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Unmanned aerial vehicles (UAVs) are becoming increasingly
demanded worldwide. The scope of their use is very extensive.
They are used for military purposes, delivery of goods, environ-
mental monitoring, border patrolling, aerial reconnaissance and
mapping, traffic control, etc. UAVs have a number of important
advantages over manned aircraft. These advantages include
relatively low costs of UAVs at their long flight durations and
ranges, their low operating costs, and the ability to perform ma-
neuvers with overloads that exceed the physical capabilities of a
human being, making their development more active. One can-
not imagine the designing of UAVs and control systems without
mathematical modeling. To build mathematical models, high-
speed computers and modern software tools have been created,
Solid Works, Ansys CFX, POLYE software systems being among
them. There arises a problem of specifying and quickly changing
geometric information to create a mathematical and computer
model of the UAV being designed. At the design stage, there can
be solved a lot of tasks that are put before researchers as re-
gards the use of UAVs. At the same time, insufficient attention is
paid to the parametric representation of aircraft surfaces. Ex-
panding the scope of using the apparatus of the theory of R-
functions for modeling UAV surfaces is an urgent scientific and
technical task. In this paper, for the first time, using the theory of
R-functions, we build up the equation of the surface of a flying
wing UAV in the form of a single analytical expression with al-
phabetic parameters. This equation can be used in solving vari-
ous practical problems as well as developing and manufacturing
the product itself, for example, on a 3D printer. The proposed
method for specifying the shapes of products by using a limited
number of parameters can significantly reduce the complexity of
work in CAD systems in cases where it is required to view a
large number of design options in search of an optimal solution.
In this paper, we build a 14-parameter family of flying wing
UAV surfaces. By changing the values of alphabetic parameters,
we can quickly explore its various forms.

Keywords: unmanned aerial vehicle, R-functions, alphabetic
parameters, standard primitives.

Among the advantages of unmanned aerial vehicles (UAVs), commonly known as drones, one

should note their relatively low costs at long flight durations and ranges, low operating costs, and the ability
to perform maneuvers with overloads that exceed the physical capabilities of a human being. UAVs have a
lot of positive qualities. UAV design characteristics are different, which affects the scope of their applica-
tion. Unlike light ones, heavy UAVs are mainly involved in military actions, carrying out reconnaissance or
destroying specific targets. According to estimates of most Western experts, in future wars and conflicts, the
United States and other NATO countries will rely on the use of UAVs, which are capable of delivering
goods, monitoring environment and forest fires, patrolling borders, preventing drugs from being trafficked,
carrying out aerial reconnaissance and mapping, controlling traffic, etc. [1-4]. In the Chinese province of
Heilongjiang, UAVs are used for training Amur tigers who, while hunting for UAVss, maintain their physical
form. A significant advantage of drones is their mobility and transport accessibility — they will reach those
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land areas that are very difficult to reach by land or air. The speed of cargo delivery is another good argu-
ment for using drones. A drone can reach a remote land area in 30 minutes, and a helicopter, in 2 hours. For
manned aircraft, it is important to have a long runway, while drones can land on 500 to 600 meter long land-
ing strips, and miniature models can easily land even on a step near the threshold of a house. UAVs eco-
nomically consume fuel due to their compact dimensions, which is also an advantage.

Thus, expanding the scope of applying the apparatus of the theory of R-functions for modeling UAV
surfaces is an urgent scientific and technical task. Based on the theory of R-functions, new approaches to the
analytical identification of UAV surfaces have been developed. Both well-known methods of standard primi-
tives and various options for frame blending are used. Multi-parameter equations of UAV surfaces of various
shapes and purposes have been constructed and visualized [5].

The goal of this paper is to create a mathematical and computer model of the surface of a flying wing
UAYV on the basis of the theory of R-functions.

