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I Introduction

In the production of garments, embroi-
dery carries out decorative, informative,
data transfer and other functions.

The main and common embroidery de-
fects are the following: shifting of the
embroidery portions compared to the
digital design, the compression of filling
along the stitch direction (Figure 1.a),
the concavity or convexity of the em-
broidery patterns, filling quality, i.e. vis-
ible spaces between stitches, an uneven
edge (Figure 1.b), the slippage of fabric
yarns at the sides of the embroidered ele-
ment (Figure 1.c), defects affecting the
programme process ability during the
embroidery process i.e. the responsive-
ness of embroidery equipment to short-
en stitches, the concentration of many
stitches in one place, the breaking of em-
broidery threads, cutting through of the
textile with a needle, etc.

Embroidery quality is influenced by the
embroidery process speed, stitch density,
filling type, embroidery area, features
of fabrics, lower and upper embroidery
threads, etc. The assembling of textiles
into a system by the sewing and embroi-
dery processes has some similarities. In
both cases threads are affected by factors
of a similar character, i.e. the dynamic
load, bending, friction, abrasion, etc.
The textile is anisotropic and deforma-
tion thereof under the impact of certain
forces varies depending on the fibre com-
position and mechanical properties of
the fabric. The mismatch of embroidery
pattern dimensions can cause the slip-
page of warp or weft threads affected by
a force perpendicular to the direction of
the embroidery pattern. It was found that
the weaving and finishing of fabrics have
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an influence on the slippage of yarns at a
seam [1 - 3]. Investigations showed that
the new weave factor, NPR (calculated
directly from the weave matrix), better
describes the influence of the weave on
slippage than other known weave factors
(V. Milasius factor P or Ashenhurst fac-
tor F) [4]. The smallest yarns slippage is
shown by fabrics with small repeats and
short interlacements of warp and weft
made by the following weaves: plain,
twill, and sateen, as well as by weaves of
short interlacements (in general) in one
of the systems [5]. Investigations have
illustrated that the mechanical properties
of a fabric, and the formability, strength
and stability thereof may be changed by
employing different embroidery/stitch-
ing patterns [6, 7].

Fabric shrinkage after the sewing proc-
ess may be affected by the relaxation
processes observed in threads, resulting
in their shrinkage, thereby creasing the
fabric [8, 9]. Investigations have dem-
onstrated that technological parameters
of the sewing process such as the sew-
ing speed, thickness of the sewing needle
used, fabric rigidity, the number of lay-
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ers of assembling fabrics, dynamic and
thermal loads have a direct influence on
changes in the mechanical properties of
sewing threads of different fibre compo-
sition. The fibre composition of threads
determines the different response of sew-
ing threads to an external impact [10 —
17].

The accurate dimensions of an embroi-
dery pattern are influenced by a stable
stitch. Changes in the stitch length have
been analysed during the sewing process.
Friction forces occurring between the
fabric and material of sewing machine
gears during transportation as well as the
technical parameters and technical condi-
tion of a sewing machine [18 - 21] were
established to influence the stable length
of the stitch.

Investigations have also illustrated that
interaction of the fabric and sewing
thread with sewing machine gears and
sewing machine parameters have a di-
rect influence on the occurrence of seam
puckering [22, 23]. In the embroidery
process, embroidery threads undergo
deformations of multiple tensile, bend-

b) Digital design

Uneven edge
of the embroidery
pattern

Slippage of
fabric yarns

Figure 1. Examples of embroidery defects: a) filling compression along the stitches,
b) uneven edge of the embroidery pattern, c) slippage of fabric yarns.
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ing and friction. Embroidery threads of
different structure, different fibre com-
position and linear density feature differ-
ent mechanical properties. An analysis
demonstrated that embroidery threads of
different fibre composition experience
different relaxation processes after the
embroidery process, i.e. different values
of residual elongation are observed [24].

The occurrence of embroidery defects is
influenced by properties of both embroi-
dery threads and textiles such as surface
texture, stretch, surface density, flexibil-
ity, etc. [25].

