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The development of technology of design of computer models of surfaces
defined by points array, and programs of their processing on the machines with
computer numerical control (CNC). The main requirement to the surface of
products which interact with the environment, is to ensure a given character of
their flow. Functional quality of the surface is ensure by its geometric
characteristics. Laminar nature of flow of surfaces can be provided by
monotonous change of curvature values, torsion, radiuses of adjoining spheres
along the curves that are part of the determinant of the surface. The initial
points set and geometrical characteristics of the curve are the initial data for the
formation of linear elements of carcass of surface. The methods of formation of
plane and spatial curves with regular change of characteristics on the basis of
an arbitrary points set is developed. At each site, which is bounded by
successive points the area within which are all the curves corresponding to the
conditions of the problem is determined. The resulting curve, which is
represented by a new point series consisting of an arbitrarily large number of
points, it is considered formed when the area of its possible location is less than
a predetermined value. Practical application of the proposed technology is
demonstrated by the example of designing of surfaces inter scapular channel of
impeller of the turbocharger and the working surface of the disk cutter for
loosening the soil. The developed technology for the design of surfaces of
complex technical products includes the creation of geometric models of surfaces
and control programs for their processing on CNC machines. From the initial
array of points allocated subset - point sets, on the basis of which the linear
elements of the carcass of surface are formed. A computer model of the surface
is created on the basis of discretely carcass the line represented by the families
of longitudinal and transversal curves. The control program is created in the
automated mode using the CAM-packets based on three-dimensional computer
model which is formed in a package of three-dimensional parametric modeling
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SolidWorks.
Keywords: dynamic surface; carcass of surface; linear element of model;
discretely represented curve; regular change of curvature and torsion

Statement of problem. At the current stage of development of engineering
it is actual the task of surface modeling on the basis of array of points.
Coordinates of the points obtained by measurements on physical samples or
calculated according to the conditions operation of the product.

The process of surface modeling includes the steps:

— discrete line carcass of surface, linear elements of which are presented
by point set, is formed on the basis of the initial points array;

— continuous contours that interpolate sets of points are formed,;

— the model of surface of product is created on the basis of the line
carcass;

— computer model is used as input data for the creation of a control
program for processing the product of the machine with a computer numerical
control (CNC).

Given the nature of ensuring flow is main requirement to the surface of
products that interact with the environment [7,9,11]. Functional qualities of
surface are ensured by its geometrical characteristics. Laminar flow of surfaces
can be provided by monotone change of curvature values, torsion, radiuses of
adjoining spheres along the lines belonging to the surface.

Recent research and publication analysis. The existing methods [10,12]
of interpolation (method of piecewise-smooth approximations, Bezier curves, B-
spline) do not provide a given law of change of characteristics along the curve.

The methods of forming of curves with the regular change of differential-
geometric characteristics are proposed in [2,3,6,8]. The initial data for the
formation of the curve is the points set and its geometric characteristics. This
curve will be called discrete represented curve (DRC).

The starting points set is divided into plots that is possible be interpolated
by DRC with constant move and along which the radiuses of curvature and
adjoining spheres change monotonically. Such areas will be called monotone
curves.

Consider the points set which located on the monotonous curve |. Every
four consecutive points define the sphere — Sp;(i-1, i, i+1, i+2) and two circles —
Cir(i-1, i, i+1) and Cir((i, i+1, i+2) (fig. 1).

On the fig. 1 curve | is located is located so that the view of the observer
is directed along a line (i, i+1). Contours Sp;.;, Spi, Spi+1 — circles of maximum
radius located on a plane P; which extends perpendicular to the chord [i, i+1] in
its middle. Cir; and Ciry,; projected to the notochord of contour Sp;. If the
distance is between two points is infinitely small, they define adjoining sphere
and two adjoining circles. At increase in distance between successive points
belonging to |, the circle and the sphere which are determined by these two
points will cross the curve. Sf; cross | in points i-1, i, i+1, i+2. The parts of curve
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..1-1, I-i+1, i+2... is located outside Sf;, parts i-1-i and i+1-i+2 — inside of it.
This implies that consecutive Sfij, Sfi, Sfi.y limit area (o;) inside of which is
located plot i—i+1 of curve I. Fig. 1 shows a section ¢; by plane P;.