Main Part

In this paper, both the R-operations fk A, fl = fh+ fl—+f f* + fI%; Jev, fl= fh+ fl++ fK*+ fl*
and standard primitives [6,7] are used. The equation of a conical surface with a vertex at a point
A(xy,¥,,2,) , for which the guide is described by the equation oa(x, y) =0, is obtained by replacing the

X=X,
X &= Xy — 2,
. - . . X=X —
variables N B %0 in the equation o(x,y)=0, namely m[xo -2 %Yo — 2o MJ =0.
yﬁyo_zoy Yo Z— 2 Z— 2
Z— ZO
In addition, to construct an object of a given thickness O, its normalized equation
0w : . : L
o(x,y,z)>0,—| =1 was used. It is well known that the function ®(x, y,z) in the vicinity of the boundary
nlae

dQ behaves like the distance to 0Q . Then the function l(x, y,z)= g - |0)(x, Y, zl >0 will be positive only

in the band width & [5, 8]. The use of this approach in some cases can significantly reduce the number of
R-operations, and, consequently, the computational process.
By using the planes f1, f2,f3, fcl, fc2, fc3, fc4, R-operations and by replacing the variables

X, < x,y, &<y, we construct the flying wing base equation with the four alphabetic parameters: o — the
cone angle, (xo, Yo ZO) — the coordinates of the cone point

fl=y, —xtg020; f2=y +x180020; f3=—y1+8;i20; f=(f1n, f2)A, £320;
tgg

fel=y,=9—(x,-2.5)20; fc2=y, -9+(x,-2.5)=0;

f3=y,=9—-(x,+2.5)20; fcd=y, -9+ (x,+2.5)20;

XX, _ Y—Yo.
5> V1= Yo — %o >
Z_ZO Z_ZO

X =X~ %o

feel= fel ng fe220; fec2 = fe3ng fe420; fee = fecl Ay foc2 20
fF = f Ay foc 20, WK = fff Ay 2(1.5-2)20.

By changing the values of the parameter o, at x, =0,y, =5,z, =1.5, we quickly obtain the results
presented in Fig. 1.
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By changing the position and magnitude (xo, Yoo zo) of the coordinates of the cone point at o =f—g ,

we quickly obtain the results presented in Fig. 2.

T 3n
o=
6 10
Fig. 1. UAV surface view with the change in the parameter O,

.x0=0,y0:O.5,z0=0.8 Xy =0,y,=2,2,=0.8 Xy =0,y,=5,2z,=0.8

Fig. 2. UAYV surface view with the change in the position of the cone point

We construct the UAV equation with the working compartments of various shapes (Fig. 3): in the
form of an elliptical cylinder (Fig. 3, a)

2 2
el=§—1— X _(Z—O.Z)
15 101 |

> . fel=(el Ay (y=2.5)10=y)) Ay 220;

fe=felng (102 =3 =y = (=7} )20, W =WK v, fe>0

and in the form of a cone with an elliptical guide (Fig. 3, b, c)

X— X, 1—Z
xlzzxoz_)’oz—oz; 22 =200 7 Yoo e
Y=Yn Y= Yo
2 _ 2
fez[(l—)ldsz2 —(Zlfofzs) j/\o (y—2-5)(9—)’)j/\0220; W=WKv, fe20.

Here, for clarity, the influence of only four parameters on the UAV surface is studied. In the general
case, the UAV equation with the alphabetic parameters will have the following form:

fl=y, —xtga>0; f2=y +xtgo>0; f3:—y1+£20; F=(f1ry f2)A, f320;
g

fel=y —c—(x,=k)20; fe2=y,—c+(x,—k)=0;

f3=y —c—(x,+k)20; fed=y, —c+(x,+k)=0;
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X=X, _ Y—Yo.
5> V1= Yo — 2o >
Z_ZO Z_ZO

fecl= fel ng fe220; fec2= fedng fcd20; fee = fecl Ay foc220;
M =fny feez0; WK = fif Agz2(h—2)20;

_ X~ Xp | _ 7 Zp
X2 = X2 — Yoz > 22 = 202~ Yoz >
Y= Yo Y= Yn

r, y

12> (z12-¢,)
fe= [1_X 2 _(Z 2ZC) }/\O(y_yd)(yh_y) N 220, W=WKv, fe20
r

a=8.8,c=9,k=2.5,[3=§,x0 =0, y,=0.5,2, =08, h=1.5, xp =0, y,, =25, 2, =0, z, =0.3,

r,=15r,=101y,=25,y,=9.