The influence of the properties of fabrics
and sewing threads, caused by technolog-
ical parameters of the sewing machine,
on seam quality and puckering is an is-
sue widely investigated by researchers of
various countries [8, 9, 16, 22]. The in-
fluence of the stitching pattern direction,
place and density on the deformation be-
haviour of fabrics has also been analysed
[6]. However, reports exploring the em-
broidery process and factors having an
influence on embroidery quality are very
few. The Russian scientist D. Chernenko
investigated the assembling of textiles by
the embroidery process; however, no de-
tailed analysis of the influence of fabrics
and technological factors on embroidery
quality has been carried out [24]. Re-
searchers of Alexandria University in-
vestigated the behaviour of embroidery
articles in the process of wear in order to
optimise the embroidery area size, types
of threads and the type of the needle ac-
cording to fabric thickness [26].

The assembling of textiles by the sew-
ing and embroidery processes is carried
out by employing the same type of a
lockstitch. However, the purpose of as-
sembling, requirements for the quality
and properties of the final assembling are
different. The analysis carried out dem-
onstrated that the embroidery process,
despite being important and popular, has
not been widely investigated thus far.

The aim of this paper is to explore the
influence of different embroidery threads
on the accuracy of embroidery pattern di-
mensions.

I Materials and methods

A diagram that illustrates the assem-
bling of textiles into a system by by
the embroidery process is presented
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Figure 2. Diagram of a portion of assembling textiles into a system by the embroidery

process.
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Figure 3. Embroidery area formation diagram: a — filling type Z, b — filling type T, here,
A — stitch length, B — distance between stitches, C — embroidery width, L — embroidery

lentgh, legend: ======= — embroidery contour, s — embroidery thread,

— needle

insertion place, — formation direction of embroidery stitches.

in Figure 2. The system is made up of
the following: fabric, upper embroidery
thread, and lower embroidery thread. An
appropriate balance of the tension of em-
broidery threads within a stitch (when a
lower thread occupies 1/3 to 2/3) elimi-
nates the possibility of the lower thread
being visible on the front side of the em-
broidery area.

For analysis of the influence of embroi-
dery threads on the accuracy of em-
broidery pattern dimensions, different
threads of various linear density, fibre
composition and structure were selected.
For this purpose, embroidery threads
were grouped into upper and lower em-
broidery threads. Along the length, the
upper and lower embroidery threads
featured the same thickness and met the
quality requirements. The performances
of the embroidery threads used for the in-
vestigations are listed in Zable 1.

For analysis, a plain weave linen fabric
with the following performances was se-
lected: surface density - 150 g/m2, thick-
ness - 0.32 mm, density in the warp di-
rection - 19.9 cm-l, density in the weft

direction - 18.4 c¢m-l, and with same
linear density of warp and weft threads
- 26.3 tex.

To carry out investigations, two different
types of filling threads of the embroidery
area were chosen:

1. Z — where each stitch is formed from
one edge of the embroidery pattern
to another (Figure 3.a). In this case,
embroidery width C tallies with stitch
length A.

2. T — when a row of stitches is formed
from one edge of the embroidery pat-
tern to another . At the end of the row,
a short stitch in the direction of em-
broidery is made in order to preserve
the rows of stitches parallel. Hereby
rows of stitches do not overlap (Fig-
ure 3.b).

For embroidery pattern filling types
Z and T, a width of the digital design
C=17,6,4,3 and 2 mm and length thereof
L = 60 mm were selected (7able 2). The
digital design was generated by applying
the Wilcom ES (Embroidery Software)
2006 Software Package. To carry out
the investigations, a Barudan BEVT —
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Table 1. Performances of embroidery threads.

