYSTEMS OF MACHINES AND UNITS.  BLOCKING, SIGNALING AND TROUBLESHOOTING SYSTEMS
 [1, 2, 5, 6].
	2

	18
	Lecture 16
Topic 7.1. TARGET MECHANISMS OF AUTOMATIC LINES WITH SOLID COMMUNICATION. Functions and classification of mechanisms. Stepper conveyors. Mechanisms for changing orientation. Drives of semi-finished products. [1, 2, 5, 6].
	2

	
	Passed
	6

	
	
	48 hrs



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 laboratory work; each student personally passes laboratory work;
· rules for the protection of individual tasks; each student personally passes individual works; 
· in this credit module there are only 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 in accordance with the working curriculum Table 8.1.
	Semester
	Just
	Distribution by semesters and types of classes
	FDM
	RGR
	Passed

	

	

	Lek.
	Prak.
	Lab.
	SRS
	

	

	


	8
	120
	36
	36
	0
	48
	+
	-
	+

	Just
	120
	36
	36
	0
	48
	+
	-
	+




Rating (weight) points system and evaluation criteria

8.1. Practical work (r1)
The weight score of one practical work is 10 points (Table 8.2). The maximum number of points for all practical work: r1 = 6 works x 8 points = 60 points.
The maximum number of incentives is +3 points for all practical classes.

Rating points for one practical work Table 8.2
	Points
	Evaluation criterion

	10,00
	There are no comments on the report, there are answers to all questions

	9,00
	Non-essential comments on the report, answers to most questions

	8,00
	Comments on the results, answer to some questions

	7,00
	The report has errors, answers only to individual questions

	6,00
	The work has been done, the correct results have been obtained, but not protected.

	0,00
	Work not done, report missing



8.2. Modular control (r2)
The modular test consists of four questions of the MKR, which is carried out before the first attestations and at the end of the academic semester. The weight score of the MKR is 20 points. The maximum number of points for two modular tests is: r2 = 20 points x 1 mod.contra. works = 20 points.

MKR rating points Table 8.3
	Points
	Evaluation criterion

	20,0
	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

	10,0
	The correct answer to less than 60% of the questions or the student was absent without a good reason



R= 60+ 20+ 20 = 100 points
8.3. Penalty and incentive points
The overall rating in the discipline includes only incentive points (Table 8.4). 

Incentive Points Table 8.4
	Action
	Points

	Participation in the modernization of laboratory or practical work
	plus 2 points

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

	Application of the original approach in solving problems
	plus 1 point




8.4. Conditions of milestone certification
Conditions for positive intermediate certification
	To receive "enrolled" from the first intermediate certification (8 weeks), the student must score at least 30 points.
		To receive "enrolled" from the second intermediate certification (14 weeks), the student will have at least 42 points (provided that at the beginning of the 14th week according to the calendar plan of control measures "Ideal" the student must receive 80 points).

