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When designing the contours of machines and units that work in a moving
environment, ensuring a smooth change in curvature plays an important role.
The law of curvature change is very important in this case, because the kink of
the curvature along the surface inherits the turbulent stall of the flow of the
moving medium, which increases the resistance of the unit to the moving
medium. An increase in resistance to a moving environment leads to a decrease
in the speed of movement. And when used in aircraft construction, the disruption
of the moving environment can lead to a peak and crash of the aircraft. The
integral curve of the "clothoid" is known. Its peculiarity lies in the fact that
along the curve its curvature changes according to a linear law. Therefore, the
use of this curve for constructing a surface can provide a linear law of change
in curvature along the surface.

The paper considers the construction of a portion of the surface based on
the curves of the "clothoid”, which allows you to set the curvature at the
boundaries of the portion and provide a linear law of its change over the portion
surface. On the basis of such portions of the surface, it is possible to determine
both surface stripes and three and quadrangular portions of the surface. In this
case, the curvature changes linearly along the longitudinal directions and also
along the transverse directions, because both along and across the portion there
is a "clothoid" curve. And, as you know, the curvature along the clothoid
changes linearly. It is advantageous to use the indicated strips and portions of
surfaces in the design of surfaces of machines and assemblies, working in a
moving environment (surfaces of aircraft, cars, ships), in which it is important
to set a smooth law of curvature change along the surface. The law of curvature
change is very important in this case, because the kink of the curvature along
the surface inherits the turbulent stall of the flow of the moving environment,
which increases the resistance of the unit to the moving environment. An
increase in resistance to a moving medium leads to a decrease in the speed of
movement. And when used in aircraft construction, the disruption of the moving
environment can lead to a peak and crash of the aircraft. In works [1,2,3]
various variants of surface portions are considered, but none of them provides a
linear law of curvature change.
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Statement of problem. When designing the contours of machines and
units that work in a moving environment, there is the need to model surfaces
with a given curvature.

Recent research and publication analysis. In articles [1,2,3], various
variants of portions of surfaces are described, but none of them provides the
setting of a linear law of change in curvature over the surface.

Setting article objectives. The paper considers the construction of a
portion of a surface with a linear law of change in curvature over the surface,
which makes it possible to design the contours of machines and mechanisms that
operate in a moving medium, with a smooth and linear law of change in
curvature over the surface.

Main part. The integral curve of the “clothoid" is defined by the formulas:

S S
x=[ds cosU kdsj ; (1)

0 0

S S
y = [dssin (I kdsj, (2)

0 0

where the curvature k varies linearly:

k=kqo (1-5) + k. (3)

Formulas (1) and (2) can be rewritten in a form convenient for
programming:

X= ZS:AS cos(zsl KAS) ; (4)
0 0

y= ZS:Assin(i KAS) . (5)
0 0

To model a strip of a surface, it is necessary to move the plane curve
along the clothoids in the perpendicular direction.

Let's take a cubic Bezier curve as an example.

r=r,@0-t)°+r,-t)*t+r,t*. (6)

We will move the reference points r, ry, r,along the clothoids.

We get a strip of the surface, in which along one direction there will be
cubic Bezier curves, and in the other direction - clothoids.

In this case, along the direction along the clothoids, the curvature will
change linearly.

Based on this example, a program in the AutoLISP language was
developed in the AutoCAD system environment.

The result of this program is shown in Fig. 1.
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Xg = Xo + 2 Ascos(D_kAs):
0 0

Yo = Yo + 2, Assin(>_kAs):
0 0

S S
X, = X% + Y, Ascos(D_kAs):
. X (")
Y1 =Yy + D, Assin(D_kAs):
0 0

S S
X, =X, + Y Ascos(D_kAs);
0 0

Yo =Y, +ZS:Assin(ZS:kAs) )
0 0

Here the Bezier curve is parallel to the zOy plane, and the clothoids are
parallel to the xOy plane.

To model a quadrangular portion of the surface, it is necessary to move
the clothoid along the perpendicular clothoids.

