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When designing the contours of machines and units that operate in a
moving environment, an important role is played by ensuring a smooth change
in curvature.

The law of curvature change is very important in this case, because the
curvature break 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 medium leads to a decrease in
the speed of movement. And when used in aircraft construction, the disruption of
a moving medium can lead to a peak and an aircraft crash.

The integral curve of the “clothoid” is known. Its peculiarity lies in the
fact that along the curve its curvature changes according to the linear law.
Therefore, the use of this curve to construct a surface can provide a linear law
of change in curvature along the surface. The paper considers the construction
of a spline consisting of clothoid segments, which provides a linear closed
curvature change along the entire spline curve.

The specified spline is advantageous to use 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 specify the law of curvature
variation along the surface.

The law of curvature change is very important in this case, because the
curvature break along the surface inherits the turbulent stall of the flow of the
moving medium, hich increases the resistance of the unit to the moving medium.
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 a moving
medium can lead to a peak and an aircraft crash. The papers [1,2,3] consider
various variants of surface portions, but none of them provides a linear law of
curvature variation.
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Statement of problem. An algorithm for constructing a curvilinear
segment of the clothoid arc, given by two points and a tangent and a curvature in
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one of them, is given. The algorithm can be used in the design of curvilinear
contours of machines with a given linear law of curvature operating in a moving
medium.

Recent research and publication analysis. Books [1,2] provide an
analytical definition of the segment of the clothoid arc and its characteristics.
Clothoid is characterized by the fact that the curvature along the curve varies
according to a linear law. This fact is very beneficial for the design of curved
contours of machines and units operating in a moving environment. In [3,4,5]
algorithms for constructing curves according to a given pattern-law of curvature
are given. However, the problem of constructing an arc segment at given points,
tangents and specific curves is not solved.

Setting article objectives. The article proposes an algorithm for
constructing a segment of the clothoid arc at given two points, tangent and
curvature at one of them.

Main part. We will build a segment of the clothoid arc, which is shown in
fig.1.

As is known from [2], the following formulas are valid for the curve line:

dx = dscos ¢, (1)
dy = dssin ¢, }
k=dgp/ds, (2)

where ds is the differential of the curve arc, d¢ is the differential of the angle

between the edge tangents of the arc, K is the curvature of the curve at this
point.
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Fig.1. Segment of the arc of clothoid
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From (2) you can write:
de = kds. 3

For clothoids will be:
k(s) =k, + (k; —k,)s. (4)
Integrating (3) taking into account (4), we obtain:
S

¢=jk(s)ds=kos+kl‘

0

ko521 g, 5)

Taking into account (1) and (5), as well as the location of the local
coordinate system as shown in fig.1, the following formulas can be written to
calculate the arc of the clothoid:

S

X = jcos[¢0+ks+k 2k° s?]ds =|5_g, Xor, \

s @~k ( (6)
JSIn[g00+k S+ 25%]ds =|5_s,0.

In formulas (6), the unknowns are K, and S,. System (6) can be solved

only by an iterative method.
The following algorithm is proposed.

Based on the given values of the initial angle @, and the chord Xor, we
calculate the curvature of the circular arc using the formula

k :M K _M_

, = 7
° Xor " Xor 7

It would be logical to assume that the value of the curvature of the arc
clothoid K, will be in the middle of the arc segment.

Thus, on the first calculation cycle, you can set the value of K, by the
formula

k, =k, +2(k, —k,) =2k, —k, . 8)
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Next, we will calculate the arc of the clothoid using formulas (6) until the
value of the ordinate y becomes equal to 0.

In this case, we get some value (Xor)".
In general, there will be (Xor)'# Xor first.
At the next stages, we correct the value of K, according to the formula

1 (Xor)

k 1previous XOF )

lnew

(9)

and then we will repeat the calculations until (Xor)'= Xor £ (the value of
o specifies the error).
The described algorithm works correctly if K, <K;, ko < kg, that is,

when the curvature further increases, which ensures the construction of a convex
segment.

In this case, the arc will definitely cross the x-axis.

The described algorithm works correctly if ko < ke, that is, when the
curvature increases further, which ensures the construction of a convex segment.

In the case when ko >kq,, that is, when the curvature will further decrease,
the cases shown in fig. 2.

tangent

Fig. 2. Variants of the arc clothoid

Cases 1), 2) and 3) differ in that the arc further does not intersect the x
axis, and in variant 4) the abscissa x generally decreases without reaching x = x;.

It is clear that in this case the value of ki is very small and should be
increased. Therefore, in the construction algorithm, it is necessary to provide for
checking such options and, if they are, then the value of k; must be increased.

