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EFFECT OF FINISHING PROCESS ON PLIED COMPACT AND
CONVENIONAL RING SPUN YARN PROPERTIES
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“Mansoura University, Faculty of Engineering, Dep. of Textile Engineering, Mansoura, Egypt
moaz.ahmed.samy.moustafa.el.deeb@tul.cz; tel.: +420 774 582 387

Abstract: This work deals with the effect of finishing process on the properties of cotton ring and
compact triple plied yarns of 9.8 tex (Ne 60) at different levels of single and plied twist. Singing was
applied only for conventional ring spun. It was found that the properties of compact yarns have
higher mechanical properties before and after applying finishing process even the relative
improvement in the conventional ring yarn properties was higher. The hairiness of finished compact
yarn (not singed) was better compared to the conventional singed ring spun yarn. A graphical
method was used to find the range of single and ply twist to be inserted to fulfill some given
properties such as strength, elongation, irregularity and hairiness (feasible region).

Key words: Compact, plied yarn, finishing, twist factor, feasible region.

1 INTRODUCTION

Compact yarns have superior quality
particularly in terms of strength and hairiness,
this enhances yarn quality and improves post
spinning process performance [1-3]. Recently
there is an increasing trend to use plied
compact yarns making use of its better
evenness, strength and hairiness properties.
It is known that plying process improves yarn
properties. During this process some single
yarn twist are altered which improves yarn
appearance, stability, snarling and structure
[4-5]. A. Barella studied the change of yarn
structure after plying and explained how
hairiness is affected [6]. A. Coulson et al.
concluded that the strongest plied yarn can
be achieved by using low single twist and
higher ply twist factor [7]. During plied, yarn
finishing process compact yarns behave in
a different way than conventional ring spun
yarns [8]. Yesilpinar recommend not to singe
the compact sewing threads during finishing
to reduce sewing threads production cost [9].
Yet there is few information about the effect
of finishing on compact plied finished yarn
properties. In this study, a comparative study
is carried out to find the effect of finishing
process on ring and compact plied yarn

Vldkna a textil (1) 2015

properties at different levels of single and
plied twist.

2 EXPERIMENTAL

Egyptian cotton fibers Giza 86 were used to
produce combed conventional and compact
yarns of 9.8 tex (Ne 60). The running
conditions and machine settings were kept
constant during applying different levels of
English single twist factor 3 to 5 (Qwx 28.7-
47.8). Yarns then we replied using different
levels of English ply twist factor 3 to 6
(awex 28.7-57.4). Finishing process including
singeing, mercerizing and dyeing were
applied for all yarns except Compact yarns
were not singed. The results were analyzed
applying the stepwise backward regression
model. Since yarn quality is a combination of
some yarn properties, this necessitates to set
some predetermined limits of yarn properties
and accordingly changing the level of the
factors affecting these parameters. To
achieve this target, a graphical method is
used by overlaying the contour lines to find
the so-called “feasible region”. A simple
program written in Matlab code was applied
in this work.
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3 RESULTS AND DISCUSSION

3.1 Yarn Tenacity

Figure 1 shows yarn tenacity before finishing
process and Tablel shows the percentage of
improvement in yarn parameters after
finishing process. It can be observed that
after yarn finishing process, tenacity of both
compact and conventional yarn has the same
trend. For both compact and conventional
yarns, as ply twist factor increases, yarn
tenacity increases to maximum and
consequently decreases. It is evident that
tenacity of both compact and conventional
yarns are improved with respect to their
corresponding plied yarns than before
finishing. This is because mercerizing (during
finishing) has the effect of swelling fibers
converting their bean-like section to circular.

Compact
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This increases fiber cohesion inside the yarn
resulting in higher yarn tenacity. However in
the finished plied conventional yarns, the
increase in tenacity is higher than that
finished compact yarn. This may be due to
the higher compactness of compact yarn
structure, as compared to conventional yarn
structure, which restricts the accessibility of
caustic soda liquor to axial fibers. This makes
the effect of mercerizing less pronounced for
compact than conventional ring yarns. The
differences in finished plied yarn tenacity
among plying twist factor are dependent on
single yarn twist and spinning method.
Results showed that ply twist factor has
maximum influence on the improvement (%)
in yarn tenacity after finishing process.
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Figure 1 Tenacity of raw yarns at different single and ply twist factor

Table 1 Improvement (%) in Tenacity of finished plied conventional and compact yarn

Single yarn Ply yarn twist | Ply /single twist | Improvement (%) in tenacity of finished plied yarns
twist factor (0,s) factor (dep) ratio (Oep / Oes) Conventional yarn Compact yarn
3 1.00 10.0 5.00
3 4 1.33 8.0 3.90
5 1.67 6.0 3.00
6 2.00 4.0 1.90
3 0.75 12.0 6.00
4 4 1.00 9.7 4.95
5 1.25 9.0 4.39
6 1.50 7.0 3.55
3 0.60 12.0 6.00
5 4 0.80 10.9 5.45
5 1.00 10.0 5.00
6 1.20 10.5 4.48
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3.2 Yarn Elongation

After finishing process of plied compact and
conventional yarns, breaking elongation of all
yarns is decreased. This may be due to
mercerizing process increases the crystalline
region in fibers and fibers become more
oriented which results in higher yarn tenacity
and lower breaking elongation. After yarn
finishing process, for both yarns, with the
increase of ply twist factor, yarn elongation
increases to a maximum and then declined at
high levels of twist ratio. Decrease (%) in
breaking elongation by finishing is lower for
compact plied yarns than corresponding
conventional plied ring yarns. For both
compact and conventional yarns, at different
single yarn twist levels, decreasing in plied
yarn breaking elongation due to finishing gets
lower as ply twist gets higher up to aep 5, then
the decrease in breaking elongation
increases. It is evident that ply twist factor
has maximum influence on the yarn breaking
elongation and the improvement (%) in
breaking elongation after finishing process.
After finishing compact yarns have higher
elongation compared to conventional yarn by
a ratio between 6.3 to 9.7% (before finishing
it was 4.9-7%).

3.3 Yarn Hairiness

Compact plied yarns after finishing have the
same trend of yarns before finishing process.
Hairiness (H) is reduced by aratio ranged

Conventional yarn hairiness

Ply twist factor

Single twist factor

STRUTEX

from 43.6 to 70% and 7.5 to 50% for
conventional and compact respectively. The
higher conventional yarns improvement ratio
is due to high hairiness values of raw yarns
and the effect of singeing process. Results
show that ply twist factor has maximum
influence on the yarn hairiness and the
hairiness improvement (%) after finishing
process.

3.4 Feasibleregion

The feasible region i.e. the region which
fulfils some required properties is
constructed as follows: The individual contour
maps are drawn from the regression
equations and then overlapped one after the
other. The required parameters are given,
and the closed arearepresents the region
fulfills different properties. The independent
variables are chosen according given criteria.
Contour maps for conventional and compact
yarns which are shown in Figure 3 revealed
that to achieve finished conventional yarn
tenacity > 34 cN/tex, elongation > 4%,
irregularity < 10% and hairiness < 2.8,
a single twist factor ranging from 3.7 to 4.4
and ply twist factor ranging from 4.6 to 5.3
can be used and to achieve finished compact
yarn tenacity > 38 cN/tex, elongation > 4.5%,
irregularity < 6.7% and hairiness < 2, a single
twist factor ranging from 4 to 4.5 and ply twist
factor ranging from 4 to 6 can be used.

Compact yarn hairiness
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Figure 2 Contour representation of finished conventional and compact yarns hairiness
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Figure 3 Contour maps used for conventional and compact yarn quality investigation

These results are also approved by the
mathematical results done using the Matlab
code. Comparison of compact and
conventional yarns' feasible regions showed
that compact yarn has different zone than
conventional yarn to produce the same yarn
with better quality level. Contour analysis
showed that finishing process displaced the
feasible region for both conventional and
compact yarns.

4 CONCLUSIONS

In this study, conventional ring spun and
compact yarns with different single and ply
twist factor are produced and effect of
finishing process is investigated. It is evident
that tensile strength of both plied compact
and conventional ring yarns is significantly
improved by finishing process and the
percentage improvement is higher for
conventional ring yarns. Response analysis
determined the feasible region for optimized
yarn properties and this region is displaced
after finishing process.
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Abstract: The internal arrangement of fibers inside the yarn defines the yarn structure and affects
its final properties and performance. Therefore, studying the detailed structure of yarns is one of
the important research issues over the years where the depth of this study is affected by
the available technology at the time. Computed Tomography (CT) is one of the technologies that
utilize the interaction of x-rays with a rotated physical object to reconstruct a digital 3D model of
the scanned object based on the transmitted x-rays intensity at different angles. In this study, a low
energy x-ray source coupled with high resolution detectors installed in a micro-CT scanner that is
capable of imaging objects with a resolution up to 0.3 um. An air-jet spun yarn is introduced in this
work with yarn imaging and an algorithm for calculating the packing density of fibers at different
slices along the scanned yarn length. The preliminary results of this study show the feasibility of
the CT scanning method to study the internal structure of yarns under relaxed conditions (i.e.
without the application of strains on the yarn) which promises with a better understanding of many

yarn parameters such as twist distribution, fiber migration, packing density, fibers friction...etc.
Key words: Air-jet yarns, computed tomography, packing density, yarn internal structure.

1 INTRODUCTION

Computed Tomography (CT) is an imaging
method that employs the tomography (from
Greek words tomos means “slice” and
graphein means “to write”) where “digital
geometry processing” is used to generate
a three-dimensional image of the internals of
an object from alarge series of two-
dimensional X-ray images taken around
a single axis of rotation. The conception of
the CT idea started at the end of the 1960s
and the first commercially viable CT scanner
was invented in 1972 by Hounsfield who won
the 1979 Nobel Prize in medicine for this

work. The CT technology was basically
implemented in medical imaging and
the clinical CT became the radiology’s

powerhouse as the first method to non-
invasively acquire images of the inside of
the human body. The method has evolved
rapidly and was implemented in industrial
fields by the end of the 1980s as one of
the favorite Non Destructive Testing (NDT)
techniques. The diversity of CT applications,
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with objects of different sizes, shifted
the interest from large objects (as human
bodies) to smaller ones and the need for
the “higher spatial resolution” scanners
started to emerge. The higher spatial
resolution is obtained by either using clinical
flat-panel imaging systems that achieve
resolutions in the order of 150-200 um or by
using dedicated micro-CT (u-CT) scanners,
such as the one used in this study, which can
usually achieve a spatial resolution less than
0.5 pm.

