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1 PURPOSE OF THE COURSE

In the educational-professional program of the specialty 141 Electrical Power
Engineering, Electrical Engineering and Electromechanics (admission 2018) the
following learning outcomes are included in the discipline C2.14 "Mechatronics
and Robotics":

BP2.13 Carry out the selection of mechatronic units, their installation, adjustment and
maintenance

BP2.14 Choose the layout of the industrial robot and the configuration of the robotic
complex

BP2.15 To program systems of automatic control of mechatronic systems, robots and robotic
complexes

The purpose of the discipline - the formation of competencies and
acquaintance with existing mechatronic systems and robots, robotic systems and
their management; acquisition by students of theoretical knowledge and practical
skills for the analysis of kinematics, dynamics, synthesis of mechanisms of robots
taking into account optimization of algorithms of their management.

Achieving the goal requires the transformation of program learning outcomes
into disciplinary and adequate selection of the content of the discipline according to
this criterion.

2 EXPECTED DISCIPLINARY LEARNING OUTCOMES

Theory of electric drive

Disciplinary learning outcomes (DLO)

ump APH 3MiCT

DLO1 Know what is a technological process, understand the organization of the
mechatronic module and its control system.

DLO2 Understand the principles of building automated technological processes

DLO3 Understand the principles of construction of mechatronic devices of different
types, understand and analyze the functional and basic control schemes.

DLO4 Be able to algorithmize the technological process

DLO5 Understand the principles of control of mechatronic systems using a
programmable logic controller (PLC)

DLO6 Be able to program PLCs, create projects in a software environment

DLO7 Understand the principles of robot construction and robotic complex (RC), be
able to design the trajectory of the robot in the RC.

3 BA3OBI IUCHUILJITHA
Ha3Ba qucumniiinm 3100yTi pe3y1bTaTH HABYAHHS
b1 Higher mathematics CP4 Solving professional tasks on design and operation of

electric power, electrotechnical, electromechanical
complexes and systems
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Hassa qucuumiinyn

3100yTi pe3yibTaTH HABYAHHA

B5 Theoretical foundations of
electrical engineering

CP1 To determine the principles of construction and
functioning of elements of electric power, electrotechnical
electromechanical complexes and systems.

®4 Fundamentals of electric

drive

CP7 To have methods of synthesis of electromechanical
and electric power systems with the set indicators

4 SCOPE AND DISTRIBUTION BY FORMS OF ORGANIZATION OF
THE EDUCATIONAL PROCESS AND TYPES OF EDUCATIONAL
CLASSES

Type of GE) % __ Distribution by forms of study, hours

training ER= dally _ evening correspor_1de_n_ce

sessions g < Lecture individual Lecture individual Lecture individual

classes work classes work classes work

lectures 120 49 71 - - - -
practical - - - - - - -
laboratory 90 19 71 - - - -
seminars - - - - - - -
TOGETHER | 210 68 142 - - - -

5 DISCIPLINE PROGRAM BY TYPES OF EDUCATIONAL CLASSES

Ciphers
DLO

Types and topics of training sessions

Volume of
components,
hours

LECTURES

120

DLO1

Properties of industrial production, the level of process
automation. Technological process. Symbols of automated
operations.

Basic terms of mechatronics. Organization of mechatronic module.
Mechatronic modules by types of converted energy.

The structure of the automated control system

8

DLO2

Didactic complex of FESTO company. Elements of the complex
Portal robot station MPS Handling (H1)

MPS Joining Station (J)

MPS Sorting Station (S)

18

DLO3

Electropneumomechatronic devices: symbols of elements; air
preparation system; executive cylinders; distributors; control circuits of

the executive cylinder

Electrohydromechatronic devices: symbols of elements; pumps,
valves, hydraulic station, switchgear, control circuits; structure of the
automated control system

Electromechatronic devices: motors, electric drive control systems

16

DLO4

GRAFCET specification language.

Introduction to the construction of functional diagrams for solving
problems of workflow management.

