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INTRODUCTION

It is our pleasure that today, department for textile and clothing science and design of Technical
faculty "Mihajlo Pupin", University of Novi Sad, are organizing a jubilary fifth time international
scientific proffesional conference Textile Science and economy with partners Kyiv National
University of Technologies and Design, (Ukraine), and Faculty of Mechanical Engineering,
Univeristy of Maribor, (Slovenia). It is necessary and justified, nowadays, more than ever, to
assemble the scientists and entrepreneurs in the field of textile and clothing industry. The Scientific-
professional Conference "Textile Science and Economy V" (TNP’2013) is organized with the goal to
promote connection between Serbian entrepreneurs and scientists and experts to jointly contribute the
development based on knowledge and innovations. We are aware that by establishing these
development research institutions and institutions of academic education, very active participants in
this process must be included.

It is necessary to keep connections and cooperation based on knowledge and experience because that
leads us to sustainability and development of our textile and fashion industry. Therefore, this
conference TNP'2013 meets the Strategy of Scientific and Technological Development of Serbia for
the period from 2010 to 2015. Through the papers of the Conference TNP2013 participants current
situation in the textile and fashion industry is to be analyzed, as well as the vision of this industry in
Europe up to 2020 from the standpoint of the European Technology Platform (ETP). The European
Union has entered the new millennium, setting the strategic goal of achieving extremely competitive
and dynamic economic development based on the innovations and technological development.
Therefore, this Conference TNP'2013 wants to contribute to the development strategy of the Serbian
textile and fashion industry in the direction of the dynamic cooperation of science and economy.

The aim of this Conference TNP'2013 is to foster the regional cooperation with the scientists, experts,
businessmen from the neighboring countries as well as from the other countries, what gives this event
international significance and its scientific and professional level. Therefore, it is a great pleasure that
such a remarkable number of the scientists and businessmen, mainly from the region and the other
countries, responded to our invitation.

The submitted papers of our colleagues were published in The Conference Proceedings. Because of
economic focus of this event, the business and professional papers and the papers of our graduates,
now employed in many companies, have found their place in The Conference Proceedings.

At the plenary lecture we have tried to show you possibilities of involving in the European projects,
experiences related to technology transfer from the University to Economy. In the part of inviting
lectures, we have tried to assemble the leading scientists, experts and professionals from the industry
whose working experiences can contribute to the Strategy of Scientific and Technological
Development of the Republic of Serbia.

In the poster section we wanted to present scientific and professional work at our Faculty.

Technical Faculty "Mihajlo Pupin" is the only scientific institution in Vojvodina in the field of textiles
and clothing. The intention of this Conference TNP'2013 is to present to the entrepreneurs the
Faculty’s previous experiences and competences in the field of education and science. During the
Conference TNP2011 and after, the Technical Faculty will promote its openness and acceptance of
new ideas of improving cooperation with entrepreneurs and solving their everyday technological
issues as well as those in the field of research - development projects.
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On this jubilary fifth meeting we can proudly say that the previous meetings gave a good results,
which are reflected in growing number of entrepreneurs from apparel and textile industries, who
address to our Faculty for recommended students in accordance with their need for new employes.

Therefore, this meeting will continue in the future to be a place where entrepreneurs requests for
needed profile personnel, will be listen with care. Those requests will be implemented in structure of
our study program with one aim, to build highly educational creative personel who will offer
soulutions and new ideas for development a new technology and products available to cope with
strong competition on the global market

The Chairman of the Organizing Committee:

Vasilije Petrovic, PhD, Professor
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e MMS Fashion, Ivanjica
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METHODOLOGY OF THE MANAGEMENT OF SCIENTIFIC
PROJECTS WITH SPECIAL REFERENCE TO FP7 - MAPICC 3D
PROJECTS

D. Ujevi¢, B. Brlobasi¢ Sajatovié
Faculty of Textile Technology University of Zagreb, Croatia

Abstract: Scientific research is usually divided into fundamental and applicative or applied
researches. In the framework of the research project fundamental researches are aimed at researchers
having a specific goal. The specific area of research within the MAPICC 3D project is clearly
defined: scientific research orientation among many project members and clearly pre-determined, and
areas of work among the members (partners) are precisely defined and specified in Consortium
Agreements. They include methodological research, development s and the specific implementation.
All researches among the FP7 members MAPICC 3D project have a team oriented as well as
individual research characteristic in order to monitor the contribution of each researcher in a
particular subject area very precisely. These researches are sometimes referred to as strategic
researches directed towards the desired goal or project outcome. MAPICC 3D as FP7 project with its
19 members is one of the major scientific research projects funded by the EU.

Faculty of Textile Technology of the University of Zagreb plays a respectable role as one member of
the project. This work contributes to the explanation of the methodology of compound technological
projects, in this case great FP7 project MAPICC 3D.

Key words: project management, scientific research work, partner collaboration

1. INTRODUCTION

Scientific and scientific research activities include diverse scientific and developmental researches,
publishing the results of scientific and developmental researches, application of research results,
scientific training and improvement, and maintenance and development of scientific research
infrastructure. Scientific activity is of fundamental importance for the overall development of each
country. Among other things, scientific activity is also based on the relationship among various
research institutes, University, faculties, Academy of Sciences and Arts, institutions and bodies.,
which is in the concrete example of this paper described on the basis of the Consortium Agreement
among the FP7 members of MAPICC 3D project [1]. According to the concept of the European
Union towards the end of the 50s of last century the process of design standardization was initiated,
ISO standards and norms that are aimed at improving and settling all normative acts and procedures of
the Member States and beyond. Only later incentives and development of various scientific research
projects aimed at improving and developing scientific research potentials began [2]. Consequently,
scientific research activity is planned which affects scientific research, development and culture of the
population, and economic progress. An increase in the total volume and quality of scientific activities,
ongoing scientific training of researchers, technical staff and laboratory technicians as well as
especially university teachers, assistants and young researchers is particularly emphasized. A special
part of education is focused on best specialization especially in natural sciences. The publication of
scientific achievements and implementation, particularly with the use of the results of scientific
research papers is very important [3,4].

In this case, scientific research activities, planning, research and application of the achievements
within FP7 of project MAPICC 3D are published by scientific research project members within the
consortium agreement, according to the regular schedule and the obligations of the project members

[1].

