FOR GEOMETRY AND ENGINEERING GRAPHICS |

4 ‘\‘ 7
B “i\/
N

| GRAFIKI INZY

VOLUME 31 / DECEMBER 2018




THE JOURNAL
OF POLISH SOCIETY
FOR GEOMETRY AND
ENGINEERING GRAPHICS

VOLUME 31

Gliwice, December 2018



Editorial Board

International Scientific Committee

Anna BLACH, Ted BRANOFF (USA), Modris DOBELIS (Latvia),
Bogustaw JANUSZEWSKI, Natalia KAYGORODTSEVA (Russia),
Cornelie LEOPOLD (Germany), Vsevolod Y. MIKHAILENKO (Ukraine), Jarostaw MIRSKI,
Vidmantas NENORTA (Lithuania), Pavel PECH (Czech Republic), Stefan PRZEWLOCKI,
Leonid SHABEKA (Belarus), Daniela VELICHOVA (Slovakia), Krzysztof WITCZYNSKI

Editor-in-Chief
Edwin KOZNIEWSKI

Associate Editors
Renata GORSKA, Maciej PIEKARSKI, Krzysztof T. TYTKOWSKI

Secretary
Monika SROKA-BIZON

Executive Editors
Danuta BOMBIK (vol. 1-18), Krzysztof T. TYTKOWSKI (vol. 19-31)

English Language Editor
Barbara SKARKA

Marian PALEJ — PTGiGI founder, initiator and the
Editor-in-Chief of BIULETYN between 1996-2001

All the papers in this journal have been reviewed

Editorial office address:
44-100 Gliwice, ul. Krzywoustego 7, POLAND
phone: (+48 32) 237 26 58

Bank account of PTGiGI : Lukas Bank 94 1940 1076 3058 1799 0000 0000

ISSN 1644 - 9363

Publication date: December 2018 Circulation: 100 issues.

Retail price: 15 PLN (4 EU)



The Journal of Polish Society for Geometry and Engineering Graphics

CONTENTS

PART I: THEORY (TEORIA)
1 A. Borowska: APPROXIMATION OF THE SPHEROID OFFSET SURFACE AND THE TORUS
OFFSET SURFACE 3

PART II: GRAPHICS EDUCATION (DYDAKTYKA)

1 K. Banaszak: CONIC SECTIONS IN AXONOMETRIC PROJECTION 11
2 B. Kotarska-Lewandowska: BETWEEN DESCRIPTIVE GEOMETRY AND CAD 3D 15
3 C. Lapinska, A. Ogorzalek: CHARACTERISTIC POINTS OF CONICS IN THE NET-LIKE

METHOD OF CONSTRUCTION 21

4 O. Nikitenko, I. Kernytskyy, A. Kalinin, V. Dumanskaja: DESCRIPTIVE GEOMETRY COURSE
ADDRESED TO THE CIVIL ENGINEERING STUDENTS AT ODESSA STATE ACADEMY 29
5 F. N. Pritykin, N. V. Kaygorodtseva, M. N. Odinets, I.V. Krysova: ROBOTICS AS MOTIVATION OF
LEARNING TO GEOMETRY AND GRAPHICS 35

PART III: APPLICATIONS (ZASTOSOWANIA)
1 A. Borowska: APPROXIMATION OF THE ELLIPSE OFFSET CURVES IN TURBO

ROUNDABOUTS DESIGN 43
2 A. Borowska: APPROXIMATION OF THE OFFSET CURVES IN THE FORMATION OF TURBO
ROUNDABOUTS 53
3 O. Nikitenko, I. Kernytskyy: GEOMETRIC MODELLING OF CONJUGATE RULED SURFACES
WITH USING THE KINEMATIC SCREW DIAGRAM 61
4 K. Panchuk, E. Lyubchinov SPATIAL CYCLOGRAPHIC MODELING ON NAUMOVICH
HYPERDRAWING 69

PART IV: HISTORY OF DESCRIPTIVE GEOMETRY (HISTORIA GEOMETRII WYKRESLNEJ)
1 . E. Kozniewski: WYBRANE KONSTRUKCJE GEOMETRYCZNE W SEOWNIKU WYRAZOW
TECHNICZNYCH TYCZACYCH SIE BUDOWNICTWA TEOFILA ZEBRAWSKIEGO 79

PART V: INFORMATION AND NEWS (WYDARZENIA I INFORMACJE)
1 REVIEWERS 2018 14

ISSN 1644-9363 / PLN 15.00 © 2018 PTGiGI



The Journal of Polish Society for Geometry and Engineering Graphics
Volume 31 (2018), 35 - 41 35