Algorithms for the operation of FESTO stations

DLO5

Control of mechatronic systems. Programmable logic controllers
(PLCs). Familiarity with the external and internal structure of the PLC,
memory area, data types, addressing and wiring diagrams.

16
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Review of PLC S7-1200 on the example of CPU 1212C: how the
CPU works; performing a scan cycle; status and error indicators and
switching modes; CPU memory areas; data memory, memory areas
and addressing; unit of information; access to data in CPU memory
areas; data types supported by S7-1200; wiring diagrams; addressing
the CPU and signal module (CM) ports.

DLO6

LAD programming language.

Simatic Siemens PLC basic command system: binary logic
commands (input contacts); binary logic commands (output circuits);
comparison teams; arithmetic commands; data transmission
commands; timers; counters; program management

16

DLO6

Project creation and device configuration in the TIA Portal
environment

20

DLO7

Robotics: general questions; functional parts of the robot; industrial
works and robotic complex.

Kinematic analysis of the manipulator: symbolic symbols of the
mechanical part of the robot; classification of kinematic pairs;
coordinate systems; rules for the location of axes and the origin of
Kinematic pairs

Composition and classification of robotic complex (RC).
Movement work within the RC. Composition and classification of
robotic complex. Samples of location, layout of robotic complexes.
The trajectories of the robot manipulator in the robotic complex
Features of using several robots in one robotic complex

Robotic maintenance strategies

Trajectories between machines as a function of the number of grips and
the organization of the production platform (stage)

Design work on the example of 3D -work.

Determining the degree of mobility of a 3D robot. Determination of the
working area 3D-robot, calculation of positioning coordinates

Sample movement of the manipulator on two axes:

-axis Z -polyharmonic trajectory;

-is the X -linear motion at a constant speed

20

LABORATORY WORKS

90

DLO1,
DLO 2,
DLO 3

Study the functionality of the portal robot handling station (H1) using
the SimuBox simulation panel.

10

DLO 1,
DLO 2,
DLO 3

Study the functionality of the MPS Joining station (J) using the SimuBox
simulation console.

10

DLO 1,
DLO 2,
DLO 3

Explore the functionality of the MPS Sorting (S) station using the
SimuBox simulation console

10

DLO 4,
DLO 5

Study of number systems used in computer technology, the rules of
translation of numbers from one number system to another, the
principles of programmable logic controllers.

10

DLO 4

GRAFCET specification language. Introduction to the construction of
functional diagrams for solving problems of workflow management.

10

DLO 6

Automation of algorithms of functioning of station of portal robot MPS
Handling (H1) by means of the programmable Siemens logic controller.

10




DLO 6 | Automation of algorithms of operation of MPS Joining station (J) by 10
means of the programmable logic controller Siemens.
DLO 6 | Automation of algorithms of operation of station of portal robot Sorting 10
(S), by means of the software logic controller Siemens.
DLO 7 | FischerTechnic 3-D motion programming works on the designed 10
trajectory
Together: 210

6 EVALUATION OF LEARNING OUTCOMES

Certification of student achievement is carried out through transparent
procedures based on objective criteria in accordance with the Regulations of the
University "On the evaluation of learning outcomes of higher education.”

The achieved level of competencies relative to the expected ones, which is
identified during the control activities, reflects the real result of the student's study
in the discipline.

6.1 Scales

Assessment of academic achievements of students of NTU "DP" is carried out on a
rating (100-point) and institutional scales. The latter is necessary (in the official
absence of a national scale) for the conversion (translation) of higher education

students' grades of various institutions.Illkaau ouinwoseanns nasuanvnux docszmens
cmyoenmie HTY «/[I1»

Rating Institutional
90...100 Excellent

74...89 Good

60...73 Satisfactory

0...59 Fail

Credits of the discipline are credited if the student received a final grade of at
least 60 points. The lower grade is considered to be an academic debt that is
subject to liquidation in accordance with the Regulations on the organization of the
educational process of NTU "DP".

