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Computer models are considered, which
alow to forecast dependence between the
elongation of a strand of homogeneous
threads and the strength of their strain (so
called strain — strength (S-S) curves), if this
dependence is known for individual threads of
a strand and with consideration for statistical
dispersion of breaking load and breaking
elongation load of threads.

In the case, when deformation of threads
is described by Hooke's law, and all threads
have an identical elasticity module k, depen-
dence of strain strength of a strand P(S) from
its elongation S can be found analytically [1].
With elongation of the strand S, load on each
not ruptured fiber will equal to kS. Number of
ruptured fibersin a strand equalsto

n, = Nkff (Prra ) AP = NF(kS), (1)

where f(pmax), F(Pmax) — density and function
of breaking load distribution pyex Of threads,
N — initial number of threads in a strand, and
dependence of strain strength of a strand from
its elongation

P(S) =(N—n,(9)kS= NkS(1-F(k9)). (2)
Elongation value Sy, a which strength

of strand resistance to elongation is maximal,
can be obtained from the equation

dP(9)/dS, . =Nk(1-F(KS,,))— Nk (KS,,) =0. (3)

By substituting the obtained value Sy in
(2), we will get maximum resistance strength
Pmax = Ps(Smax), generated by a strand during
its stretching. The determined value P al-
lows to evaluate yarn strength factor
Nmax=Pmax/(Nps) by their average strength ps.

Below is a list of directions of model
complexification: 1) difference of elastic de-
formation from Hooke's law; 2) inhomogene-
ity of yarn in a strand; 3) correlation between
breaking elongation and yarn load; 4) stetis-
tical dispersion of parameters and characteris-
tics of yarn deformation and its manifestation
in strand's properties, 5) modeling of differ-
ent conditions of strand stretching; 6) consi-
dering inelastic components of deformation
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and dynamic, for instance, pulsating loads.

Any complexification of a model should
be justified from the point of view of its ma-
nifestation in the results with consideration
for statistical dispersion of parameters. In or-
der to ensure continuity between models and
possibilities of endless complexification, it is
advisable to switch over from analytical mod-
els to computer modeling of behavior of a
strand during stretching [2]. For this purpose,
modeling agorithm has been developed im-
plemented in software, in which first four di-
rections of the above mentioned list have been
implemented.

In most of natural and chemical yarns, de-
pendence p = ¢(S) differs from a linear one,
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corresponding to Hooke's law [1]. In case of
computer modeling, it is more suitable, as a
rule, to approximate this dependence (ob-
tained in a real experiment) by spline func-
tions. In Fg. 2 this dependence is given for
orlon fibers [3] and its approximation by po-
lynomials of the 3rd, 4th and 5th order and
cubic spline. Approximation by spline func-
tion appears to be more exact and is naturally
incorporated into the modeling program. Let
us indicate dependence being typical for a
concrete type of fibers as pc = ¢.(S). Then
with consideration for a real range of change
of p and S from zero to pmax and Smax depen-
dence for a concrete thread can be represented
asfollows:

P=0(S) =P P (§/S ) (4

In the simplest case of modeling, values
Pmax @Nd Spax fOr a concrete thread are consi-
dered as independent and are random values
with certain distribution laws. There is inter-
est to define the effect of these random varia-
tions Syax and pmax, @ Well as deviations of
dependence (4) from the linear Hooke's law
on S-S — curves of yarn strand. To compare
results of modeling, it is more convenient,
instead of absolute values of strain P of a
strand, to use relative specific tension of the
thread n(S) and a portion of ruptured threads
from their initial quantity ay:

n(S=PE/Np,; a,=n,/N. (5

In model pmax ~ Norm(m = 5; CV = 20%));

Smax ~ Norm(m = 4%; CV =25%); N = 200.
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The curves in Fig.1 demonstrate results of
operation of the model. The curves 2 show
results with CV Syax = 0. In this case depen-
dence n (S) represents exactly the S-S — curve
of yarn (Fig.2). Threads rupture simulta-
neously, reaching breaking elongation
MSmax=4%.