ROBOTICS AS MOTIVATION OF LEARNING TO GEOMETRY AND
GRAPHICS

Fyodor N. PRITYKIN, Natalia V. KAYGORODTSEVA, Mariya N. ODINETS, Irina V. KRYSOVA

Omsk State Technical University, Department of Engineering Geometry and CAD
pr. Mira, 11, Omsk, 644050, RUSSIA
e-mail: Kaygorodtceva@gmail.com

Abstract. Robotics densely entered our life, penetrated into all spheres of human activity. That
is why today the basics of robotics are beginning to be studied in primary school for active
continuation of its development. The main task of higher education is not to interrupt the
established link between school and production, but to become an intermediate step. This will
allow schoolchildren at every stage of their growing to deliberately develop and make sure of
the correct choice of their future profession. The article shows the possibility of solving the
actual task of increasing the motivation of university students to study in the context of
introducing new forms and methods of teaching. The aim of the work is to create a highly
effective learning environment for students of technical universities. An example of the use of
special practical tasks related to future engineering activities, which are aimed at enhancing the
motivation of training, is shown. The results of the carried out experiment of the introduction
of assignments focused on the future specialization of training prove not only an increase in
interest in the subject «Engineering and Computer Graphics», but also demonstrate the
possibility of creating a unified environment for building knowledge and skills in the process
of end-to-end training.

Keywords: Interdisciplinary communication, teaching methodology, geometry,
manipulator workspace, trajectory of the movement, output link

1 Introduction
To date, robotics in conjunction with mechanics, new engineering, information and
intellectual technologies is a powerful tool for the development of scientific and technological
progress, industry and the country's defense capability. This generally leads to an
improvement in people's standard of living. Indeed, the development of robotics is designed
to alleviate human labor and protect it from exposure to harmful and deadly hazards. Guided
by these goals, modern robotic, mechatronic and intelligent systems have achieved great
results:
e Robots already know how to deceive people. Such developments are in demand for
the protection of objects.
e Robots have mastered the profession of a hacker, that is, they have learned to «crack»
the protection of various software products.
¢ Intellectual systems through social networks try to understand our behaviour.
Externally, robots become very similar to humans.
e They already know how to feel (laugh, get angry, embarrassed).
e Some futurists are confident that nanobots will soon be implanted into the human
brain.
e Robotic, mechatronic and intelligent systems became actively used for military
purposes.
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However, the most important results have been achieved by replacing people in
workplaces in various branches of human activity: medicine, agriculture, food industry,
households, machine building, electric power, petrochemical processing, instrument making,
information technology, etc.

Considering this large scale of the introduction of our assistants in many areas of
production and life activity, modern education has to pay great attention to the formation of
competences necessary for the design, development and operation of robotic, mechatronic and
intelligent systems.

2 Problem Statement

In many educational institutions of the country there are subjects and disciplines that develop
the above competences. In this case, children, schoolchildren and students are fascinated by
the study of robotics. They show activity and desire to receive knowledge, express a great
interest in robotics, are vigorously discussing the results of their work with peers, strive to
achieve results and are conscious of themselves talented and intelligent. These observations
and the experience of teaching in a technical university show that the great interest of students
in robotics allows solving one of the main problems of modern education - motivation for
learning and, as a consequence, to increase the development of cognitive activity.

The problem of motivation in education is quite acute in connection with many aspects
of the modern way of life and the learning process. At present, the existing education system
is undergoing significant changes. On the one hand, they are due to the high rates of computer
technology development and the general spread of the Internet. On the other hand, this is a
natural process of reorganization in accordance with the general course of Russia's scientific
and technological development and the restoration of its scientific and technical potential.
Reorganization in society and public consciousness, in connection with the transition to a new
information age and the change in the social order, requires correction in the mind, both the
student and the teacher.

3 Research Questions

Today's generation of children is completely different from what it was 20-30 years ago. Most
of them are more infantile and psychologically undeveloped, more focused on entertainment,
they need to be more controlled and stimulated in the learning process: a higher stipend,
bonuses for work. The current teacher has to pay more attention to motivation for learning
and methods of retaining attention.