X = 0, ¥, = 25,29, =0 Xop = 0, ¥50 = 20,29, =0

a b [¢

Fig. 3. Surface view of a UAV with a working compartment in the form of:
a — an elliptical cylinder; b — a cone with a vertex at the point (0, 25, 0) and an elliptical guide;
¢ — a cone with a vertex at the point (0, 20, 0) and an elliptical guide

Thus, we obtain a 16-parameter family of surfaces. However, taking into account symmetry, xo=0
and x,=0 should not change, which is why, as a result, we have a 14-parameter family. By changing the val-
ues of the alphabetic parameters, it is possible to quickly investigate the various forms of UAV surfaces.

The obtained UAV surface equations are visualized using the RFPreview program [9].

In this paper, we did not set the goal to obtain ideal, honed surface forms. The work demonstrates the
possibilities of constructing mathematical models of such surfaces by the R-function method.

Conclusions

The construction of a mathematical model is the central stage in the study or design of any system.
The quality of the model determines the entire subsequent analysis of the system. The model should be suffi-
ciently accurate, adequate, and convenient to use.

To summarize, it should be noted that for the first time, thanks to the theory of R-functions, the sur-
face equation of a flying wing UAYV is constructed in the form of a single analytical expression with alpha-
betic parameters, and this expression can be used both in solving strength and aero-hydrodynamic problems,
as well as designing and manufacturing the system itself, for example, on a 3D printer. An analytical re-
cording of the objects being designed makes it possible to use alphabetic geometric parameters, complex su-
perpositions of functions, which, in turn, allows us to quickly change their structural elements.

The proposed method for specifying the shapes of products by using a limited number of parameters
can significantly reduce the complexity of work in CAD systems in cases where one needs to view a large
number of design options in search of an optimal solution.
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This can significantly reduce complexity in constructing computational models for determining
aerodynamic and strength characteristics, and the process of constructing a perturbed flow region near an
aircraft of complex geometry can take from several working days to weeks. At the same time, during the de-
sign process, it is required to successively review a large number of design options in order to optimize its
characteristics. After deciding on the aircraft geometry, the determination of characteristics is also often as-
sociated with the need to take into account changes in its shape, for example, if the aircraft has controls that
change their geometry during the flight. This leads to the fact that the determination of aerodynamic charac-
teristics only due to the need to build a large number of computational models to take this factor into account
increases the duration of work by months. With a parametric task, the change in the calculation areas is car-
ried out almost instantly.

With using R-functions, an algorithm for the phased construction of UAV equations has been devel-
oped and implemented, which allows us to check the model and make adjustments to it at each stage of its
construction.
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SIKHI BUKOHAHO 32 CXeMOI0 «JIiTaluye KPUJIo»

'T. I. leiixo, "> K. B. Makcumenko-1lleiiko, ° B. M. Cipenxko, * A. I. Mopo3oBa

'TacTuTyT Npo6nem MamuHOGYAyBaHHs iM. A.M. ITizroproro HAH Ykpaiuu,
61046, Ykpaina, M. Xapkis, By:1. [Toxxapcekoro, 2/10

* XapkiBchKuii HatioHanpHEi yHiBepenTeT iMeni B. H. Kapasiua,
61022, Ykpaina, M. Xapkis, maiinan Cobou, 4

? Jlepaue mmianpuemctBo «KoucTpykTopehke 6topo «ITiBnense» iM. M. K. STarems»,
49008, Ykpaina, M. [Tnirpo, Bys1. KpuBopizbka, 3

* X apKkiBChKNMil HALIOHABHIIT YHIBEPCHTET PagioeneKTpoHikH, 61166, Ykpaina, . Xapkis, np. Haykn, 14