The principle of CT scanning stems from
the fact that the information available from
a single projection of an object in engineering
drawing is limited and another projection is
necessary to obtain the third projection and
ultimately reconstructing the 3D perspective
of the object. This explanation in engineering
drawing applies also to CT scanning, where
a single X-ray projection shows
a superimposition of all objects in the path of
the x-ray and therefore hard to understand
the volumetric  structure  of the object.
The information can be increased by taking
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two (and more) projections, however,
increasing the number of projection directions
(views) is of little help because the observer
Is not able to mentally solve the superposition
problem and to “reconstruct” the internal
information of the object. Fortunately it can be
shown that a complete “computed”
reconstruction of the object’s interior is
mathematically possible as long as a large
number of views “tomos” have been acquired
“graphein” over an angular range that covers
an angle of at least 180°. This acquisition
scheme is implemented in CT scanners by
using an X-ray tube together with a detector
while the object is rotating within path of
the X-ray beams demonstrated in
Figure 1.

as

Rotating
4 Object
Microfocus
X-Ray tube
X-Ray CCD
Detector
Object
manipulator
Figure 1 Schematic representation for
the principle of CT scanning
Each X-ray projected image is
a representation of the object's X-ray

absorption along straight lines in a specific
direction. For an incident x-ray with initial
intensity lp, an object of thickness d, and
attenuation coefficient p, the number | of

quanta reaching the detector is given by
the exponential attenuation law:

| =1, 1)
The negative logarithm p = — In I/l of each

intensity measurement | gives information
about the product of the object attenuation p
and its thickness d and proportionate to
the tube current | (given a constant incident
intensity lp). For nonhomogeneous objects,
the attenuation coefficient is a function of x, vy,
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and z and the projection value p corresponds
to the line integral along line L of the object’s

linear attenuation coefficient distribution
u(x, y, 2):

In(I(L
o) =D = ey, o @

For flat-panel CT, theline L can be
parameterized by the rotation angle a and
the detector coordinates (u, v). We are
interested in gaining knowledge of u(x, y, z)
by reconstructing the acquired data p(L) and

the CT “image reconstruction” process is
defined as the process of computing
theimage f(x, y, z) as an accurate

approximation to pu(x, y, z) from the set of
measured projection values p(L) [1].

2 EXPERIMENTAL WORK

2.1 Materials

Ayarn made from 100% viscose of count
20 tex was produced on Reiter (J20) air-jet
spinning system. The yarn was produced at
a production speed of 375 m/min and an air
pressure level of 6 bars. Viscose fibers used
in the production were obtained from Lenzing
Technik Company with 38 mm average staple
length, fineness of 1.52+0.39 dtex and
a tenacity of 20.65+£3.72 cN/tex, as measured
used the Vibroscope for 50 fiber samples.
The yarn sample was straightened in a thin
polyethylene tube that helps in holding
the sample vertical during the CT scanning.
The sample was analyzed using Bruker
micro-CT SkyScanl1272 scanner. The CT
scanner captured 3059 images with
dimensions of 3280 x 4904 pixels, the image
rotation step was 0.100° the object to source

distance ~was  54.37500 mm, and
the camera to source distance was
268.61250 mm.

The projected images were reconstructed
using the CTvox software and some
volumetric data was obtained using
the CTVol, and the CTANn software.

The analysis of the yarn packing density was
performed using our developed software [2]
that analyzes the cross-sectional images
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obtained from the CT-reconstructed volume.
The developed packing density software
utilizes the Chan-Vese segmentation model
to determine the yarn outer contour as well as
the individual fibers contours.

2.2 Calculation algorithm

Since theyarn packing density s
representation  for  the ratio between
the area of the fibers inside the yarn and
the yarn cross-sectional area, it is necessary
to segment the yarn cross-sectional images
for calculating these two areas. Segmentation
of images based on the variational methods
[8] can be obtained by minimizing
the appropriate cost functionals [4]. For an
image (I) with 1 : Q—R, where Q is the image
domain, the segmentation can be performed
by evolving theregional contours of
the image in the direction of negative energy
gradient using appropriate partial differential
equations (PDE). This procedure s
commonly known as the snakes algorithm [5]
which introduces an explicit parametric curve
C : [0,1]1—Q to represent the region's contour.
The parametric curve C evolves by locally
minimizing the cost functional:

E(C)= [[vi(C)ds+v,flcd’ds+v,[Ic[ds  (5)

where Cs and Cg represent the first and
second derivatives of thecurve C with
respect to the parameter s, respectively.
The first term in equation (5) represents
the external energy which accounts for
the image information and called
the data term while the last two terms can be
interpreted as theinternal energy and
represents the regularization terms that
account for the length of the contour and its
stiffness.

In this study, the Chan-Vese (CV) model [6]
for active contours was used to detect
the boundaries of the yarn in a given cross-
sectional image. The CV model is based on
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techniques of curve evolution, Mumford—
Shah functional for segmentation, and level
sets [4, 7]. In thelevel set formulation,
the problem becomes a “mean-curvature
flow” which results in evolving the active
contour until astop condition is met on
the desired  boundary. Because  most
classical snakes and active contour models
rely on the edge-function (might be calculated
from the image gradient | Vug|) to stop
the curve evolution, these models can detect
only objects with edges defined by a gradient.
In the CV model, however, the stopping term
is based on Mumford-Shah segmentation
techniques and the model can, therefore,
detect contours with or without gradient (for
instance objects with very smooth boundaries
or even with discontinuous boundaries).

3 RESULTS AND DISCUSSION

Yarn sample was scanned and the obtained
projected images were used to reconstruct
the 3D digital model of theyarn as
demonstrated in Figure 2. The digital model
of the yarn can be manipulated in different
ways where theyarn can be magnified
without losing the resolution and details as
shown also in Figure 2. The details of the 3D
model depend mainly on the resolution of
the CT scanner during the image acquisition
stage not just on the resolution of the image
that is magnified. The presence of the 3D
digital model allows some treatments such as
clipping and cutting certain parts of
the structure as well as slicing the yarn
structure at any required plane direction. It is,
therefore, very useful to use this model and
obtain cross-sectional images along the yarn
length, as demonstrated in Figure 2, without
the need to additional chemicals required for
hardening the yarn and its physical slicing
using sharp edges and the microtome.
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Figure 2 Reconstructed digital model of the yarn (left) that allows its visualization with a higher
magnification (middle), and with cross-sectional slicing (right)

4 CONCLUSIONS

The application of CT as a non-destructive
method allows the characterization  of
the fibrous structures (yarn) in their normal
states, without the need to the chemical
additives that might affect the fibers
characteristics. The scanning of fibrous
structures using CT technology allows
the reconstruction of adigital model for
the yarn that can be manipulated to trace
the fiber migration inside the yarn and
the calculation of different internal structure
parameters. This work is afirst step in
studying the yarns produced on different
spinning technologies and the digital yarn
model will allow better understanding and
possible  modifications  of  the current
mathematical models that analyze the yarn
structure.
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Abstract: For the restoration and preservation of textile cultural heritage objects it is essential to
use similar or identical materials for e.g. testing cleaning or restoration processes before treating
the unique and irreplaceable originals. Main focus of the MYTHOS project is to develop such
reference materials for enhanced restoration and conservation of hemp and linen based ancient
arts. The project work started with development of adapted analysis scheme. Due to the nature of
the samples analysis methods have to be either non-destructive or restricted to minimal sample
amounts. Consequently only small subsamples of the textiles have been taken, e.g. yarn pieces
from the hem. Fibre tenacity and elongation have been analysed in a single-element test (dia-
stron). The fibre width distribution has been assessed by Fibreshape. In parallel a genetic analysis
of original samples was performed to identify actual hemp and flax species close to the ancient
varieties. This presentation reports the results obtained from selected original textiles and based on
these the development of a scheme for defined artificial ageing for new fibre materials by use of
enzymatic treatment. The results are compared to data of actual hemp and flax fibres and
differences are discussed.

Key words: Textile restoration; fibre analysis; genetic analysis; artificial ageing; fibreshape; dia-
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1 INTRODUCTION

Restoration and conservation techniques
applied today on textiles use extra materials
(glues, additives, fibres etc.) that are
incorporated directly in the original textile.
There are no experimental materials
appropriate to the different type of textiles in
historical objects, in terms of technical and
biological similarity that can supplement and
enhance the restoration and conservation
techniques directly on the work of art.
MYTHOS project proposes to develop novel
ways of treating and restoring textile based
European arts. The main objective of the
project is to develop aset of reference
materials, to be used by the cultural national
and international  organizations.  The
reference materials will have similar biological
and technical characteristics as the ancient

Vldkna a textil (1) 2015 13

textile arts which are on based hemp
(Cannabis sp.) and flax (Linum sp.).

Due to the value of historical textiles for the
cultural heritage and the necessity to
preserve them for the future generations all
the investigations will be micro-destructive or
non-destructive. The analysis of such objects
requires cooperation between researchers
from different areas of science. In the frame
of this project it is necessary to collect
data about the tenacity of the original fibres to
have initial target information for the new
breed variants and the ageing processes in
the later phases. This is normally not
essential for the description of historical
textiles and thus rarely reported in the
literature. After the new cultivars with old
genetic profiles are obtained they will be
cultivated. The bast plants will be now used
for obtaining the fibres, threads and new
reference materials. This paper describes first



The 20" International Conference: Structure and Structural Mechanics of Textiles

results obtained from artificial ageing of new
hemp fibres and compares the results of their
mechanical analysis to those of samples
taken from historical textiles.

