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Abstract—The article deals with the problem of constructing the mathematical dependence of stresses in a
film from the radius of a roll in the problem of its winding in a roll. To development its dependence, we
proposed using the method of a piecewise-analytical description based on the least squares method with
weight selective functions. The results of research are presented in the publication confirming the possi-
bility of developing a rather simple mathematical model by the method of selective functions what meets the
requirements of modern methods of object-oriented modeling for accuracy of the approximation.

Index Terms—Identification; method of selective functions; object-oriented modeling.

I. INTRODUCTION

To illustrate the effectiveness of the proposed
method, we consider its use in winding systems in a
roll. Kinematic scheme of the device for winding in
rolls shown in Fig. 1.
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Fig. 1. Kinematic scheme of the device for winding in rolls

The device consists of a roller and winder, the
bobbin with winding material is located on the its
shaft. The coiler and roller have the individual elec-
trical drives. The task of electrical drives of roller of
feed is support of given angular velocity w, and, con-
sequently, the linear speed of the material V.

Electrical drives of winder is gearless and create
the necessary tension of material F. The distance
between the feed rollers and the shaft winder is L. The
material is wound into a roll on the reel with the initial
radius ;0. Material is a visco-elastic medium, what
characterized the modulus of elasticity E, Poisson 's
ratio v, width b and thickness /.

Calculated scheme of the mechanical part of device
(Fig. 2) is made using its kinematic scheme (Fig. 1).

The Section with the moment of inertia J,
represents of the rotating part of the electricdrive of the
winder and roll , moving under moment M, of the

motor with angular speed w, walking angular path @;.
The moment of resistance M., that is caused by tension
material, by friction, aerodynamic resistance of ma-
terial and etc. prevents of the movement. The second
section of design scheme describes the moment of
inertia J, of the engine of roller , the motor of which
creates a moment M, providing the movement with
angular velocity m, on the way for acts of resistance
moment M. Both units are interconnected by material
which has a longitudinal stiffness during stretch
o E(t)bh
L

and characterized by the coefficient of viscous fric-
tion m =(0,01-0,2) c depending from the material.
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Fig. 2. Calculated scheme of a mechanical part of system

Lagrange’s equation of the 2nd kind [2] is the
general form of the equations of motion of a me-
chanical system:

dt

9

d (aW,{ J_ Wy _ o W _ Wy

oq; e 0q, aq;

aqi i
where Wy is thekinetic energy of the system; WWp is the
potential energy of the system; Wp is the energy of

dissipation of the system; Q; is the generalized force;
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dq,

g; 1is the generalized coordinate; g, =7 is the

generalized speed; i is the number of system equals.
Under the influence of pulling force each coil de-
forms a corresponding layers and causes a change in
the initial stress state, strength and deformation prop-
erties of film. It is therefore important to establish
appropriate mathematical dependence of relevant
stresses in the film from a radius of roll winding film.
Theoretical models [3], [4] dependences radial o, and
district o, stress and corresponding them strain &, and

o, essentially depend from inaccurate or even un-

known parameter m anisotropy of film.

Therefore these dependencies advisable to define
by experimentally using the principle of "black box"
and piecewise analytic approximation individual
parts of experimental dependencies by conventional
degree polynomials with followed their association
on the basis of selective weighting functions that
exist throughout the range of change argument.
Appropriate specific voltage measured for several
radius: »=0.05,0.06,0.07,0.08, 0.09,0.1,0.12, 0.15,

0.17,0.2 m.
II. MAIN PART

To illustrate the feasibility and effectiveness of the
proposed method, the respective depending approx-
imated by a polynomial of 8...9 degree at which the
theoretical models and experimental data almost
coincided in experiment points. However, significant
ripple that do not meet the physical nature (smooth-
ness) depends arose between some points because of
the high degree of polynomial. These pulsations sig-
nificantly degrade the accuracy of approximation
depends on the voltage from radius and especially the
derivative of a function of time, which indicates the
extent not stationary process. In the proposed method,
the radius change interval divided into two sub inter-
vals; the dependence of voltage from radius of the roll
approximated using least squares method by simple
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degree polynomial of second order accurately on each
subintervals; total (for the entire range) model ob-
tained by adding the partial models with weighted
selective functions what is analytic in the entire range
of radius change.

That is, much easier and more correct model

o(r)=(By +Byr +Bor” ), (r)

N
+ ('Yo TVt )ﬂz(r),
used instead the dependence
8..9 )
o(r)=) B 2)
i=0
where weight functions wondered us:
1
n](r)z n, (r)z N >>1,

1
N p N
1+ - 1+(]j
n r
7, is the value r on the boundary between two inter-

vals [0.05, 7],[r 02]. The boundary 7 and

degree N may be automatically selected provided to
medium square or maximum error of approximation
does not exceed the permissible.