For this, we take a clothoid defined in the zOy plane:

Z= Zs:As cos(zs: KAS),
" ", } ®)
Yo = D, Assin(D_kAs).

We will move the clothoid (8) in the perpendicular direction along the
clothoid:

Z=27,=const, )

x:iAscos(ikAs), 9)

'

S S
y=Yo + 2> Assin(d>_kAas) -
0 0

We get a quadrangular portion of the surface, in which clothoids are
determined along both directions and, therefore, the law of curvature change
over the surface will be linear along both directions.

Based on this example, a program was developed in the AutoLISP
language in the AutoCAD system environment.

The result of this program is shown in Fig. 2.

Conclusions. This work makes it possible to simulate surfaces with a
given linear law of curvature change over the surface, which is important when
designing the outlines of machines and units that operate in a moving
environment.



24

4/ AutoCAD 2006 - dwg
D File Edit View Inset Format Tools Draw Dimension Modify Window Help BEE

JJDG&‘E\%@@F@@I&’N‘- \&:Q@.‘Cﬂ\ﬁ@gggg\ﬂ”]&smndard | o 15025 - | & st -|
J‘w’/ Y O%Hmo v)%e@,m W ByLayer v|

ByLayer - ‘ ByLayer - | EBiyCalor

»

RN

™
.
=

[>EP®E - &0 029600 L NN
Om@ s % I SIC0L+PHC+BER

|e Edit View Insert Format Tools Draw Dimension Modify Window Help [-]=]=]
[DRE2RD (DO s #| e HERIYE|@]|Hswn | L0 | st -]
H = 0% BEn ¥ 3 HJ [ Yellow | Byl ayei || —— BuLayer || Buolor ‘
2 ]
Ve @
) i
o] &
= g8
r +
@ O
Q il
r 0
(=] o
@ =
3 |
= |
. Ead
B r
4 r
& #
&= =]
A L
- L.
o]
L]
ATy T\ Model {500 fToutf < = B
Fig. 2
Literature

=

[Toropenos A.B. I'eomerpus. M.:Hayka. ®usmatiut, 1983. 288 c.

2. T'omosanos. H.H. I'eomeTpuueckoe MmoaenmupoBanue. M.: ®uzMatiurT,
2002. 472 c.

3. bamaes FO.U., Koryn A.M. CrenmaibHble CIUITAWHBI W3 TIOJUHOMOB

TPEThEH, UYETBEPTOM U TNATOM CTENEHEH B  TIEOMETPUYECKOM

monenupoBanu: Mounorpadus. O.: @enukce, 2011. 316 c.



25

MOJAEJIUPOBAHUE U KOMITBIOTEPHAS PEAJIN3ALIAA
IMOPIIUUA ITOBEPXHOCTH HA OCHOBE KPUBLIX “KJOTOMUAbI”

banmaes KO.U., Jlaroguna JI.II.

Ilpu  xoucmpyuposanuu 0680006 MawluH U azpeeamos, Komopvle
pabomaiom 8 O0sudCcywelicsi cpeode, BAJNCHYIO polb ucpaem  obecneueHue
NIIABHO20 U3MEHEHUs KPUBU3HbL. 3AKOH U3MEHeHUs KPUBU3HbL OUeHb BAMCEeH 8
9MOM cayuae, NOMOMY UMO U3IOM KPUBU3HLL NO NOBEPXHOCMU HACTedyem
MypOYIeHMHUbIU  CPbI8 NOMOKA  O8UdCYUelicsl  cpedbl, UYMO YEeruyusaem
conpomugienue azpezama 08UXCYwelucs cpeoe. Yeenuuenue cOnpomusieHus
osudicyweticsi  cpede npugooum K YMEHbULeHUI) CKOpocmu 08udiceHus. A npu
NPUMEHEeHUU 8 CaMOJIeMOCMPOEHUU CPbl8 OBUNCYWYEUC CPedbl  MOdHCem
npugecmu K nuKe u kamacmpoghe camonema.

