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MASK GENERATOR FOR ORTHOGONAL REGULAR MESH

Existing mesh generators are focused mainly on obtaining non-orthogonal irregular grids designed to describe
the curved boundaries of streamlined bodies. However, the thickening of the grid leads to an increase in the
calculation time, and the non-conformity of the grid leads to unphysical effects. The software package (SP) de-
veloped by the authors for the simulation of gas-thermodynamic processes is oriented toward a much simpler
description of the geometry, i. e., uses a different principle of increasing the smoothness of the solution in
places with a complex surface structure. This principle consists in superimposing on the flow such sources of
momentum and energy, which are equivalent in their effect on the flow to the interaction with the solid wall. SP
contains a mask generator of an orthogonal regular grid. The initial data for building the mask is a 3D model
created in any CAD application, which is saved in the STL format and placed in the project directory. Each
cell contains information about the presence of a three-dimensional solid, the permeability of each face of the
hexahedron, and the direction of the normal vector to the streamlined surface. In this regard, the generator
creates three types of masks: volumetric, surface full and incomplete permeability, as well as a mask of guiding
cosines. To obtain a volume (solid) mask from the center of each cell along the axes, a straight line is drawn
and its intersection is checked with each triangle approximating the surface of the body under study. An odd
number of intersections of triangles and a straight line indicates the presence of a volume mask in the cells. A
surface impermeable mask is formed in three directions at the free cell section and the occupied volume mask.
If it is necessary to introduce a semipermeable mask, its localization and measure are assigned by the user.
The mask of the guiding cosines is assigned in the cell, which is adjacent to the surface impermeable mask. The
values of the guiding cosines are assigned equal to the corresponding values of the nearby triangle approxi-
mating the surface of the 3D model. The generated masks are formed as separate files. A SolidWorks applica-
tion has been developed that allows for volumetric visualization. In the decisive program, the information
about the presence of the volume mask is used as follows: the volume mask is excluded from the solution area,
self-similar problems are solved near the surface, and if there are guiding properties, an isentropic flow rota-
tion is performed.

Keywords: computational grid; volume mask; surface mask; cosine mask.

“solver”, and binds the developer to a specific version
of the external application.

Introduction

In modern conditions, the creation of new competi-
tive models in the field of critical technologies based on
outdated approaches is unproductive. And the use of
standard gas-dynamic packages (Flow Works, ANSYS
Fluent, etc.), which are widely used even among spe-
cialists, is unsuitable for modeling due to the specificity
of the tasks. In this regard, self-respecting organizations
that develop complex technological objects or are en-
gaged in the training of specialists of the corresponding
profile should independently provide themselves with
an adequate modeling technology [1].

Often, developers of their own gas-dynamic pack-
ages are limited to creating only the crucial programs
(the so-called “solvers”), using open grid generators (for
example, gMesh, EasyMesh, etc.) and graphical inter-
faces (for example, Tech Plot 360, Vislt, etc.). Howev-
er, adapting your own software algorithm to other peo-
ple’s modules deprives the first of its autonomy, signifi-
cantly slows down and complicates the debugging of the

The well-known mesh generators [2-5] are mainly
focused on the creation of non-conformal tetrahedral
(TETRA), quadrangular (QUAD) or hexahedral
(HEXA) grids with an irregular step. The use of such
grids and a combination of various geometric types of
elements (TETRA, QUAD, HEXA) is justified for ap-
proximating objects with curved borders [6-8]. Howev-
er, if it is necessary to solve problems with moving
boundaries, the logic of rebuilding such a grid on a new
time layer is extremely complicated, which forces the
developer to switch to more simple forms. In addition,
manipulations to bring the “alien” grid into the form
necessary for the developer seem to be unproductive.

Thus, the creation of a full-fledged software pack-
age (SP) that provides a closed loop modeling of an
object of technology is impossible without an integrated
grid generator and graphic module integrated into the
software. This article presents an example of the grid
generator implementation for SP, which uses proprie-
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tary methods for solving the system of equations of gas
dynamics and, accordingly, special types of masks are
used.