The modern learning process is not standard methods, models and techniques [1, 2, 3].
Classical lecture notes are a thing of the past [4, 5, 6]. In practical exercises, experiments are
conducted using virtual instruments and remote access systems [7, 8, 9]. Recently,
educational institutions, including schools, have been able to significantly improve their level
of equipment. Interactive whiteboards, 3D printers, powerful computers and access to the
Internet, all this is now available not only to major metropolitan universities. Schools are
actively included in the national educational concept, oriented not only to studying the
achievements of the past, but also to the latest developments in various fields of technology
and technology. The fundamentals of programming and robotics are studied in schools around
the world, for example, in the UK [10], in Korea [11], in Iran [12], in Croatia [13], in Spain
[14] etc. In this regard, Russia's universities cannot lag behind or impede the educational
chain of the school-university-enterprise.

So, in particular, not so long ago in schools began to appear classes on robotics. As
shown by the International IT-forum held in Omsk, even younger schoolchildren actively and
with pleasure comprehend the basics of designing and programming simple robots with the
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help of Lego designers. Classes are held in the form of a game, it is entertaining and
accessible for understanding of children, but at the same time it forms a creative and cognitive
impulse for the further cognitive process. Further, these children, when they move to a
university, they will certainly choose engineering for their future profession. Today, there is
no sphere of engineering that does not use robotic, mechatronic and (or) intelligent systems.

4 Purpose of the Study

Under these conditions, the task of the departments of general engineering training, the
subjects of which students study yesterday in their first year, do not fall out of the general
process of preparing future highly qualified specialists. It is necessary to preserve and support
students' interest in the chosen engineering specialty by introducing special assignments. It is
necessary to focus on solving problems of one subject area with the help of tools of another
academic discipline.

Thus, at the department of the "Engineering geometry and CAD" of the Omsk State
Technical University for students, along with the tasks aimed at studying the standards of the
Unified System of Design Documentation, laboratory work on geometric modeling has been
implemented. These works are related to the construction of the working space of the
manipulator mechanism.

5 Research Methods

These laboratory works are designed to solve a specific problem of robotics, related to the
answer to the question: Does the center of the output link of the manipulator mechanism a
given point of space, or not? The reachability of the manipulator mechanism depends on its
structure and geometry, on the sizes of links and on the limitations of their mobility in
kinematic pairs, that is, on generalized coordinates and their maximum values. In connection
with this, one of the lectures outlines such concepts as the mechanism, kinematic pairs,
generalized coordinates and the output link. At the lecture the teacher explains that
reachability is characterized by the location of the center of capture of mechanism of the
manipulator within the working area. Therefore, the actual problem is to build a working zone
according to the specified structure of the manipulator mechanism, given lengths of links and
limit values of generalized coordinates. The construction of the working area for various
manipulator mechanisms is considered in the works [15, 16, 17, 18, 19]. The set of points of
the surrounding space for which the capture can move, determines the working area of the
manipulator. Generalized coordinates show the relative position of two links connected in one
kinematic pair. The specified coordinates can be given by angles or linear displacements.
Their maximum and minimum values determine the maximum displacements or rotations in
the hinges of the manipulator mechanism. The lengths of the links and various kinematic
transducers set the geometric model of the manipulator.

The essence of the developed individual problem is to build a working zone on a given
bearing mechanical system of the manipulator. Figure 1 presents the initial data of the
problem defining the image of the manipulator mechanism having two rotational and one
translational kinematic pairs. The same figure denotes the lengths /; of the links of the
mechanism and the limiting values of the generalized coordinates given by the angles ¢; and
@2 and the displacement S. An example of numerical values for one of the variants of the
individual problem is presented in the table. Also here are given the coordinates of two points
M and N, for which it is necessary to determine their belonging to the working area. Students
first build geometric objects that specify sets of locations of points (centers of the output link),
first when one generalized coordinate S only changes, then, respectively, when two S and ¢,
and three S, ¢> and ¢, of generalized coordinates. In the first case, the set of possible positions
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of points is a segment, in the second case there is a sector bounded by two straight line
segments and two arcs of circles, and in the third case - a region bounded by surfaces (see
Figure 2 and Figure 3). Students build these geometric objects. To do this, they change a
single generalized coordinate. Thus, the trajectories d, &, d’, ¢ etc. of some reference points
C, C , c’ , D, D etc. that determine the boundaries of the working zone are investigated.

Initial data conditions: From the given limit values of the generalized coordinates of
the spatial mechanism of the manipulator, construct a working zone. Determine the belonging
of points M and N of the constructed work area.

Ve

Figure 1: The initial data of the problem, which determine the structure of the kinematic chain of the manipulator
mechanism

When constructing the trajectories of the motion of segments and arcs of circles, when
the generalized coordinate ¢, is changed, students construct a surface of revolution that limits
the working area. Fragments of these surfaces are shown in Figure 4. As can be seen from
Figures 3 and 4, the working area bounds the fragments of the two surfaces of the cones of
rotations /7 and I , two surfaces of the torus and two planes.