6.2 Means and procedures

The content of diagnostic tools is aimed at controlling the level of knowledge,
skills, communication, autonomy and responsibility of the student according to the
requirements of the NQF to the 8th qualification level during the demonstration of
learning outcomes regulated by the work program.

The student in the control activities must perform tasks focused solely on the
demonstration of disciplinary learning outcomes (Section 2).

Diagnostic tools provided to students at control activities in the form of tasks
for current and final control, are formed by specifying the initial data and the method
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of demonstrating disciplinary learning outcomes.

Diagnostic tools (control tasks) for the current and final control of the discipline
are approved by the department.

The types of diagnostic tools and assessment procedures for the current and
final control of the discipline are given below.

Diagnostic tools and assessment procedures

CURRENT CONTROL FINAL CONTROL
training diagnostic orocedures diagnostic procedures
session tools tools
lectures control tasks for |performing the task determination of the
each topic during lectures weighted average result of
Laboratory |control tasks for |performing tasks current controls;
each topic or during independent
individual task  |work complex performing CCW during
control work |the exam at the request of
(CCw) the student

During the current control, lectures are evaluated by determining the quality
of control specific tasks. Practical classes are assessed by the quality of the control
or individual task.

If the content of a certain type of classes is subject to several descriptors, the
integral value of the assessment can be determined taking into account the weights
set by the teacher.

If the level of results of current controls in all types of classes is not less than
60 points, the final control is carried out without the participation of the student by
determining the weighted average of current grades.

Regardless of the results of the current control, each student during the exam
has the right to perform KKR, which contains tasks that cover key disciplinary
learning outcomes.

The number of specified tasks of the RCC should correspond to the allotted
time for execution. The number of RCC options should provide individualization
of the task.




The value of the assessment for the implementation of the RCC is determined
by the average assessment of the components (specified tasks) and is final.

The integral value of the assessment of the implementation of the RCC can be
determined taking into account the weights set by the department for each
descriptor of the NQF.

6.3 Criteria

Actual student learning outcomes are identified and measured relative to what
is expected during the control activities using criteria that describe the student's
actions to demonstrate the achievement of learning outcomes.

To assess the performance of control tasks during the current control of lectures
and practical classes as a criterion is used the coefficient of mastery, which
automatically adapts the assessment indicator to the rating scale:

0O; =100 a/m,

where a is the number of correct answers or significant operations performed in
accordance with the decision standard; m is the total number of questions or
significant operations of the standard.

Individual tasks and complex tests are assessed expertly using criteria that
characterize the ratio of requirements to the level of competencies and indicators of
assessment on a rating scale.

The content of the criteria is based on the competency characteristics defined
by the NQF for the master's level of higher education (below).

General criteria for achieving learning outcomes
for the 6th qualification level for NRC
Requirements for knowledge, skills, communication, | Indicator

NRC descriptors

autonomy and responsibility evaluation
Knowleges
Conceptual scientific | The answer is excellent - correct, reasonable, 95-100
and practical meaningful.
knowledge, critical Characterizes the presence of:
understanding of - specialized conceptual knowledge at the level of the
theories, principles, latest achievements;
methods and - critical comprehension of problems in education and /

concepts in the field or professional activity and at the border of subject
of professional branches

activity and / or The answer contains minor errors or omissions 90-94
training The answer is correct, but has some inaccuracies 85-89
The answer is correct, but has some inaccuracies and is 80-84

insufficiently substantiated
9




NRC descriptors

Requirements for knowledge, skills, communication,

Indicator

autonomy and responsibility evaluation
The answer is correct, but has some inaccuracies, 75-79
insufficiently substantiated and meaningful
The answer is fragmentary 70-74
The answer shows the student's vague ideas about the 65-69
object of study
The level of knowledge is minimally satisfactory 60-64
The level of knowledge is unsatisfactory <60
Skills

