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APPROACH TO PATTERN DESIGN OF MATERNITY WEAR

P. Komarkova and V. Glombikova

Technical University of Liberec, Faculty of Textile Engineering, Department of Clothing
Technology, Studentska 4, 461 17 Liberec, Czech Republic
petra.komarkova@tul.cz, viera.glombikova@tul.cz

Abstract: Currently, there is an increasing demand for maternity wear; this has created the need
for research into its pattern design. The first step in this research is to determine the procedure
needed to take measurements of the female body, to record any anatomical changes during
pregnancy. The resulting anthropometric data is processed by statistical methods and the
correlation between body measurements is analysed. The results are then applied to a metric
pattern design for maternity clothes in two ways: to determine a pregnant woman's “types”, and to
create input parameters for pattern design that anticipate the needs of different body types for

different maternity clothes.

Keywords: somatometric research, measurement in pregnancy, pattern design, maternity wear.

1 INTRODUCTION

Pregnancy or in medicine term gravidity takes
forty weeks, or three trimesters, or nine
calendar months, or ten lunar months [1]. A
woman's body begins to change immediately
after impregnation, both physically and
physiologically. Because a woman is sexually
and developmentally an adult during the
gestation period, her height will not change;
the changes will only be in terms of girth,
primarily in a few certain areas: the thoracic
area, abdominal area, gluteal area, femoral
area, and arm area [1]. The biggest change is
typically in the abdominal region [1, 2].

The typological characteristics of the body,
according to traditional typology (e.g.
Manouverier, Kretschmer, Mathes, Skerleje
[3, 4]), remain unchanged before, during, and
after pregnancy.

Sohn & Bye [5] analyzed how changes in the
female body shape during pregnancy affect
patterns for maternity wear. In their study,
participants were scanned during each month
of their pregnancy by a 3D body scanner.
Virtual fit-to-shape patterns were adjusted to
fit each body scan using 3D digital draping.
The results of this study indicate that pattern
changes corresponded to the body changes,
but the patterns did not increase
proportionally to each other.

Vlakna a textil (4) 2013

An anthropometric study about protective
clothing for pregnant women was carried out
by Manley [6]. Changes of 28 body
measurements and weight were measured in
a selected group of 90 pregnant women, with
the aim to determine any correlation between
them. It was discovered that waist and
abdominal extension measurements proved
to increase the most during pregnancy (4-5
inches), and that bust, hips and other
measurement directly related to the waist and
abdominal extension (vertical trunk, crotch
length and crotch depth) also increase, and
should be taken into consideration when
designing protective clothing for pregnant
women. Ho’s [7] study deals with the
evaluation of the comfort (sensory/tactile,
thermo-physiological, and movement) of
commercially available maternity support
garments (belts), in order to ensure their
optimal properties and design.

Belleau’s [8] research analyzed factors that
affect the selection of garments by pregnant
employed women. The results of Bellau's
study indicated that there are differences
among age range groups in their selection of
workplace attire, and among educated
workers in terms of general fashion appeal,
workplace attire, the care required for the
garments, and in terms of seasonally-
appropriate material. Belleau’s study shows
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that pregnant women want to adapt their
wardrobe to their work environment. Different
types of jobs require different clothing
material, elastic or inelastic. Therefore, fit
pattern design for maternity wear has to
correspond to both properties of clothing
fabric and body shape changes during
pregnancy.

Generally, the using of 3D CAD systems is
one modern way to ensure a good fit pattern
design, especially for individual approach to
maternity wear. These systems allow the
import or modelling of shapes pregnant body
and design 3D patterns; it performs the
flattening; analyse the feasibility of a style;
creates virtual 3D prototypes and simulates
new concepts with a high degree of realism.
Nemcokova [9] carried out a practical
demonstration of 3D CAD system application
for headgear pattern design.

Textile Technologies

2 EXPERIMENT

2.1 Selection of body measurements for
demonstrating changes during
pregnancy

The experimental part of this paper deals with

the modification of standard pattern design

methodologies for the upper part of the body
for maternity apparel. This modification for
pregnant women is based on the body
measurements of 31 women in their third
trimester of pregnancy. The resulting body
measurements, as shown in Figure 1, were
statistically evaluated for use in the

modification of analytical relations that define
the basic design lines. The selection of body
measurements, describing changes during
pregnancy, was made according to the ISO
standard [10] and based on a methodology
described by Musilova [11].

Figure 1 Static body measurements, measured during pregnancy [2]

1. Height 10. Frontal length to waist 18. Neck girth

2. Across back 11. Shoulder length 19. Bust girth

3. Frontal waist width 12. Shoulder length plus 20. Under bust girth

4. Frontal hip width sleeve length 21. Waist girth

5. Profile waist width 13. Frontleg length 22. Hip girth

6. Profile hip width 14. Outside leg length 23. Hip girth, including

7. Profile hip width, including 15. Back leg length protrusion
protrusion 16. Crotch depth (standing) 24. Thigh girth

8. Nape to waist 17. Crotch length from back 25. Arm girth

9. Frontal length to bust to front

Vlakna a textil (4) 2013 4
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Figure 2 Dynamic body measurements — sitting and other body measurements [2]

26. Waist girth — sitting
27. Crotch depth — sitting
28. Front length of protrusion

2.2 Statistical measured data evaluation

An aggregate of 30 women was the basis for
the somatometric measurement of the
general population of pregnant women. We
measured the basic body measurements both
before pregnancy and at the end of
pregnancy, when the biggest changes of

29. Girth of biggest protrusion
30. Frontal protrusion
31. Profile protrusion

proportions occur. The most important
representative part of the whole result file
from statistical data evaluation [12] is
presented below: specifically, the
dependences of body measurements on
weight gain, which have a direct influence on
trunk block pattern design (see Figures 3-6).

35

Bust girth differences on weight gain

30

y=0,7512x - 3,6379 .

25

R2=0,4326

L

20
15

/

Bust girth differences [cm]

10 .
L XX 4
5 - e z—.
0 , L 2 4 . , . .
0 5 10 15 20 25 30 35

Weight gain [kg]

Figure 3 Dependence graph of bust girth difference on weight gain [2]
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Hip girth changes on weight gain
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Figure 6 Dependence graph of bust girth difference on hip girth difference
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2.3 Proposed

women
The female body changes during pregnancy
mainly through weight gain, especially in the
abdomen, breasts and buttock regions. On
the basis of metric and visual investigation,
body types can be divided into two categories
according to weight gain; up to 12 kg and
over 12kg (12kg is medical recommen-
dations for the limit of normal weight gain). In
the studied group of women, 48%
experienced weight gain of or below 12 kg,
and 52% had weight gain over 12 Kkg.
Depending on the amount of weight gain,
dress sizes change (see Figure 7).

typology for pregnant

Textile Technologies

A variety of pregnant abdomens

The abdomens of pregnant women are
different both in profile and in the frontal
plane. It is possible to define four abdominal
shapes by sight: spherical, broad, and bulged
on the sides; spherical, pointed, and bulged
in the front; pointed, broad, and bulged on the
sides; pointed from both planes and bulged in
the front. Abdomen shapes are related to
weight gain during pregnancy. The most
common shape for weight gain up to 12 kg is
a pointed abdomen (81.8%), and for weight
gain over 12 kg a spherical abdomen is the
most common (94.73%). Figure 8 shows the
frequencies of various abdomen shapes.

Size changes

40%

BWeightgain |

up to 12 kg

B \Weightgain |

over 12 kg

5\35%
S 30%
S
g‘ZS% .
1.
W= 20% A [
[
:é 15% -
S 10% -
x 5% -
0% A |
Osize 0,5 1size
size size
Dresssi

1,5 2sizes 2,5 3sizes 4sizes 6sizes

1.

sizes

ze change

Figure 7 Dress size changes, depending on weight g

ain

Pregnant abdomen shapes

90%

80%
70%
60%

OWeight gain up to 12 kg
W Weight gain over 12 kg

50%

40%
30%

20%

10% -

Relative frequency

0% -

broad; bulged  pointed;
onsides bulged in
front

spherical and spherical and pointed and pointed from

broad; bulged both planes;
onsides bulged in
front
Abdomen shapes

Figure 8 Pregnant abdomen shapes, depending on weight gain
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a b

Figure 9 Body types of pregnant women: abdominal (a), overall (b) and invisible (c) [2]

According to these facts, it is possible to
design maternity wear three body types of
pregnant women: abdominal, overall and
invisible type maternity wear can be designed
for three main body types: abdominal, overall,
and invisible. The “abdominal” body type
features changes particularly in the abdomen
region, and weight gain of up to 12 kg. The
“overall” type has a weight gain over 12 kg,
and the body's proportions are changed over
the whole body. The f“invisible” body type
occurs in the case of morbidly obese women
when the pregnancy is not seen through the
excessive abdomen.

