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When drawing up technical drawings, it is sometimes
necessary to have visual representations along with
images of objects in the orthogonal projection system.
For such images, the method of axonometric projection
is used (axonometry is a Greek word, literally translated
as measurement along the axes;, axon means axis,
metreo means measuring). The essence of the
axonometric projection method: an object, together with
the axes of rectangular coordinates to which it is
assigned in space, is projected onto a certain plane so
that none of its coordinate axes is projected onto it at a
point. In this case, the object itself is projected onto this
projection plane in three dimensions. In this case, the
dimensions of the object in axonometric projections
along all three axes are distorted. The change in linear
dimensions along the axes is characterized by the
distortion indices (coefficients) along the axes. The
distortion index is the ratio of the length of a segment
on the axonometric axis to the length of the same
segment on the corresponding axis of the rectangular
coordinate system in space. The purpose of this paper is
to construct an axonometric projection of a circle
located in the plane of general position using classical
methods of descriptive geometry - methods of
transforming a complex drawing. Axonometry stands
alone in descriptive geometry, which is due to the
theoretical multitude of approaches in which the
coordinate system is a model of geometric space.
Certain difficulties in mastering axonometry are related
not only to this but also to its insufficient
methodological support. Thus, in the definition of
axonometric projection, the standards do not contain
key phrases about the orientation of the object and the
associated coordinate system relative to the projection
direction, which should not be parallel to any
coordinate axis. There is no clarity about axonometric
planes, their location relative to the main planes in
rectangular projection. The article describes a method
for constructing an axonometric projection of a circle
located in the plane of general position relative to the

planes formed by axonometric axes. An example of
constructing an ellipse - a projection of a circle for a
projecting plane - is given, which can be extended to the
conditions of the plane of general position without
fundamental changes. The proposed article can be
recommended for students who study descriptive
geometry and engineering graphics courses in depth,
and can also be useful for young teachers as a
supportive material in working with students.

Keywords: circle, axonometric projection, ellipse, plane
of general position, orthogonal coordinate system, axis.

Introduction. Drawings in the rectangular
projection system are easy to create and easy to
determine the dimensions of objects, but they have
a significant drawback: lack of clarity. To make it
easier to read a complex drawing and more fully
identify the shape of an object, it is often
supplemented with an axonometric image.
Attention to the theory of axonometric projections
is explained by its simplicity and accuracy, because
it is easy to determine the true width, height, and
depth of the depicted object from an axonometric
image.

The essence of the parallel axonometric
projection method is that the object is referred to a
certain coordinate system and then projected by
parallel rays onto the plane along with the
coordinate system. The main purpose of using
axonometric projections is to build an image that is
closer to the way the eye perceives than a drawing
in orthogonal projections.

Axonometric projections are widely used in
various fields of technology for visual
representations, they are a complement and
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explanation to orthogonal projections, so mastering
the techniques of constructing axonometric
projections is important for further practical work.
Axonometry makes it easier to visualize a pattern,
its parts, and their relationships. When constructing
axonometry, a part with a coordinate system
attached to it is projected in a special way onto the
plane of the drawing, and there is a strict
unambiguous relationship between the orthogonal
drawing and the axonometric image.

Presentation of the main material.

In practice, you often have to build
axonometric projections of circles whose planes
are parallel to any coordinate plane. In the
rectangular isometric and dimetric projections, a
circle is projected into an ellipse, so it is important
to know how their axes pass.

To get a visual representation of the axes, let's
write the circles into the faces of the cube, i.e.
squares. The circles will touch the edges of the
cube in their centers. In Figure 1, you can see that
the points of contact of the ellipses into which the
circles are transformed are also in the middle of the
sides of the rhombuses into which the squares were
projected. In addition to these points of contact, it
is important to have four more points belonging to
the ends of the major and minor axes of the ellipse
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Fig. 1. Axonometric projection of a cube with ellipses
inscribed in its faces

In rectangular isometric and dimetric
projections, the major axis of the ellipse in any
face of the cube is located along the major
diagonal of the rhombus, and the minor axis is
located along the minor diagonal.