Tivr Ti

Ci+1

Fig. 1

Monotonous plots of DRC are formed by destination of points of
thickening within the area of possible solutions ¢;.

The same areas determined at the other plots constitute the area of
possible location of the DRC. All curves interpolating points set which
characteristics are match the characteristics of |, are located inside this area.

In the case of forming a plane DRC “the monotone curve” will be called
the plot a smooth curve along which the values of radiuses of curvature
monotonically increasing or decreasing.

The curve is formed within the chain of basic triangles (BT), which are
limited to the tangent extending through the adjacent points and the chord
joining these points. Following the appointment of thickening point (is;) and the
tangent at this point (ts5) inside the initial BT obtained two new triangles (fig. 2).

Fig. 2
The position of tangents is assigned so that the parameters of consecutive
BT ensure the opportunity of interpolation points set by monotone curve [6].
Determining the area of possible location of the curve allows to evaluate
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the maximum absolute error which is formed by the DRC contour. DRC is
considered formed when the area of its possible location is less than a given
value. Thereafter, the contour is forming by plots of continuous curves.

On the basis of the proposed methods is developed software that allows to
create the DRC consisting of an arbitrarily large number of points. [4] The
resulting points set is interpolating by B-spline or contour of the arcs of the
second order curves, which is located within the area of possible location of the
monotonic curves.

Setting article objectives. The development of technology of design of
computer models of surfaces defined by points array, and programs of their
processing on the machines with computer numerical control (CNC).

Main part. The practical application of the developed methods [2,3,6,8]
consider at an example of designing of surfaces interscapular channel of
turbocharger impeller and the working surface of the disk cutter for loosening
the soil.

Interscapular channel of impeller of the turbocharger is limited by surface
of the hub, the cover and the adjacent blades.

The initial data for the simulation of the working surface of the blade is
ordered array of points that belong to the family of horizontal planes.

The family of flat DRC is formed on the basis of the initial point array
(fig. 3). Points sets defining curves with monotone change the radiuses of
curvature are obtained as a result of condensations of initial DRC. The
maximum absolute error of the formation of monotonic curves is 10™.

Formed
surface

Carcass of
surface

Fig. 3

The guide linesof carcass are formed on the points sets which are arranged
on the hub and edge of blade. On the basis of the initial points set formed spatial
DRC right move along which the radiuses of the tangent spheres and circles
increase monotonically.

The resulting DRC are interpolated by inhomogeneous aperiodic cubic B-
spline [4]. After that the elements of carcass imported into the three-dimensional
parametric modeling package SolidWorks and the model of working surface of
the blade is formed by means of standard functions SolidWorks.
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The developed method of designing of impellers adopted for the
introduction of state of emergency on "Tavriya Turbo Plus" and LLC "Melitopol
factory turbochargers” (Melitopol) and is used in the manufacture of turbo-type
impellers YaMZ TRC, TCR-11N1, 11N2-TCR, TCR-11N3.

The tool for loosening the soil is a cutter consisting of a disk with three
soil tillage elements (knives) (Fig. 4). During operation the knives move
translational-rotational.

-t

Fig. 4

The model of surface of the blade is formed on the basis of carcass,
consisting of a rail line and 4 horizontal generators. As a guide line is used edge
of knife — a cylindrical helix.

Generating lines of model created on the basis of the DRC, the starting
points of which are defined on the basis of the path of movement of the cutting
edge. The minimum deviation of the path of movement of points that define the
horizontal section of the knife from the trajectory of point of this section
(located at the cutting edge) is provided. This contributes to the minimum soil
compaction during processing [1,5,13]. On the basis of the initial points set flat
monotone DRC which are approximated by B-spline with a given accuracy of
are formed.