Abdominal body type of pregnant women
The woman may gain up to 12 kg during
pregnancy. The change in proportion is
determined by the size of the abdomen and,
almost always, by the bust size. The shape of
the abdomen is rather pointed from the profile
plane and pointed, slender bulging in the front
when seen from the frontal plane. Other
regions are identical with proportions before
pregnancy or are changed by just one dress
size.

Overall body type of pregnant women

The woman gains over 12 kg during
pregnancy. Any change in proportions is
across all body regions, and is mostly
symmetrical. The dress size is changed by at
least one size, or maybe more. This type is
almost always determined by the change in
size of the bosom. The pregnant abdomen is
noticeable from the beginning of pregnancy,
and its shape appears spherical from the
profile plane and broad and bulged on the

Vlakna a textil (4) 2013 8

sides or pointed and bulged in the front when
viewed from the frontal plane.

Invisible body type of pregnant women

In this case, the situation may arise when
even weight loss occurs during pregnancy. In
the somatometric investigation of this
experiment, this invisible type did not occur.
2.4 Implementation of somatometric
measurement into pattern design of
maternity wear

Based on the above-defined character
typology of pregnant women, the pattern
design for maternity wear is divided into two
groups: weight gain of up to 12 kg, and
weight gain of over 12 kg. The pattern design
used in this study is based on Miller &
Sohn's pattern design method.

Pattern design of blouse for pregnant
women with weight gain up to 12 kg

The body measurements of subjects with
weight gain of up to 12 kg were used for
pattern design. Statistical comparisons of
body measurements (bust girth (bg) and
waist girth (wg)), before pregnancy and at the
end of pregnancy show their dependence on
weight gain. The increase of these body
measurements is approximately symmetrical
for both types of body: abdominal as well as
overall. For this reason, the pattern design is
same for both body types.

Clothes for pregnant women must be
comfortable in the abdominal region. For this
reason, the dynamic effect of waist girth
(standing vs. sitting position) is very important
for pattern design. The average result from
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our statistical data evaluation is 4.83% in
waist girth, and it is possible to use this
calculation in pattern design as an allowance
for looseness for inelastic textile material. The
average dynamic effect in terms of elastic
textile material depends on the degree of the
material's elasticity.

The basic pattern design method must be
modified in the case of maternity wear by
adding pregnancy allowances. These
differences are calculated from selective
arithmetical averages taken from the given
measurements — specifically, differences in
measurements before pregnancy and at the
end of pregnancy. The average increase in
bust girth (bg) is approximately 6.3%. This
pregnancy allowance is then added to the
total bg: 0.063bg (0.063 from bust girth). The
average pregnancy allowanced in hip girth
(hg) is 5.25%, which is then added to the total
hg, so 0.0525 hg.

The average pregnancy allowance in waist
girth (wg) is 37.04%, but it is not possible to

% ab is line segment H11H3

aw is line segment H3H4 '+ H4'H5

fpw is line segment H5H7

nw is line segment K61°'K7

Note: See Figure 10 for marking of line segments

1/2 ab = 1/8(bg + 0,063bg) + 5,5

aw = 1/8 (bg + 0,063bg) — 1,5

fpw = 1/4 (bg + 0,063bg) — 4

nw = 1/10 from 1/2 (bg + 0,063bg) + 2

Textile Technologies

add it to the total waist girth, because the
measurement change in the waist line during
pregnancy is not symmetrical between the
back of the blouse and the front of the blouse;
while the change in the back of the blouse is
imperceptible, the waist line in the front of the
blouse changes a lot. The back of the blouse
must remain shaped. The pregnancy
allowance is divided into four parts. The first
part — 30% — is looseness created by leaving
out the front and side darts and by loosening
the back centre line (and possibly reducing
the back dart), as shown in Figure 10. The
second part — 26% — is added to the front
centre line. The last two parts — together
making up 44% — originate from two design
pattern modifications of the front of the
blouse: the waist line is widened twice by
22%, as seen in Figure 11.

Below are listed the calculation changes in
pattern design: across the back (ab), armhole
width (aw), front part width (fpw), and
neckline width (nw):
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Figure 10 Representation of measurement changes in basic pattern of a woman's blouse (black) and a
blouse for pregnant women (grey), including omission of front and side darts

Figure 11 Widening of the waistline in the front of the blouse; design modification of a basic block
pattern for pregnant women and final styling modification of blouse pattern for pregnant women [2]
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In the next step of pattern design, allowances
for looseness are added to the calculated
measurements (according to determined
rules). This pattern design is intended for
inelastic textile material. The next changes in
basic pattern design follow from the addition
of pregnancy allowances in the position of
bust line point H6 and the position of front
shoulder point N4, demonstrated in Figure
10.

The next modification in pattern design is a
change in garment length. The change of
garment length is a consequence of changes
in abdominal measurements, not only in waist
girth but also in length (see Figure 11 for a
description of this change in the front length
of the protrusion).

Pattern design of sleeves for pregnant
women is identical to the original pattern
design.

Pattern design of blouse for pregnant
women with weight gain over 12 kg

The method of pattern design modification for
pregnant women with weight gain over 12 kg
is basically the same, but with a few key
differences. The difference is in the spreading
of pregnancy allowance to the waist line. The
front and side darts are removed and the
back centre line is loosened as before, but a
more significant change is in the reduction of
back dart. The next change lies in selection of
bigger extension of front centre line according
to interval of front length of protrusion.

3 SUMMARY

The principle of pattern design of maternity
clothes is to add changes related to
pregnancy into the standard method of
pattern design. To this aim, a somatometric
study and measurement of a pregnant female
population were conducted as a foundation
for a typology of the pregnant female body.
Pregnant women were divided according to
their weight gain during pregnancy, according
to dress size changes, and according to
proportional  differences arising  during
pregnancy. The results led to classification of
three different types of pregnant bodies:
abdominal, overal, and invisible. A

Vlakna a textil (4) 2013 10
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pregnancy allowance was defined for
maternity wear; that is, the average difference
in body measurements during pregnancy that
are needed for pattern design. This
pregnancy allowance was included in the
pattern design calculation, and added to total
body measurements.

Pattern design for pregnant women was split
into two categories, according to weight gains
and projected typology. The pregnancy
allowances were evaluated for each category
individually.

This version of pattern design for pregnancy
women can be recommended for wider
apparel production, because it respects the

changes in body proportions during
pregnancy.
Acknowledgements: This research work was

supported through the structural fund of the EU, by
project OPTIS No.CZ.1.07/2.2.00/28.0213. The
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PRISPEVEK KE KONSTRUKCI TEHOTENSKEHO OBLECENI

Translation of the article
Approach to pattern design of maternity wear

Soucasna rostouci poptavka po téhotenském obleCeni generuje potfebu vyzkumu v oblasti
konstrukce a modelovani tohoto typu odévl. Prvni ¢ast této studie je vénovana stanoveni
vhodného postupu zaznamenavani anatomickych zmén Zenského téla béhem téhotenstvi.
Ziskana antropometricka data jsou zpracovavana statistickymi metodami a nasledné jsou
analyzovany korelace mezi jednotlivymi télesnymi rozméry. Na zakladé téchto vysledkl je
definovana typologie postav téhotnych Zen a jsou stanoveny vstupni parametry, télesné a
konstrukéni rozméry, jsou zakladem pro konstrukci a vymodelovani téhotenského obleceni,
které odpovida pozadavkim a potfebam téhotnych zen.
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IMPLEMENTING MASS CUSTOMIZATION INTO CLOTHING
PRODUCTION

B. Musilova and R. Nemcokova

Technical University of Liberec, Department of Clothing Technology
Studentské 2, 461 17 Liberec, Czech Republic
blazena.musilova@tul.cz

Abstract: In this paper, we review the concept of mass customization (MC) which integrates a
standardized process of mass clothing production with the modern information technology to
efficiently produce individually tailored products or services on a large scale. The purpose is to
present this concept of generating customized garment patterns that are designed based on
individual body measurements that have been scanned with the help of a non-contact measuring
system called 'BodyFit 3D'. The first experiment involves transferring the individual anthropometric
data into a CAD pattern-making program called 'PDS Tailor XQ' to automatically generate a
parametric 2D dress pattern design. The second experiment uses individual body measurements
data for the suit jacket pattern which is then altered using made-to-measure (MTM) technology with

the help of the CAD system 'InvesMark Futura’'.