2 EXPERIMENTAL

2.1 Materials

Historical fabrics, yarns and fibres were
supplied by the National Peasant Museum,
Bucharest. For the first analytical approach
samples were selected which could be
supplied in larger amounts than usual: fibres
from preserved complete bobbins / clews and
material used as decorative fibres from
historical objects. Some of the samples are
displayed in Figure 1. For comparison two
samples of technical flax and hemp fibres are
added. Both are grown in Germany and were
mechanically separated. Detailed data about
the reference materials can be found in [1].
Araw flax fabric (linen, #00 1818 00),
175 g/m2, was purchased from Leineweberei
Hoffmann, Neukirch/Lausitz, DE.

Up to now the mechanical and fineness
analysis of the fibres as well as artificial
ageing of actual reference fibres by use of
enzymes have been performed as described
below and will be reported here. Actually
a genetic analysis of the sample materials is
in progress to prove their origin, to identify the
varieties in detail and to identify actual
species as close as possible to the historic
ones. This will be reported later.

2.2 Methods

The samples have to be conditioned in
standard climate at 20C and 65% relative
humidity according to DIN EN ISO 139. The
mechanical characterisation is conducted on
single elements based on DIN EN ISO 50798
(1996), using a Dia-Stron System (Dia-Stron
Ltd., Andover, UK) with clamping length
3.2mm [1]. In addition the tenacities of
enzyme-treated fibres have been examined in
a collective test by Stelometer as described
previously [2]. Fineness analysis was
performed using the image processing
system Fibreshape as described in [1].
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Figure 1 Images of historical fibre samples (a) B
5843, (b) M 173 and (c) M 3871

The enzymatic fibre treatments were carried
out in 300 mL Erlenmeyer flasks containing
10 g hemp fibres GDEO2 and 200 mL of
reaction solution as described in [2]. First the
fiores were washed in soda solution
(concentration w/v of 0.5%) at 90C for 1 h.
Enzyme treatments were carried out using up
to 1 mL or 1 g of Texazym® AB or APN (both
cellulases, purchased from INOTEX s.r.0.,
CZ) at 30T and 50<C for 20 min. Finally the
fibres were dried for 1 h at 105<C.

3 RESULTS AND DISCUSSION

Hemp sample GDEO2 from actual production
has been used as reference material for
enzyme treatments. As displayed in Figure 2,
enzyme treatments both by Texazym® AB
and Texazym® APN cause adecrease of
fibre tenacity from 30 cN/tex down to below
15 cN/tex. The effect of enzyme is more
intensive at 50C than at 30C. Due to the
reaction volume of 200 mL the maximum
amount of enzyme (1g or 1mL, resp.)
represents a concentration of 0.5% (w/v). For
comparison the values of the untreated raw
material and a sample with only pre-treatment
in soda solution are added.
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These values obtained from a collective
tenacity test cannot be directly compared to
tenacity values from a single-element test,
but the tendencies in both methods are
known to be similar [3]. For this reason the
results of the historic fibres (converted into
cN/tex) are compared to that of the newly
measured Texazym AB series as single-
element tenacity test in Figure 3, displayed as
box-and-whisker plots. The plots comprise
the upper and lower deciles (Xo.90 and Xo.10)
as outer dots, the upper and lower quartiles
(Xo.75 and Xo.25) as box limits, and the median
(Xo.50) denoted inside the box. It is obvious
that most historical samples are in the same
range of tenacity (24 to 31 cN/tex), only
sample L 7024 is with median 13.7 cN/tex
significantly lower. Only samples G m, B
5843 and the technical fibres from actual
production (GDE 02) display a higher tenacity
around 40 cN/tex combined with a much
broader distribution to higher values with Xg 75
values of 60 - 70 cN/tex.

STRUTEX

The enzyme treated variants are in the same
range like most of the historic samples. The
tenacity of most of the historic samples (all
‘M’-samples, marked by the greenish box)
can be reached easily by mild treatment of
standard hemp from actual production with
low amounts of Texazym® AB (0.5 - 1.0 g in
200 mL for 20 min at 50C). The lower
tenacity of e.g. sample L 7024 could easily be
reached by the more intensive treatment in
0.5% of Texazym® APN for 20 min at 50C.
Higher tenacities like that of samples G m or
B 5843 are directly corresponding to those of
actual hemp and can thus be reached without
special treatment.

All enzymatic treated samples have in
addition been analysed for their fineness, and
no significant differences were detected. For
this reason it is necessary to select actual
fibre lots with similar fineness to replace
historic fibres. The tenacity can be adjusted
to the level of the historic materials by
enzymatic treatment.
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Figure 2 Influence of cellulase treatment in different concentrations on the tenacity of hemp GDEO2
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Figure 3 Tenacity (single-element test by dia-stron) of historic and standard hemp samples compared

to enzymatic treated standard hemp

4 CONCLUSIONS

All historical samples assessed here are at
the lower end of the literature range [3] in
terms of tenacity and below the literature
range in terms of fineness. Based on these
results it was possible to set up a scheme for
artificial ageing of new fibres to adapt them to
the properties of the historic originals. Best
results were obtained with artificial fibre
ageing in low amounts of Texazym® AB.
Lower tenacities are reachable by use of
Texazym® APN. Both enzymes have been
proven not to influence the fibre fineness,
making the process control easy.
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Abstract. The article is focused on the introduction and description of the technology for
manufacturing of planar textile fabrics bonded by the perpendicular lying of polymer melt as well as
the structure of output fabrics. Technological solution consists of two primary parts: 1) A basic
bearing construction of machine with a parallel thread winding package, 2) A mobile head with
a feeding device forming an exactly defined layer of polymer melt for the optimum fixation of the
warp. Textile fabrics manufactured using proposed technology are distinctive by being made of
longitudinal parallel wound threads (the so-called warp) fixed in place by a perpendicular layer of
polymer melt. This layer form ensures the integrity and shape of the fabric. The innovation is in the
actual way of manufacturing of planar textile fabrics and the principle of fabric creation, whereby
a fabric and its longitudinal thread structure are bonded with minimal bending and tension. For
manufacturing is possible to use the special fibers or threads with low bending rigidity, for example:
optical fibers, threads with nano-coating, hollow (tubular) fibers, glass fibers as well as, carbon

fibers, etc.

Key words: Textile, polymer, structure, warp, melt, manufacturing, fiber.

1 INTRODUCTION

Production of fabrics is based on interlacing
of individual yarns of one, two or more
systems of threads. Conventional technology
for production of planar textiles using mutual
interlacing of the threads is technology of
weaving and knitting. On the basis of these
technologies is possible to produce the fabric
of defined parameters and final properties.
Weaving consists of making textile from yarn.
In the weaving process the threads are
stretched parallel on the weaving machine.
These stretched threads are known as warp
threads (wound on the warp beam). Weft
(filling), are inserted one by one through
a gap (the shed) in the warp threads, at right
angles to them. The basic principle has
remained unchanged throughout the
centuries. A textile is formed by weaving the
filling threads one by one between the warp
threads.

In a conventional loom, the filling threads are
inserted by aflying shuttle. In modern
weaving machines, however, they are
inserted by rapier (gripper), air jet, water jet or
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projectile technology. The type of weaving
machine, the technology used and the filling
threads are determined by the type of textile
to be produced [2].

Knitting processes in which fabrics are
produced by set of connect loops from
a series of yarns in warp or weft direction.
Different knitting machines are use to perform
this techniques. Warp knitted fabrics: In
awarp knitted structure, each loop in the
horizontal direction is made from different
thread and the number of thread used to
produce such a fabric is at least equal to the
numbers of loops in horizontal row. Weft
knitted fabric: A horizontal row of loops can
be made using one thread runs in horizontal
direction.

The conventional manufacturing of planar
textile fabric, using the traditional knitting and
weaving technology involves a lot of tension
and bending strain on threads due to the
interlacing of the thread. Specific brittle
threads with low bending rigidity cannot be
processed without preparing operation
(coating, sizing, twisting, etc.).
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2 RESULTS AND DISCUSSION

Technology for manufacturing of planar textile
fabrics bonded by the perpendicular lying of
polymer melt consists of two primary parts:

1) a basic bearing construction of machine
with a parallel thread winding package,

2) amobile head with afeeding device
forming an exactly defined layer of polymer
melt for the optimum fixation of the warp.
Textile fabrics manufactured using proposed
technology are distinctive by being made of
longitudinal parallel wound threads (the so-
called warp) fixed in place by a perpendicular
layer of polymer melt. This layer form ensures
the integrity and shape of the fabric. The
innovation is in the actual way of
manufacturing of planar textile fabrics and the
principle of fabric creation, whereby a fabric
and its longitudinal thread structure are
bonded with minimal bending and tension.

| ————

Figure 1 3D prototype model of technology for
manufacturing of planar textile fabrics bonded by
the perpendicular lying of polymer melt

The longitudinal thread system in the
tensioned state is kept from a vertical position
to a horizontal position in space of the nozzle,
where the vertical laying of the polymer melt
is fixed in the transverse direction. Polymer
melt can be placed on the longitudinal
threads in the different intervals as well as the
defined width. On the bases of the properties
of the polymer melt is possible to apply
different melting temperatures, depending on
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the material in the longitudinal thread system
and the final application of planar fabrics. The
longitudinal thread system, as in weaving
technology, it is possible to process using the
bobbins from the creel or the warp beam.

Figure 2 Prototype machine for manufacturing of
the planar fabric

Electronically controlled the drive mobile
head with a dispensing mechanism is able to
deliver the polymer melt continuously or
intermittently relative to the width fabrics, and
in various defined spacing relative to the
length of the fabric.

The thickness of the resulting bonded
polymeric melt is dependent on the melt
viscosity, deposition rate, and pressure as
well as the nozzle profile.