14
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2. SCIENTIFIC RESEARCH WORK ON FP7 MAPICC 3D PROJECT

Scientific research work is a systematic creative activity which provides acquiring new scientific
research knowledge or applicative benefits, using existing and new scientific research work for new
applications on the basis of using scientific methods. The goal of researchers within FP7 MAPICC 3D
project is to develop new industrial automated and cost-effective integrated processes for
manufacturing high-quality and high performance products for multi purpose thermoplastic
composites [5]. The meaning and value of the results of scientific research is determined by the
contribution of these results to the development of science itself, as well as the by objective
possibilities of their application in the development of economic and social systems. The results of
scientific research are public welfare and they are available to the public. Availability and the publicity
of the results of scientific research are ensured, as a rule, if they are published.

In modern science it is not possible to accomplish complex and demanding tasks, scientific or
scientific research activities without modern scientific infrastructure. The most important prerequisite
for the conduct of scientific research, besides an adequate number of quality scientists and researchers,
is scientific research infrastructure. It includes: scientific research laboratories, scientific libraries,
scientific information and documentation services, systems of scientific and technical information,
computer networks, scientific publicist writing, collection and processing of scientific documents in
the archives. In addition to this scientific and research infrastructure, test equipment, devices and
systems as well as the total technical basis that organizations use to implement scientific research tasks
provide support data and material basis for scientific research work. Laboratory testing equipment and
semi-industrial pilot plants for research and testing of new technological solutions are considered
equipment for performing research activities.

Today, modern methodology and technology of performing scientific and professional work or
scientific research work in its broadest sense is unthinkable without the optimal functioning of
various information systems.

Essential prerequisites for organizing, planning and optimal functioning of information systems in
scientific research, scientific educational organizations, institutions and scientific libraries are
appropriate hardware and software. It is beyond dispute that the hardware and software are the most
necessary scientific research structure.

2.1 Interaction and mutual cooperation between partner industries

Within the scope of a demanding project like FP7 MAPICC 3D project it is necessary to establish
such a relationship to scientific research work and to other associates on the basis of which the effect
of the project team members will be as great as possible, and costs as low as possible. This is achieved
by building good relationships among the prject members , by developing personal social life, and by
introducing material and moral simulation results of the project members for the results of work and
research. Interpersonal relationships within the MAPICC 3D project of particular importance for
successful work and successful job performance. The relationship among the project members,
researchers and must be based on cooperative, specific and planned interactive collaboration, and it
must be also based on group and individually and mutually synchronized processes. The principle of
teamwork should be used for individuals and workinggroups, for managers and associates of working
groups. The target-orientated guidance of business strategy is the process by which the leadership in a
team environment sets common goals. It is relevant to note that associates should know which goals
they pursue. The basic criteria for evaluating the abilities of associates are work results which have
been achieved in relation to the set goals. The success of target-orientated guidance can be seen in the
increase of efficiency and in faster growth and prosperity. The effect of target-orientated guidance is
also reflected in a better work ethic, better interpersonal relationships, and proper demarcation of
responsibilities and overall higher efficiency of the entire business. In the system of target guidance
each project member has pre-set goals defined in the consortium agreement. Calculating income and
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expenses of a manufacturing plant is also important for further setting and implementation of goals.
Evaluation of the performance of an individual, group, as well as focusing on work results can solve
many issues for the entire duration of the MAPICC 3D project.

The term research in the etymological sense of the word means the search for new facts, methods,
studies of the acquisition and discovery of new knowledge, theories, laws and principles. This
basically means that research means systematically searching for new facts from which scientific
principles, laws, and regularities are obtained. This means that scientific research is a specific
intellectual activity whose primary purpose is to detect and prove scientific truth by using scientific
methods. Results of scientific research must be scientifically based; they should represent something
new or innovative, i.e. they should increase the global treasure of knowledge. Unlike scientific
research, research itself generally includes all ways of solving theoretical and practical problems.
Routine activities have nothing to do with scientific research. Scientific research is performed by
trained, qualified and experienced intellectuals, specialists, experts in specific scientific fields,
branches of science or scientists, researchers, teachers and associates, experts in specific scientific
disciplines. Between the terms research and study there is no significant difference, because study
includes: observation, acquisition of thorough knowledge, testing and research.

When research is discussed, the term test is often used which has an ambiguous meaning, and it
usually means a set of written or spoken questions used for finding out how much someone knows
about a subject.

3. PROJECTION AND GOALS OF FP7 MAPICC 3D PROJECTS

The goal of MAPICC 3D project is to develop new industrial automated and cost-efficient integrated
high-performance and high-quality manufacturing processes for manufacturing lightweight
thermoplastic textile composite structures. New processes are based on new technologies of upgrading
3D textiles produced on a plant using hybrid thermoplastic fibers from various fibers (glass, polymeric
fiber reinforcement) to be used in the automobile, railway and aircraft industry as well as in civil
engineering.

The innovative concept of MAPICC 3D is based on:

e development of hybrid thermoplastic fibers

e development of modeling tools

e development and demonstration of the equipment for manufacturing 3D panels

e demonstration of the real use of lightweight composite materials for the production of metal

constructions to be replaced in the automobile and railway industry.

It is expected that MAPICC 3D project enhances the productivity up to 30% in relation to the present
methodology, improvement of mechanical properties of panels which can replace metal structures,
substantial decrease of wastes with rational use of raw materials.

The project includes 20 partners from 10 countries, including seven industries, six small-sized and
medium-sized companies, six universities and one association.

4. CONCLUSION

Scientific research work is a systematic creative activity which provides acquiring new scientific
research knowledge or applicative benefits, using existing and new scientific research work for new
applications on the basis of using scientific methods. Today, modern methodology and technology of
performing scientific and professional work or scientific research work in its broadest sense is
unthinkable without the optimal functioning of various information systems.
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STRETCH CHARACTERISTICS OF FILLET WARP KNIT WITH
ELASTOMERIC IN-LAYED YARN

0. Kyzymchuk
Kyiv National University of Technologies and Design, Ukraine

Abstract: This paper presents results of an investigation on the stretch characteristics (full strain and its parts)
of fillet warp knitted fabric with elastomeric yarn longwise inlaying. In order to undertake the study of the
influence of in-layed yarn positioning and of fillet interloping repeat different types of fillet warp knit fabrics
with in-lay yarn were produced. The array of data for the various design options provide analytical tool for
making comparisons about the mechanical properties of the warp knit fillet structures with elastomeric inlayed
yarn. It is observed that the repeat of fillet interloping and the position of in-laying yarn have some effect on
stretch characteristics of warp knit structures. It is a consequence of a different relaxation of inlayed yarn in
structure. Elastic strain is the largest part of the full strain of warp knit fabric and the part of residual strain
does not exceed 0.11.