Uszeecmna unmeepanvuas kpueas ‘‘kromouoda’. OcobeHHocmb ee
cocmoum 6 mom, Ymo 80071b KPUBOU ee KPUBUSHA UBMEHSIeMCsl NO JIUHEHOM)
3axony. Ilosmomy npumenenue 3motl Kpugou OJis_NOCMPOEHUs. NOBEPXHOCMU
Modicem obecneuums TUHEUHbIU 3aKOH USMEHeHUsl KPUBU3HbL N0 NOBEPXHOCTIU.

B pabome paccmampusaemcs nocmpoeHnue nopyuu NO8epXHOCMU HA
OCHOBe Kpusbix “Kiomouovl”, 4umo no3eojsem 3a0amv KPUBU3HY HA SPAHULAX
nopyuu u obecneyums ITUHEUHbI 3aKOH ee USMEHeHUs N0 NOBEPXHOCMU NOPYUU.
Ha ocnose maxux nopyuil nogepxHocmu MONMCHO ONpedensamv, Kak NoJoChl
NOBEPXHOCU, MAK U Mpex U uYemvlpexy2oibHvle nopyuu nosepxwocmu. Illpu
9MOM KPUBU3HA USMEHAEMCs JUHEUHO 600]b NPOOOJbHbIX HANPABIeHUU, a
maxoice U 680076 NONEPEUHLIX HANPAGIEeHUl, NOMOMY 4moO KAK 600.b, MAK U
nonepexk Nopyuu pacnojodceHa kKpueas ‘“‘kiomouda”. A, Kax u38ecmiHo,
KPUBU3HA 800JIb KILOMOUObL USMEHAEHCS IUHEUHO.

Vkazannvie nonocvl u nopyuu nosepxmocmeti 6bl200HO NPUMEHAMb 8
NPOEKMUPOBAHUU NOBEPXHOCMEU MAWUH U dzpe2amos, pabomarnuux 8
osudicyweticsi cpede (NO8epXHOCMU CAMOJIemo8, asmomoounel, cyoos), 8
KOMOPBIX 6AXHCHO 3A0aHUE 3AKOHA UBMEHEHUs KPUBU3HBI 8001b NOBEPXHOCHIU.
3aKkoH usmeHeHUs: KPUBU3HbI OUEHb BANCEH 8 IMOM ClLyyae, NOMOMY UMO U3TIOM
KpUBU3HbI N0  NOBEpXHOCMU Hacledyem mypOYIeHMHbI CPbl NOMOKA
ogudcywelicss  cpeodvl, YUMo  yeeauuusaem - CONpOMuGIeHue — azpe2ama
osudicyweticsi  cpede.  Yeenuuenue conpomuienus O8udxcyulelcs —cpeoe
npUBOOUM K YMEHbULeHUI0 CKOpOCMU O8udicenus. A npu npumeneHuu 8
CAMONEMOCMPOCHUU CPbI8 OBUNCYUENC CPedbl MOJCem Npusecmu K nuxKe u
kamacmpoghe camonema. B pabomax [1,2,3] paccmampusaromces pasiuunble
sapuanmsl NOPYUll NOBEPXHOCMU, HO HU OOUH U3 HUX He obecneuugaem
JIUHEUHO020 3aKOHA U3MEHEHUSI KDUBUIHDL.

Kntouesvie cnosa: nonoca nosepxnocmu, nopyusi HOBEPXHOCMU,
KpususHa, kpusas ‘xiomouda’.
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MOJEJIOBAHHA I KOMIT'IOTEPHA PEAJIIBALSA noPII
HOBEPXHI HA OCHOBI KPUBHUX “KJOTOIIN”

banaes 10.1., Jlaromxina JIII.