. . Linear
Legend | Raw material Purpose Composition density, tex
ET1 100% PES Two-ply yarn, multifilament 30.2
ET2 40% metallic, Combined, two-ply yarn, monofilament thread 26.4
60% CV Upper thread and multifilament thread ’
ET3 100% CV Two-ply yarn, multifilament 27.8
ET4 100% cotton 40.0
Two-ply yarn
ET5 100% PES | Lower thread 247
Table 2. Plan of the experiment.
Embroidery Filling . . - . . Digital design
thread legend type Direction Digital design width C, mm length, mm
ET1 Warp
4 Weft
ET2 Bias
7 6 4 3 2 60
ET3 Warp
T Weft
ET4 Bias
Inequality of

Embroidery length

embroidery length

Figure 4. Diagram of the measure of geometrical performances (length and width) of the

embroidery pattern.

Z901CA Single head 9 needles auto-
mated embroidery machine was used.
A sewing process speed of 700 stitch-
es per minute and stitch density
B = 0.42 mm were applied. Applying
a correctly balanced embroidery stitch
(Figure 2), 6 test samples were embroi-
dered in the warp and weft directions and
in the bias direction of 45°.

The test samples were scanned by a Can-
on PIXMA MP 140 scanner, at a resolu-
tion of 600 dpi, placing a ruler beside in
order to measure the scanning scale. For
editing images and measuring the geo-
metrical performances (length and width)
of the embroidery pattern, the COREL
DRAW X5 Software Package was ap-
plied. The embroidery pattern length was
measured from the beginning to the end
of the embroidery pattern. The embroi-
dery pattern width was measured at the
beginning, at the end and every 5 mm
from the point where the embroidery pat-
tern starts (Figure 4). The embroidery
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pattern area was measured by the Auto
Cad 2007 Software Package. An accurate
shape of the area contour was obtained
via manual marking-out.

Averages of values of the research results
as well as variation factors fluctuating
from 0.19 to 8.99% were computed.

B Analysis of results

An analysis of variation of the embroi-
dery pattern width illustrated that the
embroidery pattern width decreases in
all cases. Embroidery with filling threads
of type Z, when the embroidery width
C =7 mm, showed that embroidery with
upper polyester embroidery threads ET1
in the warp and weft directions and in the
bias direction results in the greatest nar-
rowing value of the embroidery pattern
width in respect of the digital design as
compared to embroidery with the other
threads analysed . In the warp direc-
tion, the greatest narrowing value of the

embroidery pattern width, i.e. 21.4%, is
demonstrated by embroidery with em-
broidery threads ETI, whereas in the
weft and bias directions this value ranges
around 18.6%, respectively. It should be
pointed out that in the embroidery process
with polyester and viscose embroidery
threads, the embroidery pattern contour
in the warp and weft directions is broader
at the beginning and at the end compared
to the middle portion (Figures 5.a, 5.b).
Such behaviour could also be influenced
by the shifting of fabric threads at the
seam. Seam slippage is usually observed
in fabrics, particularly in plain weave
fabrics, twill weave fabrics, sateen, etc.
Former investigations have demonstrated
that the slippage of fabric threads at the
seam is defined by the shifting of fabric
threads due to the force applied perpen-
dicular to the seam [1]. Narrowing of
the embroidery pattern contour in the
bias direction is also observed not to be
as great as in the warp and weft direc-
tions . Compared to the digital design
width, the lowest narrowing value of the
embroidery pattern width, i.e. 11.4%, is
demonstrated by embroidery with metal-
lised embroidery threads containing vis-
cose ET2 and cotton embroidery threads
ET4, with filling type Z, when C =7 mm
(Figure 5.a).

The analysis illustrated that embroi-
dery with filling threads of type T re-
sults in greater narrowing values of the
embroidery pattern width in the case of
embroidery with polyester embroidery
threads ET1, when C =7 mm. The great-
est narrowing value of the embroidery
pattern width in respect of the digital de-
sign width was observed for embroidery
in the weft direction, i.c. 11.4%. In the
warp direction, embroidery with viscose
embroidery threads and cotton embroi-
dery threads demonstrated the narrowing
value of the embroidery pattern width
to be 0.5 mm (7.1%), whereas embroi-
dery with metallised embroidery threads
containing viscose showed a narrowing
value of the embroidery pattern width of
0.6 mm (8.6%) (Figure 5.b).