Key words: fillet structure, in-laying, elastomeric yarn, full strain, residual strain

1. INTRODUCTION

The elastomeric yarns are used in the knitting industry as reinforced monofilaments and as multi plied
yarn with elastomeric component. The using of elastomeric yarn allows creating new types of textile
materials and it is a major force to achieve their functional properties. The structure of elastic knitted
fabric with an elastomeric yarn should provide the maximum use of their specific properties: the
ability to more than 100% stretch and almost completely relaxation the length after stretching.

It is well known that, there are the difficulties of elastomeric yarn feeding at knitting zone of the warp
knitting machines and an elastomeric is usually use as filling yarn. It significantly changes the
structure parameters and the properties of the ground interlooping. The filling yarn, which are
positioning between the ground loops and junctures, greatly reduces shrinkage of knitted fabric. It
changes an unroving of knit and an inclination of ground loops. The elongation and the durability of
knit fabric change depending on the direction of elastomeric yarn position in the knit structure.
(Shalov I. et all, 1986).

The using of elastomeric yarn as a longitudinal inlaid yarn in the warp knit structure does not only
change a stretch of fabric in the direction of in-laying, but it also changes the shape and the size of the
unit cell of fillet interlooping. As a result, net fabric with a hexagonal cell gets an unusual ability to
become wider at a stretching. (Ugbolue S. et all, 2010 and 2012).

The study of structure parameters and mechanical properties of filling-fillet warp knit, which is made
by alternation of tricot and atlas courses at repeat with different variants of elastomeric yarns position
in the structure, showed that the variant of in-laying influences as to its breaking characteristics
(Kyzymchuk O., Ugbolue S., 2012), as to the full deformation of warp knit fabric and to its
components (Kyzymchuk O. et all, 2011). The value of the full deformation decreases with increasing
amount of contacts between the ground yarn and inlaid yarn. Residual deformation of such warp
knitted fabric is from 2 to 6% and it is independent of the variant of inlaid yarn position.

At the same time, the influence of the repeat of fillet interloping only at the structure parameters and at
Poisson's ratio of auxetic warp knitted fabrics have been investigated (Ugbolue S. et all, 2011;
Kyzymchuk O., Nedogibchenko O. 2011; Kyzymchuk O. 2012).
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The main field of using of the warp knitted fabric with longwise inlaid elastomeric yarn is the products
for medical and rehabilitation purpose which during operation have strain significantly less than
breaking loads. Small in size, alternating with the unloading and rest, it affects the structure of knitted
fabrics and leads to its deformation, changes its size and shape. For that reason, it is important to study
the deformation characteristics at the cycle “load-unload-rest”.

The work purpose is a research the deformation characteristics of fillet warp knit fabric with inlaid
elastomeric yarn and an establishment of its dependences on a repeat of a fillet interlooping and a
variant of in-laying.

2. EXPERIMENTAL SAMPLES

In order to undertake the study of the influence of in-lay yarn positioning, eight types of fillet warp
knit fabrics with in-lay yarn were produced. The guide bars with in-lay yarn are placed behind the
guide bars with the ground yarn. In order to undertake the detailed study of the influence of a repeat of
fillet interlooping nine variants of fillet warp knit fabrics each position of in-lay yarn were produced.
Amount of tricot courses n, at a repeat are 3, 5 or 7 and amount of chain courses n. are 1, 2 or 3. These
fabrics were made on a 10 gauge crochet knitting machine with one needle bed.

The warp knit fabrics were made from 250 denier polyester yarn as ground. The linear density of the
polyester yarn is 250 den x 2. It is manufactured by Du Pont and its tenacity is 1.454 gf/den based on a
test gauge length of 25.4 cm (10in), and a crosshead speed of 10.16 cm/min (4in/min). The 150 denier
(96 filaments) polyester sheath serving as the cover yarn for polyurethane core yarn provided a high
elastic in-lay component. The yarn is supplied by Unifi Inc. and the linear density of polyurethane core
yarn is 70 deniers.

3. METHODS

The research of the deformation characteristics of warp knit fabric at stretching with constant load
have been carried out according to GOST at relaxometer. Clamping length was 100 mm.
Measurements the length of the specimen was made before loading, after 1, 5, 15, 30, 60 min of the
loading, after the unloading and after 60 min of rest. The load of the knitted fabric specimen was
determined depending on the elastomeric yarn diameter and the number of elastomeric yarns in the
specimen according to GOST 16218.9-89. 3 parallel specimens have been used on tests for each
variant of warp knit. The convergence of results defines their adequacy and reliability.

4. RESULTS AND DISCUSSION

Full strain and its components are characteristics that are most often used for an estimation of
mechanical properties of textile materials when tested on a cycle "load-unload-rest". Full strain is the
strain of the sample at the end of the first part of the cycle (loading). It is calculated as the percentage
difference between the lengths of the sample before and after loading for 60 minutes. The results of
research of full strain of fillet warp knit fabric with different position of in-layed yarn are presented on
Fig. 1-4. The diagrams show that the full strain of warp knitted fabric depends on the repeat of fillet
interlooping. Its value increases with quantity increase as the tricot courses and as the chain courses in
the repeat for all variants of the inlaying. It is a consequence of a different relaxation of inlayed yarn in
structure. In all variants of warp knitted fabrics the inlayed yarn is fixed in the structure in the vertical
ribs of the cell, which is formed by tricot loops, and then stretches inside the cell freely. If the repeat
of fillet interlooping has increased, a length of elastomeric inlayed yarn, which is capable to full
recovery length after unloading, increases too. As a result tensile strain increases.