Ilpu roncmpyrosanni 0066800i6 mawun [ azpeeamie, SAKI NpayrOOmMb y
cepeoosuyi, Wo pyxacmucs, 8adCIUBY polb Gidiepac 3abe3nedeHHs: NIA6HOI
SMIHU KPUBU3IHU.3AKOH 3MIHU KPUBU3HU OYoHCe BAMCIUBUL 8 YbOMY BUNAOKY,
MOMY WO 31AM KPUBUSHU NO NOBEPXHI HACIOYE MYpOVIeHMHUN 3pU8 NOMOKY
cepedosua, Wo pyxacmscsa, wo 30iIbUlye onip azpezamy cepeoosuuly, uo
pyxaemuvcs. 30inbUenHs Onopy cepeodosulyy, wo pyXacmuvcs, NPu3gooums 00
3MeHueHHs weuokocmi pyxy. A npu 3acmocyeéanui 6 nimaxo0y0y8amHi 3pus
cepeoosuyd, Wo pyxacmcs, Modce npugecmu 00 nike i Kamacmpoqbu Jimaka.

Biooma inmeepanvna kpusa "knomoioa”. Ocobaugicmes ii nonseae 8 momy,
wo y30089ic Kpueoi' il KpUuBU3Ha 3MIHIOEMbCA 3A JIHIUHUM 3AKOHOM. T oy
3acmocy8ants yiei Kpugoi 011 nob6y008uU noGepxXHi Modice 3a0e3nedumu JHIUHUL
3AKOH 3MIHU KPUBU3HU NO NOBEPXHL. Y pobomi pozensidoaemvcsi nobyoosa nopyii
nogepxui Ha 0CHOGI kpusux "kxromoiou", wo 0oszeonsne 3a0amu KpusuU3Hy Ha
medxcax nopyii i 3abe3neuumu AHIUHUN 3aKOH i1 3MIHU no nosepxHi nopyii. Ha
OCHOBI MAKUX NOPYIiti NOBEPXHI MOMCHA GUSHAYAMU AK CMY2U NOBEPXHI MAK |
mpu i Yomupuxymui nopyii nogepxui. Ilpu ybomy Kpususna 3mMiHIOEMbCS TIHIUHO
V300894C NOOOBHCHIX HANPAMIE A MAKOXHC I Y3008HC NONEPEUHUX HANPAMIG, MOM)
o K YNo00edc Mmax i ynonepex nopyii pozmauwiosana kpusa "kiomoioa". A, sk
8I00MO, KPUBUZHA Y30084C KIIOMOIOU 3MIHIOEMbC JIIHIUHO.

Brazani  cmyeu i nopyii noeepxonv 6UCIOHO 3ACMOCOBY8AMU 8
NPOEeKMy8aHHI NOBEPXOHb MAWUH | azpe2amis, KI Npayrowms 8 cepedosuilyi,
wo pyxaemvcs (NoGepxHi Jimakie, asmomooinis, cyoig),y AKUX BaHCUGe
3Q80aHHS JIHIUHO20 3AKOHY 3MIHU KPUBU3HU Y300824C NOGEPXHI. 3AKOH 3MIHU
KPUBUZHU OYJHCE GANCIUBUL 68 YbOM)Y GUNAOKY, MOMY WO 31AM KPUBUIHU NO
NOBEPXHI HACNIOYE MYypOVIeHMHUl 3PU8 NOMOKY Cepeoosulyd, wo pyXacmuvcs,
Wo 30inbuLye onip azpeeamy cepeoosuwyy, W0 pyxacmvcs. 30iNbueHHs onopy
cepedosuwyy, Wo PyXacmvcs, Npu3ooums 00 3MEeHUEeHH weuokocmi pyxy. A
npU 3aCMOCY8anHi 8 I1iMaKkooy0y8anHi 3pue cepedosuyd, Wo pyXacmucs, Moice
npuszeecmu 00 nike i kamacmpogu aimaka. Y pooomax [1,2,3] pozensoaromucs
PI3HI eapianmu nopyit noGepxHi, ane HCOO0eH 3 HUX He 3abe3neuye NIHIUHO20
3QKOHY 3MIHU KPUBUZHU.

Kniouosi cnosa: cmyea noeepxui, nopyia noeepxHi, KpueusHa, AIHIUHUU
3aKOH 3MIHU KpUBU3HU, Kpuea "kromoioa".
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