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POINTS ON THE SPHERE SURFACE

Purpose. The extensive use of the computer-aided design system (CAD) in education and industry puts forward
new demands on the scope, content and quality of up-to-date descriptive geometry course. The purpose of the work
is topicality analysis of traditional descriptive geometry methods for 3D modelling and development of methodolo-
gical recommendations for its teaching as a subject together with a selected CAD. Methodology. Conclusions about
effectiveness and expedience of application of descriptive geometry methods are drawn on the basis of tools analysis
and comparison of modern CADs and descriptive geometry for solving problems arising during 3D modelling. Ge-
neralization of teaching experience made it possible to give recommendations about optimization of the descriptive
geometry course taking into account present-day requirements to professional skills of an engineer.
Findings. CADs tools and descriptive geometry methods are compared by way of specific example to give the an-
swer what is more suitable for solving problems arising during 3D modelling. Originality. We presented the me-
thodological recommendations about optimization of descriptive geometry teaching together with a selected CAD.
We proposed the conception of a modern textbook on descriptive geometry. First of all, the textbook must describe
algorithms for solving problems by means of standard CAD tools exactly in 3D, not on the plane. It is desirable to
accompany these algorithms by pictorial images in order to have an opportunity to grasp an idea quickly and imple-
ment it through methods of direct modeling in CAD application. We also touched practical problems of students’
motivation to ensure high effectiveness of graphical education. Practical value. This paper may be useful mainly
for educators in the field of engineering graphics because it raises a vital question ‘Descriptive Geometry versus
CAD’ which now has no definite answer. Topicality and teaching approaches of different solution methods of spa-
tial problems by means of projections is subject of a dispute, taking into account that CAD tools are continuously
updated. This paper by way of specific example shows some advantages and limitations of descriptive geometry and
CAD, as well as touches the issues of their efficient joint application for teaching.

Keywords: descriptive geometry; CAD; sphere; teaching methods; motivation

Introduction

The surface of a sphere is considered definite,
if the position of its centre and the radius are
known. The sphere is the surface of revolution.
The sphere is also the surface of a full sphere. In
computer-aided  design  systems, a three-
dimensional model of a sphere can be constructed
by rotating a semicircle around its diameter, i.e. by
kinematic way of surface formation. In AutoCAD
for construction, there is also a separate command
[9], the initial data for which are the coordinates of
the centre point of the sphere and the size of its
radius — the analytical method.

Purpose

In some cases, there is a need to fit a sphere in-
to the already existing geometry, i.e. to construct
the sphere surface when the position of several
points on its surface is known, while the centre and
radius are unknown. As it is known, for the unam-
biguous definition of a sphere it is necessary to
know the coordinates of at least four noncoplanar
points lying on its surface. 3D modelling programs
do not have built-in tools for such constructions,
and textbooks on descriptive geometry (DG) de-
scribe only the kinematic and analytical way of
determining the surface. The graphical specifica-
tion of a second-order surface by points is not
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a typical way of determining a surface, although it
can occur when solving practical problems.

Methodology

As sphere is the geometric locus of points in
space equidistant from a point called the sphere cen-
tre, then the solution of this problem consists in
finding a point equidistant from the four given

02

values [2]. Thus, with 3D modelling, we come
across a separate class of problems, when it is
necessary to go from one set of input data (4 points
on the sphere surface) to the other (sphere centre
and radius). Such problems can be successfully
solved by DG methods, and the construction
algorithms are wused in computer simulation.

Fig. 1. Construction of sphere centre by 4 points (four replacements of projection planes)

Fig. 1 shows one of the possible graphical
solutions of this problem using DG methods. There
are given four points A, B, C, D in two projections.
The found points O, and O, are the desired
projections of the sphere centre. As you know, you
can draw a circle through any three given points.

This circle can be regarded as a parallel of the
desired sphere. Then the sphere centre will lie on the
perpendicular reconstructed from the centre of the
parallel. It is necessary to build two different paral-
lels at given points and restore perpendiculars from
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their centres. The intersection point of the perpen-
diculars will be the sphere centre.

On the plane, by using a double replacement of
the projection planes, we found the natural value of
each of the two planes formed by the given points.
Then we constructed the sphere parallels, perpen-
diculars from their centres, and found the intersec-
tion point of these perpendiculars. From the point of
view of DG, this method of solving the problem on
the plane is not optimal, because there is another

0.

o}

A, D,

one, which requires fewer graphic. However, this is
a simple and understandable way to solve the
problem straight forward.