Developed technology for forming of computer model of surface which
predetermined by the ordered points set comprises the following steps.

1. From the initial array of point are allocated points sets representing the
flat or spatial curves - linear elements of the carcass of surface. These DRC
divided into sections on the basis of which it is possible to form monotonic
curves.

2. Points sets consisting of an arbitrarily large number of points and that is
possible be interpolated curve with given characteristics are formed on the basis
of the initial DRC using the software developed in computer algebra system
Maple.

3. The contours consist of plots of continuous curves with given
characteristics are formed in the three-dimensional parametric modeling system
SolidWorks on basis of the received DRC.

4. Computer model of the product is formed on the basis on the carcass
using standard SolidWorks functions. The control program for the CNC
machines is created on the basis of the model using CAM package functions.

Conclusions. The technology for creating with given accuracy of
computer models of surfaces which represented by array of points is developed.
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Functional qualities of surfaces provide defined geometrical characteristics of
linear elements of model.

The use of the developed technology makes it possible to reduce the time
of creating a computer model of the products and software for processing on
CNC machines, to improve the functional properties of surfaces that restrict the
product.

As a result of the research the technology of designing of complex
surfaces of technical products is designed. The includes the creation of
geometric models of surfaces and control programs for their processing on CNC
machines.

From the initial array of points allocated subset - point sets, on the basis of
which the linear elements of the carcass of surface are formed. A computer
model of the surface is created on the basis of discretely carcass the line
represented by the families of longitudinal and transversal curves. The control
program is created in the automated mode using the CAM-packets based on
three-dimensional computer model which is formed in a package of three-
dimensional parametric modeling SolidWorks.
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MOIEJIOBAHHA ITOBEPXOHD 3A 3A/TIAHUMHU YMOBAMMUM HA
OCHOBI MACHUBY TOYOK

Xonmogusk F0.B., I'aspunenko E.A., IBxxenko O.B., [Tuxteena [.B.