Such an uneven behaviour of embroidery
threads could be influenced by different
fibre compositions, structures and linear
densities. Former investigations have il-
lustrated that significant elastic elonga-
tions (with a reversible nature) are typi-
cal of polyester embroidery threads ET1.
Reversible deformation is characteristic
of polymeric bodies and has a relaxa-
tion nature. Reversible deformation dis-
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appears gradually after the removal of
external forces. Embroidery threads fea-
turing significant reversible elongation
will shrink after a certain time from em-
broidery due to the relaxation processes
occurring in threads, thereby decreasing
the area and width of the embroidery pat-
tern. It should be noted that the reversible
elongation of viscose embroidery threads
ET3 was not great, i.e. 3.2% [25].

It should also be pointed out that in most
cases embroidery with filling types Z
and T in the weft direction demonstrated
the greatest narrowing values of the em-
broidery pattern width, which could be
influenced by the lower fabric density
observed in this direction.

Embroidery with filling type Z shows
that a decrease in the digital design width
leads, in many cases, to an increase in the
percentage of the narrowing value of the
embroidery pattern (Figure 6).

Embroidery with filling type T, all em-
broidery threads and all embroidery
widths demonstrate lower narrowing val-
ues of the embroidery pattern compared
to embroidery with filling type Z. This
situation may be explained by the course
of the embroidery type: in this case, a
row consists of not one but a few stitch-
es, and a needle and thread are inserted in
the same place of the fabric repeatedly,
therefore the fabric is slightly extended
by the embroidery process. Thus, embroi-
dery with filling type T results in a lower
narrowing value of the pattern compared
to embroidery with filling type Z.

It should be noted that almost all cases
show an elongation of the embroidery
pattern compared to the digital design.
The greatest elongation values of the em-
broidery pattern were observed during
the embroidery process in the bias direc-
tion of the fabric (Figures 7.a, 7.b, see
page 96). This fact may be related to the
uneven mechanical properties of textiles
in different directions, i.e. the anisotropy
. The anisotropy is determined by the
structure of the textiles under considera-
tion, the performances of threads, type of
weave, density and nature of deforma-
tion.

It should be pointed out that no signifi-
cant dependence of elongation values of
the embroidery pattern on the fibre com-
position of threads was observed. How-
ever, embroidery in the bias direction
of the fabric demonstrated the greatest
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Figure 5. Embroidery pattern width in the warp direction: a) with filling type Z, b) with

filling type T, when C= 7 mm.

elongation values of the embroidery pat-
tern in all cases. The greatest elongation
values were observed for the embroidery
pattern embroidered in the bias direction
of the fabric with threads ET1 and ET4
featuring a greater linear density com-
pared to other embroidery threads.

An analysis of the investigation results
shows that embroidery with filling type
Z demonstrated in all cases a greater de-
crease in values of the embroidery pattern
area in respect of the digital design area
compared to embroidery with the same
threads, the same embroidery widths and
filling type T (Figure 8, see page 96).

In this situation, the greatest noncon-
formity of the embroidery pattern area

with the programmed area was demon-
strated by the embroidery with polyester
embroidery threads. In some cases, the
present nonconformity amounted to 27%.

Hence, the analysis of results with re-
spect to the investigation of the influence
of the properties of embroidery threads
on the accuracy of embroidery pattern
dimensions has illustrated that assess-
ment of the influence of the properties
of threads on final embroidery quality is
very important, as well as the correct se-
lection and combination of the lower and
upper embroidery threads, forecasting
the progress of the embroidery process,
and anticipation of embroidery article
behaviour after a certain time from the

Digital design width, mm

2 3 4 5

Figure 6. Narrow-

6 7 8
R?=0.877

ing of the embroi- -10

dery pattern during
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pattern, %
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A

Narrowing of the embroidery

threads ET2, fill- -20
ing type Z: ®— in 25 /
the warp direction 30 ° R2= (754

® — in the weft di-
rection, — in the
bias direction.
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Figure 7. Embroidery pattern length: a) with filling type T, when embroidery width C = 7 mm, b) with filling type Z, when embroidery width
C =7 mm, Wl — in the warp direction , B — in the weft direction, W — in the bias direction/
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Figure 8. Variation in the embroidery pattern area durin
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embroidery as well as during final finish-
ing and usage.