The structure and geometry of threads in
woven fabrics is based on mutual interlacing
[2]. The fabric binding point is defined in
dependence on the type of interlacing. Basic
distribution of fundamentals weaves is
divided into plain and non-plain (float)
weaves. Plain weave is composed of
crossing warp and weft threads. This is the
most densely binding with the least possible
density of the thread. The float part on the
bases of non-interlacing sections creates
a looser weave but with the possibility of
achieving higher threads densities [1].
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Longitudinal threads in the structure of planar manufacture of fabrics does not arise
textile fabric bonded by the perpendicular crossing parts of threads, and hence it is
lying of polymer melt have parallel winding possible to achieve a maximum density of the
with a defined spacing. Longitudinal set of yarns.

threads is not stressed by bending. In the

Figure 3 Prototype machine for manufacturing of the planar fabric — the mobile head and the
application of polymer melt on longitudinal threads

]
e 111111
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Figure 4 Basalt planar textile fabric bonded by the perpendicular lying of polymer melt

Figure 5 Basalt planar textile fabric bonded by the perpendicular lying of polymer melt (detail)
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3 CONCLUSIONS

Textile fabrics manufactured using proposed
technology are distinctive by being made of
longitudinal parallel wound threads fixed in
place by a perpendicular layer of polymer
melt. The innovation is in the actual way of
manufacturing of planar textile fabrics and the
principle of fabric creation, whereby a fabric
and its longitudinal thread structure are
bonded with minimal bending and tension.
For manufacturing is possible to use the
special fibers or threads with low bending
rigidity, for example: optical fibers, threads
with nano-coating, hollow (tubular) fibers,
glass fibers as well as, carbon fibers, etc. The
application of fabric structures is assumed in
composites and automotive and mechanical
industries etc. Fabrics with nanofibre yarns
will be used as biomass carriers in fluid
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bioreactors that will allow the faster
incorporation of the purific plant. Using
biomass carriers provides a tech. advantage
for sustaining slow-growth microorganisms in
waste water treatment bioreactors.
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Abstract: The contribution presents a research into the impact of textile materials' parameters on
behaviour and tension loads of virtual garments. Described is the importance of fabrics’
characteristics for reliable garment prototyping and visualisation using developed sitting posture 3D

body models.

Key words: Virtual garments, 3D body models, sitting posture, knitted fabrics, mechanical

properties.

1 INTRODUCTION

Modern garment manufacturing process
involves garment’s virtual prototyping by 2D
garment pattern construction, as well as
physically-based mechanical simulation of
fabrics for reproducing the shape and the
motion of the garment on the virtual body
models. One of the basic objectives of
garment’s simulation technologies is to
simulate garment’s realistic drape behaviour
and fit appearance such as in real time [1].
Namely, fabrics  exhibit  visco-elastic
behaviour with characteristics of liquid- and
solid materials. Due to their complexity and
anisotropic structure, an adequate simulation
is not easy to provide. Simulation systems
with computation algorithms have been
developed for simulating not only simplified
and static textile materials, but also complex
dynamically moving garments [2].

2 THEORETICAL PART

Simulation systems are not only influencing
the quality of garment’'s simulation. Namely,
aset of input parameters are playing an
important  role. Therefore, adequate
measuring of fabric’'s mechanical and
physical characteristics in necessary to
provide by using systems for their

Vlakna a textil (1) 2015 21

characterization, such as: Kawabata
evaluation system for fabrics (KES-F) and
Fabric Assurance by simple Testing (FAST)
[8]. Asecond objective of garment’s
simulation technologies is to design aesthetic
and comfortable garments taking individual’s
body characteristics into consideration.
Comfortable garments are special important
for people with paraplegia state, which are
exposed to asitting position in daily life.
Regarding garment’s simulations, researcher
are focusing to reproduce accurate fabric’s
and consequently garment’s fit appearance
and drape behaviour on three dimensional
body models in a standing position [1, 4-6]. In
recent years, we developed three
dimensional body models in a sitting position
by using different optical scanning systems,
such as Vitus Smart scanner and an
conventional optical scanner GOM Atos Il 3D
[7, 8]. Furthermore, a researcher identified
the differences between the standing and
sitting position in order to develop appropriate
garments for paraplegics and to assess their
fit appearance on the observed 3D body
model in a sitting position [9]. Garment’s
virtual prototyping of pants and T-shirt for
people with paraplegia state was also
discussed in [10], where the 3D body model
posture was adapted trough kinematic
skeleton construction inside the scanned
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mesh of a human body in a standing position.
Its accuracy was evaluated in [11], trough
calculating change values and change rates
of the observed virtual- and real human
measurements and through calculating
surface areas in square centimetres, which
were extracted from image vector silhouettes.

2.1 Scanning and reconstruction of 3D
body models

Today, different 3D body scanners are used
for capturing the body characteristics,
extracting of measures and acquiring of 3D
models for garment prototyping and virtual
try-on. For this research, the test person was
scanned in standing position using
a conventional body scanner GOM Atos I
400. The test persons in a standing posture
were scanned with feet apart hands
extended. Several individual scans from
different heights and angles were observed
and combined into one independent mesh,
Figure 1, using the software Atos V6.0.2.

Figure 1 Combined individual scans in a global
coordinate system using Atos V6.0.2 software

To obtain an optimal surface description of
atest's person’s body, we performed the
noise reduction through cleansing and
removing those points which did not
correspond to the body surface, such as the
unnecessary digital data of the mesh at the
armpits and the ground. The mesh has also
contained holes, which were repaired
manually by using different graphic programs
like MeshLab and its tool “Poisson” and
Blender for smoothing the remaining
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irregularities on the meshed surface by using
its tool “Sculpt Mode-Smooth”, Figure 2.

Figure 2 3D body model after processing with
Blender’s tool “Sculpt Mode-Smooth”

For this purpose, the digital data of a scanned

body were imported in aform of a.stl
(STereoLitography) file into the graphic
programs.

2.2 Body model’'s posture adaptation

For enabling 3D body model's posture
adaptation, the construction of a kinematic
skeleton inside the watertight mesh was
performed. The “Armature Modifier” was used
to construct a hierarchical skeleton of
20 bones and 15 joints, Figure 3. Firstly, in
“Edit Mode” the spinal cord construction was
carried out by selecting the tail of each
particular constructed bone through extruding
it to a new bone. The skeleton construction
continued for the shoulder and upper limbs at
the left and right sides and completed at the
lower limb for the Left and Right sides.

Figure 3 Blender's »Armature modifier« for

skeletal construction
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Achieved 3D body models, ready for posture
adaptation, can be completely adapted to the
desired position/posture required for virtual
garment prototyping and/or virtual try-on.
Figure 4 represents the body posture
adaptation to afemale tennis player during
wheelchair tennis at the Paralympic Games
of the year 2012 [12].

i
o\
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V s

Figure 4 3D body model after processing with
Blender’s tool “Sculpt Mode-Smooth”

3 EXPERIMENTAL PART

In this study the virtual prototyping of
garments for the upper body to a sitting 3D
body model in different postures was
performed with the aim to explore the
possibilities of sports garments’ development
for a sitting position in terms of ergonomic
requirements of garments. The garments
fitting were investigated depending on the
mechanical properties of the applied knitted
fabrics. In addition, characterization of the
knitted fabrics’ deformations, and tension and
stretch along any weave direction of the
garment to the human body were observed,
respectively.

3.1 Materials

Two knitted fabrics were used in order to
carry out the research related to influence of
knitted fabric’s stretch on garments fitting.
Knitted fabrics were produced on a raschel
knitting machine RSE 4-1. The basic
properties of these knitted fabrics are
represented in Table 1.

The elastic components for the production of
the knitted fabrics were Dorlastan and Lycra.
Therefore, they can be characterised as
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highly elastic knitted fabrics for women’s
underwear.

Table 1 Properties of the knitted fabrics

Fabric Knitwear density Fabric
tvoe Raw material | Wales | Courses | weight,
yp d. d. gm™
85% PA6

St 15% Dorlastan 22 80 50
73% PA6

S2 27% Lycra 22 156 95

3.2 Sport shirt pattern design and 3D
virtual prototyping
The sport shirt pattern design was performed
using a construction system M. Muller & Sohn
and the OptiTex PDS computer program,
Figure 5. The 3D virtual prototyping of the
sport shirts was performed on a sitting 3D
body model in different postures, Figure 6.

Figure 5 Sport shirt 2D pattern design

At

Figure 6 Sitting 3D body model in different
postures
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3.3 Determination of mechanical
parameters of knitted fabrics

The knitted fabrics’ mechanical parameters
(extensibility, bending rigidity, shear rigidity,
compression) were determined by using the
FAST measuring system. Mechanical
parameters of the knitted fabrics are collected
in Table 2.

Table 2 Mechanical parameters of the knitted
fabrics measured by FAST measuring system

Knitted fabric
Measurements Direction |Units mark
S1 S2
I wales % / /
Extensibility Courses % ] ]
Bending wales UNm 0.3 1.6
rigidity courses UNmM 0.6 1.2
Shear rigidity Nm™ | 17 46
Surface mm | 0.054 | 0.047
thickness
Surface mass gm?® | 50 95

Necessary extensibility for the garment
simulation was measured at tensile load of
98.07 Nm™. Since the knitted fabrics’
extensibility exceeded the measuring range

STRUTEX

of 20%, the knitted fabrics’ stretch of 23% was
used from the fabrics list of the OptiTex
program for a similar knitted fabric.

4 RESULTS AND DISCUSSION

Fitting of the sport shirts using different
mechanical properties of the knitted fabrics
for virtual prototyping and preview of the sport
shirts tensions on the virtual human body is
represented in Figure 7. The sport shirts
tensions and stretches deformations along
any weave orientation have been examined
on asitting 3D body model in different
postures.

There can be seen some obvious differences
in tension maps of both garment. They are
caused by the differences in structural and
physical/mechanical properties of applied
knitted fabrics. Based on these results we
can analyse the impact of textile materials'
parameters on behaviour/tension loads of
virtual garments using sitting posture body
models.

Knitted fabric S1
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Knitted fabric S2

Figure 7 Fitting of the sport shirts using different mechanical properties of the knitted fabrics - tensions

preview

5 CONCLUSIONS

In this contribution we have presented
a study of the impact of textile materials'
parameters on behaviour and tension loads
of virtual garments. Importance of fabrics’
characteristics for reliable garment
prototyping and visualisation was studied
using two types of warp knitted fabrics with
different structural and physical/mechanical
properties. For the purpose of virtual garment
prototyping and visualisation we have
developed standing and sitting posture 3D
body models. Using the tension maps we can
analyse the impact of textile materials'
parameters on behaviour/tension loads of
virtual garments using sitting posture body
models. Furthermore, this can serve as
a basis for engineered projection/planning of
textile fabrics and garments to be produced.