It is obvious, that full strain of fillet warp knitted fabric in which structure elastomeric inlayed yarn is
fixed at two courses of the repeat (fig. 1.0, 2.6, 3.0 and 4 .6) is less full strain of fillet warp knitted
fabric in which structure elastomeric inlayed yarn is fixed at one course of the repeat (fig. 1.a, 2.a, 3.a
and 4.a). This statement is true for all variants of inlaying position in the fillet structure and it is
connected with a different relaxation of elastomeric yarn in the structure. For warp knitted fabric in
which structure an inlayed yarn is fixed at two courses, elastomeric yarn has more contacts with the
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ground yarns. The elastomeric yarn at such structure is slightly stretched consequently the friction
forces arising that leads to a decrease in tensile strain.
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Figure 1: Full strain of warp knit fabric in which in-laying yarn turns from the back to the front side
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Figure 2: Full strain of warp knit fabric in which in-laying yarn is between the tricot’s junctures
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Figure 3: Full strain of warp knit fabric in which in-laying yarn wraps one tricot’s juncture
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Figure 4: Full strain of warp knit fabric in which in-laying yarn wraps two tricot’s junctures
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It should be noted a higher value of full strain of warp knit, in which the inlayed yarn wrapped the
junctures of tricot loops (Fig. 3 and 4), compared to warp knit, in which the inlayed yarn is in a
structure without wrapping the junctures of tricot loops (Fig. 1 and 2).

There are following components in full strain of fabric:

— elastic strain which disappears right after unloading. It is calculated as the percentage difference to
the initial length between the length of the sample after the load for 60 minutes and after removing
the load;

— plastic strain with a long period of relaxation;

— residual strain that remains after removal of the load. It is calculated as the percentage difference
between the lengths of the sample before loading and after 60 minutes rest after unloading.

The analysis of research results has shown that the dependences of elastic strain on the repeat of a
fillet interlooping and on a variant of inlaying in a structure are a similar to dependences of full strain
and only value is different: elastic strain is lower at 10-25%. Therefore, elastic strain, as well as full
strain mainly depends on the degree of relaxation of elastomeric inlayed yarns in the structure of fillet
warp knitted fabric.

Plastic strain of warp knitted fabric is insignificant: it changes in the range of 4-10%. This strain does
not depend neither on repeat of fillet interloping nor on a variant of inlaying positions in the structure.
The value of the residual strain determines a shape stability of the textile material. The research result
have showed (Fig. 5 to 8) that the residual strain of warp knitted fabric varies widely (from 2 to 20%)
and depends on both factors: the repeat of fillet interloping and inlaying position in the structure.

It should be noted that the knitted fabric in which the elastomeric inlayed yarn wrapped the junctures
of tricot loops (Fig.7, 8) has considerably lower residual strain than the knitted fabric in which
elastomeric inlayed yarn is fixed in structure without wrapping the junctures of tricot loops (fig.5-6).
This can be explained by the fact that processes during the load-unload cycle are associated only with
the extension of the elastomeric yarns under load and its subsequent relaxation after unloading and
rest. In addition to these processes in the warp knitted fabric, in which inlayed yarn is fixed in
structure without wrapping the junctures of tricot loops, there is also an irreversible redistribution of
the elastomeric yarn that results an increase of residual strain. For these variants of warp knit (Fig. 5
and 6) the residual strain depends on amount of tricot courses at the repeat because the contacts
between inlayed yarn and ground yarns are at the vertical rib of cell which forms by tricot loops.

The relation between different deformations in the full strain is important in order to characterize
mechanical properties of the textile materials. If the share of elastic strain is larger, the material retains
the dimensions and a shape better. At the same time, residual strain's dominance is leading to a change
in a shape and the sizes of knitted fabric. Analysis of the research results (Table) of fillet warp knitting
fabric with different position of inlayed yarn shows that elastic strain is the largest part (> 0.86) of the
full strain. Value of residual strain’s part varies widely, but generally it does not exceed 0.11.

Table: Parts of full stretch of fillet warp knit with elastomeric in-laying yarn

The position of inlayed yarn Parts of full strain
in fillet warp knit structure elastic Ag, residual Ag,
in-laying yarn turns from | at one course of repeat 0,884 + 0,936 0,045<+ 0,097
the back to the front side | at two courses of repeat 0,860 = 0,920 0,070 - 0,110
in-laying yarn is between | at one course of repeat 0,891 + 0,934 0,046 + 0,089
the tricot’s junctures at two courses of repeat 0,915 - 0,956 0,028 - 0,058
in-laying yarn wraps one | at one course of repeat 0,940 - 0,970 0,014 - 0,031
tricot’s juncture at two courses of repeat 0,905 - 0,957 0,021 = 0,057
in-laying yarn wraps two | at one course of repeat 0.920 + 0,945 0,008 + 0,036
tricot’s junctures at two courses of repeat 0,860 + 0,952 0,013 + 0,049
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a) at one course of repeat b) at two courses of repeat
Figure 5: Residual strain of warp knit fabric in which in-laying yarn turns from back to front side
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Figure 6: Residual strain of warp knit fabric in which in-laying yarn is between the tricot’s junctures
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Figure 7: Residual strain of warp knit fabric in which in-laying yarn wraps one tricot’s juncture
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Figure 8: Residual strain of warp knit fabric in which in-laying yarn wraps two tricot’s junctures
5. CONCLUSION

The array of data for the various design options provide analytical tool for making comparisons about
the mechanical properties of the warp knit fillet structures with elastomeric inlayed yarn. It is
observed that the repeat of fillet interloping and the position of in-laying yarn have some effect on
stretch characteristics of warp knit structures. It is a consequence of a different relaxation of inlayed
yarn in structure. Elastic strain is the largest part (> 0.86) of the full strain of warp knit fabric and the
part of residual strain does not exceed 0.11. Thus, the different positions of the inlaid yarn within the
structures and the different amount of tricot and chain courses on repeat of fillet interloping offer other
possibilities that could be explored when designing warp knit structures.
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ADAPTING HUMAN BODY MODEL POSTURE FOR THE PURPOSE
OF GARMENT VIRTUAL PROTOTYPING

T. Kozar, A. Rudolf, S. Jev$nik, A. Cupar, Z. Stjepanovi¢
University of Maribor, Faculty of Mechanical Engineering, Maribor, Slovenia

Abstract: In daily life physically disabled persons are exposed to a sitting posture where the own body weight
represents high burdening on the organism. Forced sitting posture leads to damage of the human’s tissue, affects
the body physiology as well as body shape and size of the body segments. For the purpose of clothes virtual
prototyping for people with special needs it is necessary to obtain a parametric body model in a sitting position
to supply body measurements for non-standard body shape characteristics. In our research we performed
measuring and analysis of body measurements change on a scanned 3D human body to test the applicability and
reliability of 3D measurements in comparison with traditional ones. We investigated 29 body measurements
using cross-sectional determination to observe circumferences and linear dimension tools to observe lengths and
heights. We compared a 3D body model in a standing posture with feet apart and hands extended, a 3D body
model in a sitting position with 100° knee bend and hands extended and a 3D body model with 100° knee band
and hands extended, which sitting position was obtained by kinematic skeleton construction. Based on the results
we also tested the suitability of a 3D skeletally body model and established relevant ease values’ to construct
pants- and T-shirt-patterns to perform virtual fitting to the 3D human bodies.