In-depth cognitive The answer characterizes the ability to: 95-100

and practical skills, - identify problems;

mastery and - formulate hypotheses;

innovation at the level - solve problems;

required to solve - update knowledge;

complex specialized - integrate knowledge;

tasks and practical - to carry out innovative activity;

problems in the field - to carry out scientific activity

of professional The answer characterizes the ability to apply knowledge 90-94

activity or training in practice with minor errors
The answer characterizes the ability to apply knowledge 85-89
in practice, but has some inaccuracies in the
implementation of one requirement
The answer characterizes the ability to apply knowledge 80-84
in practice, but has some inaccuracies in the
implementation of the two requirements
The answer characterizes the ability to apply knowledge 75-79
in practice, but has some inaccuracies in the
implementation of the three requirements
The answer characterizes the ability to apply knowledge 70-74
in practice, but has some inaccuracies in the
implementation of the four requirements
The answer characterizes the ability to apply knowledge 65-69
in practice when performing tasks on the model
The answer characterizes the ability to apply knowledge 60-64
in performing tasks on the model, but with inaccuracies
The level of skills is unsatisfactory <60

Communication
« * reporting to Clarity of the answer (report). Language: 95-100

specialists and
non-specialists
information,
ideas, problems,
solutions, own
experience and
argumentation
+ ¢ data collection,
interpretation
and application
+ * communication
on professional

- correct;
- Clean;
- Clear;
- accurate;
- logical;
- eXpressive;
- concise.
Communication strategy:
- consistent and consistent development of thought;
- the presence of logical own judgments;
- appropriate reasoning and its compliance with the
defended provisions;
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. Requirements for knowledge, skills, communication, | Indicator
NRC descriptors o .
autonomy and responsibility evaluation
issues, including - correct structure of the answer (report);
in a foreign - correct answers to questions;
language, orally - appropriate technique for answering questions;
and in writing - ability to draw conclusions and formulate proposals;
- use of foreign languages in professional activities
Sufficient clarity of the answer (report) and appropriate 90-94
communication strategy with minor flaws
Good clarity of the answer (report) and appropriate 85-89
communication strategy (three requirements in total are
not realized)
Good clarity of response (report) and appropriate 80-84
communication strategy (four requirements not
implemented in total)
Good clarity of response (report) and appropriate 75-79
communication strategy (five requirements not
implemented in total)
Satisfactory comprehensibility of the answer (report) 70-74
and appropriate communication strategy (a total of
seven requirements have not been implemented)
Satisfactory comprehensibility of the answer (report) 65-69
and communication strategy with errors (a total of nine
requirements are not implemented)
Satisfactory comprehensibility of the answer (report) 60-64
and communication strategy with errors (a total of 10
requirements are not implemented)
The level of communication is unsatisfactory <60
Autonomy and responsibility
* managing Excellent competence: 95-100
complex technical | - use of principles and methods of organizing team
or professional activities;
activities or - effective distribution of powers in the team structure;
projects - maintaining a balanced relationship with team
« ability to take members (responsibility for the relationship);
responsibility for | - stress resistance;
making and - self-regulation;
making decisions | - work activity in extreme situations;
in unpredictable - high level of personal attitude to the case;
work and / or - mastery of all types of educational activities;
learning contexts | - appropriate level of fundamental knowledge;
- - the appropriate level of formation of general
formation of educational skills and abilities
judgments that Confident mastery of the competencies of autonomy and 90-94
take into account | responsibility with minor flaws
social, scientific | Good mastery of autonomy and responsibility 85-89
and ethical aspects | competencies (two requirements not met)
* organization and | Good mastery of autonomy and responsibility 80-84
management of competencies (three requirements not met)
professional Good mastery of autonomy and responsibility 75-79

development of

competencies (four requirements not met)
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. Requirements for knowledge, skills, communication, | Indicator
NRC descriptors - :
autonomy and responsibility evaluation
individuals and Satisfactory mastery of autonomy and responsibility 70-74
groups competencies (five requirements not met)
+ ¢ ability to continue | Satisfactory mastery of autonomy and responsibility 65-69
studies with a competencies (Six requirements not met)
significant degree | Satisfactory mastery of autonomy and responsibility 60-64
of autonomy competencies (fragmentary level)
The level of autonomy and responsibility is <60
unsatisfactory

7 TOOLS, EQUIPMENT AND SOFTWARE
Technical training.
Remote platform MOODLE, MS Teams.
During the laboratory works the didactic equipment of FESTO and FischerTechnik
companies, software packages for programming of controllers of Siemens and
FischerTechnik companies are used.