Acknowledgements: The authors wish to express
their thanks to Mr. Andrej Cupar, univ. dipl. eng. mech.
eng. for his help related to 3D body scanning and
reconstruction of digitized 3D body models.
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EVALATION OF LINE LIGHT SOURCES ILLUMINATION INTENSITY
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Abstract: In the side emitting plastic optical fibres (SEPOF) the light leaks out from their surface.
The main aim of this contribution is evaluation of SEPOF loss of illumination intensity in
dependence on the distance from light source. The special device for measurement of light
intensity on surface at various distances from light source is used. The dependence of light
intensity on the distance from light source is expressed by the linear piecewise function (LLF2
model) composed from two straight line parts with attenuation factor as the rate parameter. The
influence of the SEPOF diameter on the mean attenuation rate is quantified.

Key words: Polymer optical fibers, attenuation, piecewise model, fiber characteristics.

1 INTRODUCTION

Standard polymer optical fibre (POF) is
a dielectric waveguide transferring light or
infrared radiation across its axis by the
mechanism of total internal reflection on the
interface of two materials with different
refractive indices [1]. The main requirement
for classical POF is to prevent side emission
causing loss of transferred light. In the side
emitting plastic optical fibores (SEPOF) the
light leaks out from their surface. Side
emission occurs if the light incidence angle is
smaller than critical angle. This effect can be
obtained by the increasing of cladding
refractive index, decreasing of core refractive
index or by the change of incident light angle.
It is also possible to use multiple micro-
bending of core or cladding; additives causing
reflection or fluorescence into core/cladding
or to create geometric asymmetry in the
core/cladding system [2]. The SEPOF can be
used for creation of optically active textile
structures providing opportunities to highlight
people and objects without the need for
external light exposure. Due to the
transmission loss, the intensity of radiation
emitted in any direction decays along the
straight fibre axis as a function of distance
from the light source [4].

The main aim of this contribution is evaluation
of SEPOF loss of illumination intensity in
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dependence on the distance from light
source. The dependence of light intensity on
the distance from light source is expressed by
the linear piecewise function. The influence of
the SEPOF diameter on the mean attenuation
rate is quantified.

2 EXPERIMENTAL

2.1 Materials

Polymeric side emitting optical fibers “Grace”
(produced by company Grace POF Co., Ltd.
China) with different diameter were used for
measurement of illuminating intensity in
straight and bent states (see Table 1).
Surface of “Grace” fiber and its cross-section
are shown in Figurel.

Table 1 Optical fiber specification

core / cladding PMMA / polycarbonate

core / cladding refractive

) 1.49/1.41
index

numeric aperture /

, ; 0.48/57.4°
maximal input angle

mass density / tensile

-3
strength 1190 kgm™/ 78 MPa

wave length / temperature

400-900 nm / 20-70C
of use

POF diameter [mm] 0.25,0.3,0.4,0.75,1

The POF end connected with light energy
source was prepared by heated wire cutting
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and then by polishing with diamond powder.
lllumination system with light emitting diode
(LED) was created and used as light source
for side emitting optical fibers.

PN
e

eeeeeeeeeeeeeeeeeee

a) cross-section b) surface

Figure 1 Polymeric side emitting optical fiber
“Grace”

2.2 Methods

For measurement of illumination intensity
changes of these fibers the special device
was constructed [3]. The scheme of this
device is shown in the Figure 2.

M

[T

Figure 2 Device for measurement of POF
illumination intensity decay

This device was used for characterization of
length dependent optical attenuation. Device
was composed from light sensor 1, step
driver 2, control unit 3, measuring channel 4,
input rolls 5 and output rolls 6. lllumination
source consist from light emitting diode
(LED), control circuit and power source was
used as light source for side emitting optical
fibers. lllumination intensity was measured
along the length 1000 mm (Figure 3). Mean
value of illumination intensity and 95%
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confidence interval based on ten repetition of
measurement on polymeric optical fiber
,Grace" was calculated by using of statistics
for small samples [5]. The experimental
variances were used as weights in regression
analysis.

3 RESULTS AND DISCUSSION

Due to the transmission loss, the power of
radiation emitted in any direction decays
exponentially along the fiber axis with
increasing distance from the light source of
the fiber while the percentage of light emitted
per unit length is uniform over the entire fiber
length. The attenuation coefficient a [dB] is in
fact equal to logarithm of ratio between two
powers on the input P(0) and on the output
P(L)

a =10log(P(0) / P(L)) (2)
The mean attenuation rate a is defined as
the ratio of attenuation coefficient and the
distance L between measuring powers. The
unit of the mean attenuation rate is dB per
unit length. The mean attenuation rate a is

ideally constant, but generally may be
anonlinear function of the Ilength L.
Theoretical illumination intensity can be

calculated by rearrangement of Eq. (1) into
form

P(L) = P(0) 107/ (2)
This model is practically not able to properly
fit the experimental data. Piecewise solid line
in Figure 3 is so called LLF2 model.

LLF2 model is linear piecewise function
consist from two different sections created by
straight lines. This model is based on the
assumption that in short distances from light
source there are some no uniformity in side
emission due to accommodation to aperture
and critical angle. In second phase the
illumination intensity is slowly decreasing with
distance from source L (system s
accommodated).
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Figure 3 Typical decay of illumination intensity and LLF2 model

Local slopes of LLF2 are in fact sensitivity
coefficients a;, a, Corrected illumination
intensity on the fiber input is P¢(0). LLF2
model is described by equation

P(L)=P.(0)+a,L+a,(L-L,), 3)

where function (x), = 0 if x is negative and if x
is positive, function (x), = X. L. is distance of
transition between first and second phase. By
using of special linear regression [4]
parameters of LLF2 were found: The

parameters of model (3) were evaluated from
illumination decay experimental curves of

Grace flexi SEPOF with diameters 1, 2, 3, 6,
11 and 14 mm.

The influence of SEPOF fibers diameter on
the parameter P. (0) and intercept of second
straight line b is shown in the fig. 4. The
power type models were used for parameter
smoothing. It is clearly visible that both
parameters are convex increasing function of
diameter. The sensitivity coefficients a; and
a, (see model (3)) are shown in fig. 5 as
function of SEPOF fibers diameter. It is
visible that in both cases the dependence is
nearly linear.

0,040
0,035 /
o y= 0,0003x%8805 o P(0)cor
§ 0,030 R?=0,9765 d
>
7 010251 FTm e + interceptof2nd
g 1y = 0,0001x"%%°" straight line b1
£ 0020 7 Re=09729 .
c e - - . o ,
-2 0,015 4 i Mocninny
K L (P(0)con)
g 0,010 — ul
500057 «“‘" + - = = = Mocninny
! (intercept of 2nd
straight line b1)
0,000 \ \ \ \
0 2 4 6 8 10 12 14
fiber diameter [mm]

Figure 4 Dependence of intercepts of LLF2 model on SEPOF fibers diameter
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Figure 5 Dependence of sensitivity coefficients of LL

The slope of first line is decreasing function of
diameter and slope of second line is nearly
constant.

4 CONCLUSIONS

Optical fibres with higher diameter have
higher illumination intensity. Higher fiber
diameter is therefore better from point of view
of total illumination at all distances from light
source. It is suitable to divide this
dependence to two phases, first represents
no uniformity in side emission due to
accommodation to aperture and critical angle
and second with slow decline of mean
attenuation rate i.e. LLF2 model.
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Abstract: This work reports about experimental investigation of the influence of the yarn tension
during tubular braiding over the geometrical and mechanical properties of the ropes.
Key words: Braiding, yarn tension, elastic properties.

1 INTRODUCTION

One of the most common application areas of
braided products are ropes for different
applications. For ropes the most important
properties are the tensile properties like
breaking force and elongation, but the
elasticity and the bending rigidity too. There
are several investigations about the influence
of the braiding angle over the mechanical
properties of the ropes [1, 3-5], based on
analytical relations between the geometry of
the yarns in one braid and the properties of
the braid. Another researchers are trying to
simulated the elastic behavior using FEM in
order to predict the properties [6], where the
most simulations are for overbraiding of
mandrels on radial braiding machines, where
there are negligible changes of the yarn
length between the braiding point and carrier
or are based on kinematic simulations, where
the yarn tension is not important [2] so much
as the yarn orientation.

For normal tubular or flat braiding machine
actually the yarn tension remains seldom
constant during the braiding process. There
are several factors, which leads to
fluctuations of it — the unwinding geometry of
the bobbins, the differences of the distance
between the carrier and the braiding point
(Figure 1) at the different positions of the
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carrier, the type of the carrier and especially
the type of the compensation mechanisms.

The old carriers and some of the modern
carriers for very thin and very thick ropes are
still weight balanced [3]. Because the weight
remains constant during the braiding, the
yarn tension is kept as well constant. But the
fast running braiding machines for the normal
range of yarn fineness are using springs for
keeping the yarn under some tension. As
known from the mechanics, the spring

changes its force depending on the
deformation Ax:
F =k [Ax (1)

During the compensation of the yarn length
differences the spring of the right hand side
carrier on the Figure 1 (for Point B) will be
significantly more deformed (pressed) than
the spring in the carrier C (left hand side),
because the left one receive the superfluous
yarn length. This difference cause to different
yarn tension at these points, and this
difference is as higher as higher the spring
stiffness k is. Each braiding machine can be
set with different springs in the carriers —
softer for more fine materials and stronger
springs for the thicker materials. The used set
of the springs determine the yarn tension and
determine as well the forces at the braiding
point, where the new braid is build. Some
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influence over the properties of the braid can
be as well expected, because the higher
tension forces should lead to more compact
braid. The goal of the current work is to
investigate experimentally the variations in

the yarn tension on atubular braiding
machine and its influence over the braid
parameters.