Thus, the following algorithm for constructing a segment of the clothoid
arc is proposed.
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1. Given: Xor, ko, ¢o, 0 — Xor calculation error.
2. Set the initial data:
As —discrete value of the arc length for construction o
(0.1,...,0.001),s=0,x=0,y=0,k =ko, @ = @0, 6.
3. Calculate k¢ according to formula (7) and k; according to formula (8).
4. Calculate the following x and y values:

Spoy =S +AS,

Prew =P+ [ko + (k1 - kO)snew]Asa
X . =X+ASCOSQ_ .,

Voew = Y +ASSIN @,
5. Parsing Xoew, Ynew:

a) if Ynew <0, then go to 5);
b) if Xnew > 2Xop then go to 6).

6. If Xo - 0 < Xu + 0, then we calculate finished otherwise, we calculate
new values of k; according to formula (9), we assigns=0,x=0,y =0, k =ko,
@ = @o and go to 3).

7. In these cases, we increase the value of kj.

ki =k + 0.1(ko - kl),
assigns =0,x=0,y=0,k=ko, ¢ = goand go to 3).
The article implements a computer program in the AutoLISP language in
the system environment AutoCAD.
The results are presented in fig.3.
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Fig. 3. The results the results of the clothoid arc segment construction algorithm
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Conclusions. Thus, the article proposes an algorithm for calculating a
segment of an arc of a clothoid for given two points, a tangent and a curvature in
one of them. Ssible to model curvilinear contours, in which the curvature
changes linearly, which compares favorably with machines and units that
operate in a moving environment.
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MOJEJIOBAHHS TA KOMITI'IOTEPHA PEAJIIBAIIIS CILIAWHY 3
KJIOTOIJHUX CETMEHTIB

banaes 10.1., JIaromina JIII.

Ilpu npoexmyeanni KoHmypieé mawiux i azpe2amis, Wo Npayowms 6
DPYXOMOMY cepedosulyi, 8axciugy poiv sidicpac 3abes3neuenHs NiaeHoi 3MiHU
KpususHu. 3aKoH 3MIHU KPUBUSHU OVIHCE BANCTUBUL Y YbOMY BUNAOKY, MOMY WO
PO3pUB KPUBUZHU B30084C NOBEPXHI YCHAOKOBYE MYpOVIeHMHUL 3PUE NOMOK)
PYXOMO20 cepeoosuya, wo niosuwye CcmiuKicmes azpezamy 00 pPyXOMO20
cepedosuuya.

30inbutenuss onopy pyxomomy cepedosuusy npuzeooums 00 3MeHULEeHHS
weuoxkocmi pyxy. A npu 6uxopucmauui 6 JNiMaxKoOyOV8aAHHI NOPYUIEHHS
PYXOMO20 cepedosuwya Modce npusgecmu 00 NiKy ma NnadiHHs JImakxa.
Iumezpanvha kpuea «xiomoiouy sidoma. Ii ocobnusicme nonseae 6 momy, ujo

830080/C KpUBOi i KpueusHa 3MIHIOEMbCA 3a JNIHIUHUM 3akonom. Omoice,
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BUKOPUCMAHHA YI€l Kpugoi 01 nodyoosu NoGepxXHi Modxce 3abe3nedumu
JUHTUHUL 3AKOH 3MIHU KPUBUZHU 83008I4C NOBEPXHI.

Y pobomi pozenanymo no6y0ogy cniatiny, wo CKia0aemvcs 3 ce2MeHmis
KI0mMoiou, AKuill 3abe3neyye NIHIUHY 3AMKHYMY 3MIHY KPUBUZHU B3008XC BCIET
CHIIAUH-KpUBoi.  3a3HaueHuli  CHIAUH  BUCIOHO  BUKOPUCMOBY8AMU  NpU
NPOEKMYBAHHI NOBEPXOHb MAWUH [ GY37i8, WO Npayioms y pPYXOMOMY
cepedosuwyi (nogepxui Nimaxie, aemomooinie, Kopabiig), 8 AKOMY BaAHCIUBO
8KA3AMU 3AKOH 3MIHU KDUBUSHU 83008I4C NOBEPXHI .

3axon 3MiHU KpUBU3HU OYJCE BANCAUBUL ) YbOMY GUNAOKY, MOMY WO
PO3pU8 KPUBUZHU 63008JC NOBEPXHI YCNAOKOBYE MYpOVIEHMHUL 3PUE NOMOK)
pyxomoeo cepeodosuwja, lLle niosuwye cmitikicms azpezamy 00 DpPYXOMO20
cepedosuua. 30iNbUleHHS ONOpPYy PYXOMOMY Cepedosuwyy npu3eo0ums 00
3MeHuweHHs weuokocmi pyxy. A npu euxopucmarHi 6 JIiMmaxoOyOy8aHHi
NOPYULEHHSI DYXOMO20 Cepedosuua Modice npuzeecmu 00 NiKy ma HadiHHA
nimaxa. Y pobomax [1,2,3] pozensdaromecs pisni eapianmu OLIAHOK NOBEPXHI,
ajne #coOHa 3 HUX He HAOA€ NIHILHO20 3aKOHY 3MIHU KDUBUIHU.

Knrouosi cnosa: xpueusna, cniauin ceemeHmis Kiomoiou, ‘“‘xkiomoiona’
Kpuea.
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