Key words: 3D body model, skeleton construction, garment virtual prototyping, physically disabled people.
1. INTRODUCTION AND MOTIVATIONS

According to the United Nations, people with lower body part disfunction belong to the group of
persons with disabilities who represent the most numerous minority in the world with over 650 million
inhabitants (approximately 10 percent of the world’s population) (www.stat.si). Forced sitting position
leads to bedsores formation and other health problems, such as incontinence and scoliosis. 3D human
body in a sitting position would provide an effective garment pattern adaptation to specific physical
dimensions to construct comfortable and aesthetic garments for opportunities such as sportswear,
eveningwear and professional wear. It would enable a better choice of good looking and functional
garments for unique figures, which do not always fit into standard sizes that are available in the stores.

2. THEORY

The CAD systems for garments’ virtual prototyping usually offer parametric mannequins, whose
adjustment of body dimensions is limited to the average body figure (Rudolf A. et al., 2013). For
garment virtual prototyping for people with disabilities, an accurate 3D body model in a sitting
position was developed (Kozar et al, 2012). Backbone injury or illnesses, which lead to sensory loss, is
causing dysfunction of lower body parts. Therefore the dressing ability of such persons is completely
affected (Pruthi et al., 2005). Some researches were oriented to develop functional textile materials
and garments for people with paraplegia state (Sybilska et al., 2009). The differences between the
standing and sitting position to develop appropriate garments for paraplegics and to assessed their fit
to the human body in terms of wearing comfort on certain specific parts of the body in a 3D body
model in a sitting position were identified (Rudolf et al., 2013).

3. METHODS

For the purpose of garment virtual prototyping for paraplegics we focused on the human body model
adaptation to supply body measurements for nonstandard body shape characteristics. To perform 2D
garment pattern design and simulation of garment’s behavior we developed a 3D body model in a
sitting posture. In our research we carried out the following activities: 3D human body scanning,
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measuring of 31 body measurements with virtual measuring tools and conventional measuring tape,
kinematic skeleton construction for posture adaptation and garment pattern design and simulation.

3.1.3D human body scanning
In our research we used the GOM Atos II 400 optical scanner (www.gom.com) to digitize the human
surface with characteristics, shown in Table 1. The test person was scanned in a standing posture with

feet apart hands extended and in a sitting posture with 100° knee bend and hands extended.

Table 1: Configuration of GOM Atos 1l 400 (GOM MbH, 2005)

Measuring Measuring Projector | Camera Camera | Measuring
GOM Atos volume point distance lens lens angle distance
11400 (mm?) (mm) (mm) (mm) (a) (mm)
1200x960x960 0,94 6 8 220 1120

Based on a triangulation principle, the sensor unit projects fringe patterns onto the scanned subject,
Figure 1(a), which are recorded by two cameras. The scanner generates up to 4 million data points per
each measurement. We required several individual measurements from different heights and angles in
order to digitize a complete subject. Each single measurement was polygonized into an independent
mesh using the software Atos V6.0.2. The obtained polygonal meshes were then registered into a
global coordinate system with the help of reference points (circular markers), Figure 1(b) and 1(c).

(b) (©)
Figure 1: 3D scanning with GOM Atos I 400 optical system and registration of individual polygonal
meshes with circular markers (Rudolf et al., 2013)

During the process deviations from the plane of the body were caused by small movements of test
person’s body. In addition to the difficult registration of individual polygonal meshes we performed
accurate 3D body model reconstruction by using the Atos program for reducing number of polygons,
Figure 2(a). For surface reconstruction we used the program MeshLab and its tool Poisson, Figure
2(b).

(a) (b)

Figure 2: Reducing number of polygons with program Atos (a), Surface reconstruction with
program MeshLab (b)
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3.2 Kinematic skeleton construction

For posture adaptation we carried out kinematic skeleton construction inside the watertight mesh of a
3D body model in a standing posture, Figure 3(a). We used the 3D graphic software Blender 2.68,
which were later used to simulate posture adjustment, Figure 3(b). Blender is an open source freeware
3D graphic program, maintained by the Blender foundation. It enables creating animated films, visual
effects, 3D printed models, interactive 3D applications and video games. (www.blender.org)

a) (b)

Figure 3: Constructed skeleton inside the 3D body model (a), Posture adaptation(b)

A kinematic skeleton is a hierarchical structure of individual joints and bones and their
transformations. Our kinematic skeleton is constructed by 19 bones and 20 joints and represents an
approximation to the real human skeleton. To simulate posture adaptation in the window “Pose Mode”
it was necessary to establish prior relationship “Parent- Child” between the watertight 3D mesh and
the constructed skeleton. Individual skeleton segments are defined on the basis of transformations,
such as translations and rotations.

3.3 Virtual registration of body measurements

The aim of this study was to identify the applicability and reliability of 3D body models in a standing
and sitting posture, obtained with an optical scanning system GOM Atos II 400 and also to test the
suitability of the 3D skeletally body model, which posture was adapted true kinematic skeleton
construction. We determined 29 body measurements from standard ISO 8559, shown in Table 2, and
compared them with measurements, observed with conventional measuring tape on a real human.