Keywords: mass customization, BodyFit 3D, made-to-measure, dress, suit jacket, pattern design

1 INTRODUCTION

In recent years, the clothing industry has
been undergoing rapid evolutionary changes
that have resulted from the digital revolution,
globalization, and consumer demands.
Consumers want and expect an immediate,
personalized service and more variety in the
products on offer. To survive in the clothing
market companies have increased their
competitiveness through mass customization
which is a new business strategy for goods
and services [1]. According to Joseph Pine,
we can define mass customization as
"developing, producing, marketing and
delivering affordable goods, and services with
enough variety and customization that nearly
everyone finds exactly what they want." [2]

In order to mass customize clothes, it is
essential to create garment patterns based
on an individual body shape.
Three-dimensional (3D) body scanning of
data provides a wealth of information about
the human body dimensions that can be used
to create personalized garment patterns for
individuals, and in mass customization and
size selection operations to identify
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appropriate sizes for the individual from a

range of choices.

Individual posture specifications, deviations

from average body measurements,

proportions and asymmetries may be taken
into consideration in the process of garment
design (custom-made garment). Thus,

objective and convenient acquisition of a

customer’s individual body measurements

becomes a part of the technological process

(Figure 1). Bearing in mind the advantages of

2D and 3D CAD technology a new procedure

for cutting customized patterns according to
the individual customer's body shape was

tested (see the scheme in Figure 1).

Within the research activities which are

described in this article, the following partial

aims were defined:

— To carry out measuring the body of
individual customers using non-contact
BodyFit 3D scanning technology and
evaluate the individual body proportions.

— To find and express suitable options for
the 2D pattern making process of
customizing individual clothing patterns
based on body dimensions scanned with
the help of unit BodyFit 3D as the input
pattern parameters.
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Customer/retail

Individual
body measurements acquisition

Prototype of individual 2D garment
cutting patterns generation

3D Virtual garment try-on

Master patterns generation of the
customized garment based on the
prototype design theory

The final customising cutting pattern

Figure 1 Technological process of producing the
customized cutting patterns

2 METHODS

The basic data of every clothing pattern
design is the body size which can be gauged
using a contact or non-contact method. The
number of measurements depends on the
methodology of design and the type of
designed clothing [3].

2.1 Non-contact determination of body
dimensions
The aim of this part of the research is to
undertake the first step in measuring the body
of an individual customer using non-contact
BodyFit 3D scanning technology (Figure 2).
The non-contact measuring unit is built by
GFal (Gesellschaft fur angewandte Informatik
Berlin) for the innovative reorganization of the

textile manufacturing chain by partner
companies from trade, textile design,
production, logistics and  mechanical

engineering [4].
The solution automatically acquired more

than 30 predefined tailor measurements
during a dialog-based measurement
procedure of about 1.5 minutes. This
interactive  procedure is facilitated by

upstream online image analysis, detecting
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and monitoring motions and customer actions
inside a measurement space [5].

Figure 2 Body scanning system BodyFit 3D

The client arranges his body position (Figure
2) according to unambiguous instructions
given by means of acoustic instructions and
optical signals (including a graphic display).
The system is capable to create additional
correcting hints and advice on-line in case of
need, depending on the customers
behaviour. Differently from alternative
solutions, the crucial body measures are
taken in fractions of a second, so that clients
are not confronted with unreasonable
demands for holding a certain position for
long [5].

This kind of 3D measurement uses simple
white light, so health-related concerns about
laser emission, possibly arising from the side
of potential users are avoided on principle.
The solution is predominantly based on usual
standard hardware (digital cameras and DLP
projector), what reflects in respectively
opportune investment costs. A measurement
journal for customers is created and the data
are prepared electronically for patterning in
cm value with an accuracy of 0.1 cm. The
administration of measurements IS
anonymous [4].

In order to precisely provide somatometric
description of 3D complicated shape of
individual person to achieve accurate input
pattern parameters, the list of the measured
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body dimensions was determined: height,
bust girth, waist girth, hip girth inside leg
length, arm length left and right, average arm
length, neck girth, outside leg length left and
right, average outside length, back waist
length, back width, shoulder angle left and
right, shoulder width left and right, average
shoulder width, front length, hip height, thigh
girth left and right, average thigh girth,
buttock girth, breast width, bust points width,
breast height, waist to buttock length left and
right, average waist to buttock length, buttock
height, hip length left and right, back chest
length.

2.2 Digital pattern development process
for customized apparel
There are two options for the pattern making
process that were tested:
The first option develops individual garment
patterns based on 2D CAD technology
providing a parametric pattern design
network. The shape of the pattern cut is
created with the help of design parameters
computed using regression equations and
individual body measurement data (tailor-
measured in digital form) as the input design
parameters.
The second option involves altering an
individual prototype to cutting patterns of a
customized garment of given style using a 2D
apparel CAD technology called the Made To
Measure (MTM) pattern system.
The specific measurements of a customer are
used to adapt standard pieces already saved
in the CAD system.
Garments can be modified for all the sizes
available in a store, so the customer could try
on the best fitting size and adjustments would
be made to it. The body size of the individual
wearer has to be defined and matched to the
nearest size on a table of standard sizes.
When the order arrives at the garment
factory, the pieces are altered, a new marker
is created and this is automatically nested if
required.
Thus, in a very short time, the new order is
ready to be cut and manufactured.
To be able to offer a custom tailored garment
at the point of sale, the following are required:
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— To define a complete set of size charts
with different size ranges for categorized
figure types which should provide
measurements for the standard sizes.

- To design the patterns for reference
garments in the standard sizes which
should accurately reflect the
characteristics of the categorized figure
types and measurements in the
corresponding size charts. The design
may be created or transformed using
suitable CAD pattern generation system.

— To fit the reference markers which will be
used as a style in the custom tailoring-
ordering process. This task is performed
by the marker generation system.

To define the set of modification that may be
performed to adapt the garment for each
customer e.g. trousers (normal posture; open
stance; closed stance; incorrect lengths;
incorrect widths). The set of modifications
may be defined using the MTM module in the
pattern generation system.

3 RESULTS AND DISCUSSIONS

3.1 Study of relationships between
individual body dimensions and
ready-made sizes

One of the tasks of this research is to
evaluate the individual body proportions of
the 36 female students at TUL aged 18-29
years old that were scanned by BodyFit 3D.
Each body measurements were measured
five times with the accuracy of the one tenth
cm and mean value of each measurements
were used for somatype classification as
input parameters for pattern generation
process.
The purpose was to classify their figure types
based on the statistical analysis of the
acquired experimental anthropometric data in
relation to the DOB Size Chart (sizing system
that is most-commonly used by Czech
garment producers).

How is the DOB Size Chart arranged?

Control dimensions are bust girth, height and

hip girth. The height remains constant in each

size range. Standard sizes are based on a

height of 168 cm.
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There is a bust girth increase of 4 cm from
size to size up to 104 cm. From here onwards
the increase is by 6 cm from each size. Short
sizes are 8 cm less, long sizes 8 cm more
than standard height, but with unchanged
bust and hip girths.
The sizes for slim hipped and broad hipped
women are 6 cm less or more than the
standard hip girth, but with an unchanged
bust girth and height.
Standard range
standard”
Height 168 cm
— Range “height: short, hips: standard”
Height 160 cm
— Range “height: long, hips: standard”
Height 176 cm
Each of the female students measured was
classified into one of three size subgroups
based on the DOB size range control
dimensions and the size intervals with those
results.

“height and hips:

47,1

35 3

0+

Frequency
[%]
&

Hip types-Stature 160

slim hip = standard hip m broad hip

Figure 3 Hip classification-Stature 160 cm

Figure 3 illustrates the hip type distribution for
women of stature 160 cm. Slim hipped
women make up 17.6% of the sample, 35.3%
are standard hipped and 47.1% are broad
hipped.