Theoretically, the issue of constructing an
axonometric projection of a circle is discussed in
full in the educational literature [1, 2, 3, 4, 5].

This paper presents practical methods for
constructing axonometric projections of circles
located in planes of general position.

In general, a circle is projected onto the
axonometric plane into an ellipse whose major axis
is the projection of the diameter parallel to the
axonometric plane.

The axonometry of any circle can be
performed as an ellipse drawn through several
axonometric projections of points of a given circle,
each of which is found along the coordinate line
corresponding to that point. The use of this
universal method is limited by the large volume of
constructions and very low final similarity.

If a circle is parallel to the axonometric plane,
then its axonometric projection is a congruent
circle. This special case is used in oblique dimetric
axonometry, in which one of the planes of the
orthogonal coordinate system is parallel to the
axonometric plane.

If the plane passing through the circle is
perpendicular to the axonometric plane, then the
projection of the circle is a line segment equal to
the diameter. Such cases should be avoided, as it
reduces the clarity of the image [6].

The construction of axonometric projections
of circles located in the planes of an orthogonal
coordinate system or in planes parallel to them, for
rectangular and oblique axonometric projections, is
given in the standards.

For a circle placed in the plane of general
position [1], the construction of an ellipse begin by
determining the direction of the minor axis, which
coincides with the projection of the perpendicular
to the plane of the circle onto the axonometric
plane. The perpendicular passes through the center
of the circle.

The length of the minor axis is obtained as the
projection of the radius extending from the center
of the circle along the same perpendicular.

The major axis of the ellipse is perpendicular
to the minor axis and equal to the diameter of the
circle. Consider another way to construct the
axonometric projection of a circle when it is
located in a plane that is not parallel to the planes
of the orthogonal coordinate system.

We will build the axonometry of a circle by
first inscribing it in a square. An example of the
construction is shown in Figures 2, 3 for the
conditions of a rectangular isometric projection
(the projection direction is perpendicular to the
axonometric plane and the distortion coefficients
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along the X, Y, Z axes are equal to each other and
equal to one).
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Fig. 2. Construction of axonometry of a circle
lying in a plane not parallel to the planes of the
orthogonal coordinate system (original complex
drawing)

Superimpose the axes of the orthogonal
coordinate system on the projection axes of the
complex drawing, and place the circle n in the
frontal projection plane.

Fig. 3. Construction of the axonometry of a circle lying
in a plane that is not parallel to the planes of the
orthogonal coordinate system (axonometric)

Around the circle we describe the 1-2-3-4
square (Fig. 2). The constructions in Fig. 3 are
based on the initial data of Fig.2. The axonometric
projection of the square is the parallelogram 1,-2;-
3,-4, (Fig. 3). The image of the parallelogram is

made due to the equality of coordinates for the
points of the complex drawing and their
axonometry (k.=k,=k,=1). Dividing the sides of
the parallelogram in half, we get four points of the
ellipse. As a first approximation, the ellipse can be
drawn through these points, as well as under the
condition of touching the sides of the
parallelogram at these points and the known form
of this second-order curve.

To construct intermediate points, a scheme
can be used (Fig. 4), when the conjugate diameters
are taken as the initial data. When projecting a
circle into an ellipse (when the circle is
compressed), two perpendicular diameters are
mapped into two ellipse diameters, which are
called conjugate diameters.

Fig. 4. Construction of an ellipse by given
connected diameters

The half-sides of the parallelogram 2,A;; A1,
are divided into equal segments by the points 1'; 2';
3", 1"; 2'; 3" in the specified sequence. Also, create
equal segments E;3"; 3"2"™; 2"1"; 1"D, on the
half of the connected diameter. The points of the
ellipse are located at the intersection of the rays
coming from B;; D; and passing through the
dividing points with the same numbers, as shown
in Fig. 4.

In axonometric projections, when construct-
ing an ellipse manually, the pattern curve is re-
placed by a four-center oval consisting of four con-
secutive arcs of circles.