X,

a)

Figure 1 a) The distance between the carrier and
the braiding point changed during the braiding
process and causes difference in the yarn tension
on the machines with spring balanced carriers [3];
b) Measurement of the yarn tension on the
braiding machine
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2 EXPERIMENTAL

During this investigation the samples was
produced on a tubular braiding machine Seng
16/80-1 of the company A. Herzog,
Oldenburg. PA6.6 multiflament yarn with
250 Tex was winded on bobbins on
a universal winding machine FC of the
company Jakob Muller, Frick, Switzerland,
keeping the yarn tension during the winding
constant, using tension regulation unit of the
company BTSR.

The carriers are arranged "one full - one
empty", so that 2:2-1 structure (two over two
as agroup of one yarn) according to [3] is
produced. The trials are done with set of
three take off speeds (8, 16 and 21 m/min)
and was performed with three sets of springs
— white, black and blue.

The measurement of the real yarn tension on
the machine was performed as following.
First the machine starts until a steady state of
the braiding process at the current settings is
achieved. Then the machines is stopped and
the yarn tension is measured (Figure 2) using
hand measuring device of the company Hans
Schmidt GmbH with range up to 1000 cN, but
every time it is as well marked which carrier
exactly is measured so, in order the tension
fluctuations on single carriers to be
detectable. The yarn tension is measured at
three places - once, when the carrier is on its
most outer position, once as it is on the
transfer point between two horn gears
(middle position) and once as it is on the
most inner position. The geometrical
properties diameter and braiding angle are
determined as mean values from a series of
measurements using microscope. The
bending rigidity is determined with the help of
the cantilever test and the tensile properties
using standard testing machine Zwick.
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Figure 2 Yarn tension in cN at five carriers,
measured for different springs (springs with
different color identification have different
stiffness)
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Figure 3 Bending length from cantilever test in
cm for the samples at different take off velocities
produced with different springs

3 RESULTS AND DISCUSSION

The measurement of the yarn tension at the
different carriers shows some irregularities in
the tension between the carriers (Figure 2).
These can be reason of the unwinding
geometry [3] but as well based on different
state of the carriers as oil, friction, abrasion
on some places etc. Currently running is as
well experimental test about the stiffness of
the springs of each group, in order to
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determine the tolerance between these
because the differences in the stiffness will
cause immediately differences in the yarn
tension too.

The experimental investigation of the braids
shows some influence of the yarn tension to
the diameter of the braids and more
significant over the bending rigidity (Figure 3)
as the cantilever test shows. The higher take-
off speed leads to lower bending rigidity and
softer spring (white is the softer one and blue
is the stiffest one) leads to lower bending
rigidity too. (The complete calculations cannot
be given in the abstract because of the page
limitation.)

4 CONCLUSIONS

The investigation demonstrates that the yarn
tension during the braiding has influence over
the bending rigidity of the braids and some
influence as well to the rope diameter.

Acknowledgements: The Authors thanks to the
Erasmus program and Region of Alsace for the
support of the stay of Aurelie Nicolau in Germany.
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Abstract: The several two guides bar warp-knitted structures (pillars and inlay) were designed and
manufactured with the aim to predict this yarn consumption on the bases only of the geometrical
structural models of these textiles, on the bases of thread diameter and the raschel machine setting
together with the known warp-knitted pattern. This prediction of the yarn consumption of the inlay
was verified in the dense - “compact” structure which was described only of the yarn diameter.

Key words: Yarn consumption, warp-knitted structure, geometry model, prediction.

1 INTRODUCTION

An inlaid yarn is never formed into a knitted
loop. Inlaid (laid-in) fabric consists of
a ground structure of knitted or overlapped
(warp knitted) threads that hold in position
other non-knitted threads which were
incorporated (laid-in) into the structure during
the same knitting cycle [1-3]. The
specification of the loop head and position of
the threads which pass into and pass from
the loop head and specification of the height
are suitable for the right application of the
structural  properties on the planned
characteristic, i. e. surface properties.

2 EXPERIMENTAL
The structures in the Figure 1 were produced

with the same warp-knitted machine setting
(RML-6-F, Karl Mayer, ER 24, 9.2 course/cm)

for the experiment measurement of the yarn
consumption. The pillars were connected with
the threads of GB 2 which don't create the
loops and joined together the columns of the
opened loops - pillars (Figure 2).

2.1 Specification for knitted fabrics

The material specification for fully set

threading ground bar (GB1 and GB 2) of

warp-knitted fabrics was: polyester filament

167dtex x 2, f 36. These structures were

designed according to the raschel machine

conditions and the designed method:

* Repeat units — 8 courses (due to the
machine pattern equipment),

e Two ground bars with fully set (same
material),

* Maximal length of the inlay — three needle
space (pitch).

GBI X ¥ L
GBIOL ¥ ¥ ¥

L. oy ey
L L1y oY

GBIY { Y ¥

GBI X & X
GBIL & &

GBI L X £}
GBIL X [}

GBIY & ¥ & &
GBIy ¥ Y } [

GBI
GBILY

Figure 1 Lapping of the two guide bar warp-knitted fabrics (Structure A —1)
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Figure 2 Photography of the designed two guides
bar warp-knitted structures (Structure H and I)

2.2 Methods for calculation of yarn
consumption

Some geometrical models of yarn in knitted
head of the loop were designed for the
calculation of yarn consumption. For that
method, it was used the experimental value
of the thread diameter [4] and machine
setting (machine density, 920 m™). The
binding area can be specified, see Figures 3,
4 and Table 1.

Figure 3 Contact regions of threads in knitted
loops, especially in needle heads

In the case, when the produced structure has
smaller ratio I/d and the loops are tight,
fabrics are not full, is “compact”, not
excessively opened or transparent, the
replacement of the thread axis can be
approximated in the needle head as circle or
ellipse or combination with the tangent — table
1. According of the approximation type the
height of the course is designed to be the
axis with the continuous curve.

The result is dependence of the yarn
consumption on the vyarn diameter.
Theoretical area of the occurrence of these
values can be shown in Figure 4. With the
aspect to the expected dependence on the
height of the course the yarn consumption of
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the more compact model (mod. 3, 1, 2) is
smaller.

Table 1 Comparison the geometrical model of
designed structures

35

Replacement of the inlay axis Height of
course
mod 7 1/2 circle, r=5/2d 5d
mod 6 1/2 ellipse, a=5/2d, b=2d 5d
mod 5 1/2 circle, r=2d and part of line 4d
mod 4 1/2 ellipse, a=5/2d, b=3/2d 5d
mod 3 1/2 circle, r=3/2d 3d
mod 2 1/2 ellipse, a=2d, b=3/2d 4d
mod 1 | 1/4 circle, r=d a part of tangent 4d
Inlay yarn consumption in repeat units

"
&
£E
&
o) =
c Cc
< 5
5
= — - structure C - max —structure G - max
- — structure G - min ——Structure E, H, | - max

—— Structure E, H, | - min — -structure C - min

—— Structure A D - max —— Structure A, D - min

yarn diameter [mm]

Figure 4 Diagram of the predicted values of yarn
consumption

3 RESULTS AND DISCUSSION

The experimental values of yarn consumption
of both ground bar (GB 1 and GB 2) were
measured during manufacturing the warp-
knitted samples. The results are shown in
Figure 5. Although the machine setting was
same, after relaxation process (not wet) some
differences were appeared in the case of the
pillar stitches. The mechanical impact and the
effect of the take-up rollers causes these
differences together with the yarn bending
properties which influences these nine
structures in different way. Structure H and |
are similar, with another arrangement of the
inlay threads in the structure, but the modeled
length of the yarn in the repeat units is the
same. The predicted yarn consumption and
experimental value are identical, Figure 5.

The modeled values of yarn consumption
(seven approximations) of the inlayed yarn
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are shown in Figure 6. In the same Figure,
the calculated values of yarn consumption
(points in that diagram) on the base of
experimental value of yarn diameter
(experimental packing density) are compared
with the experimental yarn consumption
(horizontal line) carrying out during knitting
process.

Experimental data + Pillar
= Inla
5 40,00 3 ¥
= v LA
g _ 5,00 = T
Z E 30,00 F
5 E oz
=} 25,00
c i
o 20,00
> E3
15,00 T T T T T T T T T 1
ABCDETFGHI
Structure

Figure 5 Measured value of yarn consumption of
GB 1 (pillar) and GB 2 (inlay)

——mod 7
27 4 | ~---mod6
—--mod5

mod 4
25 7 mod 3

Structure A

inlay length [mm]

15 T T T T T

0,186 0,206 0,226 0,246 0,266 0,286

yarn diameter [mm]

Figure 6 Yarn consumption of the inlay - structure A

The inlay length is defined in the repeated
units — eight courses and the threads connect
only adjacent pillars twice in this area. This
chosen structure A is not lightweight from the
other; it is medium with sufficient dimension
stability.
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4 CONCLUSIONS

From now, it is necessary to focus on the
basic research of the yarn diameter in knitted
structure. Even in the compact warp knitted
geometry it influences the predictions and
yarn consumption calculation with the
bending rigidity of the yarn which creates the
loops. The threads are turned through the
textiles and created the new properties and
influences. The loop models enable to plan
the using of the knitted fabrics as textiles for
special purposes, i.e. textiles to the moisture
distribution, light permeability, transmission,
textiles for impregnation, saturation, printing
and other characters with have something to
do with surface properties.

The other object is in the case of the
manufacturing of the elastic thread. These
structures will have the compact model in
most of examples of various elasticized
yarns, in comparison to equivalent structures
made from conventional yarns [5].

The long-expected aim - structural model
depending on the input data as are: machine
setting, pattern and properties of the using
thread (packing density) [6]. Focus on the
area of the crossing point and bending rigidity
of the yarn in the very small area given by the
parameters of the gauge and take-up
mechanisms of the warp-knitted machines.
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MEASURING OF YARN CRIMP IN WOVEN FABRIC

Iva Mertova and Bohuslav Neckar
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Abstract: A new method to measure the warp or weft yarn crimp in fabric was developed. The
method is based on the analysis of yarn tensile characteristics. In this method, the yarns with
predetermined distance are removed from fabric and clamped between the jaws of tensile-strength
machine (Instron) without any pretension in the yarn and accordingly yarn crimp is measured. The
results were also compared with other two existing methods. The results of yarn crimp in warp and
weft direction of the fabric are found to be sensitive to selection of applied force range. Observed
results from all methods have statistically significant correlations. It is monitoring influence of fabric

and yarn parameters on yarn crimp value.