Figures 2 and 3 show the second way of finding
the desired sphere centre. We take any three points
for belonging to a common parallel and find its
centre. Using the fourth point, we construct another
parallel and find the sphere centre. Since any
of the given points can be taken as the fourth one,
there are four possible solutions.

Fig. 2. Construction of sphere centre by 4 points (double replacement of projection planes)

To solve the problem, it is also necessary to re-
place the projection planes twice. We turn the points
C, B and D into a plane, passing through them the
intersecting lines CD and the horizontal h. We find
the natural value of this plane and construct a circle
around the three points C, B, D — projection of the
parallel ms. Through the fourth point A, the projec-
tion of the second parallel ks is constructed. On
plane Ps both parallels are projected in the form of
concentric circles, and on P, in the form of parallel
segments of straight lines. The extreme points of the

projections of parallels 2 and 3 define a circle whose
centre coincides with the sphere centre. Points 2 and
3 must be joined by a straight line segment. From
the middle of this segment, we restore the perpen-
dicular, which will pass through the sphere centre.

Some 3D modelling programs allow imposing
parametric constraints and restrictions on geometric
objects. With the help of such tools it is possible to
simplify the solution of problems and in general to
avoid additional constructions [12].
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For example, in SolidWorks, to find the sphere
centre in a three-dimensional sketch, you can select
an arbitrary point and connect it to four specified
points with straight line segments. Then you need to
select all the lines and define the geometric
«equality» relationship between them (Figure 4).

The program will automatically —move

an arbitrarily chosen point to such a position that
all segments become the same length, i.e. it will
find the sphere centre — a point equidistant
from the four given values.

Fig. 3. Construction of sphere centre by 4 points (double replacement of projection planes), visual image

Next, we need to construct a plane through the
centre and any two points, construct a semicircle in
this plane and obtain the sphere by the rotation
method.

This method cannot be used in AutoCAD and
KOMPAS-3D. In KOMPAS-3D, parametric
constraints can only be imposed on flat objects
in a sketch, and in AutoCAD such geometric
dependencies cannot be applied to objects lying in
different planes.

Findings

Despite the fact that modern CAD systems are
quite a powerful tool, they are not perfect, i.e. do
not have tools «for all occasions». Moreover, the
effectiveness of their use directly depends on the
user's skills, including his geometrical-graphic
training. The study of descriptive geometry is one
of the most important stages of such training.

In addition to its main purpose of developing
spatial thinking, descriptive geometry studies
methods of solving the applied tasks. Many of
these tasks can be solved by CAD, but one of the
areas remaining relevant in DG so far is the
solution of tasks that require a transition from one
set of initial geometric data to another set of such
data needed for modelling [17].

Originality and practical value

The extensive use of CAD in education and
industry also puts forward new demands on the
scope, content and quality of up-to-date descriptive
geometry course. [1, 3, 4-8, 10, 13-16]. Now the
user has the ability to solve spatial geometric prob-
lems in the virtual three-dimensional space of the
program, which makes it possible to avoid cumber-
some construction on the projection planes. There-
fore, the ideal DG textbook should first of all give
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algorithms for task solving using the typical CAD
tools exactly in 3D, and not on a plane. It is
desirable to accompany these algorithms by
pictorial images in order to have an opportunity to
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grasp an idea quickly and implement it in 3D.
Complex constructions on the plane go to the
background.
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Fig. 4. Specifying the geometric «equality» relationship for straight line segments in SolidWorks

Conclusions

The solution of the problem in the three-
dimensional space of the program is a natural
process for a man. DG methods for solving spatial
problems on a plane were developed when there
was simply no other way to obtain a result. These
methods are beautiful and elegant and often startle
the imagination, but are they needed now, when
the result can be achieved by pressing just a few
buttons? Of course, we cannot and should not
completely abandon the methods of classical DG:
there are situations when they are still necessary.
But the number of such tasks is getting smaller
every year. Modern DG course should, first of all,
include algorithms based on methods of direct
modelling in 3D space, avoiding projection trans-
formations.

As it is known, DG is considered by most
students as a complex subject, for the study of
which one needs certain motivation. Many students
having acquainted with 3D modelling programs do

not understand what the meaning of studying DG
is, «if everything can be built on a computer».
Therefore, methodically it makes sense to divide
a joint study of DG and engineering computer
graphics into two stages.

The first stage: study of the basic capabilities of
CAD. At this stage the proposed tasks do not
require involvement of DG and are designed to
teach a user to apply the main CAD tools. The task
of this stage is to give the student a powerful tool
and to teach him how to use it. The user should
receive positive emotions from the fact that he can
build 3D models and receive drawings using com-
puter programs. It is very important that at this
stage the student learns to achieve a positive result
on his own.

