The Journal of The Textile Institute

ISSN: (Print) (Online) Journal homepage: https://www.tandfonline.com/loi/tjti20

Taylor & Francis

Taylor & Francis Group

Validation of fibre stress utilization model for
modified ring spun yarns

Muhammad Zubair, Fayyaz Ahmad, Zakariya Zubair, Abdul Jabbar & Jiya
Baig

To cite this article: Muhammad Zubair, Fayyaz Ahmad, Zakariya Zubair, Abdul Jabbar & Jiya
Baig (12 Dec 2023): Validation of fibre stress utilization model for modified ring spun yarns,
The Journal of The Textile Institute, DOI: 10.1080/00405000.2023.2286031

To link to this article: https://doi.org/10.1080/00405000.2023.2286031

© 2023 The Author(s). Published by Informa
UK Limited, trading as Taylor & Francis
Group

@ Published online: 12 Dec 2023.

N
CJ/ Submit your article to this journal &

||I| Article views: 21

A
& View related articles &'

oy

(&) View Crossmark data &

CrossMark

Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journallnformation?journalCode=t;jti20


https://www.tandfonline.com/action/journalInformation?journalCode=tjti20
https://www.tandfonline.com/loi/tjti20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/00405000.2023.2286031
https://doi.org/10.1080/00405000.2023.2286031
https://www.tandfonline.com/action/authorSubmission?journalCode=tjti20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=tjti20&show=instructions
https://www.tandfonline.com/doi/mlt/10.1080/00405000.2023.2286031
https://www.tandfonline.com/doi/mlt/10.1080/00405000.2023.2286031
http://crossmark.crossref.org/dialog/?doi=10.1080/00405000.2023.2286031&domain=pdf&date_stamp=12 Dec 2023
http://crossmark.crossref.org/dialog/?doi=10.1080/00405000.2023.2286031&domain=pdf&date_stamp=12 Dec 2023

THE JOURNAL OF THE TEXTILE INSTITUTE
https://doi.org/10.1080/00405000.2023.2286031

Taylor & Francis
Taylor &Francis Group

RESEARCH ARTICLE

8 OPEN ACCESS ‘ ] Checkforupdates‘

Validation of fibre stress utilization model for modified ring spun yarns

Muhammad Zubair®, Fayyaz Ahmad®, Zakariya Zubair®, Abdul Jabbar®®

and Jiya Baig®

3School of Engineering and Technology, Department of Textile Engineering, National Textile University, Faisalabad, Pakistan; ®School of
Science, Department of Applied Science, National Textile University, Faisalabad, Pakistan; “School of Engineering and Technology,
Department of Materials, National Textile University, Faisalabad, Pakistan; dSchool of Design, University of Leeds, Leeds, UK

ABSTRACT

To model the fibre stress utilization in modified ring spun yarns, we developed an analytical formula
from the experimental data. The development of empirical formulae is carried out by using two different
techniques, i.e., Cubic Spline and Artificial Neural Network methods. The experimental data of stress-strain
curves of fibre and yarn has a large variation. To cope this variability, we used the smoothing spline tech-
nique to find the best-fit curve with respect to a reasonable smoothness. The best nonlinear smooth fit-
ting can be used to extrapolate the experimental data beyond the breaking point. The modified ring
spun yarns (compact, SIRO and SIRO-compact) with 20/1, 30/1 and 40/1 English count, produced from
viscose staple fibre, were used to predict fibre stress utilization up to the yarn break by extrapolating the
mean stress-strain curves of fibre and yarn by using the artificial neural network. Moreover, a new distri-
bution function of fibre distribution in yarn has been proposed and successfully implemented for the
prediction of fibre stress utilization in yarn. The new formulation helps to compute the fibre stress utiliza-
tion in the yarn analytically. The validation of the proposed methodology is presented by comparing the
numerical results with the experimental data. The predicted fibre stress utilization was in good agree-
ment with the experimental fibre stress utilization for all types of modified ring spun yarns. It has been
observed that SIRO-compact yarn exhibits improved fibre stress utilization as compared to SIRO and
compact yarns. Moreover, the new distribution functions Gamma and Gaussian distribution were intro-
duced in parallel with the Dirac delta function. In previous similar studies on ring, rotor and air-jet spun
yarns, the proposed model can only predict the fibre stress utilization before the breakage point whereas
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the modified model, in this study, can predict the fibre stress utilization up to the breaking point.