. At the last scheduled practical lesson, a test is made.
The conditions for admission to the test are the fulfillment of the tasks of computer workshops, the implementation of the ICR, as well as the starting rating (rC) of at least 40% of the RС, that is, 40 points.
Students who scored a credit module rating of less than 0.6 R or 60 points during the semester are required to complete a test paper. 
Students who have scored the required number of points during the semester (RD ≥ 0.6 R) have the following possibilities:
get a credit rating by the so-called "automatic" in accordance with the scored rating;
perform test work in order to increase the score; 
in case of receiving a grade greater than the "automatic" from the rating, the student receives a grade based on the results of the test paper;
in case of receiving a grade less than the "automatic" from the rating, a soft RSO is used – the student retains the grade obtained by the "automatic".
Scoring work (based on the size of the scale RD = 100 points).
8.5. Scoring work (based on the size of the scale RD = 100 points).
The test consists of two theoretical questions and one graphic problem.  The list of questions is attached to the guidelines for mastering the credit module. Each theoretical question is estimated at 20 points, and the practical task is 60 points.
The system of evaluation of theoretical issues:
The theoretical question is fully disclosed – 20 points.
The theoretical question is not fully disclosed – 10 - 19 points.
The answer is insufficient or incorrect – 0 - 9 points.
The system of evaluation of the practical task:
The practical task was completed without errors – 60 points.
The practical task was completed with an error that does not affect the final result – 40 - 59 points.
The practical task was completed with an error affecting the final result – 30 – 39 points.
The practical task is not fully completed – 20 - 29 points.
The practical task is not completed – 0 – 19 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 list of questions that are submitted for semester control 
1. Automation of mechanical engineering. Goals and objectives
2. Basic terms and definitions: automation, automation
3. Basic terms and definitions: automatic, automatic line, operation
4. Production process and its stages
5. To define the flow and non-in-line production process.
6. Define it: release program, output, design capacity, production capacity
7. To define: production cycle, batch, production site, production workshop
8. Discrete and continuous technological processes
9. Features of the development of technological processes of automated production
10. Basic principles of construction of machining technology in automated production systems - The principle of completeness
11. Basic principles of construction of machining technology in automated production systems - The principle of low-cost technology
12. Basic principles of construction of machining technology in automated production systems - The principle of "sparsely populated" technology
13. Basic principles of construction of machining technology in automated production systems - The principle of "debuggy" technology
14. Basic principles of construction of machining technology in automated production systems - The principle of actively controlled technology
15. Basic principles of construction of machining technology in automated production systems - The principle of optimality
16. Typification of technological processes and the method of group manufacturing of parts
17. The status of the automatic line within the planned fund of work time
18. Technological and cyclic performance
19. Out-of-cycle downtime – tool downtime
20. Non-cycle downtime - equipment downtime
21. Out-of-cycle downtime – downtime for organizational reasons
22. Out-of-cycle downtime – downtime due to lack
23. Out-of-cycle downtime - downtime when reconfiguring the line for processing new parts
24. Own and organizational and technical downtime
25. Technical performance
26. Actual performance
27. Change in equipment performance during operation
28. Utilization rate, technical usage factor, load factor
29. Analysis of the performance of existing automated systems, the sequence of solving the problem
30. Performance balance on the example of an automatic cylinder block processing line
31. The relationship between types of productivity
32. Rigid communication line performance
33. Performance of automatic parallel aggregation line
34. Line of sequential machines operating in parallel
35. Line of machines of parallel action operating in series (rotary line)
36. Technical performance of a line of discrete serial machines operating in parallel
37. Technical capacity of the line of parallel action machines operating in series
38. Dependence of the efficiency of using CNC machines on their level of reliability
39. Diagram of the main states of the object
40. Working condition, reliability, reliability
41. Rejection, sudden refusal, gradual refusal
42. Patterns of failure (sudden, gradual)
43. Reliability assessment indicators
44. Dependence of the probability of trouble-free operation of products on the time of operation
45. The dependence of the probability of uptime on the simultaneous action of sudden and gradual failures
46. Definition: Management, Control System
47. Tasks of the automatic control system
48. Classification of control systems by command information
49. Centralized control systems
50. Decentralized control systems
51. Mixed control systems
52. Positional, contour and combined control systems
53. Classification of target mechanisms of automatic lines with rigid communication
54. Classification of transport mechanisms of automatic lines with rigid communication
55. Drives for backlogs of automatic lines with rigid communication
56. Stepper rod conveyors with dogs
57. Stepper bar conveyors with flags
58. Grab step conveyors with flags
59. Pushing stepper conveyors
60. Chip removal devices: belt conveyor
61. Chip removal devices: scraper conveyor
62. Chip removal devices: screw conveyor
63. Chip removal devices: ershovo-rod conveyor
64. Classification of target mechanisms of automatic lines with flexible communication
65. Pushing conveyors-lifts
66. Elevator conveyors-lifts
67. Schemes of the most typical failures during the operation of pushing type lifts
68. Distributors
69. Tray transporting devices
70. Diverting conveyors
71. Mechanisms for accumulating products of automatic lines with flexible communication

Work program of the discipline (syllabus):
Compiled by Ph.D., assoc.prof., Melnyk O.O.
Approved by the Department of Mechanical Engineering Technology (protocol No 1 dated 29.08.2022)
Approved by the Methodical Commission of NN MMI (protocol No 1 dated 30.08.2022)
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