The second stage: the tasks proposed for
modelling to the student should require additional
constructions, involvement of DG or analytical
geometry. For example, such tasks may require
a transition from a geometry task with one set of
input data to another set that can be implemented

doi 10.15802/stp2017/117973

O. S. Danylova, A. S. Shcherbak, A. V. Krasniuk, 2017

97



ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Hayxka ta nporpec Tpascnopty. Bicaux /IHinponeTpoBchkoro

HAL[IOHAJILHOTO YHIBEPCUTETY 3alli3HHYHOr0 TpaHcnopty, 2017, Ne 6 (72)

TPAHCIIOPTHE BYJIBHUIITBO

in the relevant CAD. The tasks should contain
some of the tasks of DG, which is skillfully woven
into the existing geometry. Herewith by the total
volume of work and visually the models at this
stage can be simpler than the previous ones.
A situation is created when a user who knows how
to use CAD cannot build a «simpler geometry»
[11]. It is necessary to draw from the user an emo-
tional state of excitement, which is characterized
by a very strong interest in what is happening and

a persistent desire to continue. It is very important
to give the student time to think independently
before explaining the solution. Perhaps this is the
most important point of learning. It makes sense to
give clues that will indicate the desired direction of
the solution search. The task of the teacher is to
show the student DG place and possibilities for
solving the problems that arise during 3D
modelling.
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TOYKHU HA ITOBEPXHI COEPU

Merta. Illupoxe 3acTocyBaHHs CHCTEMH aBTOMaTH30BaHoro npoektyBaHHs (CAIIP) B HaBuansHOMY mporieci Ta
Ha BUPOOHUIITBI BUCYBa€ HOBI BUMOTH 10 00’€My, 3MICTy i SKOCTI BUKJIaJJaHHS Cy4acHOTO Kypcy HapHUCHOI reoMeT-
pii. MeToio poboTH € aHaJi3 aKTyaJIbHOCTI METOJIIB KJIACHYHOI HAPHUCHOI TeOMeTpii Ul 3a/1ad4 FeOMETPUIHOTO MO-
JICITIOBaHHS Ta pO3pO0Ka METOJMYHHUX PEKOMEHAALH 11 BUKIaJaHHS SK HaBYAIBHOI AUCIUIUIIHY CIIIJIBHO 3 00paHOI0
CAIIP. Meroauka. BucHOBKH TIpo e(pEeKTHBHICTH Ta MOIUIBHICTH BHKOPHCTAHHS METOJIB HAapHCHOI reoMeTpil
3po0JieHi Ha OCHOBI aHANI3Yy W MOPIBHIHHSA MOKIHBOCTeH cydacHuX CAIIP Ta HapuCHOI reoMeTpii Ay BUPIMICHHS
IIUTaHb, SKi BUHUKAIOTh Y IPOLECI TPUBUMIPHOTO MOJICIIOBaHHS. ¥Y3araJlbHEHHS AOCBIAYy BUKJIAJAHHA rpadiuHuX
JUCLUITIIH TO3BOJIMIIO JaTH PEKOMEH/AIII] 1010 ONTHMI3alil BUKIAaAaHHS Kypcy HapHUCHOI TeoMeTpil 3 ypaxyBaH-
HSIM CyYacHHX BHUMOT JI0 KBastidikauii imkeHepa. PesynbTaTn. Ha KOHKpeTHOMY NpHKIIaAi NPOBEICHO MOPIBHIHHS
moxBocteil CAIIP Ta MeToziB HapuCHOT reoMeTpii Il BUPILIEHHs MPo0JeM, sIKi BAHUKAIOTh [IPU T€OMETPUYHO-
My MmojentoBanHi. Haykosa HoBu3Ha. Hanani MeToanyHi peKOMEHIAINT BiTHOCHO OpraHi3allil Ta onTuMi3amii BU-
KJIaJlaHHS KypCy HApHUCHOI reoMeTpii cribHO 3 00panoro CAIIP. 3ampornoHoBaHa KOHIICIIISI CY4acHOTO Mi{pyYHHU-
Ka 3 HApMCHOI reoMeTpil, SKHUH, IIepLI 3a BCe, MOBUHEH J[aBaTH arOPUTMH JJIsl BUPILICHHS 3a/1a4 TUIIOBUMH 1HCTPY-
MenTtamu CATIIP came B 3D, a He Ha mromuHi. baxkaHo, 1100 I1i aNTOPUTMHU CYIIPOBOIKYBAJICS HAOYHUMH 300pa-
KEHHSMH, sKi O [O3BOJSUIM MIBHAKO BJIOBHTH il€I0 Ta peanidyBaTu il METOJaMM IIPSIMOTO MOJCTIOBAHHS
Y CepeloBHILI NPOrpaMH TPHUBUMIPHOTO MOJENIOBAaHHS. PO3IIISIHYTI MPAaKTUYHI MUTaHHS MOTHBAI CTYJCHTIB IIpH
BUBYCHHI HapucHOi reomerpii. IlpakTuyna 3HauyumicTh. [/lana poOora, Hacammepen, Oynae IikaBa BHKJIaJadaM
rpadiyHAX TUCLUILIIH, TaK SIK MOPYIIYE aKTyaJbHE MUTAHHS «HapucHa reomerpis npotu CAIIPy, Ha sxe 3apa3 He-
Ma€ OJHO3HAYHOI BIAMOBiMi. AKTYalbHICTh Ta CHOCIO BHKIAJaHHSI TUX a00 IHITUX METOMIB BHPIMICHHS MPOCTOPO-
BUX 3a/1a4 32 JIONIOMOTOI0 ITPOEKIii Ha IUIOMIMHI, IPH MOCTIHHO 3POCTAIOYUX MOXIJIMBOCTSX mpsMoro 3D Monento-
BauHs 3acobamu CAIIP, € mpeamerom 0OroBopeHHs Ta cymnepeuok. JJaHa pobora Ha TMPUKIALi JEMOHCTPY€E MOXKIIHU-
BOCTI it 0OMexxeHHs1 HapucHOi reometpii Ta CAIIP, a Takoxk TopKaeTbcs MUTaHb €)EKTHUBHOCTI IX CHIJIBHOTO BUKJIA-
JIaHHSI.