1. Introduction

Fibres are the fundamental unit, or the building blocks used
in the manufacturing of yarns and fabrics. Textile fibre is a
hair like material mainly produced from natural or synthetic
sources which is a raw material for manufacturing of textile
yarn. Textile yarn is an assemblage of fibres, twisted or laid
together to form a continuous strand that can be used for
manufacturing of textile fabric. Textile woven fabrics pro-
duced from staple spun yarns have many applications in
weaving, knitting and embroidery due to their reasonable
strength, elongation, and flexibility. A wide range of mathem-
atical concepts have been used in textile technology to predict
different yarn terms and parameters (Rani & Mercy 2018).
The mathematics that we use in textile technology is known
as textile mathematics, and it has many applications in spin-
ning, weaving, and knitting. In mathematics, some problems
can be solved analytically and numerically. Analytic means
‘exact” while numerical means ‘approximated’. An analytical
solution involves framing the problem in a well-understood
form and calculating the exact solution. A numerical solution
means making assumptions at the solution and testing

whether the problem is solved well enough to stop. It is hard
to guarantee the accuracy and convergence in a numerical
solution. We prefer the analytical method in general because
it is faster and gives an exact solution. Sometimes, the analyt-
ical solution is unknown, and we have to work with the
numerical approach. Algorithms and models expressed with
analytical solutions are often more efficient than equivalent
numerical implementations. We can use the word
‘transparent’ for analytical solutions because these are pre-
sented as math expressions, they offer a clear view into how
variables and interactions between variables affect the results.

Fibre strength of an individual fibre is an important param-
eter which is useful for the prediction of yarn strength. Fibre
strength is very often the dominating characteristics in textile
processes. This can be seen from the fact that the nature produ-
ces many different fibres, most of which are not usable for tex-
tiles because of their inadequate strength. The fabric strength
of all types of woven, knitted, non-woven and braided fabrics is
dependent on fibre strength. The first theoretical approach
regarding to yarn strength was done by R. R. Sullivan (Gegauff,
1907; Rani & Mercy, 2018; Sriprateep & Pattiya 2009). K.
Sriprateen and A. Pattiya presented a method for modelling
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the tensile behaviour of multi-filament twisted yarn using com-
puter aided design approach for tensile strength (Sriprateep &
Pattiya, 2009; Sullivan 1942). S. Das and A. Gosh used simu-
lated annealing to solve Frydrych’s approach to explore best
combination of parameters that can produce yarn with the
required strength (Das & Ghosh, 2015; Sullivan 1942). Neckar
and D. Das presented a theoretical model of tensile behaviour
of staple spun yarns with a single distribution function which
describes briefly about fibre stress utilization in yarn (Das &
Ghosh, 2015; Neckar & Das, 2017). Zubair et al. validated the
theoretical model through some experimental data of fibre
strength utilization before the breakage point of yarns (Zubair,
Eldeeb, et al., 2017; Zubair, Neckaf, et al., 2017; Zubair,
Neckar, et al., 2017). The model validation was limited to ring,
rotor and air-jet spun yarns (Zubair, Eldeeb, et al., 2017;
Zubair, Neckar, et al., 2017; Zubair, Neckar, et al., 2017; Zubair
et al., 2020). The model prediction was good in those studies,
but the limitation was its inability to predict the yarn strength
up to the breaking point, which is often required by yarn pro-
ducers (spinners). In this study, the numerical methods and
complex distribution function are introduced to provide a
solution to this limitation. The fibre stress utilization is pre-
dicted up to yarn breaking strength using an analytical
approach with a simplified distribution function. The model is
validated on modified ring spun yarns produced using com-
pact, SIRO and SIRO-compact technologies.

