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Graphical computer modeling is a real possibiliysmlving problems on the formation
of surfaces by a kinematic method. It is due toptfesence of automated design systems, such
as MathCad, Mathematika, AutoCad, etc. The advantghe AutoCad system is the pres-
ence of the built-in language of functional AutglLiglaving a wide range of mathematical
functions and functions for drawing graphic objedise AutoLisp language allows you to
write a program for drawing shells of any complgxih a particular case - shells of the same
ramp on the elliptical plane, the surface of thedlute helicoid, and then transferring the
results to the AutoCAD environment. Playing objéttslow motion makes it possible to com-
pose mini-films about the formation of surfacese Timage of graphical constructions in
three-dimensional space using the AutoCAD coloefalenhances the expressiveness of the
image of surfaces and their elements.

The aim of the study is the possibility of modethmg surface of the equal slope ramp on
an elliptical plane, carried out by its gradual dwving in a slow dynamic mode with the crea-
tion of a mini-film that allows the surface to besplayed on the monitor screen.

KEY WORDS: equal slope surface, modeling, AutoLISRitoCAD, shell, shaping,
layer, generatrix, developable surface, elliptEng!.

Surfaces of the equal slope are used in archieaince ancient times. An ex-
ample is the Greek theater (fig. 1) [Qurrently, they are increasingly used in pro-
jects of architectural ensembles, including comtams of geometric shapes. Muse-
um of contemporary art (Niteroi, Brazil, archit€éascar Niemeyer) (fig. 2) is one of
them [2], etc.

Fig. 1.Ancient Greek theatre Fig. 2. Museum of contemporary art (Niteroi,
Brazil, architect Oscar Niemeyer)

The surface of the equal slope is a ruled ana$gtitace having a constant angle
of inclination between the rectilinear generatnixdhe principal normal to the direct-
ing curve. The general theoretical basis for threnédion of surfaces is given in the
work of Krivoshapko S.N. and Ivanov V.N. [3].
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In accordance with the definition given above, shefaces of the equal slope are
formed by a rectilinear generatrix, which in allsgmns has a constant angle of incli-
nationa with the principal normalsiy, n,, ns, ...,n,  to them curve. If the directing
curve is a plane line, for example, an ellipse, lthear generators lie in the planes
M1, 1,, 5, ..., II, normal to this curve (fig. 3).

Fig. 3. The formingq,, q,,q; are in the plane$l,, I1,, 1,
are located along the normals to thguide.

From the definition, the possibility of formingsarface of the equal slope on an
elliptical plane by a kinematic method also follows

Elements of the surface are the elligpsehe directing line and the straight lime
- the generator. The initial position of the sug@tements is shown in Fig. 4.

Fig. 4. The initial position of the
surface elements

The most suitable for forming the surface in
the AutoCad system is the Loft function. As sec-
tions it is necessary to take the positions of the
generator as it moves along the ellipse. Moving
the generator is performed by the Move function.

To satisfy the condition of constancy of the
angle between the generating straight line and
the normal to the ellipse, it is necessary tolset t
coordinate system to the current point on the el-
liptic curve at each step of the construction and
to direct the x axis along the normal in this
curve. In order to establish the x-axis along the
normal to the guide, the value of the derivative

y'(x) from the elliptic function and the anglebetween the tangent to the curve and
the x-axisy = arctgy’, and then the angfebetween the x-axis and the normal to the

curve:p =y + 90°.

To form the surface theomplex of programhas bee
developed, including user functions Sk10.lsp, Fi
surface.lsp, etc. The initial data for constructihg surfac
are: the large and small semi-axes of the ellgsh the
slope angleax of the forming straight line to the normg],
the length of the forming linel-obr.

Algorithm of the program for the formatioh surface
compartments 1. Input of initial data is perforniemim the
command line at the request of the program. Thetiom

Getreal is used.

Fig. 5. The formation of
surface

1. Anisometric view of NWiso is established.
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2. An ellipse is constructed using therdined Elip function. The origin is at
the intersection of the axes of the ellipse.

3. An empty selection is created for thierfing lines of surfaces. The function -
(setq ssrl ‘().

4. The initial generator is constructedrirvo points: ptl and pte. The point ptl
is given on the contour of the ellipsegat 0, wherep is the angle between the radius
vector of the ellipse point and the x axis. Thenppte is defined in polar coordinates:

(setq pte (polar ptl (- pi alfar) lobr)).
The construction of the generatrix is performedHhgy/function:
(commdiptine” ptl pte ™).
The generating line is assigned the identifier eviiich allows you to enter it into the
selection ssrl.