Figure 3 shows 3D body models, imported as a .stl file in the 3D software Rhinoceros to observe
virtual measurements of a 3D body model in a standing posture, Figure 3(a), of a 3D body model in a
sitting posture, Figure 3(b), and a 3D adapted skeletally body model in a sitting posture, Figure 3(c).
Rhino is a 3D nurbs, surface and solid modeller for Windows. It is designed for designing and creating
3D models and has some rendering capabilities (Rhinoceros Version 3.0, 2002). In order to observe
body circumferences, we performed cross-sectional measurements with tools like “Mesh”, “Mesh
Intersect” and “Analyse Length” and measurements of the body lengths and body height using a tool
“Linear dimension”. Four body dimension were measured according to standard ISO 8559 and
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compared them with measurements of a real human body performed using a conventional measuring
tape.
Table 2: Measured body dimensions, defined by International Standard ISO 8559 for garment
construction and anthropometric surveys

Measured body dimensions
1. | Upper breast circumference 17. | Upper arm circumference
2. | Breast circumference 18. | Outside leg length
3. | Under breast circumference 19. | Inside leg length
4. | Waist circumference 20. | Thigh length
5. | Upper hips circumference 21. | Arm length
6. | Hips circumference 22. | Cervical to breast point
7. | Total crotch length 23. | Front waist length
8. | Thigh circumference 24. | Back waist length
9. | Middle thigh circumference 25. | Shoulder width
10. | Knee circumference 26. | Waist height
11. | Under knee circumference 27. | High hip height
12. | Calf circumference 28. | Hip height
13. | Ankle circumference 29. | Knee height
16. | Wrist circumference

(a) (b) (c)
Figure 4: Measured total crotch length on a 3D body model in a standing posture (a), Measured
front waist length on a 3D body model in a sitting posture (b), Measured waist circumference on a
3D skeletally body model (c).

4. RESULTS AND DISCUSSION

4.1. Results related to virtual body measurements change values in comparison with traditional
ones

When comparing real person’s body measurements between a standing and a sitting posture, it is well
known that some measurements increase dramatically in a sitting posture, such as hips circumference
from 102,2 cm to over 107,49 cm for our example. Such changes affect the fit and wearing comfort
which is especially important for garment pattern design for paraplegics. In order to test the accuracy
and reliability of scanned data, which were observed with the optical scanning system GOM Atos II
3D, the traditional measurements and 3D scan measurements were compared as shown in Table 3, 4
and 5. We calculated change values and change rates for better imagination. It is evident that scanned
measurements, such as hips-, waist- and upper arm circumference- were a little larger. Knee height
and outside leg length were shorter due the incomplete mesh reconstruction at the sole area. Despite
existing differences between the two types of measurements, the used optical scanner shows to be a
useful technique to observe 3D body measurements.

27



and 8conom,
#~ 20,

& it
“THI

Textile Science and Economy V
5™ International Scientific-Professional Conference
November 05-06", 2013. Zrenjanin, Serbia

Table 3: Body measurements change values (cm) and rates (%) of a 3D body model- standing posture

Real person- 3D body model- Change Change rate
Body measurements standing posture standing posture values (%)
(cm) (cm) (cm)
Hips circumference 102,2 103,38 1,6 1,56
Calf circumference 39,29 38,2 -1.09 -2,7
Knee height 50,20 49,84 -0,36 -0,7
Outside leg length 105,25 104,8 0,45 0,43
Table 4: Body measurements change values (cm) and rates (%) of a 3D body- sitting posture
Real person- 3D body model- Change Change rate
Body measurements sitting posture sitting posture values (%)
(cm) (cm) (cm)
Waist circumference 74,5 75,10 0,6 0,8
Hips circumference 107,49 109,20 1,71 1,5
Upper arm circumf. 27,76 28,75 0,99 3,5
Breast circumf. 84,2 85,6 1,4 1,6
Knee height 50,20 49,84 0,36 0,71
Outside leg length 104,5 103,78 -0,72 -0,68

Table 5: Body measurements change values (cm) and rates (%) of a 3D

adapted skeletally body model

Real person- 3D skeletally body Change Change rate
Body measurements sitting posture model- sitting posture values (%)
(cm) (cm)
(cm)
Hips circumference 107,49 108,8 1,31 1,2
Under knee circumf. 35,23 36,34 1,11 3,1
Calf circumference 39,29 38,2 -1,09 2.7
Knee height 50,20 48,9 -1,3 2,5

4.2. Virtual prototyping of garments on 3D body models in a sitting posture

We established pants- and T- shirt patterns construction in order to simulate the garment behaviour
and virtual fitting to the observed 3D body models in a sitting posture, Figure 5 (a, b).

(a) 3D body model - sitting posture

1.73 fglem

P

0.00 fg/em
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(b) 3D skeletally body model - sitting posture
Figure 5: Knitted cotton fabric deformation's (tension xy) on the 3D body models

We have used the Optitex 3D program and performed pattern design for cotton knitted fabric. To
avoid trousers tension at the hips area, we took lcm ease value at front trousers leg width and Icm at
back trousers leg width. To display measurement changes on body parts we used the tool Tension
map. Higher fabric deformation is visible at the thigh-, bottom-, breast- and sleeve area on the 3D
body model in a sitting position, Figure 5(a). On the 3D skeletally body model the highest deformation
is visible at the calf-, thigh- and bottom area, Figure 5(b). Garment’s deformation characteristics are in
accordance with change rates from previous section.

S. CONCLUSIONS

In this study we performed 3D body modelling for a sitting posture for garment’s virtual prototyping
for people with nonstandard body shape characteristics. We established the great potential of optical
scanning system GOM Atos II 400 for calculating change rates between the real- and scanned body
measurements and simulating garment’s behaviour as well as fabric deformations on the observed 3D
body models. The constructed skeleton body model also shows good results which are evident by
garment’s appearance and small differences at change rates. In future work we will continue studying
posture adaptation and establishing mesh parameterization of a 3D body model in a sitting posture to
assure appropriate garment’s design for people with physical disabilities.
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Abstract: Bioactive textiles produced on flat knitting machines as part of this research are designed to protect the
body from germs, fungi, mites which can cause allergies and skin problems; they provide high comfort and
ecological impact on the environment.

The objective of the research was to diversify the assortments of knitted fabrics by:

- using new types of bioactive yarns (lenpur, lyocell, amicor, etc.) and conductive yarns in various mixtures;

- using conductive fibres and yarns in various knitted structures ensuring protection of persons working in
environments with in high risk factors;

- scientific design of knitted structures using electronic flat knitting machines, by combining them in order to
develop special bioactive, ecological and biocompatible properties;

The comparative study between lenpur fibers and lyocell, viscose, linen, cotton and synthetic fibers, respectively,
revealed the main performances of lenpur fibers, which provide a high capacity for absorbing perspiration and
release of liquids, as well as body temperature self-regulation and anti-stress, with the view to prevent body
odors. Moreover, lenpur yarns and knits proved high wear and care resistance correlated with excellent
dyeability, thus minimizing the occurrence of streaks and unevenness in dyeing. New types of innovative
knitwear for children and adults contribute to an increase of competitiveness for the knitted goods
manufacturers by showing high quality of products as part of the research project.

