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ABSTRACT: This article presents a novel application which has been developed in Visual LISP for an AutoCAD environment, and which
shows the generation of the cardioid curve intuitively and quickly in five different ways (using the conchoid of a circumference, pedal curve
of a circumference, inverse of a parabola, orthoptic curve of a circumference, and epicycloid of a circumference). This cyclic curve has a
large number of artistic and technical applications, among them the profile of some cams.
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RESUMEN: Este articulo presenta una novedosa aplicacion desarrollada en Visual LISP para el entorno AutoCAD, que presenta de forma
rapida e intuitiva la generacion de la cardiode de cinco formas diferentes, siendo dicha curva ciclica, la que presenta una amplia gama de

aplicaciones artisticas y técnicas, entre ellas, el perfil de algunas levas.
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1. INTRODUCTION

In recent years, many articles have highlighted the
importance of engineering graphics and the use of
educational software in the teaching of drawing
in engineering [1-3], but also virtual learning
environments (i.e., Moodle) and e-learning have played
a very important role in other subjects [4].

A study was carried out the result of which is a tool in the
AutoCAD environment which fulfils the proposed objectives
and improves the quality of the teaching-learning process.
These teaching objectives attempt to bring reality closer
to the students, to stimulate their interest in engineering,
to facilitate learning, and to improve the understanding of
concepts and explanations, as well as academic performance.
In addition, the software also allows the teacher to repeat
concepts and complement presentations. The software

chosen is AutoCAD, as it a program which is widely used
in educational establishments worldwide.

In this article, the authors attempt to examine one of the
most important technical curves in engineering which
is a key element in engineering design. The objective
is to link classical knowledge related to geometry and
algebra with CAD systems which are available to all
students today.

The cardioid is a curve which is traced by a point
P on a circumference which rolls around another
circumference of the same radius [5], that is, it is
the simplest epicycloid, and has a wide range of
applications, both artistic [6] and technical, including
the profile of some cams. It is therefore a cyclic curve
similar to others such as the cycloid, trochoid, involut
of the circle, spirals, or helices, among others, which
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have been studied from various perspectives.

Cams and eccentrics are mechanisms designed to transform
rotational movement into alternating or recurrent linear
or curvilinear movement following a given law. It is
possible to make a distinction between eccentrics and
cams, defining cams as small-dimension eccentrics. The
profiles or contact surfaces of these elements are cut from
generally cylindrical surfaces, and it is their form which
defines their movement, as the set of cams is formed by
linked circumference arcs and straight lines. This allows
for different types of movements to be produced.

2. MATERIALS AND METHODS
2.1 Software Revision

To perform the state of the art, we have searched for
applications related to this topic developed in a CAD
environment. We found applications for the design of holes
or dies using programming in Visual LISP [7,8] and only
one [9] more closely related to cams, where the authors use
AutoCAD software to generate a conical cam expansion
contour that meets the requirement of the law of motion.

However, we found no application developed ina CAD
environment which included all the possible cases of
cardioid generation. Thus this application presented
here is unique and innovative in the area of engineering
graphics, because of the breadth of the data presented.

2.2 Theoretical Basis

In order to develop the application in an AutoCAD
environment, and before doing programming in
Visual LISP, a knowledge of geometry and algebra is
necessary in order to define the elemental curves which
produce the cardioids. The generation of the cardioids
is shown by five elemental curves.

Case 1. Conchoid of a circumference

The cardioid is obtained by considering a circumference
of diameter d and defining one of the ends of the
diameter such as the pole of the cardioids. That is, it is
the locus of the points on the plane (P) which is found
by adding the diameter d to all the segments formed by
the points 4 on the circumference and pole O (Fig. 1).

From the variable point 4 on the circumference of
diameter d, d is added to obtain point P on the line OA.

Figure 1. Cardioid obtained from the conchoid of a
circumference

Its polar equation is:
a’:a+ﬂ’:dcosw+d:d(l+cosa)) (1)
Without losing its general nature, we can suppose that
d =1, that is, that the diameter of the circumference is
the unit of measurement on the axes, and therefore the
equation can be expressed:
p=1+cosw )
In Cartesian coordinates, this is:

2 2 X 2 2 2 2

X" +y —1+ﬁ:>x +y =X +y +x
AXT+Y

canceling square roots:
(x*+y*—x) =x"+y’ (3)
Case 2. Pedal curve of a circumference
From the end O of the diameter of a circumference,

lines are traced which are perpendicular to the tangents
of the circumference, the pedal curve obtained; that is,
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the locus of the angles P of these perpendicular lines is
a cardioid (Fig. 2).