Materials and Methods

Cell Structure Description. In the author’s calcu-
lation complex [9, 10] S.K. Godunov’s difference
scheme is used for boundary nodes. The scheme is im-
plemented on a hexahedral computational grid with a
regular spatial step without using fractional or curvilin-
ear cells in the Cartesian coordinate system. With this
approach, questions related to the non-conservative na-
ture of the pulse balance equation, the manifestation of
unphysical grid effects [11], and the decrease in the time
step according to the Courant-Friedrichs-Lewy condi-
tion are eliminated.

Three types of masks are used (see Fig. 1),
which have the following purpose for displaying the
corresponding effects. A surface mask
(surface[NX][NY][NZ][3]) is used to reproduce “thin”
partitions of zero thickness, with full or partial permea-
bility =~ between  cells. The volume  mask
(volume[NX][NY][NZ]) is used to model the “solid”
structural elements. To display the smooth nature of the
guiding properties of curved surfaces in the model, a
mask of guiding cosines is used
(cosine[NX][NY][NZ][3]) [12].

cosine

volume

\ /

T9
I surfac
I
Fig. 1. Mask types for circle approximation
on orthogonal regular mesh

The initial data for masks generation is the geo-
metrical model of the object under study, which can be
obtained in any external CAD application. Due to the
fact that today in the field of CAD applications (Solid-
Works, Pro/ENGINEER, CATIA, AutoCAD, etc.),
some progress has been achieved and sufficient inter-

changeability, the development of our own integrated
CAD module in the software seems to be impractical.

In most modern CAD applications, the main repre-
sentation of the modeling object is, so-called boundary
representation of figures — BREP [13]. In this case, a
solid body is a set of interconnected surface elements —
triangles, whose position in space is determined by an
array of coordinates of the triangles vertices
(vertex[NT][3]) and unit normals (normal[NT][3]) to
them (see Fig. 2). Therefore, the geometry of the object
under study can be obtained in any external CAD appli-
cation, followed by saving in high quality STL format
and ASCII encoding.

B

vertex

C

Fig. 2. BREP representation surface of objects
in CAD-systems

The grid generator is created independently in two
programming languages C++ and FORTRAN in the
standards C’11 and F’90, respectively. To visualize the
created mesh, the WinBGIm graphic library is used,
which is built into the development environment (Ap-
proximatrix Simply Fortran 2 and DevC++). Ready
masks are saved as three text files (Solid.msh, Are-
al.msh, Cosin.msh) for subsequent import into the cal-
culation module. For spatial visualization of masks, a
separate application to SolidWorks design environment
in the C# programming language has also been devel-
oped.

Mask Generation Algorithm. At the preparatory
stages of the grid generator, the number of lines in the
STL file determines the number of triangles NT that
approximate the surface of the simulated object (see
Fig. 3). Afterwards, arrays of coordinates of the vertices
of the triangles (vertex[NT][3]) and normals to them
(normal[NT][3]) can be declared. Arrays of the main
masks (volume[NX][NY][NZ], sur-
face[NX][NY][NZ][3], cosine[NX][NY][NZ][3]) are set
according to user-defined dimensions of the computa-
tional domain (NX, NY, NZ). Next, the arrays filling is
conducted according to the following algorithm.
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’ Reading arrays from an STL file vertex[NT]|[3] and normal[NT][3] ‘

|

Start cycles (1...NT) and (1..NX, 1..NY, 1...NZ)

!

’ Defining a ray from the center of each cell parallel to each axis }<—

}

’ Finding the equation of a plane belonging to a triangle AABC ‘

!

’ Determination the coordinate point O of the intersection beam and plane ‘

|

Check that the point O belongs to the current triangle AABC

no

ves

( Volume mask filling volume|[NX]|[NY]|[NZ] >

|

Search for the nearest triangle AABC' to current volume mask

no

ves

( Cosine mask filling cosine|[NX]|NY][NZ][3] >

}

Check for the absence of a volume mask in the nearest cell

no

C Surface mask filling surfac[NX][NY][NZ][3] )

|

Exit cycles (1...NT) and (1...NX, 1...NY, 1...NZ)

!

’ Visualization of generated masks editing results ‘

!