@ Conclusions

1. In all the cases analysed, the embroi-
dery pattern width decreases com-
pared to that of the digital design.
Embroidery with polyester embroi-
dery threads demonstrates a greater
decrease in embroidery pattern width
values compared to embroidery with
the other embroidery threads.

2. In almost all cases, embroidery with
the embroidery threads selected
shows an elongation of the embroi-
dery pattern compared to the length of
the digital design. The greater linear
density of embroidery threads results
in a longer embroidery pattern.

3. The embroidery pattern area decreas-
es compared to the digital design area.
It should also be pointed out that em-
broidery with polyester embroidery
threads demonstrates greater decrease
values.

4. For embroidery, viscose embroidery
threads are recommended as the non-
conformity of the embroidery pattern
dimensions with those of the digital
design during embroidery with differ-
ent filling types and applying differ-
ent embroidery widths demonstrates
the lowest percentage compared to
embroidery with other embroidery
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threads. The correction of digital
design dimensions considering the
changes in values of embroidery pat-
tern dimensions is advisable.
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INSTITUTE OF BIOPOLYMERS
AND CHEMICAL FIBRES

LABORATORY OF BIODEGRADATION

The Laboratory of Biodegradation operates within the structure of the
Institute of Biopolymers and Chemical Fibres. It is a modern laboratory with
a certificate of accreditation according to Standard PN-EN/ISO/IEC-17025:
2005 (a quality system) bestowed by the Polish Accreditation Centre (PCA).
The laboratory works at a global level and can cooperate with many institu-
tions that produce, process and investigate polymeric materials. Thanks to
its modern equipment, the Laboratory of Biodegradation can maintain coop-
eration with Polish and foreign research centers as well as manufacturers
and be helpful in assessing the biodegradability of polymeric materials and
textiles.
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The Laboratory of Biodegradation as-
sesses the susceptibility of polymeric and
textile materials to biological degradation
caused by microorganisms occurring in the
natural environment (soil, compost and wa-
ter medium). The testing of biodegradation
is carried out in oxygen using innovative
methods like respirometric testing with the
continuous reading of the CO», delivered. The laboratory’s modern MICRO-
OXYMAX RESPIROMETER is used for carrying out tests in accordance
with International Standards.

The methodology of biodegradability testing has been prepared on the
basis of the following standards:

testing in aqueous medium: 'Determination of the ultimate aerobic
biodegrability of plastic materials and textiles in an aqueous medium.

A method of analysing the carbon dioxide evolved’ (PN-EN ISO 14 852:
2007, and PN-EN ISO 8192: 2007)

testing in compost medium: 'Determination of the degree of disinterga-
tion of plastic materials and textiles under simulated composting condi-
tions in a laboratory-scale test. A method of determining the weight loss’
(PN-EN ISO 20 200: 2007, PN-EN ISO 14 045: 2005, and PN-EN I1SO

14 806: 2010)

testing in soil medium: 'Determination of the degree of disintergation of
plastic materials and textiles under simulated soil conditions in a labora-
tory-scale test. A method of determining the weight loss” (PN-EN 1SO 11
266:
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1997, PN-EN ISO 11 721-1: 2002, and PN-EN ISO
11 721-2: 2002).
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*4,4@‘\\.\ The following methods are applied in the as-

sessment of biodegradation: gel chromatography
(GPC), infrared spectroscopy (IR), thermogravimet-
ric analysis (TGA) and scanning electron microscopy (SEM).
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Contact:

INSTITUTE OF BIOPOLYMERS AND CHEMICAL FIBRES
ul. M. Sktodowskiej-Curie 19/27, 90-570 £.6dz, Poland
Agnieszka Gutowska Ph. D.,
tel. (+48 42) 638 03 31, e-mail: lab@ibwch.lodz.pl
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