Considering the circumference ¢ with a radius half of
that of the given circumference, we can see that APTC
is a rectangle, and so CT = AP =d , which reduces
the problem to the first case.

Figure 2. Cardioid obtained from the pedal curve of a
circumference

Case 3. Inverse of a parabola

If p= f(w) is the equation expressed in polar
coordinates of a curve, for any point on its inverse with
regard to O, we have:

2

f (o)

which is the polar equation of the inverse.

OP.OP = p.p'=K*> = p'= 4)

Defining the cardioid using Eq. (2), its inverse is
defined by:

1
p=—— 5)

1+ cosw

Transforming this into Cartesian coordinates:
1 lxz +y2
2 2 _ 2 2 _
X" +y = =4/x"+y R
1+ X+4x"+y
VX' +y?

Sy’ +y =l-x=>x+y? =1-2x+x’

Therefore:

y2 =1-2x (6)

This is a parabola with vertex at coordinates (y = 0,
x = 1/2) and therefore with a focus at coordinates (y
= 0, x = (), which is the cusp of the cardioid (Fig. 3).

V( 12)

Figure 3. Cardioid obtained from the inverse of a parabola

In other words, the inverse of the parabola with Vertex
V' (1/2,0) and focus F at (0,0), of which the inversion
centre is the focus of the parabola and the ratio of
inversion is the square of the focal distance, is a
cardioid whose cusp is the focus of the given parabola.

Case 4. Orthoptic curve of a circumference

If two orthogonal circumferences of the same radius
(although they may be different) which pass through
the origin O are considered, their equations are:
x4y -x-y=0 (7
x4+ —x+y=0 (8)

Let point P be the intersection of the two tangents of
the perpendicular circumferences (Fig. 4).
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Figure 4. Cardioid obtained from the orthoptic curve of a
circumference

In parametric coordinates, points 4 and B can be shown:

A(z \/_cosa ! + \/15 sena) 9)

B(l + ! seno,—— — ! cosa) (10)
2 V2 T2 2

Therefore, the equations of the tangent lines at these
points are:

Tangent line at A:

1 1
X——-——=cosa sen o
2 J‘ Y7y J‘
= (11)
sen o —cosa
Tangent line at B:
x—l—isena y+l+icosa
2 2 2 \2
= (12)
cosa sen o
That is:

IJ ( 1) 1
X——|COSOx + —— |Sena = —
( 2 Y75 2

1) ( 1) 1
X ——|Sena — + —|COSH¥ = —
( 2 ar N2

Solving the trigonometric values:

)
(:osa:zz—2 (13)
X" +y -
Ly
sena—\?— (14)
+y

Given that:
cos’a + sena =1
:>(x2+y2—x)zzx2+y2 (15)

In general, the orthoptic curve of any two circumferences is
a limagon (Fig. 5). As the two centres approach, the loop is
reduced and in orthogonal position the result is a cardioid. If
the centres are closer together, the result is a conchoid of a
the circumference, where there are no double points (d > a).

ZP(x,y)
.‘

Figure 5. Limacon of Pascal

Therefore, it can be concluded that the cardioid is the
orthoptic curve of two orthogonal circumferences.

Case 5. Epicycloid of a circumference

When a circumference rolls around the exterior of another
with the same radius, a point on the moving circumference
describes the cardioide (Fig. 6).
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As the angles marked C and C’ are equal, given that
long. ArcoOT = long. ArcoTP , OP is parallel
to CC' and CAPC' is a parallelogram. Therefore,

OP=0A+AP=04+d and P generate the
cardioid equal to the conchoid of the base circle.

Figure 6. Cardioid obtained from the epicycloid of a
circumference

In other words, the cardioid is epicycloid traced by a
circumference which rolls without slipping around the
exterior of the base circumference, when this has the
same radius as the rolling circumference.

3. RESULTS

The general structure of the developed application is
shown in a simplified form in Fig. 7.

Acad.cui

Menu / Tools Bar CARDIOIDS
Command Line

Function INV_PARASOUA Function EPICYCLOID <

cdtypecardioids ip

Function CARDIODS

Command CARDIOIDS.

Command Line

Figure 7. Flow diagram of the application

The diagram shows how the application has 6 .Isp
files (CDTYPECARDIOIDS, CDCONCHOID,
CDPODARIA, CDINV PARABOLA,
CDORTHOPTICS, CDEPICYCLOID), which in
turn lead to 6 dialogue box files with extension .dcl
(TYPECARDIOIDS, CONCHOID, PODARIA, INV _
PARABOLA, ORTHOPTICS, EPICYCLOID), taking
the data introduced by the user, and running the drawing
commands (DIBCONCHOID, DIBPODARIA, DIBINV
PARABOLA, DIBORTHOPTICS, DIBEPICYCLOID),
defined in the seventh .Isp file (CARDIOIDS).