’ Writing masks to text files Solid.msh, Areal.msh, Cosin.msh ‘

B >

Fig. 3. Block diagram of the mesh generation algorithm

When generating masks, the volumetric mask is C(xe,y3,z3), which are taken from the array ver-

primary, which subsequently determines the boundaries  ox[NT1[3], the equations of the planes are sequentially
of the solid (surface mask) and the direction of the nor- compiled:

mal vector to it (cosine mask). To obtain a three- _ _ o\ (v _ _
dimensional mask through the center of the current cell (X Xl)[(yz Vikza =2~ (Vs =¥: )z, Zl)]Jr
+(y_y1)[(xs_Xixzz_zl)_(xz_X1X23_Z1)]+ (2)

D(X,, Y5, Z;) and the next E(x,,y,,z,) astraight line
DE, is drawn along each axis, the equation of which is +(Z_Zl)[_(x_2 _Xl)(¥3 Y1)~ (s —x )y —yl)J—O.
The joint solution of the system of equations (1)

given as: - ) )
X = t(x4 —x3)+x3; and (2) gives the coordinate of the point O(x, Y, z) of
. the intersection of the plane and the line. The fact that
y=tly, —ys)+ysi (1) . plane ¢ e ract th
B the point O belongs to the triangle AABC indicates its
z= t(Z“ _23)+Z3' intersection with the line. An odd number of intersec-

Then, in turn, we consider the planes to which all  tions [14-17] indicates the presence of a volume mask in
NT triangles AABC belong, approximating the 3D mod-  the cell (see Fig. 4). In the section 2.3 shows an algo-
el under consideration. By the known coordinates of the  rithm for determining whether a point belongs to a tri-

vertices at points A(xl,yl,zl), B(xz,yz,zz), angle.
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Fig. 4. Scheme for understanding location
of volume mask in cell

If a volume mask is present in cell number i, j, Kk,
then a digit other than zero is written to the array vol-
ume[i][jl[k]. If the three-dimensional mask displays
solid objects, then the value “1” is assigned to the array.
If features are placed in the cell, the value is assigned to
the array, for example, “2”. If a “reactive” mask is re-
quired to determine the integral parameters, then “3” is
assigned to the array. In general, the values of the quan-
tities are not important and can be any.

Then, at the interface between volume and free
cells, an array of surface mask  sur-
face[NX][NY][NZ][3] is generated. The surface mask
can simulate incomplete permeability of the wall, i. e.
display holes in the wall smaller than the grid spacing.

Permeability in the range 0...1 is set by the user,

with “0” denoting a fully permeable wall, and “1” —

completely impervious. The value of the guide cosine
mask cosine[i][j1[K][3] is assigned to a free cell (i, j, k)
near the surface mask if the plane of the triangle AABC
approximating a solid is not parallel to the planes XOY,
X0z, YOZ.

The distance from the center of the cell adjacent to
the surface mask to the nearby triangle is determined,
and the corresponding cosine mask is assigned to the
mask of the guiding cosines in this cell. The mask of
guiding cosines is a set of cosines of the angles that the
normal vector normal[NT][3] forms with positive coor-
dinate axes.

When calculating a mask for thin-walled shells
(for example, a jet engine shell), a similar algorithm is
used, with the only difference being that the direction of
the normal is taken with the opposite sign for cells in-
side a false volume mask. In this case, the volume mask
is not used by the calculation module.

Algorithm Speed Comparison. Three methods
were considered for determining whether the point O
belongs to the triangle AABC. According to the first

(see Fig. 5), the sum of the areas S, S,, S, of the tri-
angles ACOB, ACOA and ABOA formed by the inter-
section point was compared O with vertices of the main
triangle AABC and the area S; of this triangle.
Belonging to a point is determined by the equality:
S +S,+S;=S;. (3)
B

(3

C
Fig. 5. Scheme for understanding determination
of point belonging to arbitrary triangle

According to the second, compare the sum of the
angles a,, a,, o, atthe vertex O of the same triangles

ACOB, ACOA and ABOA with a value of 360°. The fact

that the point O belongs to the triangle AABC approxi-
mating the surface is determined by the equality:

o, + 0o, +0o, =360°. (4)