Scattering of values of yarn breaking
strain  with the coefficient of variation
CV pmax=20% has practically no impact on the
form of the curve, which is manifestation of
the law of averages for large numbers (N =
200) of threads per strand. In fact, if N will be
reduced to 10, then each new simulating of
model will generate a curve of dependence
n(S), which differs from the remaining ones.
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Nevertheless, al these curves overlap with
the accuracy up to the scale multiplier. In Fg. 3
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curve 2 for N = 200 and curves 3...7 on five
independent runs of smulating of a model with
N = 10 are shown, which confirm the conclu-
sion made.

On the contrary, scattering of values of
breaking elongation of threads influences sig-
nificantly the character of dependence n (S).
Fig. 4 shows dependences n (S) and a,(S)
with different values of variation coefficient
CV Shax: 0%, 5%, 10% and 25%. Increase of
scattering in values of breking elongation of
threads of a strand extends the curve n(S)
along the X-axis, smultaneously decreasing
coefficient of utilization of yarn strength 1max.
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Rupture of threads happens not smulta
neously, but with different values of stret-
ching of a strand, thus transforming from a
single event into a process of gradual destruc-
tion, extended in time. Similar situation is ob-
served for all homogeneous types of yarn, in-
dependently from specific of their S-S —
curves.

With a small number of threads in a
strand, for instance, N = 10, random scatter-
ing of values pmax and Smax Will take placeasa
result of modeling. In Fig. 5-a assemblage of
dependences, obtained with CV pmax = 0% and
CVSiax = 25% with different realizations of
random values pmax and Spax 1S shown. Results
in Fg. 5-b differ only in the fact that they are
obtained with CVpmax = 20%. Increase of
scattering of yarn breaking load resulted in
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big difference in dependences with preserva-
tion of their general view.

By comparing dependences in Fg. 4
and 5, one can see that decrease of number of
threads in a strand |eads to appearance of cha-
racteristic step-like signals, which are related
to break of concrete threads. With big number
of threads in the stand, these areas are
smoothed, since the number of "steps' in-
creases, and their relative height decreases,
and they become practically invisible on the
graph. In order to confirm the aforesaid, in
Fig.5-c graphs of dependence n (S) are given,
obtained with fixed values CV pmax = 20% and
CVSnax = 25% and different values n = 10;
20; 50; 100; 200. The curves are obtained in
different realizations of values of random val-
UES Prmax aNd Smax-
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Probability scattering of values pme and
Shax |€ads to scattering of values of utilization
coefficient of yarn strength in the strand nmax
and the appropriate elongation of the strand,
which we will denote with S;,. These values
are determined by formulas

Nmee = MaX1(S),

(6)
S, =agmaxn(S).

Fig. 5-d shows scattering graphs (Sm; Mmax)
obtained from 50 repeated ssimulating models
with N = 10 and N = 200. With increase of
guantity of threads in the strand, scattering
Nmax decreases significantly. Practically, there
is no dependence of scattering of elongation
values, when the maximum value nmax IS ob-
served, from the number of threads per strand.
Portion of sample values nms, being ac-
counted for a certain value Sy, remains prac-
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ticaly the same, irrespective of N.

Real yarn has correlation between breaking
elongation Sy« and breaking strain Ppa, and
one-dimensional distributions of these charac-
teristics differ from anormal distribution.

When modeling is carried out, considering
peculiarities of these yarns presents no prob-
lems. It is found that presence or absence of
correlation of both signs between the breaking
elongation and breaking strain will lead to
differences only within the statistical disper-
sion of results, i.e. it does not influence the S-
S — curves of the strand. Yarn deformation
law along with the distribution law Sy and
Pmax Significantly influences S-S — curve of
yarn strand deformation. Difference not only
in extremum values Ppa and Sy are ob-
served, but also in the shape of a curve. This
way, during modeling of elongation of the
strand of threads it is extremely important to
correctly set up the law of deformation of in-
dividual threads both by a shape of a defor-
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mation curve, as well as by values of statistic-
al dispersion of values.
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