Key words: innovative knitted structures, bioactive properties, lenpur fibers, conductive fibers and yarns
1. INTRODUCTION

Textile materials that provide comfort, antimicrobial, antiallergenic and anti-stress protection,
shielding for persons working in environments with high risk factors are increasingly needed to protect
consumers’ health, prevent disease and reduce environmental impact.

A new concept was created under the name of bioactive textiles with a view to transforming the
passive role of textile materials to an active role with all its influence for the industry and for
consumers.

To keep up with the strategy for upgrading the textile companies, the researchers' main objective was
to achieve high performance technologies with low impact on the environment and human body,
promotion of the use of raw materials with superior hygienic, antibacterial, antiallergenic and
protective properties of the persons working in hazardous environments;

2. THEORY

There are several possible ways to add additional features to textiles: new fibers, fabric structure
and/or superior finish. Fabric structure plays an important role in use, but can also have physiological
and ecological functions. Product design can be adequate to the intended use, which means developing
research and design studies on various types of machines. The following methods were used in
research:

- adding fibres and yarns with new properties into knitted structures:
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e superior antibacterial, antiallergenic, antistatic, ecological and comfort properties (lenpur,
amicor, lyocell in various % and blends);

e conductive properties (obtained from spinning of textile fibres on a metal or carbon filament
core, yarns produced from 100% conductive fibres or from blends in various proportions, yarns
produced from pure conductive polyaniline fibres through conductive polymer coating or metal
plating).

- characterization of new types of fibres and yarns;

- production of new types of textile structures and knitted fabrics that exploit the properties of new
fibres and yarns correlated with their intended use;

- testing, analysis and characterization of new types of knitted fabrics;

- evaluation of the impact on the environment and human body.

Lenpur is a novel textile fibre selected from the branches of special trees. The fibre is eco-friendly and
has a soft touch. The remarkable properties of wood provide textile materials made from Lenpur with
extraordinary properties. Lenpur is considered the best "vegetable fibre produced by man". Fibres
retain the wood's natural properties. The properties of Lenpur fibres (US Patent no. 005599784) are
owed to the specific types of timber used for its production, independent of the process used for its
manufacture. The main differences in Lenpur compared to other cellulose fibres is its softness, its
absorption capacity, its ability to release dampness (as a yarn or fabric), its deodorant properties, and
its adsorption characteristics (due to its morphology). When mixed with other fibres, Lenpur creates a
"mechanical synergy" with them.

Unlike other cellulose fibers - which also use wood as a raw material, but are not limited to wood -
Lenpur fibre is made of 100% cellulose. This particular resource from which the fiber is produced
shows that its morphology and performances are extremely varied, as it is specified in U.S. Patent.

The main performances of Lenpur that are already observed in the past are a surface-like cashmere,
high capacity to absorb perspiration and release of liquids, and a self-regulation capacity, thus
avoiding the occurrence of odors, as seen in Fig. no 1. It is also characterized by a very good
resistance to washing and by an excellent ability to retain its shape. Lenpur fibers can be used in the
pure state or blended with any type of fiber. Laboratory tests have shown the following: capacity for
absorption of this fibre derived from wood is by 35% higher than that of cotton, while this is almost
double than that of viscose. Ideal knitted fabrics have the ability to control body heat. Microscopic
studies revealed the following: Lenpur fibre has a grooved section with irregular diameter caused by
convolutions, Lyocell fibres have a section which is almost cylindrical, the Modal section is two-
lobed, the Viscose section is grooved an fairly regular in diameter and the Lenpur section is very
grooved with irregular diameters caused by the “convolutions®.
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Figure 1: Capacity to absorb perspiration and
release of liquids
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3. METHODS AND FINDINGS
3.1. Characterization of Lenpur yarns

As shown in Table 1 the following considerations were made on physical-mechanical and appearance
properties of Lenpur Ne20 yarns:

- uniformity of fineness is at an appropriate level, of 1.85 to 3.75%, thus providing a good uniformity
of knitted fabrics, including plain knitted fabrics;

- tensile strength and coefficient of variation (CV) show adequate values, as a result good
processability on automatic flat knitting machines and high productivity;

- elongation at break shows high values ranging from 7.45-7.99%, which allows the production of a
wide variety of knitted structures;

- twist and coefficient of twist variation show very good values providing the knitted fabrics with very
good appearance uniformity, good processability on machines.

Table 1: Physical-mechanical and appearance properties of Lenpur Ne20 yarns

Sample
No. Properties UM Lenpur yarn — | Lenpur yarn - | Lenpur yarn - Standard
light green orange black
1 | Length density Tex (Nm) 29.0 (34.2) 27.6 (36.2) 29.6 (33.8) SR EN ISO
Cv% 3.75 3.0 1.85 2060:97
2 | Tensile strength N 2.78 2.55 2.72 SR EN ISO
Cv% 6.81 8.62 7.85 2062:2010
3 | Elongation at break % 7.99 7.45 7.77
Cv% 7.62 5.9 7.83
4 | Twist direction Z Z Z ISO 2/1973
5 | Twist t/m 626.8 628.8 623.1 SR EN ISO
Cv% 5.27 5.25 7.5 2061: 2011
6 | Apparent diameter pm 252.6 217.3 253.2 SR 13152:93

Data presented in Table 2 with reference to colour fastness of Lenpur Ne20 yarns show:
- colour fastness values are very good, providing very good wear and care behavior correlated with
excellent dyeability, thus minimizing the occurrence of streaks and unevenness in dyeing;
- cold and hot washing resistance is better than that of conventional cellulose man-made fibers.
Excellent dyeability for the dye minimizes the occurrence of streaks. Lenpur fibers have also excellent
dyeability.