The source code programming of the routines is carried
out with Visual LISP, which is the editor provided by
AutoCAD. As an example, Fig. 8 shows a fragment of
the programming developed for the first generation of
the cardioid, the CONCHOID (Fig. 8).

T L e T e i (—

I R T —— _lelx]|

e DR 0o -
. o .
Ai® WY ELANHKOT GBIV P 4D =23
o ‘A Qener ) -
d radie pteceatre pole inangule {
(conmang ~SCP- “w
(seta pote (1
(el Q lwl.’ (l( lwl ) ue))
1)) (/= angule 0))
i sele (cos saguie)) (= rasle (sin sogele))
ocire I ) (car pole)) o)
(ul. Ml ( (- (/( (catr ptocircule) ) (cadr pole)) (- (car ptocircule) (car pole)))))
( Comnang ea” pele ptecircule (pelar ptecircule (- beta pi) @) ™)
(setq ) ardieldel (eatlast)
(\ll. sutvalineacardioion (ﬂl'l (eatlast)))
(“l. prtecardioider ( cor ( muevalineacardioldel)))
1 m A
e D A e TS > Wesd TP L0002 € 00063

Figure 8. Example of programming code of the conchoid
in Visual LISP

Therefore, before running the different options, the .Isp
files must be loaded with the command APPLOAD in
the command line or through the Tools bar in the menu
bar. In addition, the file ACAD.cui has been modified
by the IUP command to create the CARDIOIDS menu
and its submenus, as it is the file which automatically
loads when AutoCAD is started. In this situation, it is
possible to run the application.

The navigation of the application is a multiple system,
and it can be accessed in three ways: 1) through the
CARDIOIDS menu and its submenus included in the
DIBUJO menu on the menu bar, thereby accessing
each of the different generations of the cardioids;
2) using the command CARDIOIDS written at the
AutoCAD command line, in which there is a dialogue
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box to select the type of generation desired; or 3)
writing at the command line the name of each of the
functions (CONCHOID, PODARIA, ORTHOPTICS,
INV_PARABOLA y EPICYCLOID).

3.1 Program Operation

As stated previously, in order to run the application, it
is possible to Access through the CARDIOIDS menu
in the DIBUJO menu on the menu bar, and thus access
each of the 5 generations of the Cardioid, along with
a tool bar for direct access (Fig. 9).

Figure 9. Main window showing the CARDIOIDS menus
and the submenus

Each of the generations can also be accessed using the
command line CARDIOIDS, with the dialogue box
shown in Fig. 10.

TN

e o7 oam [HIBIMIIe L)< SISINRT
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Figure 10. CARDIOIDS command line dialogue box

3.1.1 Conchoid

The conchoid generation of the cardioid can be
accessed from the CARDIOIDS menu, or directly by

typing the command CONCHOID at the command
line. A dialogue box is then shown for initial data to
be inputted (Fig. 11).

In this option, the program asks for the Cartesian
coordinates of the centre of the circumference and its
radius, as well as the coordinates of the pole of the
cardioid and the increase in the angle in sexagesimal
degrees. These data can also be inputted graphically.

|

B > .\.]

CENTET

Figure 11. Dialogue box for the input of data for the
construction of the conchoid

The result of this generation can be seen in Fig. 12,
which clearly shows the route traced by the routine
developed in Visual LISP.

RISk i< ijsl+ POl

Figure 12. Generation of the cardioid obtained from the
conchoid

3.1.2 Pedal curve
This generation of the cardioid can be accessed from the

CARDIOIDS menu, or directly by typing the command
PODARIA at the command line. A dialogue box is then
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shown for initial data to be inputted (Fig. 13). In this
option, the program asks for the Cartesian coordinates
of the centre of the circumference and its radius, as
well as the coordinates of the pole of the cardioid and
the increase in the angle in sexagesimal degrees. These
data can also be inputted graphically.

LTS

Figure 13. Dialogue box for the input of data for the
construction of the pedal curve

The result of this generation can be seen in Fig. 14,
which clearly shows the route traced by the routine
developed in Visual LISP.

ik < 1+ o] oo 1 L IS E IO

Figure 14. Generation of the cardioid obtained from the
pedal curve

3.1.3 Inverse of the parabola

This generation of the cardioid can be accessed from
the CARDIOIDS menu, or directly by typing the
command INV_PARABOLA at the command line.
A dialogue box is then shown for initial data to be
inputted (Fig. 15).