2. Materials and methods

The viscose fibres of 1.4 dtex linear density and cut length
of 38 mm were used to produce three different types of yarn
with three yarn linear densities: 29.53 tex (20/1N,), 19.69
tex (30/1N,) and 14.76 tex (40/1N.) using compact, SIRO
and SIRO-compact ring spinning technologies.

The yarn linear density of all types of yarn was measured
according to the standard test procedure ASTM-D 1907. A
lea of one hundred twenty yards of five specimens for each
type of yarn were prepared on lea making machine and
each sample was weighed in grams on a weighing balance.
The yarn count in the tex and indirect cotton system was
determined from the mean of five samples.

The yarn diameter was calculated using the relation, yarn
diameter [mm] = %, where N, is yarn count in the indir-
ect cotton system. Twist per meter were measured on twist
testing machine according to standard procedure ASTM-D
1422. Twist in meter for ten samples were measured by the
untwist and retwist method for each type of yarn and mean
value of ten specimens was recorded. The twist angle B; of
surface fibre along the yarn axis was determined from the
relation tan B; = nDZ, where D is yarn diameter in mm
and Z is yarn twist per meter.

The nominal and actual yarn linear density, yarn twist per
meter, yarn diameter and twist angle are recorded in Table 1.

All the fibres were tested for stress-strain behaviour using
single-fibre tensile testing equipment in agreement with the
ASTM-D 3822 standard test method. A total of twenty
measurements of fiber specimens were made for fiber tensile
testing. The gauge length was 10mm and tensile force was

applied at a rate of 10 mm/min. Due to the large variability
in the fibre testing data, mean stress-strain curves from 20
individual curves of fibres stress-strain curves were obtained
up to the break point by extrapolation in Matlab.

All types of yarns SIRO, compact and STRO-compact were
tested for tensile stress-strain behaviour using the Instron-
4411 tensile tester in compliance with the ASTM-D 2256 stand-
ard test method. The yarns were tested for force and elongation
at corresponding speeds depending upon the yarn type and the
gauge length being 500 mm for all types of yarns. The tensile
force application time was kept from 17 to 22s. A total of
twenty tests were performed on each specimen of the yarns.

There was a large variability in the yarn testing data curves
due to the breakage of yarn at different points. This phenom-
enon happens because of the random distribution of fibre ele-
ments in yarn helical structure. To cope variability, we
extrapolated the data curves by using the smoothing spline
technique to find the best fit curve with respect to a reason-
able smoothness. In mathematics, a spline is a special func-
tion called piece wise function, that is frequently used to
build an interface that allows a user to design and control the
shape of complex curves and surfaces having some data vari-
ability (Birkhoff, 1969). The most common spline is cubic
spline established from piece-wise cubic third-order polyno-
mials which transit through a set of ‘n’ control points.

We employ two equations, Equations (1) and (3), to esti-
mate fiber stress utilization involving single and double inte-
grals. For a precise estimation, the integrals must be
accurately approximated. Our stress-strain data varies in
length due to varying breakdown points. We extrapolated
each stress-strain curve to its breaking point using the cubic
spline method. After this extrapolation, we compute an aver-
age curve from the aligned curves. This average curve is in
numerical form, and for empirical representation, we use an
artificial neural network (ANN). The ANN model has input
and output layers, with the input layer having three nodes.
With six weights and three biases, the ANN offers a reliable
analytical approximation for our average stress-strain curve.
We plug this ANN approximation into Equations (1) and (3)
to estimate fiber stress utilization. The single and double inte-
grals are approximated using trapezium and Gaussian quadra-
ture techniques. The procedure for the mean curves for fiber
and yarn stress-strain up to the breaking point and the fiber
stress utilization is mentioned in Figure 1.