8 RECOMMENDED SOURCES OF INFORMATION
Basic:

« Jlosetikin B.C., Pomacesnu 10.0., Yosaiok }.B. MexaTpoHika.
HaBuanbuunii nocionuk. — K., 2012. - 357 c.

« Brenenue B MexatpoHuky: yd4. mocobue/ A.W. I'pabuenko, B.b. Knenukos,
B.JI. Hob6pockok u ap. — X.: HTY«XII1», 2014. — 264 c.

= Additional:
= 1. Eropor O./l. KoHcTpyupoBanue MexaHu3MoB po6oToB. Yueounuk / O./].
Eropos. M.: A6puc, 2012. — 444 c.

« Eropos O.Jl., Ilogypaes 10.B., byiinoB M.A. PoGoToTexnuueckue
mexatpoHHbie cucteMbl: yueonuk / O.J1. Eropos, 10.B. Ilogypaes, M.A.
byitnoB. — ®I'BOY BIIO MI'TY «CTAHKWH», 2015. — 326¢.

= Eropos O.[., Ilonypaes I).B. Mexarponnsie wMoxaynu. Pacuer wu
KoHCcTpyupoBauue: YueoHoe mocooue. M.: MI'TY «CTAHKHWH», 2004, —
360c.)

= Eropos O.[. [IpukianHas MexaHHKa MEXaTPOHHBIX YCTPOMCTB: yueOHOE
nocobue. — M.: ®I'bOY BIIO MI'TY “CTAHKHH”, 2013. — 229 c.

» Ilogypae 1O.B. MexarpoHuka: OCHOBBI, METOHbl, NMPUMEHEHHE: Yy4eO,

nocobue Ui CTYJICHTOB BY30B. - 2-€ U31., cTep. - M.: MammHocTpoeHue,
2007. - 256 c.

« 9 INFORMATION RESOURCES:

= [lonomapes, C.B. KoMnoHeHTsI IIPUBOJOB MEXaTPOHHBIX
YCTPOMCTB [DneKkTpoHHBIN pecypc]: yueoHoe nocobue / C.B. ITonomapes [u
ap.]. — Tam60B: M3a-Bo ®T'BOY BIIO «TI'TY», 2014. — 269 c.
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https://elprivod.nmu.org.ua/files/mehatronics/1loveykin_v_s_romasevich_yu_o_chovnyuk_yu_v_mekhatronika.pdf
https://elprivod.nmu.org.ua/files/mehatronics/1loveykin_v_s_romasevich_yu_o_chovnyuk_yu_v_mekhatronika.pdf
https://elprivod.nmu.org.ua/files/mehatronics/grabchenko_a_i_i_dr_vvedenie_v_mekhatroniku.pdf
https://elprivod.nmu.org.ua/files/mehatronics/grabchenko_a_i_i_dr_vvedenie_v_mekhatroniku.pdf
https://elprivod.nmu.org.ua/files/mehatronics/1egorov_o_d_konstruirovanie_mekhanizmov_robotov.pdf
https://elprivod.nmu.org.ua/files/mehatronics/1egorov_o_d_konstruirovanie_mekhanizmov_robotov.pdf
https://my.pcloud.com/publink/show?code=XZJj86Zc83TcOzdDgJ6sSti0LXLgYqEmqL7
https://my.pcloud.com/publink/show?code=XZJj86Zc83TcOzdDgJ6sSti0LXLgYqEmqL7
https://my.pcloud.com/publink/show?code=XZJj86Zc83TcOzdDgJ6sSti0LXLgYqEmqL7
https://elprivod.nmu.org.ua/files/mehatronics/1egorov_o_d_poduraev_yu_v_mekhatronnye_moduli_raschet_i_konst.pdf
https://elprivod.nmu.org.ua/files/mehatronics/1egorov_o_d_poduraev_yu_v_mekhatronnye_moduli_raschet_i_konst.pdf
https://elprivod.nmu.org.ua/files/mehatronics/1egorov_o_d_poduraev_yu_v_mekhatronnye_moduli_raschet_i_konst.pdf
https://elprivod.nmu.org.ua/files/mehatronics/%D0%95%D0%B3%D0%BE%D1%80%D0%BE%D0%B2%20%D0%9E.%D0%94.%20-%20%D0%9F%D1%80%D0%B8%D0%BA%D0%BB%D0%B0%D0%B4%D0%BD%D0%B0%D1%8F%20%D0%BC%D0%B5%D1%85%D0%B0%D0%BD%D0%B8%D0%BA%D0%B0%20%D0%BC%D0%B5%D1%85%D0%B0%D1%82%D1%80%D0%BE%D0%BD%D0%BD%D1%8B%D1%85%20%D1%83%D1%81%D1%82%D1%80%D0%BE%D0%B9%D1%81%D1%82%D0%B2%20-%202013.pdf
https://elprivod.nmu.org.ua/files/mehatronics/%D0%95%D0%B3%D0%BE%D1%80%D0%BE%D0%B2%20%D0%9E.%D0%94.%20-%20%D0%9F%D1%80%D0%B8%D0%BA%D0%BB%D0%B0%D0%B4%D0%BD%D0%B0%D1%8F%20%D0%BC%D0%B5%D1%85%D0%B0%D0%BD%D0%B8%D0%BA%D0%B0%20%D0%BC%D0%B5%D1%85%D0%B0%D1%82%D1%80%D0%BE%D0%BD%D0%BD%D1%8B%D1%85%20%D1%83%D1%81%D1%82%D1%80%D0%BE%D0%B9%D1%81%D1%82%D0%B2%20-%202013.pdf
https://elprivod.nmu.org.ua/files/mehatronics/1poduraev_yu_v_mekhatronika_osnovy_metody_primenenie.pdf
https://elprivod.nmu.org.ua/files/mehatronics/1poduraev_yu_v_mekhatronika_osnovy_metody_primenenie.pdf
https://elprivod.nmu.org.ua/files/mehatronics/1poduraev_yu_v_mekhatronika_osnovy_metody_primenenie.pdf
https://elprivod.nmu.org.ua/files/mehatronics/1ponomarev_s_v_divin_a_g_mozgova_g_v_mordasov_m_m_savenkov_a.pdf
https://elprivod.nmu.org.ua/files/mehatronics/1ponomarev_s_v_divin_a_g_mozgova_g_v_mordasov_m_m_savenkov_a.pdf
https://elprivod.nmu.org.ua/files/mehatronics/1ponomarev_s_v_divin_a_g_mozgova_g_v_mordasov_m_m_savenkov_a.pdf

Literature on the website of the Department of Electric Drive:
http://elprivod.nmu.org.ua/ua/books/converters.php

Hasuanbue Buganasa

POBOYA ITPOI'PAMA HABYAJILHOI JIUCLIATIJIIHU
«MexaTpoHika Ta poOOTOTEXHIKa» 1Jisi OakanaBpiB
cnemianbHOCTI 141 «EnekTpoeHepreTrka, eIeKTPOTEXHIKA Ta €IEKTPOMEXaHIKa

Po3po6uuk: Onekcanap Crenanouu bemra

B penaxkiiii aBTopa

[TinroToBNI€HO 10 BUXOY B CBIT
y HarionanpHOMY TEXHIYHOMY YHIBEPCHUTETI
«/IHITpOBCHKA MOJIITEXHIKAY.
CaimourBo nipo BHeceHH 110 JlepxaBHoro peectpy JIK No 1842
49005, m. Ininpo, mpocn. . ABopHuieskoro, 19
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