Figure 4 illustrates the hip type distribution for
women of stature 168 cm. Slim hipped
women make up 22.9%, 34.2% are standard
hipped and 42.9% are broad hipped.
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&

slim hip m standard hip m broad hip

Figure 4 Hip classification-Stature 168 cm

In the case of women with a stature of 176
cm, there are no women classified as slim
hipped (Figure 5), but 58.3% are standard
hipped and 41.7% broad hipped.

80 58 3
60 41 7

40
20

Hip types-Stature 176

Frequency
[%]

slim hip = standard hip m broad hip

Figure 5 Hip classification-Stature 176 cm

3.2 Automatic 2D digital customized
apparel pattern generation

In order to mass-customize clothes 2D
pattern generation procedure has been
evaluated in frame of the four CAD software
applications including products of Lectra,
Investronika, Gerber and ClasiCAD. Only one
of those methods the CAD system, 'PDS
Tailor XQ' of ClassiCAD production is
particularly suitable for this experiment due to
its special technology.
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Figure 6 Tailored ladies dress pattern design in
PDS Tailor XQ

The distances between the individual design
points that correspond with the anatomical
body surface points delimit the design line
segments, where A and B correspond to
specific design points. The dimensions of the
design line segments are the sum of the

following components of a regression
equation (1) of the design curve:

AB; =kij xDj +q; +e @)
AB; design dimension

ki regression coefficient

D; individual body dimension

di absolute term

€ easy allowances

3.3 Virtual garment try-on

The virtual try-on technologies allow
individual consumers to try the garment with
outline, fabric, color and embellishments on
the body using their own measurements and
to evaluate clothing fit.

A prototype 2D pattern of a dress was
created according to the individual body
shapes of each of the 36 female students
scanned. Using the pattern design method,
‘Unicon+' within program PDS Tailor XQ of
the ClassiCAD production final patterns of the
prototypes were automatically generated.
These 2D pattern prototypes were entered in
DXF-AAMA file format into the computer
system, 'V-Stitcher SW design solution' from

Vldkna a textil (4) 2013

Textile Technologies

Browswear and were
prototype-test garment.

displayed as a

Fa

Figure 7 3D Virtual garment try-on via system V-
Stitcher

The subject tried on the prototype on their 3D
avatar and fit modifications were made in any
of four areas of the garment as required,
based on the subject’s preferences such as a
tighter fit, looser fit, shorter and longer (Figure
7).

According to the wishes of subject, the
prototype model originally created in 2D was
modified and subsequently visualized in 3D
form. Three prototypes were required to find
the perfect fit for the subject. Influence of the
woven fabric anisotropy on the drape of areas
textiles was considered also. Reference line
(warp direction) on pattern pieces was set in
relation to the drape value of that fabric which
was measured using method of the scanning
projection of drape textile [6].

Finally the final customizing cutting patterns
were created.
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3.4 MTM technology applied to mass
customization in a suit jacket
production

An experimental test was performed using

the MTM procedure on four modifications of

men’s suit jacket master patterns in CAD
system "InvesMark Futura": shortening
sleeves, raising shoulders, shortening hems,
and waist narrowing. The procedure scheme
for the MTM process can be seen in Figure 8.

Custom ordering process of an MTM
tailored suit jacket

Body and garment measurements
required for an MTM tailored suit jacket
An important aspect custom manufacturing is
to accurate define body measurements as
well as the product size. In this case, the non-
contact body measuring technology
BodyFit3D system was used for four male
customers in the same nearest clothing size
52 (HAKA sizing system).

Textile Technologies

Making a plan of pattern alterations

In making an alteration plan by creating a
personal measurement alteration chart, the
subject’'s figure types were categorized
accurately and the standard graded blocks at
the nearest size selected correctly.

The figure and suit jacket fit for pattern
alterations was evaluated according to the
rules: normal posture; stooping posture; erect
posture; incorrect lengths; incorrect shoulder
slant; incorrect widths.

Creation of suit style

In the ordering process, subjects created his
own suit style with the help of samples of
reference garments collected in the catalog of
suit details. Sketches of suit components e.g.
front part, back part, pocket, sleeve, type of
lining, decorations, accessories etc. with
codes are displayed in the catalog.

M.T.M PROCESS

PREPARATION || MODIFICATION ORDER PROCESSING
PIECES and FILES PIECES CREATION THE ORDER
in PGS inMTM inMTM
| | 1 | | 1
inPGS |[inGENMA || inMTM
NAME \_ STYLE M.T.M
1 PIECE CREATION MARKER
POINTS GENERATION
MTM
" PIECES
STORAGE

Figure 8 General chart of MTM process of a tailored suit jacket in system "InvesMark Futura"
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4 CONCLUSION

Mass customization, as a new paradigm in
clothing production, combines the advantage
of both mass production and customized
production.

The main goal of the research that is
described in this paper is to find out suitable
computer aided methods of generating 2D
clothing patterns based on input design
parameters according to customized body
dimensions data taken by the BodyFit 3D
unit.

In order to mass-customize clothes the CAD
system, 'PDS Tailor XQ' of the ClassiCAD
production is particularly suitable for 2D
pattern generation procedure due to its
special technology. The dimension of the
design line segments is the sum of the
regression equations of the design curve,
where variables are individual body
dimension.

The second suitable computer aided method
the MTM system ‘InvesMark Futura' is
describe in this paper as suitable for 2D
customized pattern generation. Shape of the
standard size of the pattern pieces, which are
already saved in database and empirically
verified are altered.

Due to the proposed procedures which are
reviewed in this paper we can design clothing
patterns of an individual garment based on
individual customized body measurements
taken by the BodyFit 3D unit in frame of mass
customization.
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IMPLEMENTACE ZP USOBU "MASS CUSTOMIZATION” VE VYROB E
ODEVU

Translation of the article
Implementing mass customization into clothing produ ction

V soucasné dobé je mozné vyrabét zakdzkové odévy tak, aby mohly svym zhotovenim jednak
vyhovét individualnim poZzadavkim konkrétniho zakaznika a zaroven tak, aby byla jejich
vyroba maximalné automatizovana s vyuzitim technologii hromadné vyroby odévu. Timto
fenoménem dnesni doby je vyrobni koncepce ,,mass-customization®.

Prace se zabyva studii a testovanim mass-customization procesu tvorby stfihi odévnich
vyrobkl pomoci pocitacové techniky, ktery integruje standardizovany proces konfekéni vyroby
a proces vyroby zakazkovych odévl podpofeny modernimi informaénimi technologiemi.
Hlavnim cilem této prace je studie moznosti automatizované tvorby stfih(i zakadzkovych odévu,
které jsou vytvoreny na zakladé konstruk&nich parametr( stanovenych dle bezkontaktné
zmeérenych télesnych rozmeéri pomoci systému BodyFit 3D.

Jako nejvhodnéjSi konstrukéni metodika pro automatizovanou tvorbu stfihd zakézkovych
odévl byl vybran a ovéfen program PDS Tailor XQ od spolec¢nosti ClassiCAD pro svoiji
specifickou technologii. UmozZnuje definovat tvary a velikost konstruk&nich linii vypoctem dle
regresnich rovnic, a to dosazenim hodnot individualnich télesnych rozmért zékaznika. Tato
vhodnd metoda je ovéfena na procesu tvorby 2D stfihd damskych Sati a ovéfena 3D
vizualizaci v prostfedi programu V-Stitcher.

V druhé ¢asti experimentu je uplatnéna metoda Made To Measure tzv. méfenka. Tvary
stfihovych Sablon konfek&niho odévu, které odpovidaji nejblizsi konfekéni velikosti zakaznika,
jsou modifikovany podle télesnych rozméru zakaznika zméfenych pomoci BodyFit 3D. Dle
navrzeného MTM postupu v prostfedi systému "InvesMark Futura"™ jsou ovéfeny alterace:
zkraceni délky saka, zkraceni rukavd, zvySeni ramen a zUzZeni v pase.
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IMPACT OF AMBIENT TEMPERATURE & HUMIDITY ON SEWING
NEEDLE TEMPERATURE

A. Mazari and A. Havelka

Technical University of Liberec, Department of Textile Clothing
Studentské 4, 46117 Liberec, Czech Republic
adnanmazari86@gmail.com

Abstract: In this article sewing needle heat is measured by the attached thermocouple method
which is inserted inside the groove of sewing needle to analyze the impact of ambient factors like
room humidity and temperature on the heating of sewing needle. The Lock stitch machine (Brother,
DD7100-905) is run without sewing thread and with polyester-polyester core spun (80 Tex) thread
at its maximum speed of 4700 RPM with stitch length of 14 SPI for a maximum of 60 seconds. 2/1
twill 200% cotton denim fabric with 257 GSM with two layers were used and it was observed that
with the increase of relative humidity there is insignificant difference in sewing needle temperature.
Whereas the needle temperature rises with the increase of ambient temperature. Needle
temperature increases linearly with the increase of sewing speed whereas the tensile strength of
thread has negative strong linear relation with the needle temperature and sewing speed. At sewing
floor the ambient temperature must be set carefully to keep the sewing needle temperature low and

to decrease the loss in tensile strength of thread.