When all fibre and yarn stress-strain data curves are
extrapolated such that their upper maximum and lower
minimum limit points are considered then we can find the
mean curve for fibre and yarns from the extrapolated data
curves, as shown in Figure 2. All the yarn specific stress-
strain curves lie under the fibre specific stress-strain curves.

3. Results and discussions
3.1. Theoretical model

To predict the fibre stress utilization coefficient, the ratio
between fibre stress and yarn stress of staple yarns is an
important parameter of yarn to know the yarn strength.
Yarn structure provides information about the practical



Table 1. Yarn specification.
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Yarn linear density (tex)

Twist angle (B,)

No. Spinning techniques Nominal Actual Yarn twist (tpm) Yarn Diameter(mm) [degree]
1 Compact 29.53 (20/1 N,) 28.0 (21.09/1 Ne) 655 0.23 24.20
2 SIRO 29.53 (20/1Ne) 29.74 (19.87/1N,) 652 0.23 23.80
3 SIRO compact 29.53 (20/1 Ne) 29.53 (20/1 Ne) 640 0.23 24.04
4 Compact 19.68 (30/1 Ng) 18.98 (31.11/1Ng) 756 0.20 2536
5 SIRO 19.68 (30/1 Ng)) 19.68 (30.01/1 N.) 745 0.20 25.07
6 SIRO Compact 19.68 (30/1 Ne) 19.20 (30.76/1 Ne) 742 0.20 24.98
7 Compact 14.76 (40/1 Ne) 13.85 (42.64/1 N,) 895 0.16 25.31
8 SIRO 14.76 (40/1 N.) 14.76 (40.01/1 N,) 878 0.16 25.22
9 SIRO compact 14.76 (40/1 Ng) 14.85 (39.77/1 Ne) 890 0.16 24.80

Note: Values in parentheses represent count in indirect cotton system.

Stress-strain curves for
fiber and yarn (Figure la)

Smoothing
spline technique

Mean curves for
fiber and yarn

‘ Number of input layers

MSE objective func-
tion for os(ey)

ANN model os(ef) =
Z}":l w?) sigmoid (e ¢ wgl) S
@)

‘ Weights w;, Biases a;

Sigmoid acti-
vation function

Minimize error function
using gradient descent

Apply Trapezium or

obtain an approximation

Analytical for-
mula for o¢(ey)

of fiber stress utilization.

Figure 1. Prediction of mean fiber/yarn stress-strain and fiber stress utilization.

understanding of the coefficient of fibre stress utilization of
staple spun yarns. Fibre lies in yarn making helical struc-
tural model as shown in Figure 3. The coordinates of fibre
elements in a yarn before and after deformation are shown
in Figure 4.

We have two mathematical models to compute fibre
strength utilization coefficient by using a single distribution
function on the basis of general and varying fibre angles in
the yarn helical structure. A theoretical model was presented
with the concept of a single inclination angle for every fibre
in yarn helical structure (Neckdi & Das, 2017), and fibre/
yarn stress as function of fibre/yarn strain is given below.

oy(ey) 2 JYD

& = =
1 () or (&) of(ey)tan® yp

or (& )tanydy
0

(1)

For the lowest fibre and yarn strain (0-0.1), we have a
relation between fibre and yarn strain

& = ey (cos’y —m,sin’y) (2)

i an quadra}ture o Substitution of of(ey) in
approximate the integrals 1 ;
5 . : Equations 1, 3 to approxi-
in Equations 1 and 3 to e
mate fiber stress utilization

A partially generalized theoretical model was presented
on the basis of practical concept of various inclination
angles denoted by 6 € (6,, 7) for every fibre in yarn hel-
ical structure (Neckar & Das, 2017). The second model con-
sists of random character of fibre inclination in yarn,
depends upon the probability density function v of fiber
inclinations 0 and 0, = arc sin —=

Wi shown below.