5. To calculate the coordinates of poditan ellipse and the derivative of an
elliptic function, two user functions are creatdsl:pt, EI1-pt.

6. To construct the surface compartmeniso@ with parameters {1 <i <
71) ande.

The parameteiis required to form the name of the layer, thepwaaterp is used
to construct the generating lines.

The following operations are performedha toop:

e Create a layer name that corresponds to the inges and set it to the current one:
(Setq nsloy (strcat "vent" (itoa i)))

(Commaral/er" "s" nsloy ™).
e Transfer of the coordinate axes to the ellipsatot2, corresponding to the angle
¢, determined by the relation= ¢ + A¢.
e Two user functions Uskl and Usk2 are created ienbthe coordinate axes along
the normal to the ellipse. The angl@eeded to rotate the coordinate axes around the
z axis is determined using functions

(Setq y11l (/ b (* a-1.0 (/ (sin fi) (cos fi)))))
(Setg gamma (atan y11)).
A subsequent rotation of the coordinate system taheux axis through an angle
+90° around the y axis achieves the setting of thedinate axes so that the x axis
is directed along the normal to the ellipse.
e Drawing generating lines is performed by the fiorct
(Command "pline" ‘(0 0) (polar ' (0 0) alfar lobY).

e The Loft and Foreach functions work together torfohe surface compartments.

At the end of the cycle, a Skat-bl blockrieated, containing the surface com-
partments and the forming lines.

To visualize the process of surface formatenser function Sk11.Isp is created,
which includes the function Form-surface.lsp, whitdualizes the process of surface
formation by "unfreezing" the layers with the comipgents contained in the Skat-bl
block.

Fig. 6. Surface skeleton Fig. 7. Surface of the same slope

Fig. 5 shows the process of surface formatioe, stirface skeleton is in Fig. 6,
the surface of the same slope is represented irvFig
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The code for the Form-surface.lsp functegiven below:
(Defun form-surface (k)
(Repeat k
(Setq nsloyi (strcat "vent” (itoa i)))
(Command "layer" "thaw" nsloyi ")
(Command "erase" s1 ™)
(Setq s2 (ssget "x" (list (cons 8 (substr nslog)y))
(Setqg sl s2)
(Command "delay" 300)
(Setqi(+i1))
)

The developable evolverttelicoid is formed by the motion of a straight famm
line- g, which is in all positions the tangent to the wgtical helical line — the cuspi-
dal edge of the surface, parallel to the guide ddhe The evolvent of the circle of
the lower base of the cylinder is the guiding lin€fig.8).

The projection of the formation line in all posi®on one side is a tangent of the
circumference of the cylinder, the other normathi® guide linan. Consequently, the
angle between the generator and its projectiondsahgle between the generatrix and
the principal normal to the directing curve, so ¢velvent helicoid belong to the sur-
face of the same slopig. 8).

Let us consider the formation of an evolvhaticoid by the motion of a rectilin-
ear forming lineg on two helical lines, one of which lies on a cglén of radiug and
is called the cuspidal edge, the forming lqat all positions is tangent to the line
and forms an angle with the horizontal plane. The second lingFig. 9) is the
guide. The radius of the cylinder for hetixs BD. To construct the surface of a heli-
coid, the length of the forming line and the anglef its inclination to the horizontal
plane are given.

P - pedpo

BoIEpaTa

HAa HpaBﬂH}OmHﬁ
RoBYVC

1Y} —spoarrenTa

OKPYAHOCTH

Fig. 8. Evolvent helicoid is the surface of equapse

Fig. 9 shows the initial position of the surface eménts.
The movement of the generating line includes atioytal motion about the axis of
the cylinder and the translational motion alongdghaeratrix of the cylinder.

The helixeam andn are drawn by the user function Gelisg (vherer is the ra-
dius of thecylinder.
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The surface of the helicoid is formed in the AutdCAystem through a
program in the language of AutoLISP [5].

OCHOBHAS ‘ ‘
ORPYRKHOCTS —

=
Hanpap/IsarIIHiT !

KOHYC !

Fig. 9. Initial position of surface elements
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The generating lines are formed in a cycle with parametes - the angle of
rotation of the radius of the basic circle. At eatép of the cycle, the point A rotates
by an angle @ and moves upward by a distards From the point A for each value
of the anglep, the generating line AB is drawn at a given slapglea to the seg-
ment DB. The names of the generators are enterth@ i8SR list, the use of which by
the AutoLISP functions Foreach and Loft allowsfarm the surface and its com-
partments.