Table 1: Specifying geometric parameters characterizing the manipulator mechanism

G H

X y b x |y z

1 45°150 |30 |30 | 60| 30° | -45° | 45°|100| -50 | 100 | 120 | 45 | 115
It should be noted that when performing the task, the methods of descriptive geometry
are used, related to the mapping of geometric objects on the planes of projections, the study of
the trajectories of the movements of points, the determination of surfaces and the
determination of the belonging of points to surfaces and given regions. Students build
horizontally projecting straight lines and determine their intersection points with the boundary
surfaces to determine the belonging of the points G and H to the working zone. On the basis
of the study of the mutual position of the horizontally competing points (G ’, G ?) and (H,
H”) constructed, it becomes clear that the points G and H belong to the working zone. Since
the point G is located between the points (G ’, G ), then this point belongs to the working
zone. Accordingly, the point H is not located between the points (H, H”) and therefore this
point does not belong to the working zone.

Variant | a | /, | /o] /7| S | @™ | @™ | o
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Figure 2: The stages of accomplishing an individual problem: a) determination of the positions of the capture
center for ¢, =0, p, =0, S — var (variable); b) determination of the positions of the capture center for ¢; =0, ¢, =

var, S — var

Figure 3: Construction of the manipulator working area that determines the set of positions of the capture center

for ¢, = var; p,=var, S —var
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Figure 4: Some fragments of surfaces that limit the working area: a) conical surface I"’; b) conical surface I7; c)

torus surface 4
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6 Research Methods
The basic stages of creating a 3D-model of the working zone in the system "KOMPAS" for
setting the angle ¢, =+45° are shown in Figure 5.
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Figure 5: The construction of the region that determines the possible positions of the capture center: a) the

construction of auxiliary lines in the plane Oxz; b) the construction of a closed contour with ¢, = 0, ¢, = var, S —
var; c) setting the axis of rotation when turning a flat contour; d) the result of the "Element of rotation"
command; e) an associative drawing based on the 3D-model

Observing the work of students on the performance of this task and the survey
conducted lead to the conclusion that the previously studied theoretical provisions on abstract
points, lines and planes become clear and logical for students and they begin to feel the
importance and necessity of this discipline in their future engineering activities.

Conclusions

This assignment allows students to motivate students to study the discipline "Engineering and
Computer Graphics", which includes the basics of descriptive geometry, as it demonstrates
the possibility of applying the theoretical foundations of geometrical constructions to real
examples in calculating the possible trajectory of the robot's movement with the aim of
adjusting its software equipment . The introduction of not only gaming technologies into the
learning process, but also the orientation of works and assignments for interdisciplinary
communication allows not only to realize the theoretical positions of such a complex and
multifaceted discipline as descriptive geometry [20, 21, 22, 23], but also to prepare a
competent specialist in comfortable for the student conditions.
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ROBOTYKA JAKO MOTYWACJA DO NAUKI GEOMETRII
I GRAFIKI INZYNIERSKIE]

Robotyka przenikneta niemal wszystkie sfery ludzkiej dziatalnosci. Dlatego podstawy robotyki
pojawiaja si¢ juz w realizacji programéw w szkole podstawowej. Pozwala to dzieciom
w wieku szkolnym, a pdézniej miodziezy, na kazdym etapie ich rozwoju na rozmyslne
rozwijanie si¢ i upewnienie si¢ co do wilasciwego wyboru przysztego zawodu. Zadaniem
szkolnictwa wyzszego jest utrzymanie relacji stworzonej migdzy szkota a potrzebami produkcji
przemystowej, poprzez wypelnienie kroku posredniego treSciami programowymi. W artykule
pokazano mozliwos¢ zwigkszenia motywacji studentéw do studiowania poprzez wprowadzanie
nowych form i metod nauczania studentéw uczelni technicznych. W tym celu przedstawiono
przyktad wykorzystania specjalnych zadan praktycznych zwiazanych z przysztymi dziataniami
inzynierskimi. Wyniki przeprowadzonego eksperymentu polegajace na wprowadzeniu zadan
zwiazanych z przyszla specjalizacja dowodza nie tylko wzrostu zainteresowania przedmiotem
"Inzynieria i Grafika Komputerowa", ale takze wskazuja na mozliwo$¢ stworzenia jednolitego
$rodowiska dla budowania wiedzy i umiejgtnosci w procesie ,,end-to-end learning”.
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