%y(&y)
() =—
() o (&)
2 | (O ) sin vy
_W Jo Jo ot (ef) cos 0 u(0) do cos?y dy
(3)

Both the integral equations (1) and (3) must have analyt-
ical formulae to solve them. Before that, only numerical
approximations can be made to find the solution of that
integrals due to the term of (g¢) involved in these equa-
tions. Now we can derive an analytical formula for fibre
stress as function of fibre strain, of (&) through artificial
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Figure 2. Fibre and yarn mean stress-strain curves.
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Figure 3. Yarn helical structure. Where, D is yarn diameter and r is radius of
yarn, v is angle of inclination of fibre along the yarn axis and “1/Z" is height of
coil of a fibre in yarn.

neural network (ANN) model by using the back propagation
(BP) algorithm. This algorithm follows the approach of gra-
dient descent method to minimize the error in the objective
function. In this way, this algorithm leads us towards the
required solution of the problem by stabilizing the weights
assigned to the input layer and hidden layers, which helps
to minimize the error function. We can compute the

Figure 4. Co-ordinates of fibre element in a yarn before and after deformation.

numerical values of o¢ (gf) but to evaluate the integral ana-
Iytically, we need some empirical formula. The empirical
formula for of (&) is constructed by using the artificial
neural network (ANN). The objective function is the sum of
squared deviation of the ANN computed values of o¢ (&)
and the experimental values of ¢ (gf). The gradient of the
objective function is defined as:

0 obj
aO(j ’

0 obj
60)j ’

0 obj
0 Vj

V obj 4)

Here ‘obj’ presents an objective function. We minimize
the error and make it sufficiently small according to pre-
scribed tolerance. Let the input values assigned to the input



layer are x;,x, ...,x, with their corresponding weights
WLy, ...,w, and biases oy,0,...,0,. According to BP-
Algorithm, we assume objective function for the term
of (gf) used in equations (1) and (3) and defined in equa-
tion (2), so that, analytical approach can be used for both
single and double integral equations for the coefficient of
fibre stress utilization in yarn. While, in the previous studies
(Zubair, Eldeeb, et al., 2017; Zubair, Neckaf, et al., 2017;
Zubair, Neckar, et al.,, 2017), only numerical value was used
for that term,

=D Vb + o) ®)
j=1

In this summation, m =3 and ¢ is sigmoidal function
used as an activation function in BP-algorithm.

o) = —

I+ exp (—1) (©)

where,t = x,0; + o;

A sigmoidal activation function is a real function with a
mapping of the form f. R — (0,1) and is defined
asife(x) = ;== where ¢ is an arbitrary number. As the
value of ¢ continues to be increase (¢ — oo) the shape of
the sigmoid converges to a step function at the origin of the
plane. It is very simple to derive all the expressions for c=1
(Rasamoelina et al., 2020). By using the gradient descent
method, this algorithm leads us towards required solution
of the problem by stabilizing the weights assigned to the
input layer which helps to minimize the error function
defined as: E(vj, ), 0) = Y1, (3j—0(xi))% where j=1,2,3.
That error function presents the mean squared error in
between experimental data curve and neural network fitted
curve. There are nine parameters used in back propagation
algorithm. The error function used in the BP-Algorithm
must be continuous and differentiable as well, because this
method requires calculations of the gradient for the error
function at each iteration (Yang et al., 2020).

Trapezium rule is also one of the methods to solve a def-
inite integral. More precisely, when it is difficult or impos-
sible to find the exact value of a given definite integral, we
use a method known as “The trapezium Rule” to find its
approximate value (Al Azah, 2017). The formula given is:

b
Jf(x)dx%%h[yo+2(y1 + Y2+t Yuo1) + Ya) ™)

Since we find out analytical formula for o¢ (gf) in the
form of ANN model. Now we can solve two general math-
ematical models of the coefficient of fibre stress utilization
in yarn by using two familiar methodologies called the
Trapezium method and the 3-point Gaussian quadrature
method (Brass et al., 1997). First, we have to calculate the
integral part of that equation (1). Let’s say,

¥Yp
i |
0

oy (€f)tan (v)dy (8)
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By Gaussian integral transformation:

1
b—
Ig — 5 a J of (Ef(g(l’)))tan (g(t))dt’g(ti>
e}
b—a b+a
= t + 5 ©)
where i=1,2,3.

