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Summary. Some directions for further development of parametric
description of various figures are analyzed in this research. The proposed
approach is promising for practical application in the field of modern
geometric modeling of many technical objects and processes for their
manufacture and use. The materials are the theoretical basis for the
development of appropriate software for the automated design.
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Formulation of the problem. Geometric modeling is the basis of
many computer-aided design of technical objects and processes of their
manufacture and operation. The most common is the parametric description
of the figures used. Implementation of effective computer play in the
development and use of industrial products requires constant improvement
of existing software based on the appropriate mathematical support. Hence
the relevance of the problem of finding new productive theories of
computer-aided geometric modeling.

Analysis of recent researches. To improve parametric approach to
computer modeling of technical objects by science school of applied
geometry, National technical University of Ukraine "Kyiv Polytechnic
Institute” (NTUU "KPI") methodology of structural-parametrical
morphogenesis is developed [1, 2]. This theory got its further development
in the form of a combinatorially-variational approach [3].

Currently, the researchers are carried out in terms of dynamic
variational constructions of various geometric figures [4, 5] and the
corresponding computer modeling of technical objects and processes of their
manufacture and operation.

The wording of the purposes of the article. The purpose of this
publication is to systematize and generalize scientific results at the chair of
descriptive geometry, engineering and computer graphics, NTUU "KPI"
towards to the parametric shaping to determine promising directions for
further research.

Main part. The main idea of proposed in work[4] of method of
polyparameterization is the use of structural-parametric  and
combinatorially-analysis approaches to parametric regions defining lines,
surfaces and bodies, which are as follows

r=r(u), (1)



r=r(u,v), (2)
r=r(U,v,w), 3)

where r is the radius-vector of figure point with the values of the parameters
u, vV, W.

With the aim of unification of the created computer software in the
formulas (1) ... (3) respectively individual segments, squares and cubes are
used for the areas studied parametric definitions of geometric figures.

In the publication [5] it was shown that the method of
polyparameterization, as a set of tried and tested methods, techniques and
algorithms of its realization, allows to implement by flexible and productive
automated means the dynamic construction of various objects. In these
cases, expression (1) ... (3) get more specific its definition.

Thus, in particular, in rectangular Cartesian coordinate system Oxyz
have to:

- cylindrical helix

r(u) =r(x,y,z) =r(Rcos@2zu), Rsin(2znu), Pnu), (4)

where R is the radius of rotation the generatrix of the point, n is the number
of turns, P is the pitch, ue [0, 1] is the parameter;

- cylindrical spiral ribbons
ru,v) =r(x,y, z) = r(Rcos(2znu), Rsin(2-nu), Pnu+ Hv), (5)

where R is the radius of rotation of the segment forming a straight line, n is
the number of turns, P is the pitch, H is the width of the tape, ue [0, 1] and v
e [0, 1] — parameters;

- body-based movement of forming circle with a radius r along the
guide cylindrical helix

r(u,v,w) =r(x,y,z) ==r((R+rwcos(2au))cos(2zv),

(R-+rwcos(27u))sin(2znv),Pnv-+ rwsin(2zu), (6)

where R, P, n, respectively, the radius of rotation, pitch and number of turns
for the formation of a helix; u < [0, 1], v € [0, 1], w < [0, 1] — parameters.

Analysis of relations (4) ... (6) in comparison with expressions (1) ...
(3) shows that in this case, in addition to the parameters u, v, w there are also
other quantities that define the shape, size and position in space of the
modeled geometric shapes.

The fundamental difference between the two groups of quantities is
that the parameters u, v, w are changed in certain intervals, and the
parameters, in particular, r, R, P, n when we are building a particular variant



of the object they save their settled values. Based on the above the first are
referred to as parameters-variables, and other parameters-permanent. Also
we see that the number of parameters-variables equal to the dimension of the
simulated figure.

Thus, the following expression is a generalization of relations (1) ...
(6)

F=r(U,...U;, P B Uy €lUny, Unagl T, (7)

which determines, in parametric form the radius-vector r of an arbitrary
point of the figure in n-dimensional space, where n is a natural number; uj —
variable parameters; pk are parameters of steel; j, k — non-negative integers.