According to the third, the signs a, b and ¢ of

pairwise vector products CBxCO, BAxBO and

ACxAO of the triangle AABC and the vectors from
the vertex to the point O, respectively. The affiliation of
the point O is determined by the equality of one sign of
all vector products:
(0>0Ab>0Ac>0)v(a<0Ab<0OAC<0). (5)

To compare the methods, we estimated the time to

obtain a three-dimensional mask of a sphere whose sur-
face is approximated by 6162 triangles. The most eco-
nomical is the third method (see Table 1 — set off),
which does not require the use of the resource-
expensive functions sqrt() [18] and acos(). This algo-
rithm is implemented in the current version of the soft-
ware.
Comparison of two floating-point values (according to
(3) and (4) with their inaccurate rounding can lead to
incorrect results. Instead of using the equality operation,
it is more rational to use a function that determines how
close these two quantities are to each other (differ by a
small amount of epsilon 10°°). Therefore, the third
method is characterized by higher accuracy and speed,
because it defines the sign of the values.
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Table 1

Comparison of time spent on obtaining volume mask using various methods

Applied method Calculation time, s
Comparison of the sum of the areas of the triangles 100,171
Comparison of angles between segments 93,625
Definition of the sign of a vector work 31,969

Results

In the figure (see Fig. 6) shows the results of the
software for a grid of 20x20x20 cells using an example
of a sphere. The mask of cosines is displayed as a plane
bounded by a cell, tangent to the initial surface of the
3D model and adjacent to the surface mask. The error in
constructing the volume mask does not exceed the cell
step.

Masks are imported into multi functional software
for solving unsteady spatially heterogeneous problems
of gas thermodynamics. The software includes a grid
generator, a calculation module and a graphical inter-
face. The entire software package is also independently
implemented in C++ and Fortran.

C

In the figure (see Fig. 7) shows the working win-
dow of the grid generator when constructing a mask of
an infinite cylinder in the computational domain with
dimensions of 100x40 cells. In the enlarged area, the
resulting masks are displayed: dark gray — volume, light
yellow — surface, and light turquoise — guide cosines.

In the figure (see Fig. 8) presents a color map of
the speed when calculating the external flow around the
cylinder on a coarse orthogonal regular grid at a blow-
ing speed of 30 m/s. An increase in the smoothness of
the solution in the near-wall zones of the flows [19] on
such a relatively coarse grid is achieved by using the
method of singularities of the form of sources-sinks of
momentum and energy.

v}

A2

d

Fig. 6. Example of obtaining masks: a) initial geometric model of sphere; b) BREP representation
of model in STL file; c) hexahedral mesh with volumetric and surface masks; d) mask of averaged normal surfaces
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B Mesh2D

Fig. 7. Example of generating computational grid of size 100x40

min
|

0.00

Veloctty, mfs

max

42.2%

Fig. 8. Example of blowing endless cylinder at speed of 30 m/s

When simulating the flow, a cell with a volume
mask value volume[i][j][k]=1 is excluded from the solu-
tion area of the boundary value problem. Near the sur-
face mask surface[NX][NY][NZ][3]=1 the problem of
gas interaction with the obstacle is solved.

If the wvalue of the surface mask sur-
face[NX][NY][NZ][3]=0...1 the problem of the decay
of an arbitrary discontinuity and the interaction of the
gas with the obstacle are simultaneously solved. In cells
with the cosine mask cosine[i][j][k][3]#0 an isentropic
rotation of the flow is used (i. e. surface forces do not do
work). However, a “percussion” rotation mechanism
may be used depending on the dissipative signature of
the physical original.

Conclusion

Existing mesh generators are focused mainly on
obtaining non-orthogonal irregular grids designed to
describe the curved boundaries of streamlined bodies.
However, the thickening of the grid leads to an increase
in the calculation time, and the non-conformity of the

grid leads to unphysical effects. The software package
developed by the authors uses a different principle of
increasing the smoothness of the solution in places with
a complex surface structure. This principle consists in
superimposing on the flow such sources of momentum
and energy, which are equivalent in their effect on the
flow to the interaction with the solid wall.