From Equation (8)

= —Z W,Gf Gf

YTD (wioy(ef(g(tr)))tan (g(1))

+w207 (€ (8(12)) ) tan (g(12)) + w30y (€/(g(t3)) ) tan (g(fs)))
(11)

Substituting y = g(t;) in Equation (2) in respect to
Gaussian Quadrature method, we can re-write as follows

€(g(t) = & (cos’ (g (1)) — Arsin’ (g(t))).

According to the Gaussian Quadrature weights table, the
following weights and points can be used:

W1:5/9, W2:8/9, W3:5/9

t\/§t0t3
1 — 5) 2 — YU 3 — 5

Now from Equation (3), let’s say,

tan (g(t)) (10)

I, =

o (e(0)) cos?(0)u(6, v)

= n J o7 (e ((1)) ) cos*(g(1))u(g(e), v, B)de, ~ (12)

-1

where a=0 and b =0,. From 3-point Gaussian Quadrature
rule,

0

g(t) = EV(I +t) (13)
where i=1,2,3. From equation (12),
szcf (er(g(t)))cos’ (g(t))u(g(t:), v, B)  (14)

Here we have to compute the values of €(g(t1)), €(g(t2))
and €(g(t3)) from Equation (13). For 3-point Gaussian
Quadrature method,

€(g(1)) = € (cos>(g(1;)) —Asin’(g(t:))) (15)
From Equation (1), we can write:
YD
_ %) _ 2 sin ()
V) = 5106) ~ ey J RSO
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Now again applying Gaussian Quadrature method,

)= || 2| o

of(€)tan®(vp) | 2 J cos®(g(t))
(17)
where g(t) =2 (1+1), i=1.2,3.
From Equation (17), we can write as follows;
2 sin (g(t;
40~ [gertin] 3 1 )
(18)

That expression was simplified through a MATLAB
simulation. In previous studies (Zubair, Eldeeb, et al., 2017;
Zubair, Neckaf, et al., 2017; Zubair, Neckar, et al., 2017;
Zubair et al., 2020), the following distribution function was
used for both models. The distribution function u(8,v, )
which depends upon B angular preference of fibres in yarn,
twist angle y and fibre inclination angles varying from 0° to
90°, is given as follows:

1 p
T B?— (B> —1)cos2(6+y)
+ ! P
n B2 — (B? - 1)cos?(6—y)
The above distribution function was replaced by a

Gaussian distribution function to recalculate the fibre stress
utilization which is given as follows:

e
T

and another proposed distribution function has been intro-
duced for modification of model of fibre stress utilization
and is given below.

u (0,7,B)

(19)

u (6,v,B) = (20)

1

u (6,7, P) B=(0=7) 21)

3.2. Experimental coefficient of fibre stress utilization

Coefficient of fibre stress utilization in yarn helical structure
describes the tensile behavior of yarn due to strain through
the yarn axis and it can be defined as the ratio between spe-
cific stress in yarn ¢ y (&) due to yarn axial strain and spe-
cific stress in fibre of (&) due to fibre axial strain. It can
be written as:

\|/(€y) = (22)

Gf(ey)

The coefficient of fiber stress utilization up to the break-
ing point which is the ratio between the specific stress of
yarn up to breaking point, Gy, and specific stress of fiber
up to the point of break og. The experiment fiber stress
utilization, { (g,) can be evaluated from the simple rela-
tionship, | (&) = = demonstrated as in Figure 5.

The prediction of fiber stress utilization up to the break-
ing point of fiber in yarn was necessary because yarn
strength is the strength of yarn at the breaking point, which
is the important parameter for spinner to evaluate the qual-
ity of the staple spun yarns and for the process optimiza-
tion. Therefore, it is necessary to predict the fiber stress
utilization up to the breaking point which can further help
to predict the yarn specific stress knowing fiber specific
stress using the equation, oy, = o, x U (g).