In this option, the program asks for the Cartesian
coordinates of the vertex and the focus of the parabola,
as well as the phase angle of the directrix and the
number of points of the parabola. These data can also
be inputted graphically.

I

TN |

Figure 15. Dialogue box for the input of data for the
construction of the inverse of the parabola

The result of this generation can be seen in Fig. 16,
which clearly shows the route traced by the routine
developed in Visual LISP.

o)) [ CEONER BUDGE 0T/ 1 0 ]

Figure 16. Generation of the cardioid obtained from the
inverse of the parabola

3.1.4 Orthoptic curve

This generation of the cardioid can be accessed from the
CARDIOIDS menu, or directly by typing the command
ORTHOPTICS at the command line. A dialogue box
is then shown for initial data to be inputted (Fig. 17).

In this option, the program asks for the Cartesian
coordinates of the centre of the circumference and
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of the pole of the cardioid, the radii of the first and
second circumferences, and the increase in the angle in
sexagesimal degrees. These data can also be inputted
graphically.

1 5

LY

CENTET O

Figure 17. Dialogue box for the input of data for the
construction of the orthoptic curve

The result of this generation can be seen in Fig. 18,
which clearly shows the route traced by the routine
developed in Visual LISP.

DECNAE=AScREOS TN Wmewotomte

Figure 18. Generation of the cardioid obtained from the
orthoptic curve

3.1.5 Epicycloid

This generation of the cardioid can be accessed from the
CARDIOIDS menu, or directly by typing the command
EPICYCLOID at the command line. A dialogue box is
then shown for the initial data to be inputted (Fig. 19).

In this option, the program asks for the Cartesian
coordinates of the centre of the circumference and
of the pole of the cardioid, the radius of the base

circumference, and the increase in the angle in
sexagesimal degrees. These data can also be inputted
graphically.

Figure 19. Dialogue box for the input of data for the
construction of the epicycloid

The result of this generation can be seen in Fig. 20,
which clearly shows the route traced by the routine
developed in Visual LISP.

Figure 20. Generation of the cardioid obtained from the
epicycloid

3.2 Usability and limitations

This application is an exceptional tool in the hands of
teachers, professionals, and experts in design. As in
any research process, first the problem arises and then a
researcher carries out a deep analysis of the topic, which
requires an exhaustive search for information online, detailed
analysis, and the evaluation of its effectiveness and impact.

Among current limitations are those related to this
software application, as it works only in the AutoCAD
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environment, although the programming will be revised
in order to adapt it to other commercial CAD systems,
such as MicroStation, SolidEdge or SolidWorks.

Another limitation is the application’s remote use, as
the speed with which the application loads means that
it is more convenient to use it locally, by running the
application on a laptop computer on which AutoCAD
is installed and which students can bring to class.

A further limitation is that the software used works
only on the Window operating system, although it will
be adapted for use in a Mac environment. However,
despite these limitations, we are considering using the
application in an installation on a dedicated server,
accessible from a local network.

4. CONCLUSIONS

* Five different generations of the Cardioid have been
presented: from the conchoid of a circumference;
from the pedal curve of a circumference; from the
inverse of a parabola; from the orthoptic curve of
a circumference; and from the epicycloid, using an
application installed in an AutoCAD environment
for autonomous learning.

* Theuse of CAD and information and communication
technology have favoured the new concept of
teaching and learning encouraged by institutional,
social, and technological changes.

* The search for new teaching methodologies which
facilitate learning is crucial in increasing the
effectiveness of teaching, by optimizing the use
of class time and improving study possibilities.
Computer-aided teaching is incorporated into this
methodology, in line with the importance given to
pedagogical innovation to improve teaching quality.

» The principal advantages of the application, as the
assessment has shown, are its ease of navigation,
intuitive use, and swift response in the AutoCAD
environment.

* Another advantage of the application is that the
computing requirements are minimal. An operating
system such as Windows XP, Windows 2000, or
Windows Vista, with resolutions of 1024 x 768

or higher, which are found nowadays in the vast
majority of computers, will suffice.

* In addition, the speed with which the Cardioid is
obtained allows for its use as a two-dimensional
profile, serving as the basis for the movement of
a cam which has the curve as its law of motion.
This 2D form can be exported to other CAD
programs using conversion to a neutral file with
.dxf extension.
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