Knrouosi cnosa: napucha reomerpisi; CAIIP; cdepa; meToarka BUKIIaJaHHs; MOTHBALIIS

0. C. JAHUJIOBAY, A. C. IIIEPBAK?, A. B. KPACHIOK®

YKad. «paduxay, [HeNponeTpoBCKHil HAMOHANBHBIA YHUBEPCUTET KEIe3HOAOPOKHOTO TPAHCIOPTA HMEHH aKaJeMHKa
B. Jlazapsina, yi. Jlazapsiua, 2, Jluunpo, Ykpauna, 49010, ten. +38 (056) 373 15 59, sn. noura diit.geometry@gmail.com,

ORCID 0000-0003-1375-0575

Kad. «'pacuka», JIHEIPOIETPOBCKMH HALMOHAILHBIA YHUBEPCHTET JKEIe3HOI0POKHOTO TPAHCIIOPTA MMEHH aKaJeMHKa

B. Jlazapsina, yi. Jlazapsina, 2, J{uunpo, Ykpauna, 49010, ten. +38 (056) 373 15 59, an. oura pro-f@ukr.net,

ORCID 0000-0003-1340-0284

3Kacp. «['padukay, JIHEMPONIETPOBCKUIT HAIIMOHAIBHBINA YHUBEPCUTET YKEJIE3HOIOPOKHOTO TPAHCIIOPTA NMEHH aKaJIeMHUKa

B. Jlazapsina, yi. Jlazapsiua, 2, [launpo, Ykpauna, 49010, ten. +38 (056) 373 15 59, sn. moura diit.geometry@gmail.com,

ORCID 0000-0002-1400-9992

TOUYKHU HA IOBEPXHOCTH COEPHI

Heas. Illupokoe ucnonb30BaHne CUCTEMBl aBTOMaTH3HpoBaHHOTO npoektupoBanus (CAIIP) B yueOGHOM mpo-
Liecce M Ha IPOM3BOJICTBE BBIJBUIacT HOBBIE TPeOOBaHMS K 00bEMY, COJCP)KAHHUIO M KayecTBY IPEIOIaBaHus CO-
BPEMEHHOI'0 Kypca HayepTaTesbHOi reoMmeTpun. Llenbro paboThl sSBIIsSETCS aHAIN3 aKTYaJIbHOCTH METO/I0B KJIacCH-
YeCKOH Ha4yepTaTeIbHOM TeOMEeTpHH i 3a/1a4 TeOMETPHYECKOTO0 MOJSIHPOBAHHUS W Pa3paboTKa METOIUYECKUX
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TPAHCIIOPTHE BYJIBHUIITBO