For our case, the direction and lengths of the
major and minor axes of the ellipse are determined
using the known axonometric projections of the
connected diameters A;C; and B;D; [4]. These da-
ta are the initial data and are sufficient to construct
the ellipse.

For circles located in the planes of general
position with respect to the planes defined by axo-
nometric axes, without any significant changes, we
apply the above method of constructing axonomet-
ric projections of a circle.
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Next, let's look at the method of constructing
an ellipse - an axonometric projection of a circle at
eight points. This method is advisable to use when
the diameter of the circle is less than 15-20 mm.

In a complex drawing book, we enclose the
circle in a square (Fig. 1) and build its axonometric
projection - a thombus or parallelogram (Fig. 5).

Fig. 5. Construction of an ellipse by eight points

At the intersection of the diagonals we find
the center of the ellipse and through this point we
draw lines parallel to the sides of the quadrilateral,
on which the points of the ellipse A;B;C,D; are
located.

Any half of the side of the quadrilateral is the
hypotenuse of the right isosceles triangle KMN.
The triangle's catenary KM is placed as shown in
Fig. 3 on the side of the quadrilateral.

From the resulting notches, we draw lines
parallel to A;C; and at the intersection with the
diagonals we find four more points of the ellipse
EF1G1H,. Through these points, additionally using
the conditions of contact, we draw the ellipse by
hand. Additional tangents passing through the
points E;, Fi, Gy, H, are parallel to the diagonals.
An ellipse is a smooth monotonous curve (no
breakpoints or jumps in the radius of curvature)
with a center of symmetry and two axes of
symmetry. The legitimacy of such constructions
can be proved under the conditions of parallel
design. [5].

If a given part has four or more identical
small-diameter circles, it is justified to make a
template, which is then fixed in the right places on
the drawing with two pins and traced. Cardboard is
suitable as a template material.

For rectangular isometric projection when
making small ellipses, it is allowed to use ready-
made industrial stencils with ellipse-shaped holes

Conclusions. The proposed method of
constructing an axonometric projection of a circle
belonging to the plane of general position is simple

and versatile. It does not require knowledge of
additional specific techniques, provides the
necessary accuracy, and in all cases, it is possible
to replace the ellipse with a four-centered oval.
Such an approach to solving this problem can be
recommended for students who study descriptive
geometry and engineering graphics courses in
depth, and can also be useful for young teachers as
a support material in working with students.
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Kapniok JI. B., laBinenko H. O., I'e3eBi A0-
paaxajaex I'oma Axmen. AKCOHOMETPHUYHI MepeTBO-
PEeHHSI KOMILJIEKCHOT0 KpecJeHnKa