Key words: Fabric parameters, tensile curve, yarn crimp, woven fabric.

1 INTRODUCTION

The crimp of warp and weft yarn in woven
fabrics are influenced by various factors, such
as loom setting, type of fabric, sets of fabric,
fabric weave, yarn diameters, weft and warp
yarn bending rigidity, compression of yarns
(at binding points) etc. The yarn crimp also
changes during the fabric production on the
loom, fabric relaxation in cloth roll and
chemical processing of the fabrics. The yarn
crimp also influences the economics of the
fabrics due to change in fabric contraction,
extensibility of fabric during finishing, fabric
tensile properties, fabric weight and thickness
and shape stability. It means, yarn crimp is
highly governed the consumption of material
to a specific application of a fabric. Crimp,
crimp amplitude and length of the yarn axis
are generally used as input data to predict the
fabric properties but these parameters are
complicated to define and measure.

Several researchers have studied the
phenomenon of yarn crimp in the fabric and
proposed different models of cloth geometry
[1-5, 15 and 16]. The existing methods have
their own merits and demerits while studying
the cloth geometry. The study of real
geometry of crimp in a woven fabric is very
tedious due to variation in fabric structure
because each wave is independent and
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differs from other wave, yarn is not uniform

and it is often problematic to find out the

position of yarn axis.

The main difference between existing

methods and our proposed method is

processing and comparison of stress-strain

curves of two yarns: pull-out yarn and parent

yarn.

We use the term pull - out yarn for yarn

removed from fabric (yarn which is crimped).

The parent yarn is yarn from cone, which was

used for fabric production.

Existing methods are inaccurate, complicated

or expensive for praxis. Our effort was to find

new, more precise method but method which

isn't demand on laboratory equipment and

time-consuming.

The following objectives are framed for this

paper:

* To verify the method to measure the crimp
in a woven fabric on different types of fabric.

» To compare the results of proposed method
with other existing methods for different
types of woven fabric.

*To compare the measured results with
predicted values using linear model.

2 THEORY OF METHOD

The theory is based on the analysis of tensile
curves of parent yarn and yarn taken-out from
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the fabric with crimp. The whole derivation is
presented in [17].

According this theory the “best” value of
parameter A is obtained:

2 R Gk I G G
> 0(o)+1] >[ew 1T

Then, we calculate the crimps of pulled-out
yarn in the fabric and it is defined by the
following equation:

s=l,/h,—1=A-1 (dimensionless) (2)

Once we calculate the value of A from
equation (1) then the calculation of yarn crimp
becomes very simple by using of
equation (2).

3 EXPERIMENTAL

The method was used form crimp measuring
of two sets of experimental fabric. The first
was set of polyester staple yarns; the second
fabric set was from cotton yarns.

Polyester staple yarns of three different linear
densities i.e. 16.5, 25 and 40 tex are used to
produce thirty plain weave fabrics with
different combinations of warp and weft
density to study the influence of vyarn
fineness, warp and weft density on yarn
crimp. Cotton yarns of linear densities 8.4
(warp yarn) and 10 tex (weft yarn) are used to
produce ten simple jacquard fabrics with
different weaves. The details of yarn and
fabric parameters of both experimental fabric
sets are given in Tables 1 and 2.

Two points at a distance of 500 mm along the
length of yarns of the considered woven
fabric are marked for both warp and weft
directions. For the present study 50 yarn
specimens, each from warp and weft
direction, are pulled-out from the fabric.
Pulled-out yarns consist of undulations or
waves introduced during weaving process.
While pulling-out the yarn from the fabric,
utmost precautions were taken that yarn
should not get strained and untwisted.
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Table 1 Yarn and fabric parameters - Set of
experimental fabric |

Yarn linear Yarn sets
Fabric Code | density (tex) (1/cm)

warp weft | warp | weft

1/25/19 16.5 25 24 19
2/25/19 16.5 25 27.8 19
2/25/22.4 16.5 25 27.8 22.4
3/25/19 16.5 25 31.8 19
3/25/22.4 16.5 25 31.8 22.4
3/25/26 16.5 25 31.8 26
1/40/15 16.5 40 24 15
2/40/15 16.5 40 27.8 15
2/40/18 16.5 40 27.8 18
3/40/15 16.5 40 31.8 15
3/40/18 16.5 40 31.8 18
3/40/21.2 16.5 40 31.8 21.2
4/25/19 25 25 19 19
5/25/19 25 25 22.4 19
5/25/22.4 25 25 22.4 22.4
6/25/19 25 25 26 19
6/25/22.4 25 25 26 22.4
6/25/26 25 25 26 26
4/40/15 25 40 19 15
5/40/15 25 40 22.4 15
5/40/18 25 40 22.4 18
6/40/15 25 40 26 15
6/40/18 25 40 26 18
6/40/21.2 25 40 26 21.2
7/40/15 40 40 15 15
8/40/15 40 40 18 15
8/40/18 40 40 18 18
9/40/15 40 40 21.2 15
9/40/18 40 40 21.2 18
9/40/21.2 40 40 21.2 21.2

Table 2 Yarn and fabric parameters — Set of
experimental fabric Il

Fabric Yarn linear density Yarn sets
(tex) (1/cm)
Number
warp weft warp weft
11till 10 8.4 10 66 55

Subsequently, the yarn was clamped on
Instron tensile-strength tester with a gauge
length of 500 mm assuring that the marked
points on the yarn exactly match with nip
point of the jaws. Now, yarn is allowed to
break and average specific stress-strain
curve of 50 yarns are plotted with the help of
the software. For comparison, the average
specific  stress-strain  characteristics  of
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original parent yarn are also evaluated from
an experimental set of 50 individual curves.
We compared the curves of parent yarn and
pulled-out yarn at an interval of specific stress
values (Omin, Omax)- The right A-value describes
the comparison of parent and pulled-out
curves in asuitable range of specific
stresses. We tried to use different values
from following interval (Omin, Omax) ON the
place of lower limit og. For each selected
value of og the corresponding A-value was
determined using equation (1) and then the
yarn crimp from equation (2).

4 OTHER METHODS OF YARN CRIMP
MEASUREMENT

Experiments are also carried out to measure
the yarn crimp using two other different
methods.

For first method, soft cutting and image
analysis method [11] was used to prepare
and process the cross sections of considered
fabrics.

Second method is the old “raveling” or
“thumb-method”. In this method, the yarn
specimen from fabric part length hg is pulled-

STRUTEX

out, then the yarn is straightened with thumbs
(by a subjectively sensed down-pressure)
and the length |y of un-crimped yarn is
measured. Accordingly, the yarn crimp is
determined using the equation (2).

5 COMPARISON OF RESULTS

Table 1 illustrates the observed correlation
coefficients between experimental methods.
The correlation  coefficients  between
experimental methods are statistically
significant for both fabric sets.

Table 3 Correlation coefficients of yarn crimp

Correlated methods warp weft
Instron — Image Analysis 0.88 0.79
Instron - Raveling 0.91 0.86
Image Analysis - Raveling 0.86 0.83

Experimental results confirm the influence of
warp and weft sett and yarn count on yarn
crimp values. Fabrics from polyester staple
yarn have nonstandard behavior.

0,08

weft average 10tex

weft upper limit

weft lower limit

— F4 warp average

FA warp upper limit

FA warp lower limit

Elongation, -

— F4 weft average

F4 weft lower limit

FA weft upper limit

warp average 8.4tex

----- warp lower limit

0,01

://"'parent weft yarn 10tex :
1

----- warp upper limit

. — — = minimum border
1

0 0,02 004 0,06

0,08

Specific stress, N/tex

01 012 — — — maximum border

Figure 1 One example of inverse functions of specific

specific stress values, cotton fabric no.4
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The high warp set in combination with yarn
count leads to reverse behavior of both
treads systems. All fabrics have higher crimp
in warp directions than weft directions, see
Figure 3.

The same phenomenon refers to fabric
elongation in both directions. Nonstandard

STRUTEX

behavior leads to nonstandard dependences.
Warp crimp increase with higher warp set
value and decrease with higher weft set.
Crimp in weft direction decrease with higher
warp set and increase with higher weft set,
see Figure 4.
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Figure 2 Evaluated yarn crimp in relation to the introduced value og

Figure 3 Transversal and longitudinal cross section images — example, fabric 3/25/19
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Figure 4 Influence of warp set on yarn crimp in warp and weft direction
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6 CONCLUSION

The measurement of yarn crimp in fabric and
fabric thickness on two considered methods

and proposed methods is somewhat
influenced by inherent problems of
measurement techniques and yarn

characteristics. Therefore, it was difficult to
arrive at “fully right” values of yarn crimp in
fabric and fabric thickness for comparison
and testing of different method used.
Nevertheless, the method is relatively easy
and more accurate to measure and
reproduce the warp and weft crimp. The
proposed method has great potentials for
adaptation in industrial laboratories. And the
method is possible to use for measuring yarn
crimp in simple jacquard fabric with full
area design.
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Abstract: To keep the human bodies warm in very cold conditions, the clothing must have good
thermal insulating properties. Textiles thermal insulation is closely related to a material’'s thermal
insulating properties, the structure of fibers and porosity of textiles. The thermal resistivity
characterizing of thermal insulation can be simply predicted from thermal conductivity as intensive
characteristics. For textile structures is overall porosity relatively high and this factor is playing
major role in their insulation. Second important factor is thickness of textile layer. The type of fiber
is usually not so very important. Nowadays, a lot of synthetic fibers with different shape and hollow
are produced. Shape is in fact influencing of porosity. The heat insulation of hollow fiber alone is
better in comparison with conventional fibers.