Po3pobxa mexnonoeii npoexmyeauHs KOMN'tomepHUX Mooenel NOo8epXOHb,
3A0aHUX MACUBOM MOYOK, Ma NPOcpam ix oO6poOKU HA 8epCmMamax 3 YuUci08UM
npoepamuum ynpasninuam (411Y). Ocnosna eumoza 0o nogepxonsv 8upobis, sKi
83acmoliloms i3 cepedoguujem, - 3a0e3neueHHs 3a0aHo20 Xapakmepy ix
oomixanns.  DyukyioHanvHi  AKOCMIi  NOBepXHi  3abe3neuylomvcs il
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2eomempudHUMU  Xapakmepucmuxamu. Jlaminapuuii xapakmep 0OMIKaHHS
NOBEPXOHb MOJICHA 3abe3neuumu 3ad PAxyHOK MOHOMOHHOI 3MIHU 3HAYEHb
KPUBUHU, CKPYMY, paoiycié CMmMuyHux cgep y3008%c JiHil, WO 6X00amb V
BUBHAYHUK NOBEPXHI. Buxionumu oanumu ons ¢opmyeanHs HiHIUHUX eleMeHmis
KapKacy MnoGepxXHi € GUXIOHUL MOYKOBULL PsO [ 2eOMempuyHi G1acmueocmi
Kpueoi. Pospobneno memoou gopmysants NIOCKUX I NPOCMOPOBUX KPUBUX i3
3AKOHOMIPHOIO 3MIHOIO XAPAKMEPUCMUK HA OCHOBI 008LILHO20 MOYKOB020 PAOY.
Ha xoorcnin Oinbhuyi, obOmediceniit nOCIiOOSHUMU MOYKAMU, BUSHAYAEMbCS
obnacms, ycepeouHi AKOI po3mauiosami 6ci Kpuel JNiHii, wo 6i0nogioaroms
ymosam 3aoayi. Ompumana Kpuea, sika npeoCcmaesiena Ho8UM MOYKOBUM PAOOM,
Wo CcKIadaemuvcs 3 0y0b-sKO0I KIIbKOCMI MOYOK, 8BANCAEMbCI CHOPMOBAHOIO,
SAKWO 001aCmb i1 MOXNCTIUBO20 PO3MAULYBAHHS He NePesUU)E 3A0AHO0I BeIUHUHIL.
Ipaxmuune 3acmocysanus 3anponoHO8AHOT MEeXHON02Ii NPOOEMOHCMPOBAHO HA
NPUKIAOT NPOEKMYBAHHS NOBEPXOHb MINCIONAMKOB020 KAHALY pob0Y020 Kojeca
mypboxomnpecopa ma pooo4oi nosepxui OUCKOB80I ¢hpezu 0ns po3NYyULy8aHHs
rpyumy. Po3pobnena mexnonozis npoexmy8ants no8epxotsb CKIAOHUX MEXHIUHUX
8UPOOI6 BKIIOYUAE CMBOPEHHS 2e0OMEMPUUHUX MOoOejlell NOBEPXOHb MA KePYHUUX
npoepam 0ns ix obpobku na eepcmamax 3 YIIY. I3 euxionoeco macugy mouyox
BUOLIAIOMBCS NIOMHOMNCUHU — MOYKO8I psdU, HA OCHOBI SAKUX (DOPMYIOMbCsL
JUHIUHI  enemenmu Kapkacy nogepxwi. Komn'tomepna modenv noseepxi
CMBOPIOEMBCSI HA OCHOBI OUCKPEMHO20 JNIHIUHO20 KApKAcy, NpeocmasnieHo20
cimeucmeamy MEIPHUX Ma HANPAMHUX Kpueux JNiHIU. Ynpaensawoua npozpama
CMBOPIOEMBCA 8 ABMOMAMU308AHOMY pedcumi 3 suxopucmanuim CAM-naxemis
HA OCHOB8I MPUBUMIPHOI KOMN'tOomepHoi Modeni, chopmosanoi 6 nakemi
MPUBUMIDHO20 NAPAMEMPUYHO20 MoOdeoeaHs SolidWorks.

Kniouogi cnosa: ounamiuna nogepxms;, Kapxac noepxui; JNIHIUHULL eleMeHm
MooOeni;,  OUCKpemHO  HnpeOCcmaseleHa  Kpueda,  3aKOHOMIpHA — 3MiHA
oughepenyianbHo-2eoMempudHUX XapaKmepucmux.

MOJIEJAPOBAHUE MOBEPXHOCTEM 11O 3AJJAHHBIM
YCJIOBUSAM HA OCHOBE MACCHUBA TOYEK

Xonoausk FO.B., I'aspunenko E.A., IBxxenko O.B., [IsixteeBa 1.B.