The presented orthogonal regular grid generator al-
lows you to speed up and simplify the construction of
grids that can be effectively used in a CFD solver. The
grid generator uses its own adaptive conformal algo-
rithm for constructing specific masks. This algorithm
generates volume and surface masks, as well a mask of
guiding cosines in a Cartesian coordinate system. To
build a mask, a geometric model is used, which is lim-
ited by the “closed” surface. To obtain a 3D model, any
third-party CAD application can be used.

Calculations on a relatively coarse grid are eligible
due to another method of describing the flow near the
walls. The essence of this approach is that groups of
features of the form of sources-sinks of momentum and
energy are superimposed on the flow, which are equiva-
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lent in their power to the interaction of the flow with a
wall of complex geometry. The relative simplicity of the
mask generation algorithm allows to reduce the labor
costs of the software developer, which is an important
factor in reducing the technical risk and the cost of re-
search.

The modeling method cultivated by the authors [9,
12, 19], for which a generator of masks on a regular
rectangular grid has been developed, in contrast to the
MCO [10] and FEM [11] on unstructured grids, allows:
use ordinary computers for modeling without using par-
allelization; display the characteristics of the internal
flow of the medium with an accuracy of 10%; it is much
easier and more economical to implement dynamic
meshes; does not require changing the logic of the cal-
culation near geometry of complex shape.
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TEHEPATOP MACOK JIUISI PET'YJISIPHOI OPTOIOHAJIBHOI CITKH
B. O. Cepeoa, M. B. Amopoicesuu

IcHyt09i TeHepaTopH CITOK Opi€HTOBaHI B OCHOBHOMY Ha OTPUMAaHHS HEOPTOTOHAIBHUX HEPETrY/SIPHHUX CiTOK,
NIPU3HAYECHUX JUISl ONUCY KPUBOJIHIHHUMHM MeXaMH oOTiYHUX Ti. OJHAK 3TyIIEHHS CITKH NMPHU3BOIUTH 10 3017b-
LIEHHS Yacy po3paxyHKiB, a HEKOH(GOPMHICTb CiTKH — 10 Hediziuyanx edexTiB. Pozpobienuii aBTopamMu nakeT npo-
rpam (I1IT) m1s mMopentoBaHHSA ra30TEpPMOAMHAMIYHUX ITPOIECIB OPIEHTOBAHMI Ha iCTOTHO OLTBII MPOCTHH OMHC