Main aim of this contribution is to investigate simple two phase model for prediction of thermal
conductivity of textile structures with various porosity composed from regular and hollow fibers. The
influences of porosity and fiber thermal conductivity on thermal conductivity of textile structures are
quantified. The influence of hole portion of hollow fibers on the textile structures thermal
conductivity are predicted as well.

Key words: Prediction of thermal conductivity, hollow fibers, noncircular shape fibers, overall
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porosity, textile structures.

1 INTRODUCTION

Comfort occurs when body temperatures are
held within narrow ranges, skin moisture is
low, and the physiological effort of regulation
Is minimized [1].The relevant clothing material
characteristics are thermal insulation, water
vapor resistance and moisture absorption.
The major insulating effect of clothing is
based on the still air layers between the skin
and the different clothing layers, which
reduce conduction losses to the environment.
Clothing resists convective losses by
preventing convection currents from forming
next to the body and by providing a barrier
against air currents in the environment.
Clothing also reduces radiant heat loss by
serving as athermal radiation barrier and
evaporative heat loss by restricting the
evaporation of sweat produced by the body.
The thermal insulation effect of an individual
textile layers is dependent on their material
properties i.e. usually thermal conductivity
and porosity, the looseness or tightness of fit,
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the body surface area covered by the clothing
and the accessible surface area for heat loss.
Nowadays, alot of synthetic fibers with
different shape and hollow can be produced
due to the advanced manufacturing
technologies. Hollow fibers have many
unique properties and have found numerous
applications as well. For example, hollow
fibers can provide great bulkiness with less
weight and are often used to make insulated
clothing materials. The heat insulation
properties of hollow fiber are better than
those of conventional fibers [2, 5]. Therefore,
it is very important to know the thermal
property of fibers, to design and optimize the
structure of fibers for various applications. By
the detailed inspection of thermal
conductivities of textile structures containing
special cross sections and hollows it can be
found that the main role are playing the
planar mass and fabrics thickness which are
responsible for fabric total porosity. [3]. Due
to limitation of measuring for fiber's thermal
conductivity, the numerical simulation method
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becomes a very useful and effective way to
evaluate the fiber's thermal conductivity. In
this work, some kinds of fibers with different
circular hollow size are studied. The influence
of planar mass and fabric thickness on the
fabric thermal conductivity is quantified.

2 EXPERIMENTAL

2.1 Materials

The typical fibers with holes or special cross
section (Coolmax, Coolplus, Thermocool,
Thermolite) and round polyester fibers were
used (see Figure 1). Air volume portion P [%]
of hollow fibers was evaluated from
microscopic images. The fiber fineness are
given in the Table 1. From these fibers the
ring spun yarns were prepared.

Basic characteristic of fibers and yarns are
given in the Table 1.

Table 1 Basic parameters of fibers and yarns

STRUTEX

Samples of gray plain knitted fabric with using
of staple yarns mention above on the Tricolab
device were produced. Parameters of knitting
fabrics were: row density 13 rows per cm,
column density from 8.5 to 9 column per cm
according yarn fineness, tension force cca
50-60 mN and speed cca 200-250 m/min [4].

Thermocool

,j F ¥\

Coolplus
S PUR a §

Theﬁﬁolite '
1EEHNE .

Thermocool
P= 9. 77%

Thermolite
P= 8. 74%

Figure 1 Cross section of selected fibers

Yarn fineness (tex) Yarn twist (m™) Fibers Fiber

Fiber type Mean Limits of 95% Mean Limits of 95% fineness

: . : . number

value confidence interval value confidence interval (tex)
Coolmax 16.4 16.2 16.5 706 686 727 85 0.192
Coolplus 16.3 15.8 16.7 619 606 632 92 0.177
Thermocool 17.1 16.8 17.4 738 724 753 92 0.186
Thermolite 16.7 16.4 17.0 776 749 803 90 0.186
PES round 16.4 16.1 16.7 546 530 562 104 0.158

Table 2 Basic characteristics of knitted fabrics

Thermal conductivity (Wm™“K™) Thickness (mm) Thermal resistance (Km°W™)
Sample type Mean Limits of 95% Mean L|m|ts_ 0f 95% Mean L|m|t§ of 95%
value confidence interval | value cqnfldence value cqnﬂdence
interval interval
Coolmax 0.0390 0.0387 0.0394 0.750 | 0.734 | 0.766 0.0192 0.0195 | 0.0188
Coolplus 0.0400 0.0397 0.0402 0.909 | 0.899 | 0.919 0.0227 0.0229 | 0.0226
Thermocool 0.0384 0.0382 0.0386 0.763 | 0.756 | 0.771 0.0199 0.0201 | 0.0197
Thermolite 0.0393 0.0391 0.0396 0.879 | 0.860 | 0.899 0.0223 0.0228 | 0.0219
PET round 0.0402 0.0398 0.0406 0.890 | 0.873 | 0.907 0.0222 0.0225 | 0.0218
Table 3 Air permeability and Gsm of knitted fabrics
sample type Air permeability (I.m'z.s'l_) _ Gsm (g.m”)
Mean value Limits of 95% confidence interval grey fabric
Coolmax 9572 9587 9557 104
Coolplus 9624 9652 9596 101
Thermocool 9624 9643 9605 106
Thermolite 9626 9643 9609 110
PET round 9811 9841 9781 107
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Figure 2 Dependence of knitted fabrics measured thermal conductivity on their porosities

2.2 Methods

Thermal conductivity, thickness and thermal
resistance with using device Alambeta
(pressure 200 Pa) were measured and they
are given in Table 2. Air permeability with
using device FX3300 (pretension 1000 Pa)
and areal density (Gsm) were measured and
they are given in Table 3.

The fabrics volume porosity was calculated
from relation

\W
P H

R = (1)

where g is polyester fibers density (1360 kg/m®),
W is planar mass (usually [g m?]) and H is
thickness (usually [cm]).

Dependence of knitted fabrics thermal
conductivity on their porosities Pg is shown in
the Figure 2. Bars are here indicating 95%-th
confidence intervals and empty squares are
predictions calculated from model (2).

3 RESULTS AND DISCUSSION

For expression of thermal conductivity of
hollow fibers it is simple to replace cylindrical
geometry (for round fiber) by two phase
model consist from fibrous (polymeric) phase
having thermal conductivity As and air phase
with thermal conductivity A,in serial) or
parallel arrangements. Relative portion of air
phase is equal to air volume portion P and
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relative portion of fibrous phase is 1 - P. The
thermal conductivity of hollow fiber is then

A A
A =05|P A +(1-P)A + a’t
h ( a ( ) f P/1f +(1_P)/]a] (2)

The thermal conductivity of knitted fabrics are
computed form similar equation where
porosity Pg is used instead of hole portion in
fibers P.

Because the real fabric porosities are much
over 70% the influence of hole portion is not
very important (Figure 3) and better thermal
insulation can be obtained by combination of
planar mass a thickness.

T
‘ Volume portion of hole in fibre

Thermal conductivity [W/(m K)]

0.02 . . . . . . . . . | . . . |
0,2 025 03 0,35 04 045 0,5 055 0,6 065 0,7 0,75 0,8 0,85 0,9

Fabric porozity [-]

Figure 3 Dependence of fabric thermal
conductivity on their porosity for hollow fibers with
various relative volumes of holes
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In study [5] the knitted structures created
from above mentioned special fibers are
described and their thermal properties are
discussed in details. Here it can be only
mentioned that the differences between
thermal conductivities for similar structures
are very small. Much higher is influence of
fabric construction (Figure 3).

4 CONCLUSIONS

The simple prediction is useful for rough
calculation of hollow fiber thermal conductivity
as well. In fabrics the influence of holes in
fibers are not so important as influence of
planar mass and fabric thickness (porosity).
The changes in these construction
parameters are simple in the case of
nonwovens but limited in the case of woven
or knitted fabrics
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Abstract: In the present paper the issue of transformation of mass irregularity of fibers product by
drafting arrangement of the ring spinning machine is analyzed. The experimental procedure for
samples collection of carded as well as combed cotton rovings and ring yarns are used. Theoretical
model of transformation of mass irregularity is presented. Tendency of behavior of experimentally
determined modulus and theoretical modulus of relative transfer function of drafting system are

compared.

Key words: Mass irregularity, ring yarn, roving, modulus of relative transfer function, draft.

1 INTRODUCTION

Drafting processes in the spinning technology
significantly affect (deepen) level of mass
irregularity of fibrous product. Causes of
negative impact of draft on the vyarn
irregularity and generally, analysis of whole
drafting process are described in alarge
number of research papers, for example [1-
5]. The irregularities added to yarn by the
apron drafting arrangement of the ring
spinning machine were studied in the work
[6]. The variance-length curve of mass
irregularity of worsted rovings and yarns were
analyzed also in the work [7]. To determine
conditions that ensure optimal course of
drafting process it is important to know the
influence of draft on the structure of mass
irregularity. From that, among others,
requirements on asupply product in the
corresponding technological stage in the
spinning technology result together with the
possibility of eventual shortening of given
spinning technology.

In this work, the influence of draft on mass
irregularity in the drafting mechanism of ring
spinning machine is analyzed. The impact of
draft on the extent of change of
corresponding harmonic components of mass
irregularity is studied using the experimentally
determined modulus of relative transfer
function. The results are compared with
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a theoretical modulus of relative transfer
function of defined ideal drafting process.

2 METHODS AND MATERIALS

Generally, the modulus of relative transfer

function is aratio of amplitudes of
corresponding harmonic components of
output and input signal related to the

respective mean value of fineness of output
and input fibrous product [8]. In this work we
analyze the experimentally determined
modulus of relative transfer function of
drafting system of ring spinning machine,
which we define by formula (1):

. cv; (1)
Foxp(A)| = —%
= ) ®
P
where: ‘Fe*xp(A)‘ is the experimentally

determined modulus of relative transfer
function of drafting mechanism, CV1(A) is the
variation coefficient of harmonic component

with  wavelength A [m] of yarn mass
irregularity [%], CVo(A/P) is the variation
coefficient of harmonic component with

wavelength A/P [m] of roving mass irregularity
[%], P is the total draft of drafting mechanism
of ring spinning frame.