We need to predict the fiber stress utilization at the point
of break because before the process of break all the fiber are
in working position. No fiber is broken and all contribute
in fiber stress utilization but at the point of break majority
of the fibers are broken when yarn is broken during the
application of tensile force. Staple spun yarns have many
applications in weaving and knitting where yarn bears many
stresses during the conversion of yarn into fabric manufac-
turing process, so it is important to know the breaking
strength of the yarn before weaving and knitting process for
the weavers. Therefore, it is necessary to know the value of
fiber stress utilization at the point of break to determine the
breaking strength of yarn.

All the mean curves as shown in Figure 2 for fibre and
yarn were used to evaluate the experimental coefficient of
fibre stress utilization in yarns under study using equation
(22) and are shown in the Figure 6. The shape of each type
of fibre stress utilization curves for three different technolo-
gies—SIRO, Compact and SIRO-Compact—have similarities.
The experimental fibre stress utilization for the yarn pro-
duced from SIRO-Compact is higher as compared with the
yarns produced from the SIRO and Compact technologies
which might be the effect of hybrid technologies for SIRO-
Compact staple spun yarn production.

3.3. Predicted and experimental coefficient of fibre
stress utilization

The theoretical fibre stress utilization was evaluated using
three different distributions Dirac delta, Gamma and
Gaussian distribution, as given in equations (19), (20) and

(21), respectively. In previous studies, the fibre stress
I
I
|
oy |
jh\) =
(Ty -
s pley) = (.,—b 12
§ fb 1 ;
B I g
= E
O 1o
i [
2 i 0
& |
0 I
I
|
€f =€y I
I
\l
Strain []

Figure 5. Fiber stress utilization in yarn.



utilization was predicted before the break point of ring, rotor
and air-jet staple spun yarn (Zubair, Neckaf, et al, 2017;
Zubair et al., 2020). In this study, the modified model apply-
ing different distribution functions was used to predict the
fibre stress utilization up to break point. The experimental
and predicted coefficient of fibre stress utilization curves were
obtained using equation (18) for three different types of yarns
20/1, 30/1 and 40/1 produced from three technologies: SIRO,
Compact and SIRO-Compact. The values of the constant 8
for angular distribution of fibre in yarn used to evaluate the
coefficient of fibre stress utilization are recorded in Table 2.
The higher values of B for Equation (19) represent that the
fibre have improved distribution in the yarn, while the lower
values for Equations (20) and (21) exhibit better directional
distribution of fibre in the yarn. The constants used for the
distribution functions are given in Table 2.

The experimental and predicted fibre stress utilization
from equations (1), (3), (17) and (18) and using distribution
function from equations (19), (20) and (21) for compact
yarn are shown in Figures 7, 8 and 9 respectively. The pre-
dicted fibre stress utilization curves from the single integral
equations, both from trapezium and Gaussian method, are
far from the experimental fibre stress utilization curves and
lies above the experimental curves. It is evident that the pre-
dicted fibre stress utilization using double integral equation
and three distributions for three types of yarn count (20/1,
30/1 and 40/1) produced from compact technology captured
well the experimental fibre stress utilization. The constants
used for directional distribution of fibre were 3, 0.3 and
1.25, respectively, for all three types of compact yarn.

The results of fibre stress utilization in yarn are in good
agreement with three different types of distributions for
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three types of yarn counts. The coefficient of fibre stress
utilization predicted from single integral with Trapezium
and Gaussian methods lies above the experimental fibre
stress utilization curves due to consideration of same angu-
lar position of fibre helix in the yarn. When the normal dis-
tributions from equations (19), (20) and (21) were applied
to incorporate the effect of different angular distribution of
fibre in yarn, the predicted fibre stress utilization curves
approached near the experiment fibre stress utilization
curves for all three types of technologies.