The surface can be constructed instantly at theoétite cycle by the Loft func-
tion or gradually in a cycle by successively drayihe surface compartments. In the
second case, the process of formation of a sudiacey an array of generating lines is
observed on the screen. In Fig. 10 shows the sudthe evolvent helicoid in the
process of its formation.

m - peépo
BO3BpAaTa

m — pelbpo
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q—obpasyroinasd
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— e el
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Fig. 10. Surface of the evolvent helicoid Fig. 11. Formation of the surface by the method
during formation of "thawing" layers.

If during the formation of the surface each formatiine and corresponding
compartment are placed in the layer assigned tm,ttien at the end of the cycle a
block is created that includes all the surface cantmpents and formation lines.
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Visualization of the process of surface faiiorais provided by the user-defined
function Form-surface.lsp. In this case, the s@fscformed after the forming line,
moving along the guide n. (Fig. 11).

Thus, the simulation of the surface of the sampeslwas made possible in Au-
toCAD thanks to programs written in AutoLisp.

The visualization of the process of formation oflay surfaces with variable ra-
dius of generatrix circles or of umbrella-type amdbrella surfaces with radial damp-
ing waves in the central point given in the wor&k [7].

© Romanova V.A., Thoma Anamariya, 2017
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ABTOMATHUYECKOE MOJIEJIMPOBAHUE MMOBEPXHOCTEMW OJJMHAKOBOT O
CKATA B CUCTEME AUTOCAD IMOCPEJACTBOM SI3bIKA AUTOLISP

POMAHOBA B.A., TXOMA AHAMAPUA
Poccutickuii ynusepcumem opysicovl napooos, Mockea, Poccus

I'paguueckoe xomnvlomepHoe MOOEIUPOBAHIE — PEANbHAS B03MONICHOCb PEeUeHUs. 3d-
o0au no 06pazoeanuio nogepxnocmell Kunemamuveckum cnocooom. Ona obyciosnena Harudu-
eM cucmem a8mMoMamMu3uposanio2o koncmpyuposanus, maxux xax MathCad, Mathematika,
AutoCadu dp. Ipeumywecmeom cucmemor AutoCadsensemes nanuuue 6cmpoenno2o 6 nee
@yHryuonanvro2o azvika AUOLISP.Pacnonaeas wupokum Habopom Mamemamuieckux (yHK-
yuil u pynxyuil Ons bluepuUsanusl 2papuueckux oovekmos, szvik AUtoLispnossonsiem nanu-
camv npozpammy OJisi BbIYEPUUSAHUST 0DONIOYEK 000U CLOACHOCTIL, 8 YACMHOM CyYae - 000-
JIOUKU OOUHAKOBO20 CKAMA HA YIIUNMUYECKOM NAdHe, ¢ Rociedyloujell nepedayell pe3yibmd-
mos 6 cpedy AUtOCAD.Bocnpoussedenue 06veKmos 6 3amMedNeHHOM pedcume 0aen 603MOdiC-
HOCIb COCMABAAMb MUHU-PUIBMBL 0 hopmuposanuu nosepxnocmeil. Hzobpasicenue epaghu-
YECKUX NOCMPOEHULI 8 MPEXMEPHOM NPOCMPAHCMEE C UCHOIb308AHUEM YGEMHOU NANIUMPbl
AutoCADycunusaem gvipasumenbHocms u300padceHusi NOGEPXHOCMEN U UX JJIeMEHINO8.

Lenvio uccaredosanus A613€MCA 603MONCHOCHb MOOENUPOBAHUSL NOBEPXHOCTU OOUHAKO-
6020 CKAMA HA IIIUNMUYECKOM NIAHE, OCYWEeCMEIAeMAas ee NOIMANHbIM BblYePUUBAHUEM 8
3aMEONEHHOM OUHAMUHLECKOM PENCUME C CO30AHUEM MUHU-PUTLMA, NO3BONAIOWE20 Npedcma-
8UMb HA IKPAHE MOHUMOPA NpoYecc 06paA308aHUsL NHOBEPXHOCTIIL.

KJIFOYEBBIE CJIOBA: noBepXHOCTh OAMHAKOBOTO CKara, MozeaupoBanue, AUtoLISP,
AutoCAD, obomnouka, ¢popmatupoBanue, oOpa3yromias, JUHEHYaTass MOBEPXHOCTh, JIUIHIITH-
YECKUH TIaH.
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