Keywords: needle temperature. ambient humidity and needle temperature, lockstitch sewing.

1 INTRODUCTION

Industrial sewing is one of the most
commonly used manufacturing operations. Its
applications can be found in the
manufacturing of garments, shoes, furniture,
and automobiles. Every day, millions of
products ranging from shirts to automotive
airbags are sewn. Hence, even a small
improvement may result in significant
corporate benefits. In heavy industry sewing,
such as sewing of automobile seat cushions,
backs and airbags. It requires not only high
production but also high sewing quality (i.e.
good appearance and long-lasting stitches).
Typically, the material being sewn includes
single and multiple plies of synthetic fabric or
leather, and sometimes backed with plastics.
These materials are much more difficult to
sew compared to ordinary sewing
applications. In recent years, in order to
increase the sewing production, high speed
sewing has been used extensively. Currently,
sewing speeds range from 2.000~6.000 rpm.
In heavy industrial sewing, typical sewing
speeds range from 1.000~3.000 rpm. Needle
heating due to the friction between the needle
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and the fabric is severe. The friction
generates heat, part of which is absorbed by
the fabric and part by the needle. The heat
absorbed by the fabric is spread out along the
seam, but the heat absorbed by the needle
accumulates. Depending on  sewing
conditions the maximum needle temperatures
range from  100~300°C. This  high
temperature weakens the thread, since
thread tensile strength is a function of
temperature [1]. Infrared pyrometer [1, 2] is
used to measure the temperature. These
experimental methods are accurate and
reliable [2, 3]. This heat so can make the loss
of needle temper and these faults lead to the
decreased production [4]. A various
measures of needle temperature have been
done, such as measure by infra-red
pyrometer, attached thermocouple, separate
thermocouple, temperature sensitive waxes,
etc. Because the needle is moving very fast
under sewing process so it's impossible to
measure with thermo cameras. Another
problem is that the emissions of the needle
changes during sewing as the surface
characteristics change [5]. From multiple
experiments it was found that thermo
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cameras cannot be used for measuring of
sewing needle temperature at high speed of
sewing more than 3000 rpm of machine [7].

2 EXPERIMENTAL PART

To measure the impact of ambient

temperature and humidity on the sewing

needle temperature following equipments

were used.

1. Lock stitch machine (Brother, DD7100-
905)

2. Thermocouple by Omega (K type 5SC-
TT-(K)-40-(36)) for inserted method

3. Thermocouple end wireless device and
receiver (MWTC-D-K-868)

4. Needles (Groz-Becker 100) R- type

5. Denim fabric, 100% cotton, (257 GSM,
2/1 twill)

6. Fan to cool needle (Vortex cooler)

7. Controlled room for humidity and

temperature level.

Thermocouple
inside the ¢
needle groove ! :

Thermocouple Tip '\

Figure 1 Placemet of inserted thermocouple
(figure belongs to author [6])
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Two layers of denim fabric 2/1 twill with 257
GSM were used for the experiments. The
machine was made to run at its maximum
speed of 4700 rpm with stitch length of 14
SPl. Temperature was measured by
thermocouple (5SC-TT-(K)-36-(36)) inserted
inside the groove of needle and
measurements were taken at every second of
sewing process of 60 seconds [6]. Figures 1
and 2 show the placement of thermocouple to
be inserted inside groove of needle.
Experiments were done in the controlled
condition room where three different relative
humidity were set in the condition room,
which are 40%, 52% and 65% relative
humidity, where as the temperature was kept
constant at 26°C with tolerance of 2°C.
Secondly the humidity was kept constant at
65% and temperature of controlled room was
changed 16°C, 26°C and 36°C.

Figure 2 Sewing needle and thermocouple size
(figure belongs to author [6])
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3 RESULTS

Increase of relative humidity causes the
insignificant change of the sewing needle
temperature. Tables 1, 2 and 3 show the
sewing needle temperature without thread.
There is no significant difference caused by
the ambient humidity on sewing needle
temperature. The humidity level was changed
from 40%, 52% to 65% RH. Results show
that ambient humidity has minor impact on
sewing needle temperature.

Where as the use of cooling device for
sewing needle decreases the sewing needle
temperature and the impact is more visible
when the relative humidity is higher, Figure 3
shows the difference of temperature of
needle between sewing with cooling and
sewing without cooling at 40% RH. Cooling
causes decrease in sewing needle
temperature but the decrease is more visible
when the RH is higher as shown in Figure 4
where needle temperature is measured at
65% RH

120

Textile Technologies

Table 1 Sewing needle temperature at 40%RH,
temperature 26°C, 14 SPI and 4700 rpm of
sewing machine

Time of sewing [s] 0 [10]20 | 30|60
Needle temperature[°C] | 26 | 84 | 86 | 93 | 94
S.D [degree C] 0 |4 |[1.7]3 |2

Table 2 Sewing needle temperature at 52% RH,
temperature 26°C, 14 SPI and 4700 rpm of
sewing machine

Time of sewing [s] 0 [10]20] 30|60
Needle temperature[°C] | 26 | 83 | 85 | 92 | 94
S.D [degree C] 0 |3 |1 2 |2

Table 3 Sewing needle temperature at 65% RH,
temperature 26°C, 14 SPI and 4700 rpm of
sewing machine

Time of sewing [s] 0 [10]20] 30|60
Needle temperature[°C] | 26 | 82 | 86 | 91 | 93
S.D [degree C] 0 |4 |2 |3 |2

¢ Needle Temperature with fan

o Needle temperature without fan
2 100
) 4
S I 7
o 80 L :
=]
o [ T
g [
£ 60
2
2
© 40
@
2
an
£
2 20
il
vy

0

0 10 20 30

40 50 60 70

Time of sewing [Sec]

Figure 3 Vortex cooling impact on sewing needle temperature at 40% RH
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Figure 4 Vortex cooling impact on sewing needle temperature at 65% RH

Sewing machine was operated without thread with the increase of the ambient temperature.
at three different ambient temperature level of It is highly recommended to keep the ambient
16°C, 26°C and 36°C and result as shown in temperature as low as possible to minimise
Figure 5 that the needle temperature rises needle heat.
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Figure 5 Effect of ambient temperature on sewing needle
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Where as Figures 6 and 7 show the decrease observed on average by using cooling for
of sewing needle temperature with the use of sewing needle.
cooling fan, and almost a 100°C difference is
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Figure 6 Vortex cooling impact on sewing needle temperature at 26°C and 65% RH
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Figure 7 Vortex cooling impact on sewing needle temperature at 36°C and 65% RH
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Figure 8 shows the effect of ambient
temperature on sewing needle temperature
with sewing thread polyester-polyester core
spun 80 Tex (40*2) at 4700 rpm of machine
needle temperature rises with the increase of
ambient temperature and after 30 seconds of
sewing the needle temperature rises to 286°C
when ambient temperature is 36°C.

Figure 9 shows the effect of ambient humidity
on sewing needle temperature with sewing
thread polyester-polyester core spun 80 Tex
(40*2) at 4700 rpm of machine. There is a
minor decrease in sewing needle temperature
at higher humidity level.