In the formula (7) variable parameters we assume the elements of the
internal parameterization of the figure, and dimensions of steel — means of
external parameterization.

One of the important tasks to be solved by the directed method was
developed polarimetric, is to integrate internal and external parameterization
for the further improvement of the dynamic variant of forming different
geometric figures and on their basis of their optimal computer modeling of
technical objects and processes of their manufacture and operation.

So, on the basis of the vector parametric equation of a right circular
cylinder with base in the xy-plane and the center of this framework at the
beginning of the Cartesian coordinate system Oxyz:

r(u,v,w) =r(x,y, z) =r(Rvcos(2zau), Rvsin(2zu), wH), (8)

where R is the base radius; H — the height (length) of the cylinder; ue [0, 1],
ve [0, 1], we [0, 1] — parameters-variables

dynamic geometric modeling of turning parts is implemented(Fig. 1) in the
environment of computer aided design using SolidWorks program, which is
written in Visual Basic.
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Fig. 1. Dynamic modeling of cultivation lathe

In Fig. 1, a the work is illustrated; Fig. 1, b and Fig. 1, c are the
beginning and the end of the first turning of processed cylindrical surface of



the element. Fig. 1, d ... f respectively illustrate second made surface, the
beginning and the end of the third turning of machined cylindrical surface.

A promising direction of the examined subject is to integrate the
application of structural-parametric shaping on the external level
parameterization, for example, in the form presented in work [2] models of
turning cultivation, and parametric descriptions of the form (8) at the level
of the internal parameterization using dynamical computer models (Fig. 1).

Conclusions. In this article, on the basis of systematization and
generalization of scientific results, the prospects of further research in the
field of structural-parametric forming of technical objects by improving
their mathematical parametric descriptions are defined.

Literature

1. Banin B.B. BusHaueHHss Ta OCHOBHI TMOJIO)XEHHS CTPYKTYpPHO-
apaMeTPUYHOTO TeoMeTpuuHoro mojemoBanus / B.B. Bawin, I'.A.
Bipuenko // T'eomerpuuyHe Ta KOMIT'FOTEpHE MOJCTIOBAHHS: 30. HayK.
nparib. — Bum. 23. — Xapkis: XY XT, 2009. — C. 42-48.

2. Bipuenko I'.A. IHTerpoBaHi CTPYKTypHO-TIapaMETPUYHI TE€OMETPUYHI
Mojienni BupoOiB mammHoOyayBanHs / I'.A. Bipuenko, B.I'. Bipuenko //
['eoMeTpuyHe Ta KOMI'IOTEPHE MOJEIIOBAaHHs: 30. HayK. mpaib. — Bu.
27. — Xapki: XJIVXT, 2010. - C. 87-92.

3. Bipuenko B.I'. TBepnoTiibHE reOMETPUYHE KOMIT IOTEPHE MOJICITIOBAHHS
00’€KTIB MalIMHOOYJyBaHHS Ha 3acajax KOMOIHATOpPHO-BapialliiHOro
nigxony / B.I'. Bipuenko // [Ipami TaBp. gepx. arpoTrex. YHIBEPCUTETY. —
Bu. 4, 1. 54. — Memironons. THATY, 2012. — C. 27-31.

4. Banin B.B. BapianTHe MOJEIIOBaHHS F€OMETPUYHUX 00’ €KTIB METOJOM
noninapamerpusainii / B.B. Banin, I'.l. Bipuenko, C.I'. Bipuenko //
[TpoGnemu indopmartiitaux TexHomorii. — Nel6. — Xepcon: XHTY, 2014.
— C. 76-79.

5. Bipuenko I'.l. lunamiune BapianTHe ()OpMOYTBOPEHHS JIHIM, TOBEPXOHB
1 T11 MeTonoM mominapamerpu3sarii / I'.I. Bipuenko // HaykoBi HOTaTKH:
MDKBY3. 30. — Bum. 48. — JIyusk: JIHTY, 2015. — C. 45-48.