Paspabomxa mexnonocuu npoekmuposanusi KOMNbIOMEPHLIX Mooeell
nosepxHocmeti, 3a0aHHbIX MACCUBOM MOYEK, U NPOSPAMM UX 0OpaboOmKu Ha
CMAHKAX C YUCTOBLIM NPOSPAMMHbIM ynpasieHuem. OcHogHoe mpebosanue K
NOBEPXHOCMAM U30ENUU, B3AUMOOCUCMBYIOWUX CO Cpedol, — obecneueHue
3a0anHo20  xapakmepa ux  obmekauus. DYHKYUOHATbHbIE — KAYecmed
HOBEPXHOCU 00ecneuusarmes ee 2eoMempudecKumMu XapaKmepucmuKamu.
JlamunapHvli xapaxkmep 00meKaHus NOBEPXHOCMEU MOMCHO obecnedums 3d
cuem MOHOMOHHO20 U3MEHEHUs 3HAYEeHUll KPUBU3HbL, KPYUeHus, paouycos
conpuxacarowuxcsa cghep  6001b  IUHUL,  BXOO0AWUX 8  ONnpedeiumelnp
nosepxuocmu. MlcxoOHvimu 0aHHbiMU 0151 hOPMUPOBAHUSL TUHETIHBIX IIEMEHMN 08
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KapKaca no8epxHoCmu A61Aemcs UCXOOHbIU MOYEYHbIL PO U 2eoMempuiecKue
ceoticmea Kpueou. Pazpabomanvi memoovl Gopmuposanus NIOCKUX U
NPOCMPAHCMBEHHBIX KPUBLIX C 3AKOHOMEPHBIM UBMEHEHUeM XAPAKMEePUCMUK HA
0CHOBe NPOU3B0JILHO20 MOUeuHo20 psada. Ha xaxicoom yuacmke, 0epanuieHHoM
NOCIe008AMENbHLIMU MOYKAMU, ONpedensemcs o001acmyb, 6HYMpU KOMOpou
PACnOJIoNCenbl 6Ce Kpugble TUHUU, omeeyaroujue yciosusam 3aoaqu. Ilonyuennas
KpUueas, npeocmasieHHAs HOBbIM MOYEYHbIM PAOOM, COCMOAUUM U3 CKOJIb
Y200HO 6OLULO20 YUCIA MOYEK, CUUMAaemcs chopmMupo8antol & ciyyae, K020a
0b1acmy ee 803MONACHO20 PACNOJIONCEHUS. He Npesblulaem 3a0aHHOU GeIUYUHDL.
Ipaxmuuecxoe npumeHeHue npeoiodHceHHOU MexHoN02UU
NPOOEMOHCMPUPOBAHO ~ HA — Npumepe  NPOEKMUPOBAHUS  NOBEPXHOCMEL
MENCIONAMOYHO20 KaHaia paboue2o Koaeca mypbOoKomnpeccopa u pabouyet
NnOBEPXHOCMU OUCKOBOU (hpe3vl 0N  pbixieHus nousvl. Pazpabomannas
MEXHON02USL NPOEKMUPOBAHUSL NOBEPXHOCHEN CIIONCHBIX MEXHUYECKUX U30eNUll
gKaOUAem 8 cebsi CcOo30anue 2eoMempuyeckux Mmooenell nosepxHocmeri u
YIPABAAIOWUX NPOSPAMM 018 ux obpabomku Ha cmankax ¢ YI1Y. U3 ucxoonozo
Maccusa moyex blOeNsIIOMCL NOOMHONCECBEA — MOoUeuHble psobl, HA OCHO8e
KOMOpbIX — (opmMupyiomcst  TuHelinble JAeMeHmbl  KapKaca HNOo8epXHOCHU.
Komnviomepnas moodenv nosepxnocmu cozoaemcsi HA OCHOBe OUCKDEMHO20
JIUHEUYamo2o Kapkaca, NnpeoCmasleHHo20 cemMelucmeamu oopasyouux u
HanpasuAowux Kpugvlx JuHul. Ynpaenaowas npoepamma cozdaemcs 8
A8MOMAMUBUPOBAHHOM pexcume ¢ ucnoavsosanuem CAM-nakemos na ochose
MPEXMEPHOU ~ KOMNbIOMEPHOU — MOOenu,  COpMUPOBAHHOU 8  naxKeme
mpexmepro2o napamempuieckoeo mooenuposanus SOlidWorks.

Kniouesvie cnosa: ounamuueckas nogepxHocmuv, KApKAC NOGEPXHOCMU
JIUHEUHbIL  2NleMeHm  MoOenu;  OUCKPEmHO  NpeoOCMmAGNeHHas  KpUuedsl,
3aKoHOMeEpHOe uMeHeHue oughgepenyuanvbHo-2eomempuiecKux
Xapakxmepucmux.
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