Textile Technologies

Figure 10 shows the linear relation between
sewing speed and needle temperature and a
strong negative linear relation between the
needle temperature and tensile strength of
the thread. Tensile strength of the parent
thread was 50 cN/Tex which decrease to half
when the machine speed was 4700 rpm, 30
samples of each at different sewing speed of
machine were examined at Instron tensile
tester (ISO 2062) where the bobbin thread of
seam were carefully cut to obtain the sewing
thread.
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Figure 8 Effect of ambient temperature on needle temperature when sewing with 80 Tex thread
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Figure 9 Effect of ambient humidity on needle temperature when sewing with 80 Tex thread
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Needle temperaturea and tenacity loss at different speeds of machine
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Figure 10 Relation between sewing speed and tensile strength of thread

4 CONCLUSION

The article represents the exact temperature
of sewing needle without thread and with
thread at different ambient levels of humidity
and temperature. Results show that the
ambient humidity has almost no influence on
sewing needle temperature when used
without cooling but with the use of cooling
device the higher humidity level shows higher
decrease in the sewing needle. Whereas the
ambient temperature causes the change in
the temperature of sewing needle and higher
temperature is noted for needle when the
ambient temperature is higher and with the
use of cooling device the temperature of
needle is decreased to 10°C on average.
There is linear relationship between sewing
speed and needle temperature and negative
linear relationship between thread strength
and needle temperature. It is recommended
to use the low temperature as much as
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possible with respect to worker comfort at the
sewing rooms, and use of cooling devices
can effectively decrease the sewing needle
temperature. The results are measured by
unique method of thermocouple inserted
inside the needle groove.

Acknowledgement: The research work is part of a
bigger research and covered by grant SGS 48001
(ADNAN MAZARI), Czech Republic.

5 REFERENCES

1. Qinwen Li, Liasi E., et al.: A study on the needle
heating in an industrial sewing, International
Journal of Clothing science and technology Vol.
13, Iss. 5, 2001, pp. 351-367

Hersh S.P and Grady P.L.: Needle Heating during
high speed sewing, Textile Research Journal Vol.
39, 1969, pp. 101-120

Mallet E. and Du R.: Finite element analysis of
sewing process, International Journal of Clothing
science and technology Vol. 11, No.1, 1998, pp.
19-36

2.



Textilné technolégie Textile Technologies

4. Howard G.M. and Parsons D.: Sewing Needle 7. Mazari A, Havelka A., Mazari F.: Needle eye

Temperature, Textile Res. J. (June 1968) temperature measurement at different speeds of
5. Trung N.C.; Kus Z.: Theoretical Analysis of sewing, ISBN: 978-1-4673-4808-9 ,icet-iee

Sewing Needle Temperature, In: Young Textile explore, 2012, Cairo, [www.ieee.org],

Science ‘95, Liberec, 1995, Czech Republic URL:http://ieeexplore.ieee.org/stamp/stamp.jsp?tp
6. Mazari A., Havelka A.: Tensile properties of =&arnumber=6396164&isnumber=6396105

sewing thread and sewing needle temperature at
different speed of sewing machine, Advanced
Materials Research, Online-ISSN:1662-8985 (17
Dec 2012), print-ISSN:1022-6680, Vol 627, Hong
Kong, 2013

VPLYV TEPLOTY OKOLI A VLHKOSTI NA TEPLOTU SICi JEHLY

Translation of the article
Impact of ambient temperature & humidity on sewing needle temperature

V tomto Clanku je popsana metoda méreni teploty jehly pomoci pfilozeného termoclanku, ktery
byl vlozen uvnitf drazky jehly pro analyzu dopadu faktor( prostredi (teplota, vihkost) na Sici
jehlu. Sici stroj (Brother, DD7100-905) byl provozovan bez S$ici nit¢ a s polyester-
polyesterovou jadrovou niti o jemnosti 80 Tex pfi své maximalni pracovni rychlosti 4700 RPM
s délkou stehu 14 SPI po dobu maximaln& 60 sekund. Sici proces byl provadén na tkaniné
z 2/1 kepru ze 100 % baviny a z denimu 257 GSM ve dvou vrstvach. Bylo zjiSténo, Ze zvySeni
relativni vihkosti okoli nema vyznamny vliv na teplotu Sici jehly na rozdil od vzrustajici teploty
v mistnosti, kdy teplota jehly stoupa. Teplota jehly se linearné zvySuje také s narlGstem
rychlosti Siti, zatimco na pevnost niti v tahu ma silny negativni linearni vztah. Pro Siti potahu
musi byt proto okolni teplota nastavena tak, aby Sici jehla méla nizkou teplotu a
nezpusobovala tak nezadouci snizeni pevnosti niti v tahu.
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VYVOJ NOVEJ ANALYTICKEJ METODY PRE NANOTEXTILIE
S ANTIMIKROBIALNYM UCINKOM S OBSAHOM STRIEBRA

B. Krabacé, M. Hustavova a A. Mikolkova

VUTCH-CHEMITEX, spol. s r.o., Rybniky 954, 011 68 Zilina, Slovenska republika
vutch@vutch.sk

Abstrakt: V prispevku su struéne charakterizované nanotechnolégie a nanomaterialy, ich vyuZitie
a potencialne toxické ucinky. V suvislosti s rizikami novovyvinutych nanomaterialov je nastolena
otazka ich bezpecnosti a potreby vyvoja novych metéd. PodrobnejSie st opisané antimikrobialne
textilie s obsahom striebra. V prispevku je prezentovana navrhnuté a experimentalne odskusana
metéda stanovenia striebra bez potreby mineralizacie laboratérne pripravenych textilnych vzoriek
s aplikaciou antimikrobialneho nanosolu s obsahom striebra v dvoch réznych koncentréciach.
V zavere je zhodnoteny prinos navrhnutej metédy a mozZnosti jej vyuZitia.

Kracové slova: nanotechnolégie, nanomaterial,

celkového striebra

1 UvoD

Nanotechnologie  patria K progresivnym
typom technolégii, ktorych vysledkom je
material, ktorého jeden alebo viac rozmerov
je ovelkosti od 1-100 nm (ISO/TS
27687:2010). Podla najnovSie navrhovanej
definicie by sa za nanomateridl mal
povazovat kazdy material, ktory obsahuje
najmenej 50% Castic s takymito rozmermi, Ci
uz vo forme jednotlivych castic alebo ich
agregatov, resp. aglomeratov vratane
fullerénov, grafénovych vloCiek
a jednostennych uhlikové nanotrubic, ktorych
rozmery su Casto aj pod 1 nm (2011/696/EU)
[1].

Pri rozmeroch nanomaterialov prestava platit
klasicka fyzika a k slovu sa dostavaju
nezanedbatelné vplyvy kvantovej fyziky.
Vznika uplne nova fyzika, nanofyzika latok
[2]. Pri€inou, preCo prestavaju platit pravidla
klasickej fyziky, je zmena velkosti Castic a s
tym suvisiaci ohromny narast ich povrchu. S
narastom povrchu sa zvySuje prispevok

povrchovej energie Kk celkovej energii
nanoCastice, ¢im sa dramaticky meni
spravanie materialu, zvySuje sa jeho

chemicka reaktivita [1]. Vplyv enormného
narastu povrchovej energie je uzko spaty aj s
procesmi vyparovania a kondenzacie na
substrate [2].
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Dalsim fyzikalnym parametrom je aj netypicky
sa spravajuca tepelna vodivost
nanomaterialov nez ako sme zvyknuti
z makrosveta [2]. Fazové premeny sa v
nanosvete riadia inymi zakonmi. Objavuju sa
fenomény ako su supravodivost [2] a
supratekutost v zavislosti od velkosti
nanoStruktury ako aj tvaru  objektu
(nanocCastica, nanovlakno, nanovrstva) [3].
Vsetky tieto nové vlastnosti su predpokladom
k ich vyuzitiu, ale suCasne nastofuju otazky
suvisiace s ich potencialnou rizikovostou.

S rastom chemickej reaktivity nanomaterialov
narasta aj moznost ich interakcii so Zivymi
organizmami (vacSina stavebnych prvkov
Zivych buniek ma porovnatelnu velkost ako
nanomaterialy). Bola preukazana schopnost
nanocastic vstupovat’ do bunkovych Struktur,
kde moézu poskodit DNA - genotoxicky
potencial [1, 4]. K najzavaznejSim toxickym
ucinkom nanomaterialov patria: schopnost
vyvolavat oxidacny stres, pri ktorom
dochadza Kk poruSeniu rovnovahy medzi
vznikom a odstranovanim reaktivnych foriem
kyslika, vzniku volnych radikalov, ktoré mézu

byt nasledne pri¢inami zapalu [1, 5].
Chronicky zapal mbéze byt iniciatorom
karcinogenézy [6]. V pripade prieniku

nanoCastic do centralnej nervovej sustavy
mbze dojst’ k spusteniu neuro-
degenerativnych  ochoreni  (Alzheimerova
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choroba, Parkinsonova choroba,...) [1].
Uhlikové nanotrubice vykazuju vlastnosti
podobné azbestovym vlaknam (velkost a tvar
vlakien). Inhalacia azbestovych vlakien je
povazovana za priCinu plicnej fibrézy,
vaznych pluacnych choréb az mezotheliomu
(Specificky druh rakoviny pfuc) [7].