As an example, an approximation of circuit voltages
by polynomial (2) and polynomial (1), and their
derivatives from radius » determining the degree of
not stationary of control object shown in Figs 2 and 3.
The degree of not stationary object is important for
tasks of automatic process control of winding. As
follows from Figs 2 and 3 the model (2), having the
same approximation accuracy of dependence o, / N,

) 1 dGQ
from r gives the speed on error —-——— of change
N, dr
of stress on the several orders greater than its actual
value received by the model (1) using the proposed
method.
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Fig. 2. Distribution of relative district stress 6, / N, on the radius of rolls of film r during winding with constant moment

My = const on the product roll with diameter 100 mm to end diameter of roll 400 mm
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Fig. 3. Distribution of relative district stress o, / N, on the radius of rolls of film r during winding with constant tension
Ny = const on the product roll with diameter 100 mm to end diameter of roll 400 mm
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Given the simplicity and the required accuracy of VKNUTD. no. 3. 123 p., 2004. (in Ukrainian).
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A. M. CinbBectpoB, O. M. Ckpunnuk, JI. YO. CninyJ. 3acrocyBaHHS MeTOAY BArOBHX CeJJeKTHBHMX (pyHKIiH 115
ONMHUCY CKJIATHUX HEJIHIHHUX 3a/1e:KHOCTEeH

PosrisinyTo 3anauy o0y J0BM MaTeMaTHYHOI 3aJIe)KHOCTI HAIPYKEHb Y ILTIBII BiJl pajiycy pyJOHY B 3a1adi il HAMOTY-
BaHHA B pyNoH. J[i1s moOy0BY 3aJIe)KHOCTI 3aPOIIOHOBAHO BUKOPHCTAHHS METOY KYCKOBO-aHATITUYHOTO OIUCY, SIKUH
0a3yeTbCs Ha METONI HaWMEHIIMX KBaJpaTiB i3 3aCTOCYBaHHSM BaroBUX CEJIEKTHBHUX (GyHKIiH. JlociimkeHHs, pe-
3yJAbTATH SIKUX HABEJEHO y MyOIiKallii, MATBepKYIOTh MOXKIUBICTh PO3POOKH 3aIIPONIOHOBAHUM METOJOM JIOCTaTHbO
MIPOCTOT aHATITHYHOT MOJIENI, sIKa 32 TOUHICTIO alpOKCUMallii BiIIIOB1/Ia€ BUMOTaM Cy4aCHHX METOJIiB MaTeMaTUYHOTO Ta
00'€KTHO-OPIEHTOBAHOI'0 MOJICITIOBAHHSL.

Karu4ogi ciioBa: inentudikaris; MeTos CeleKTUBHUX (YHKIIIH; 00’ €KTHO-OpiEHTOBaHE MOICITIOBAHHSL.
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A. H.CuabectpoB, A. H.Ckpbiaauk, JI. FO.Cnunya. IlpuMeHHNe MeTOAa BeCOBBIX CeJIEKTUBHBIX (PyHKIMIA 1151
ONMCAHNS CJIOKHBIX HeJTHHEIHBIX 3aBHCUMOCTeil

PaccmotpeHa 3a7aya ocTpoeHUsI MaTEMaTHIECKON MOJIENH 3aBUCHMOCTH HAIpsHKEHHOCTEH B IJIEHKE OT pajuyca py-
JIOHAa B 3ajlade € CMAaThIBaHWsA B PYNOH. /[ MOCTpOEHHUs 3aBHCUMOCTH IPEIJIOKEHO HCIOIb30BaTh METOJ Kycod-
HO-aHAIUTUYECKOI'0 ONMUCAHUs, 0a3UPYIOIIUICS HA METO/Ie HAMMEHBIINX KBaJPATOB C MCIOJIIb30BAHUEM BECOBBIX Ce-
JIeKTUBHBIX (QyHKIMiA. VcciaenoBanus, pe3yabTaThl KOTOPBIX MPHUBEACHBI B ITyOIUKAIINH, TTOJTBEPKAAIOT BO3MOKHOCTh
MIOCTPOCHUSA TPEUIOKEHHBIM METOIOM JIOCTATOYHO MPOCTON aHATUTHYECKOH MOZETH, KOTOopasi MO TOYHOCTH amIpoK-
CHMalli OTBEYaeT TPeOOBaHUSIM COBPEMEHHBIX METO/IOB MaTEeMaTHYECKOr0 U 00bEKTHO-OPUEHTHPOBAHHOTO MOJIEIH-
poBaHusL.
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