Tlpu cxnadanni mexnHiyHux Kpecienukie iHoot 6u-
HUKAE HeoOXIOHICmb Nopsio i3 300paANCEHHAMU npeoMe-
mig y cucmemi Opmo2oOHAAbHUX NPOEKYItE MAMU HAOYHI
300padcenns. s makux 300padcenb 3acmoco8yroms
MemoOd AKCOHOMEMPUYHO20 NPOEKMYBAHHS (AKCOHOME-
mpisi - epeyvke Clo6o, ¥ OOCHIBHOMY HEPEKAAdi BOHO
03HAYAE BUMID NO OCAX, AKCOH - BiCb, MEMPEO - BUMI-
proro). Cymuicms mMemooy aKCOHOMEMPUUHO20 NPOEK-
MYBAHHA. NpeoOMem pPA3oM 3 OCAMU NPAMOKYMHUX KO-
opouHam, 00 SIKUX 6iH GIOHeCeHUll 8 NPOCMOpI, NPOEK-
MYEMbCSL HA O€sIKY NIOWUHY MAK, WO HCOOHA 3 1020
KOOPOUHATHUX OCell He NPOEKMYEMbCS HA Hel 8 MOUKY.
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Y maxomy pasi cam npeomem cnpoexmyemocs Ha yio
NIOWUHY RPOEKYIll ¥ mpvox eumipax. llpu yvomy pos-
Mipu npeomema 8 aKCOHOMEMPUYHUX NPOEKYIAX NO BCIX
MPbOX 0CAX CNOMBOPIOIOMbCA. 3MIHA IEHIIHUX PO3MIDIG
830082IC OCell XApaKmepu3yemvcsi NOKAHUKamu (Koe-
Giyienmamu) cnomeopenus 630060c oceul. Tlokaznuk
CNOMBOPEHHsL - Yye BIOHOUIeHHs Q08JICUHU BIOPI3KA HA
AKCOHOMEMPUYHIL OCE 00 00BIICUHU MAKO20 HC BIOPI3KA
Ha 6IONOBIOHIN OCI NPAMOKYMHOL cucmemu KOOpOuHam
6 npocmopi. Mema sic danoi pobomu — nobyodoea axco-
HOMEmpPUYHOI NPOEKYIL Kola, po3MAUlO8aHo020 8 NJo-
WUHI 3G2aTbHO20 NOJIONHCEHHS, BUKOPUCMOBYIOUU KIACU-
YHI Memoou HApUcHoi eeomempii — cnocoodvl nepemeso-
PEHH KOMNIIEKCHO20 KpecieHuKd. Akconomempia cmo-
imb oKpemo 8 HapucHil ceomempii, Wo NO8'A3aHO 3 Mme-
opemuuHo Oe3niuuio nioxodis, npu KL cucmema Ko-
OpouHam € MOOELII0 2eomMempuyHo2o npocmopy. Ileeni
MpYyoOHOWi Y 0CBOEHHI AKCOHOMEmMpIi N08'a3aHi He milb-
KU 3 yum, aue i 3 HeOOCmamHim ii MemoouyHum 3abes-
neyenusaM. Tax y GUHAYEHHI AKCOHOMEMPUYHOL NPOEK-
yii' 6 cmanoapmax nemac Kuovoeux (ppas npo opicuma-
yiro 00'exma ma nos'sa3anoi 3 HUM cucmemu KOOPOUHAm
wWoO00 HANPAMKY NPOEKMYBAHHSI, AKUL He NOGUHEeH Oymu
NapanenbHuM JHCOOHI KOOpOuHamuil oci. Biocymms
YImMKICMb WoO00 AKCOHOMEMPUYHUX WIOWUH, IX pOo3ma-
WLYBAHHSL GIOHOCHO OCHOBHUX MIAOWUH NPU RPSIMOKYM-
HOMY NPOEKMYBAHHI. Y cmammi euKkiadeHo cnocié no-
6y006U AKCOHOMEMPUYHOL NPOEKYIL KOA, PO3MAUL08a-
HO20 6 NIOWUHI 3A2ANbHO20 NONONCEHHS CMOCOBHO
NJIOWUH, YMEOPEHUX aKCOHOMempudHumu ocamu. Haee-

0eHO NpuKIa0 nobyoosu eninca — NPoeEKyii Kona 0as
HPOEKYIOIOUOT NIOWUHY, KOMPUll 6e3 RPUHYUROBUX 3MIH
Modice bymu nowupenuil i 018 ymo8 NIoWUHU 3A2ATbHO-
20 nonooicennsi. Ilpononosana cmamms mooguce Oymu
PEKOMEHO08AHA Ol CMYOeHmi6, SKI NO2IUONIEeHO 6U-
8UAIOMb KYPCU HAPUCHOI 2eomempii ma IHIICeHepHOL
epaghixu, a maxodic modnce OYmMu KOPUCHOIO Ol MOJIO-
Oux BUKIAOAYIE-NOYAMKIBYIE SIK OONOMINCHULL Mamepi-
an y pobomi 3i cmyOoeHmamu.

Knwouosi crosa: xono, akCOHOMEmMpuyHa NPoeK-
yis, eninc, NIOWUHA 3d2aNbHO20 NOJIONCEHHS, OpPMO2o-
HabHA cucmema KoopouHam, Gich.
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