Vyuzitie nanomaterialov je mnohostranné:
v elektronike (nové informacné technoldgie),
v medicine (lieCba popalenin, rakoviny,
diagnostika, cielena doprava lieciv,...), v
kozmetickom priemysle (opalovacie krémy,
sucast liCidiel,...), v textilnom priemysle (vyvoj
funkénych textilii, vyroba filtrov,...),
v potravinarstve (potravinové obaly),
povrchové upravy, atd.

Pri vysokom raste produkcie rastie aj pocet
os6b vystavenych expozicii pri vyrobnych
procesoch, pri Uniku nanomaterialov do
jednotlivych zloziek zivotného prostredia, ako
aj v suvislosti s ich spotrebitelskym vyuzitim.
Nanomaterial sa do [fudského organizmu
mbze dostat inhalaciou, dermalnou
expoziciou, ingesciou traviacim traktom alebo
spojivkovym epitelom [1, 7].

Vzhfadom na predchadzajuce negativne
skusenosti (napr. DDT, PCB,...) sa apeluje na
vyrobcov, aby s nanomaterialmi zaobchadzali
ako s potencialne nebezpeCnymi — tzv.
princip predbeznej opatrnosti [1].

Sledovanie  bezpecnosti  nanomaterialov
v porovnani s exponencialnym narastom
poCtu aplikacii nanotechnoldgii  vyrazne

zaostava. Je potrebné vytvaranie metod na
meranie, charakterizaciu a hodnotenie rizik
nanomaterialov a stanovenie hraniCnych
hodn6ét, kedy nanomaterial vykazuje isté
Specifické chovanie, ktoré mdze mat suvis
s jeho potencialnym toxickym pdsobenim. Na
charakterizaciu nanomaterialov je potrebné
pouzit kombinaciu réznych metdd s vyuZitim
najmodernejSich pristrojov. Tieto metddy
v mnohych pripadoch vyzaduju modifikaciu
a validaciu, nakolko ich vyuzitie pre
nanomaterialy eSte nebolo overené. Ako
problém sa javi aj nedostatok vhodnych
Standardov, ktoré by sluzili na validaciu
metod [4]. Délezitym sa stava aj sledovanie
Zivotného cyklu nanomateridlov. Toxicita
nanomaterialov pre najjednoduchsie zivé
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organizmy moéze byt priCinou porusenia
krehkej rovnovahy v prirode [1]. Z uvedenych
dévodov narasta vyznam vyskumu gj
v oblasti novych metéd zameranych na
nanomaterialy.

2 VYUZITIE NANOTECHNOLOGII PRI
APLIKACIACH NA TEXTIL

V  nanotechnologiach sa uplatiiuju dva
zakladné principy: princip miniaturizacie
(nazyvany top-down), kedy sa cielene

zmens$uju rozmery az pod uroven do 100 nm
a pristup zhlukovania/aglomeracny (nazyvany
pristup bottom-up), kedy sa z menSich
prekurzorov zostavuju a usporaduvaju celky
az po nano-uroven procesom
samousporiadania (self-assembly), teda vznik
nanostruktar cielenou
aglomeraciou/agregaciou z atomarnych resp.
molekularnych rozmerov do nanorozmernych
aglomeratov/agregatov  [2].  Pri  vyvoji
nanotextilii je pouZzity princip bottom-up.

Pri  nanoStrukturovanych materialoch sa
stretavame s pozoruhodnym javom - fazovym
prechodom postupnej kondenzacie
nanocastic z nanosoélu do gélu a naslednym

kontrolovanym odparenim zakladného
rozpustadla za vzniku xerogélov resp.
kryogélov. V zavislosti od  podmienok

odparenia zakladného rozpustadla mozno
dosiahnut jav samousporiadania resp.
samosformovania do  nadmolekulovych
celkov [2]. Tento jav je vyuzivany pri
nanoupravach textilnych materialov.
NajCastejSi koncovy produkt takéhoto sol-
gélového procesu je xerogél, ktory na
textinom vlakne zanecha nanovrstvu resp.

ostrovCeky aglomeratov nanocastic.
V zavislosti od vlastnosti nanasaného
nanosélu mozno tak dosiahnut nové
a pozadovaneé vlastnosti u textilnych
materidlov ako je napr. hydrofébnost,
samocistiaci povrch alebo antimikrobialne
vlastnosti.

NanocCastice striebra maju vdaka svojmu
antibakterialnemu ucinku rozsiahle spektrum
spotrebitel'ského vyuZitia: povrch lekarskych
nastrojov, endoprotézy, nahrady srdcovych
chlopni, obvazové materialy, antibakterialne
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textiiné materialy,... Su tiez skvelou pomocou
pri vzniku rezistencii na antibiotika, ku ktorej
dochadza pri ich neuvazenom pouzivani.

3 SKUSKY TEXTILIIS
ANTIMIKROBIALNOU UPRAVOU

Antimikrobialna aktivita je zavisla na velkosti
Castic a vzrasta s poklesom ich rozmerov. Pri
porovnavani ucinnosti striebra v odliSnych
formach - Ag®, koloidné Ag, nanostriebro -
existuje korelacia medzi konkrétnou formou
aplikovaného striebra a jeho toxicitou pre
makroorganizmus (i6nova forma je pre
makroorganizmy toxickejSia ako nanocastice
kovového striebra) [8]. Antimikrobialna
ucinnost’ stipa v poradi Ag®, koloidné Ag
a nanostriebro a v rovhakom poradi
klesa toxicita pre makroorganizmus, z ¢oho
by vyplyvalo, ze pre makroorganizmy sa
pouzitim nanocCastic striebra dosiahne
najoptimalnejSi  pomer  nizka  toxicita/
najvyssia antimikrobialna ucinnost’ [9].

Antimikrobialna ucinnost textilii s aplikaciou
nanosélu na baze striebra pouzitych na

experiment bola potvrdena skuSobnou
metddou AATCC 100 s pouzitim
gramnegativne;j baktérie Klebsiella
pneumoniae a grampozitivnej baktérie

Staphylococcus aureus. Pri priprave textilii
s antimikrobialnou Upravou vznikla
poziadavka na monitorovanie skuto¢ného
obsahu naneseného striebra
v pripravenych textiliach. Na  stanovenie
obsahu striebra sa pozivala metdéda s
mineralizaciou vzorky. Mineralizacia sa
realizuje v prostredi zmesi kyseliny chloristej
a dusinej v mineralizacnom  pristroji
Digesdhal, ktory ale neumoznuje
mineralizaciu  viacerych vzoriek naraz.
Samotna mineralizacia je €asovo narocna,
celkovy Cas mineralizacie je 1 hodina. Proces
je limitovany aj mnozstvom sucasne
mineralizovanych vzoriek, nakolko
mineralizacia prebieha v mineralizacnom
zariadeni.

Nasim cielom bolo navrhnut a overit novu
metddu stanovenia celkového striebra bez
mineralizacie, zefektivnit postup extrakcie,
znizit naklady, a to nahradenim mineralizacie
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vzorky vytvorenim rozpustného komplexu
striebra vhodného na nasledné stanovenie na
AAS spektrofotometri.

4 METODA STANOVENIA CELKOVEHO
STRIEBRA V TEXTILIACH
S APLIKACIOU ANTIMIKROBIALNEHO
NANOSOLU BEZ POTREBY
MINERALIZACIE

4.1 Navrh metody

Pri navrhu metédy analyzy bez mineralizacie
bola pre nas inSpiraciou metdda zoslabovania
Cierno-bieleho negativu vo fotografii. Emulzna
strana Cierno-bieleho negativheho filmu je
vlastne tiez xerogél. Prestup oxidovaného
striebra do roztoku vplyvom oxidovadla z
nekovalentnej vazby tiosiranom  velmi
pripomina  situaciu s  impregnovanymi
tkaninami so striebrom inkorporovanym do
xerogélu. Zoslabovanie negativneho filmu je
vlastne zalozené na principe vazby
oxidovaného kovového striebra do pevnej
komplexnej vazby - tvorba chelatu [10].
Predmetom nasho zaujmu v pripade vyvoja
metodiky bolo urCenia mnozstva striebra,
ktoré je naviazané v rozpustnom komplexe.
Takto zastabilizované striebro je vhodné na
analyzu atébmovou absorp¢nou
spektrofotometriou.