reomeTpii, 4epe3 Te M0 BHKOPHUCTOBYE IHIIMI HMPUHIMII MiJBUINEHHS TJAJKOCTI PIIIEHHS B MICIIIX 31 CKIaJHOIO
CTPYKTYpOIO TIOBepXHi. [leit mpuHIUIT mojsarae B HAKJIaJACHHI Ha MOTIK TaKUX JKEepes IMITYJIbCY 1 eHeprii, sKi eKBi-
BaJICHTHI 32 CBOIM BILUTMBOM Ha TIOTiK B3a€MOJIi 3 TBEPAOIO CTiHKOO. 11 MicTUTh MacKOBHI TeHEpaTOp OPTOTOHA-
JBHOI PeryispHOi CiTku. Buximaumu maaumu U1t moOyIOBH Mack € CTBOpeHa B Oynp-skomy CAD-nmomatky 3D-
MoJienb, sika 30epiraetecs B popmati STL 1 po3minyeTbest B KaTano3i mpoekTy. KojkHa Komipka MicTHTB B c00i iH-
(opmariro mpo HasABHICTh TPUBUMIPHOTO TBEPOTO Tijla, MPOHUKHOCTI KOXHOI I'paHi rekcaeapy i HaIpsSMOK BEKTO-
pa HopMaii 70 00TiYHOi MOBepxHi. Y 3B’S3Ky 3 UM I'€HEPATOp CTBOPIOE TPU THIHM MAacoK: 00’€MHY, IIOBEPXHEBY
TIOBHOI 1 HETIOBHOT POHUKHOCTI, @ TAKOXK MacKy HaIlPSIMHHUX KOCHHYCIB. J{ist oTpuMaHHs 00’ eMHOI (TinecHOT) Mac-
K{ 3 HEHTPY KOXKHOT KOMIPKH y3JIOBX OCEi IPOBOJIUTHCS IMpsMa i MepeBipsAeThCs ii MepeTHH 3 KOKHUM TPUKYTHH-
KOM, III0 allpOKCHMY€E MOBEPXHIO JOCHTIPKyBaHOTo Tina. [TlapHa KUIBKICT IepeTHHAHb TPUKYTHHKIB 1 MPsMOi CBijI-
YUTH NPO HAsBHICTH y KOMipli 00’eMHO1 Macku. [loBepxHeBa HeNIPOHWKHA Macka (POPMYETHCS B TPHOX HarpsMKax
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Ha pO3[iJi BUILHOT KOMIPKH 3aiHATOI 00’€MHOI Mackoro. IIpy HEOOXiTHOCTI BBE/IEHHS HaliBIPOHUKHOI MAacKH ii
JIOKai3alist 1 Mipa MPHU3HAYAETHCSI KOPHCTYBaueM. Macka HalpsMHHMX KOCHHYCIB NPH3HAYa€ThCS B KOMIpI, siKa
NPUMHKAE 10 TIOBEPXHEBOT HENPOHUKHOT MAacKH. 3HAUCHHS HAIPSIMHHUX KOCHHYCIB IIPUCBOIOIOTHCS PIBHHMH BilIIO-
BiTHIM 3HAYCHHSM JOBKOJIMIITHHOTO TPUKYTHHKA, IO allpOKCUMYeE ToBepxHIO 3D-Mmonerni. 3renepoBani Macku ¢op-
MYIOTBCSL Y BUTILI OKpeMHuX daifiniB. Po3pobieno nomatok mist cepenosuma SolidWorks, 1m0 103Bossie BUKOHYBa-
TH 00’eMHY Bi3yaiizarmiro. Y BHpiIIyBaibHil mporpami iHpopMaIllis mpo HasSBHICTh 00’ €MHOI MACKH BHKOPHCTOBY-
€ThCS HACTYITHUM YMHOM: 00’€MHa MacKa BHKIIOYA€THCS 3 00JacTi pillleHHs, MOOIN3Y MOBEPXHEBOI BUPIIIYIOTHCS
ABTOMOJICITBHI 3aBJaHHA, a IPU HASBHOCTI HANPSMHHUX BIACTUBOCTEH — MPOBOJUTHCS 130€HTPOIIIYHHN ITOBOPOT ITO-
TOKY.
KoarouoBi ciioBa: po3paxyHKoBa CiTka, 00’€MHa MacKa; OBEPXHEBA Macka; Macka KOCHHYCIB.