ISSN 0131-2928. Ilpodoremu mawunodyoysanns, 2019, T. 22, Ne 4 65



APPLIED MATHEMATICS

besninomni nimanvui anapamu (BI1J/IA) cmaioms 6ce 6invw 3ampebysanumu 6 ycoomy cgimi. Obracmo ix nomen-
YitiHO20 3aCMOCYBaHHSL OCUMb BeauKd. BoHU BUKOPUCMOBYIOMbCS 8 BIIICLKOBUX YINAX, NPU 00CMABY BAHMAICIS, MOHIMO-
PUHEY HABKOTUUHBLO2O CepedosUYa, NAMPYII08aHHI KOPOOHIE, NOSIMPAHIL Po36ioyi i KapmozpagysanHi, KOHMPOi 00POIiCc-
Hb02o pyxy ma in. Pao easciusux nepesae BIIJIA neped ninomogarnoio asiayicto npugie 0o Oitbul AKMUBHO2O PO3GUMKY Yi€i
eanysi, cepeo SKUX 8IOHOCHO HeeIUKA 8apmMICMb NPU BeUKIL MPUBATOCI I OATbHOCTHE NOJILOMY, MATL BUMPAMU HA iX eKC-
NIYamayiio, MONCIUBICING BUKOHYBAMU MAHEBPU 3 NEPEBAHMANCEHHAMIU, WO NepesULyIOms I3UYHI MONCTUBOCIE THOOUHU.
Tpoexmyeannst BILJIA i cucmemu Kepy8anHs HEMONCIUBO yasumu 6e3 mamemamuyro2o mooentoéanuss BILIA. /s nobyodosu
MamemamuyHux mMooenei cmeopero weuokooiroui EOM i cyuachi npospamui 3acobu, Hanpukiao, maxi, sik NPOSPAMHI KOM-
naexcu Solid Works, Ansys CFX, POLYE i in. Bunukae npobnema 3a0auHsi ma onepamusHo20 3MIHIOBAHHS 2e0MempUyHOl
iHGopmayii 01 cmMeoperHs MamemMamuinoi ma Komn'romeproi mooeni npoekmosgaroeo BII/IA. Ha emani npoexmyeanms
Modice bymu gupiuieHo 6a2amo 3a60aHb, SIKI CIMAGIAMbCsL neped 00CHiOHuUKamu npu euxkopucmarni BILIA. Ilpu yvomy napa-
MemPUYHOMY 3a0AHHIO NOBEPXOHb TIMATLHUX ANApamie npuoiiacmscsi Hedocmamuvo yeazu. Poswupenns cpepu 3acmocy-
eanusi anapamy meopii R-pynxyiti ons modemosanis nosepxonv BIIJIA ¢ akmyanvhoro Haykoeo-mexniunow 3adavero. Y
OaHiti pobomi enepuie, 3a 0onomoeoio meopii R-ghynxyiu, nobyoosano piensnus nosepxui BIIJIA, suxonanozo 3a cxemoro
«aimaroye Kpuno» y 8U2iaoi €OUHO20 aHATIMUYHO20 8upasy 3 Oykeenumu napamvempamu. Taxe pigHAHHA Modce Oymu 8UKo-
pucmane K nio yac po3e’sa3aHHA PISHOMAHIMHUX NPAKMUYHUX 30044, MAK i Ni0 Yac NPoeKmy8ants ma UeOMOGIeHHs. CaMo-
20 6upody, nanpukiaod, na 3D-npunmepi. 3anpononosanuii memoo 3a0anus Gopmu Gupoobie 3a OONOMO20I0 OOMENCEHO20
YyCcaa napamempie mModice icmommo ckopomumu mpyoomicmxicmo pooim 6 CAD-cucmemax 6 mux unaoxkax, Koau nompioHo
nepecisHymu 6eIUKy KLIbKICMb 6apianmie KOHCMPYKYIL 8 NOWyKax onmuMaibHo2o po3s’sisky. B pobomi nobydosano 14-
napamempuuna cim’s nosepxorv BIIJIA, 6ukornanux 3a cxemor «imarye Kpuio». IMIHIOIOYU 3HAYeHHs. OYKGEHUX Napamen-
I8, MOJICHA ONEPaAMUBHO 00CAiOUmMuU PizHi popmu.

Knrouogi cnosa: besninomuuii rimanvhuti anapam, R-ghynxyii, 6ykeeni napamempu, cmanoapmui npumimueu.
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