Chemizmus navrhnutého postupu extrakcie a
komplexacie striebra roztokom
hexakyanoZzelezitanu draselného (ako
oxidacného Cinidla) a tiosiranu sodného (ako
komplexotvorného ¢inidla) [11] :

[Fe(CN)s]>+ Ag’—[Fe(CN)e]* + Ag” (1)
Tvorbu stabilnej rozpustnej formy
chelatovaného strieborného i6nu  mozno
opisat rovnicami [11]:

2Ag+ + Na,S,03— A928203 (2)
Ag2S,03 + NaS,03—2Na[AgS20s] (3)

2Na[AgS,03] + NazS,03—Nas[Ag2(S203)] (4)
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5 EXPERIMENTALNA CAST

Experimentalna cCast je zamerana na
stanovenie celkového obsahu striebra v
textiliach upravenych antimikrobialnym (AMB)
nanosélom. Navrhnuta metdéda je zaloZena
na oxidacii nanostriebra na i6n Ag® a jeho
naslednom naviazani  do stabilného
a rozpustného komplexu. KedZe vytvoreny
komplex - chelat s tiosiranom v plameni AAS
zhori, pricom déjde k atomizacii striebra, je
mozné stanovenie obsahu Ag priamo
metddou AAS.

5.1 Pouzité materialy

Laboratérne pripravené bavinené textilie s
aplikaciou antibakterialneho nanosolu :
Vzorka €. 1 deklarovana koncentracia
striebra 15 mg.kg™

Vzorka €. 2 deklarovana koncentracia
striebra 30 mg.kg™’

News from Departments

5.2 Postup skusky

- odber vzorky textilie s hmotnostou cca 1 g
zaliatie vzorky 50 ml Cerstvo pripraveného
extrakéného roztoku

(roztok hexakyanozelezitanu draselného
Ks[Fe(CN)s] a  tiosiranu  sodného
N828203'5H20)

extrakcia vzorky textilie na trepacke cca 2
hod

filtracia extraktu vzorky
analyza  filtratu = metdédou
absorpc¢nej spektrofotometrie.
Na stanovenie obsahu striebra v extrakénom
roztoku metodou AAS sa pouzil
spektrofotometer SpectrAA DUO AA 240 FS -
plamenova technika.

Filtrat extraktu neriedenej vzorky (20 ml) bol
atomizovany a analyzovany v plameni
acetylén-vzduch. Na vyhodnotenie obsahu
striebra v skusSobnej vzorke bola pouzita 6
bodova kalibratna krivka v  rozsahu
koncentracii striebra 0-5 mg.I"" (Obr. 1).
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14

1.2

o
[o ]

2
()

Absorbancia

2
IS

2
o

0o¢
0

koncentracia (mg/l)

y=0,2389x + 0,0376
R2=0,9969

3

Obr. 1 Kalibraéna krivka zavislosti absorbancie striebra od koncentracie
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6 VYSLEDKY A DISKUSIA

Statistické spracovanie vysledkov analyzy
stanovenia celkového obsahu striebra
v textiliach vz. ¢. 1 avz. €. 2. s aplikaciou
antimikrobialneho nanosélu s  pouzitim
metody bez mineralizacie je uvedené v Tab.
1 a 2 a vysledky su znazornené aj graficky —
Obr. 2 a 3. Medza detekcie (LOD) na pristroji
SpectrAA Duo AA 240 FS - plamenova
technika pre extrakény roztok je 0,02 mg.I™.
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Na analyzu boli pouzité laboratorne
pripravené vzorky, na ktorych nebola
dosiahnuta dostatoCna homogenita
antimikrobialneho nanosélu. Vzhladom na
rozsah  kalibratnej  krivky pre  AAS
a deklarovany obsah striebra sa zvolila
navazka cca 1 g, €o v pripade nehomogenity
vzorky spoOsobuje vacsiu nahodnu chybu.
Predpokladame, Ze v pripade vacsej
homogenity naneseného nanosolu na vzorke
by sa dosiahla eSte lepSia porovnatelnost
a mensi rozptyl vysledkov.

Tab. 1 Stanoveny obsah striebra v extraktoch vzorky €. 1

Deklarovany obsah striebra [mg.kg™”] 15
Pocet analyz 10
Stanoveny obsah striebra [mg.kg™'] - priemer x; 15,2
Smerodajna odchylka 0,5
Relativna polSirka pre interval spolahlivosti na hladine ® = 0,05 1,1
Stanoveny obsah striebra v textilii s aplikaciou AMB nanosolu-deklarovany obsah 15 mg/kg
16,5
16
stanoveny
2 155 obsah Ag
()]
S —— — deklarovany
E 15 I 7 I I - N I - I I - - I I obsah Ag
% 14,5 priemerna
2 hodnota
[}
14
13,5
1 2 3 4 5 6 7 8 9 10
Cislo paralelky

Obr. 2 Porovnanie skuto¢ne stanoveného mnozstva obsahu striebra v jednotlivych extraktoch textilie
s aplikaciou AMB nanosolu v porovnani s deklarovanym obsahom Ag 15 mg.kg™

Tab. 2 Stanoveny obsah striebra v extraktoch vzorky €. 2

Deklarovany obsah striebra [mg.kg '] 30
Pocet analyz 10
Stanoveny obsah striebra [mg.kg'] - priemer x; 29,6
Smerodajna odchylka 1,3
Relativna pol$irka pre interval spolahlivosti na hladine ® = 0,05 2,9
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Stanoveny obsah striebra v textilii s aplikaciou AMB nanosoélu-deklarovany obsah 30 mg/kg
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Obr. 3 Porovnanie skuto¢ne stanoveného mnozZstva obsahu striebra v jednotlivych extraktoch textilie
s aplikaciou AMB nanosélu v porovnani s deklarovanym obsahom Ag 30 mg.kg™

7 ZAVER

Vyhodou inovovanej skuSobnej metody je jej
jednoduchost, s moznostou sucCasnej
pripravy extraktov viacerych vzoriek a z toho
vyplyvajuca moznost mat v realnom Case
informacie o skuto€nom obsahu striebra a
rovnomernosti nanosu striebornych
nanocCastic (rozptyl vysledkov stanoveného
obsahu striebra odraza nehomogenitu
nanosu), ¢o je doélezité pri kontrole kvality
technologického postupu. Pri  porovnani
s metddou s pouzitim  mineralizacie je
priprava extraktov efektivnejSia a bez potreby
Specialnych zariadeni s mozZnostou koncovej
analyzy na AAS. Nezanedbatelné je aj
znizenie spotreby energie pri vac¢som pocte
analyz, znizenie spotreby koncentrovanych
kyselin a chemikalii na pripravu extraktov, ¢o
prispieva aj k  ochrane  Zivotného
a pracovného prostredia. Nevyhodou metody
sa javi nestabilita roztoku s rozpustenym
striebornym ionom na svetle. Vykonat
analyzu na spektrofotometri sa odporuca ¢o
najskor.

Metéda je vhodna na stanovenie obsahu
striebra v rozsahu 5-50 mg.kg” v textiinych
materialoch s aplikaciou antimikrobialneho
nanosolu.
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DEVELOPMENT OF A NEW ANALYTICAL METHOD FOR SILVER
CONTAINING NANOTEXTILES WITH ANTIMICROBIAL EFFECT

Translation of the article
Vyvoj novej analytickej metddy pre nanotextilie s antimikrobialnym ué¢inkom s obsahom
striebra

Nanotechnologies and nanomaterials, their application and potential toxic effects of the
nanomaterials are characterised briefly in the article. Question of their safety and need of
development of new methods is raised in connection with the risks of the newly-developed
nanomaterials. Silver containing antimicrobial textiles are described in more detail. The
authors present a proposed and experimentally verified method for silver determination
without need of mineralization of the textile samples prepared under laboratory conditions with
application of antimicrobial nanosol containing silver in two various concentrations.
Contribution of the proposed method and possibilities of its application are evaluated in
conclusion of the article.
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