TEHEPATOP MACOK JUISI PETYJISAPHOM OPTOTOHAJIBHOM CETKH
B. A. Cepeoa, M. B. Ambposrcesuu

CymiecTByIOINe TeHEPATOPhl CETOK OPHEHTHPOBAHLI B OCHOBHOM Ha IOJIyYEHHE HEOPTOTOHAIBHBIX HEPETy-
JSIPHBIX CETOK, MPEAHA3HAYCHHBIX I ONHCAHHUA KPUBOIMHEHHBIMH TPaHUIAMH 00TekaeMbIX Tel. OHaKo crymie-
HHUE CETKHM NPUBOIMT K YBEIWYEHHIO BPEMEHH PAaCUeTOB, a HEKOHPOPMHOCTb CETKH — K He(u3nuHbIM 3 dexTam.
PazpaboTannslii aBropamu maket nporpamm (I1IT) anst MoaenupoBaHus ra30TepMOANHAMUYECKHUX MPOLIECCOB OpH-
E€HTUPOBaH Ha CYIIECTBEHHO 0ojiee NMPOCTOE ONMMCAHHE T'€OMETPHH, T. K. HCIOJIb3yeT WHOW MPUHIMUI MOBBIIICHUS
IJIAAKOCTH PELIeHHUs B MECTaX CO CIOKHOH CTPYKTYypOH HMOBEPXHOCTH. DTOT MPHUHIHUII 3aKITI0YaeTCAd B HAJIOKECHUN
Ha MOTOK TaKMX MCTOYHHMKOB UMIIYJbCAa U DHEPIUM, KOTOPBIE 3KBUBAJICHTHBI 110 CBOEMY BO3JECHCTBUIO HA IOTOK
B3aUMOJEHCTBUIO ¢ TBepAoM cTeHKOH. IIII comepKUT MAacO4YHBIA I'€HEPaTOp OPTOrOHAIBHOM DPETYJISIPHOM CETKU.
HcxoaHpIMI TaHHBIME IJIS1 TIOCTPOEHHS MAacoK sBIsieTcst co3nanHast B mobom CAD-nmpunoxennn 3D-mozmens, Ko-
Topas coxpansercs B ¢popmare STL u momerraercs B katayor npoekra. Kaxmas sdeiika cogepxut B cede mapOp-
MAalHIo0 0 HaTMYUH TPEXMEPHOTO TBEPAOTO TENa, IPOHUIAEMOCTH KaX 0 IpaHy TeKcadipa U HalpaBJIEHUE BEKTOPa
HOpMaln K 00TE€KaeMOW MOBEPXHOCTH. B CBs3M ¢ 3TUM reHepaTop CO3JaeT TPH THIA MACOK: 00BEMHYIO, ITOBEPX-
HOCTHYIO TIOJTHOW M HEMOJHOHM NMPOHHIAEMOCTH, a TaKKe MAcKy HaIpaBISIOIMX KOCHHYCOB. [l mosydeHus: 00b-
€MHOM (TeJeCHON) MacK1 U3 LEHTpa KXo SYSHKH BJOJIb OCell MPOBOAMUTCS MpsiMasi v TIPOBEPsIeTCs ee Iepeceue-
HUE C KOKIBIM TPEYTrOJIBHUKOM, alIPOKCUMUPYIOIUM IIOBEPXHOCTh Hccienyemoro tena. HederHoe koaudecTBo
nepeceueHuil TPeyroJbHUKOB U MPSIMON CBUIETENBCTBYET O HAJMUMU B siueliku o0beMHOM Macku. [loBepxHOCTHAs
HETpOHHUIaeMas Macka (HOPMHUpPYETCs B TPeX HAMpaBIICHHUSIX Ha paslelic CBOOOIHOHN SUYCHKH 3aHATONW 0O0BbEeMHOU
Mackoi. ITpyn Heo6X0IUMOCTH BBEICHHS MOTYNIPOHUIIAEMO MAaCKHU ee JIOKaTH3aIlHsl U Mepa Ha3HavaeTcs MoJIb30Ba-
TeneM. Macka HalpasJIIOIIMX KOCUHYCOB Ha3HAa4yaeTcs B siYEHKe, KOTOpas IPUMBIKAET K IIOBEPXHOCTHOW HEIIPOHU-
aeMOM MacKe. 3HAYEHUS HaNpaBIIIONINX KOCHHYCOB IPUCBAMBAIOTCA PABHBIMH COOTBETCTBYIOIIUM 3HAYEHUSIM
ONM3IesKaIero TpeyrolbHIKa, allPOKCUMUpYomIero nosepxHocts 3D-monenu. CrenepupoBaHHbIe Macku (HGOpMH-
pyroTCsl B BUIEe OTHEIBHBIX (haitioB. Pazpaborano npunoxenue st cpeasl SolidWorks, mo3possironiee BBITIONHAT
00beMHYIO BH3yalu3aluio. B pemaromei nporpamMe uHGOpMAIMs O HAIMYMH OOBEMHOW MacKd HCHOJIb3YeTCs
clenyromyM o0pa3oM: 00beMHasi Macka MCKIFOYaeTcsl U3 O0JacTH pemeHus], BOJIM3M NMOBEPXHOCTHON PElIaroTcst
aBTOMOJIEJIbHBIE 3a/1a4M, a IPU HAIWYMM HAMpaBJISIONINX CBONCTB — MPOU3BOAUTCS HU303HTPONHUYECKHHA MOBOPOT
IIOTOKA.

KiroueBble c10Ba: pacueTHas ceTka, 00beMHas Macka; IOBEPXHOCTHAsI MacKa; Macka KOCHHYCOB.
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