The experimental and predicted fibre stress utilization
from Equations (1), (2), (3), (11) and (18) and using distri-
bution function from equations (19), (20) and (21) for SIRO
yarn are shown in Figures 10, 11 and 12, respectively. It is
evident that the predicted fibre stress utilization for three
types of yarn count (20/1, 30/1 and 40/1) produced from
SIRO technology captured well the experimental fibre stress
utilization. The predicted fibre stress utilization curves from
the single integral equations both from trapezium and
Gaussian method are far from the experimental fibre stress
utilization curves and lies above the experimental curves.
The constants for directional distribution of fibre used as
4.5, 0.25 and 0.20, respectively, for all three SIRO yarns.

The experimental and predicted fibre stress utilization
from equations (1), (3), (17) and (18) and using distribution
function from equations (19), (20) and (21) for SIRO-com-
pact yarn are shown in Figures 13, 14 and 15, respectively.
It is evident that the predicted fibre stress utilization for
three type of studied yarn count (20/1, 30/1 and 40/1) pro-
duced from SIRO-compact technology captured well the
experimental fibre stress utilization. The predicted fibre
stress utilization curves from the single integral equations,
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Figure 6. Experimental fibre stress utilization of SIRO, compact & SIRO-compact yarns.
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Table 2. Constant for angular preference of fibre in yarn.

Yarn ring spinning technologies Value of B for Equation (19)

Value of B for Equation (20) Value of B for Equation (21)

Compact 3
SIRO 4.5
SIRO compact 6

03 1.25
0.25 1.2
0.2 1.15

compact-20, y =24

Compact-30, y =25.36
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Figure 7. Experimental and predicted fibre stress utilization from Equation (19) and § = 3.

both from trapezium and Gaussian method, are far from the
experimental fibre stress utilization curves and lies above
the experimental curves. The constants used for directional
distribution of fibre were 6, 0.20 and 1.15, respectively, for
all three types for SIRO-compact yarn.

It is evident that the fibre stress utilization curves obtained
from different distributions are in good agreement with the
experimental fibre stress utilization curves for three different
yarn linear densities and technologies. This shows that the
helical structure of SIRO, Compact and SIRO-compact yarn
consists of fibre elements having different inclination ‘0" with
yarn strip is more accurate as compared to the helical struc-
ture of yarn having general angle of fibre elements along ‘)’
with yarn strip. The modified model for prediction is valid
for the SIRO, Compact and SIRO-compact yarn production
technologies. The extrapolation technique improved the
model by predicting the fibre stress utilization up to the
breaking point of yarn which is useful for spinners.

4, Conclusion

The main theme of the work is to model the coefficient of
fibre stress utilization in modified ring spun yarn (SIRO,
Compact and SIRO-compact) from different models,

distribution functions. The experimental data of fibre and
yarn stress-strain have multiple curves for different yarns.
The extrapolated mean tensile stress-strain curves from
experimental data of fibre and yarns were approximated by
an analytical method by means of artificial neural network as
input for the model. The extrapolated analytical stress-strain
curves help us to approximate analytical solving of single
and double integral models up to the breaking point of fibre
and yarn. The new distribution functions Gamma and
Gaussian distribution were introduced in parallel with Dirac
delta function for prediction of fibre stress utilization in
SIRO, Compact and SIRO-compact yarns. The different fibre
directional distribution parameters B were introduced in dis-
tribution functions to predict the fibre stress utilization. The
results of fibre stress utilization numerically predicted from
the different models with varying distributions functions are
in good agreement with the experimental fibre stress utiliza-
tion for all types of SIRO, Compact and SIRO-compact
yarns. It can be concluded that SIRO-compact yarn exhibited
better fibre stress utilization as compared to SIRO and
SIRO-compact yarn which might be due to the improved
fibre orientation in SIRO-compact yarn. The new method-
ology is efficient from computational prospectus as well as
prediction up to the breaking point of fibre and yarns.
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Figure 12. Experimental and predicted fibre stress utilization from distribution function Equation (21) (B = 1.20).
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