pexoMeHaanuii e€ mpenogaBaHus Kak yaeOHOH JUCIUIUIMHEI coBMecTHO ¢ BeIOpanHOi CAIIP. Mertoauka. BriBos
00 3¢ deKkTHBHOCTH M Lieneco00pa3HOCTH MPUMEHEHUsI METOJI0B HadepTaTeIbHOW reOMETPUH CJeNIaHbl Ha OCHOBE
aHalu3a, cpaBHEHUs Bo3MoxkHocTell coBpeMeHHbIX CAIIP u HauepraTenbHON reoMeTpUH sl PelIeHHs BONIPOCOB,
BO3HMKAIOIIUX B MpoLecce TPEXMEPHOro MojenupoBanus. O000IeHNE ONIBITa IPENoaBaHusl TPAQUIECKUX TUCIIH-
IUTMH HO3BOJIMJIO AaTh PEKOMEHJAIMM MO ONTHMHU3ALUU NPENoAaBaHus Kypca HauepTaTeIbHOW FeOMETPHH C yue-
TOM COBPEMEHHBIX TpeOOBaHMI K KBaIM(pHKAUK HHXeHepa. Pe3yabraTsl. Ha KOHKpeTHOM IpuMepe MpoBeleHO
cpaBHeHnue Bo3moxkHocTeld CAIIP u MeTo/10B HauepTaTeNbHOM reOMETPUH JUIsl PEIICHHsT Mpo0ieM, BOSHUKAIOIINX
IIpU reoMeTpudeckoM MoaenupoBannu. HayuHasi HoBu3HA. J[aHBI METOAMYECKHE PEKOMEHIALNHN OTHOCHTEIHHO
OpTraHM3aIlMH W ONTHMHU3AINH MPEToIaBaHIsl Kypca HadepTaTeIbHON reoMeTpin coBMecTHO ¢ BbiOpanHoU CAIIP.
ITpennorkeHa KOHIENINA COBPEMEHHOTO Y4eOHHKA 110 HAauepTaTeIbHOI TeOMETPHH, KOTOPBIH, MPEXIE BCETO, I0JI-
JKCH JJaBaTh aTOPUTMBI JUTS pemIeHns 3aaa4u TunoBbeiMu nHCTpyMeHTaMu CATIP mmenHo B 3D, a He Ha TIOCKOCTH.
XenarenpHo, 9TOOBI 3TH AITOPUTMBI CONMPOBOXKIAINCH HATISAAHBIMH H300paKCHUSIMHM, MO3BOJLIIOIIMMHU OBICTPO
YIJIOBUTH HJICI0 U PEANIN30BaATh €€ METOJAaMHM MPSIMOTO MOJEIMPOBAHNSA B CPEZE MPOTPaMMBI TPEXMEPHOTO MOIEITH-
poBaHus. 3aTPOHYTHI MPaKTHUECKUE BOMPOCH! MOTUBAIMU CTYACHTOB MPH U3YYEHUU HauepTaTeIbHON reOMeTpHU.
IIpakTuyeckas 3HayuMocTh. [lanHas paboTa, mpexe Bcero, OyJeT MHTEpECHa NperoaaBaressiM rpaduuecKux
JUCHHIUIMH, T. K. TOJHUMAET aKTyaJbHBIN BOIPOC «HauepTaTenbHas reomerpus npotuB CAIIP», Ha KOTOpBI ceil-
Yyac HCT OJHO3HAYHOI'O OTBCTA. AKTyaHLHOCTL U Ccroco0d npenoaaBaHusd TE€X WM WHBIX MCTOJOB PCIICHUA IIPO-
CTpaHCTBCHHBIX 3a/la4 C IMMOMOIIBIO HpOGKHI/Iﬁ Ha IUIOCKOCTH, IPU IMOCTOAHHO PACTYIIUX BO3MOXKHOCTAX MNPSAMOI0
3D mopemupoBanus cpeacrsamu CAIIP, sBisercs npeaMeroM oOcyKaeHUS U criopoB. JlaHHas paboTa Ha mpuMepe
MOKa3bIBaeT BO3MOKHOCTH M OTpaHUUYCHMS HaueprarenbHoi reomerpun U CAIIP, a Takxe kacaeTcs BOIPOCOB 3¢-
(hEeKTHBHOCTH MIX COBMECTHOT'O IIPETIOIaBaHusI.
Kniouesvie cnosa: naueprarensuas reomerpust; CAIIP; cdepa; MmeToauka npemnosaBaHus; MOTHBALINS
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