Table 2: Colour fastness properties of Lenpur NE20 yarns

Sample
No. Properties Lenpur yarn | Lenpur yarn— | Lenpur yarn | Standard
- orange light green - black
1 | Colour Color change 4-5 4-5 4-5 SR EN ISO
fastness to | Colour Diacetate 5 5 4-5 105-C 06:
washing bleeding Cotton 5 5 4-5 2011
PA 5 5 4-5
PES 5 5 4-5
Acryl 5 5 4-5
Wool 5 5 4-5
2 | Colour Colour change 5 4-5 4-5 SR EN ISO
fastness to | Colour Diacetate 5 5 4-5 105-E 04
acid bleeding Cotton 5 5 4-5 2012
perspiration PA 5 5 4-5
PES 5 5 4-5
Acryl 5 5 4-5
Wool 5 5 4-5
3 | Colour 5 5 4-5 SR EN ISO
fastness to dry 105-X12:
rubbing 2003
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4 | Colour 5 4-5 4-5
fastness to wet
rubbing
5 | Color fastness | Colour change 5 5 4-5 SR EN ISO
to water Colour Diacetate 5 5 4-5 105-E  OI:
bleeding | Cotton 5 5 4-5 2011
PA 5 5 4-5
PES 5 5 4-5
Acryl 5 5 4-5
Wool 5 5 4-5

3.2. Characterization of knitted fabrics made from Lenpur yarns

Table 3: Physical-mechanical properties of knitted fabrics made from Lenpur yarns

. Sample
No | Properties M L1 L2 L3 L4 L5
1 | Mass g/m’ 183 382 338 548 447
2 | Density Do/10cm 65 69 58 18.5 79
Dv/10cm 87 92 102.5 24.5 106
3 | Bursting strength (kgh) No burst No burst No burst No burst No burst
4 | Abrasion no. of >10000 >10000 >10000 >10000 >10000
resistance cycles
5 | Pilling note 4-5 -5 4-5 4-5 4-5
6 | Hygroscopicity (%) 10,8 11,2 10,8 10,8 10,8

Correlation between physical-mechanical properties of knitted fabrics produced shows:

- uniform appearance of knitted fabrics;

- very good abrasion resistance (> 10,000 cycles) which is due to both the properties of yarns (high
tensile strength) and the corresponding settings of knitting machines as well as the design of structural
parameters appropriate for the field of application;

- very good pilling (grade 4 — 5);

- superior hygroscopicity as compared to knitted fabrics made from other cellulose yarns

3.3.Development of conductive knitted products

As there is a need to develop knits that offer protection to persons who work in hazardous
environments, highly complex research activities are under way in order to correlate the comfort and
protection characteristics by combining knitted structures with new raw materials.

Considering that we have previously approached especially the comfort characteristics of yarns and
knits, we shall refer in these chapters to technical aspects of the protective characteristics of persons
who work in hazardous environments. The study and the research work were conducted by
introduction in the knitted structure of new conductive fibres and yarns.

Conductive yarns can be obtained from conductive fibres, conductive filaments, classical yarns coated
with conductive polymers, metal-plated yarns, conductive yarns obtained from 100% conductive
fibres or from a mix of various ratios, yarns coated with conductive powders such as carbon, metal
powders. These can be used in applications as anti-static products, heating elements, signal transfer,
electromagnetic shields. Highly conductive yarns can offer static control in a large variety of industrial
fields: conveyor belts, woven filters. Conductive yarns can generally be sewn, knitted or woven: metal
coated yarns; carbon core yarns; conductive polymer yarns; metal yarns (mono-filament and
multifilament).
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Fieure 2: Conductive varns

3.4. Use of conductive fibres and yarns in knitting products made on flat knitting machine

Conductive fibres and yarns are instruments to be developed on those markets where uncontrolled
static discharge may pose quality, health and security problems. As many textile producers are looking
for new opportunities with a higher added value for their clients, besides the mass production, the
products developed to control electrostatic discharge are a current theme.

Current ESD clothing articles do not fully solve the problem of accidental electrostatic discharges. In
order to develop an ESD clothing product with better characteristics the development of a two-layer
structure was proposed in the current project: an external and an internal layer. The two layers differ in
terms of electrostatic behaviour and allow for solving problems that cannot be solved by the use of one
single layer.

The external layer is the surface of the material being in direct contact with the human operator work
environment and the internal layer is the surface being in contact with the operator. In these conditions
the two layer approach permits the demarcation of the accidental discharge path from the controlled
discharge path of the material electrical charges.

Ext. Layer

Int. Layer

Figure 3: The equivalent structure for
knitted textiles

The external layer needs to have a higher surface resistivity so that it does not allow for a path with
high circulation of static energy. This is accomplished by using insulating/dissipative materials.
Moreover, the structure of the external layer is composite, the constituent yarns having conductive
core. The conductive part of the external layer has no contact with the environment. The internal layer
was introduced to provide a larger drainage surface for the electrical charges than the surface ensured
by the conductive part of the external layer. This layer can be made of composite yarns with
conductive core, but also of composite yarn with conductive core that has no contact with the
environment.

The external layer is predominantly dissipative and it provides protection to short circuit and the
limitation of the electrostatic energy that can be dissipated to the work environment and the internal
layer is predominantly conductive, providing controlled drainage of cumulated electrostatic charges.
An additional requirement for the internal layer is to provide comfort to the user.
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An important activity is to determine the yarn/fibre type/structure on the basis of ESD/EMC tests and
investigations in order to ensure higher ESD properties to the two-layer knitted structure.

4. CONCLUSIONS

The development of new types of bioactive and conductive products on automatic flat knitting
machine is expected to lead to a more efficient using of the machines in the textile companies. Better
antibacterial, antiallergenic, antistatic, protective, conductive, ecologic and comfort properties lead to
higher quality products due to: prevention of skin diseases and allergies; improvement of comfort
characteristics (rapid drying, reduced weight, thermal insulation capacity, higher elasticity, good
hygroscopicity, soft touch, pleasant adherence to the body, freshness and coolness); protection of
persons who work in hazardous environments; easy care, good wear resistance; low environmental
impact.
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THE INFLUENCE OF AIR GAP BETWEEN NANOFIBROUS LAYER
AND RIGID WALL ON THE SOUND ABSORPTION BEHAVIOR

M. Kucukali Ozturk!, B. Nergisz, C. Candan’, K. Kalinova*
"*3Technical University of Istanbul, Faculty of Textile Technologies and Design, Istanbul, TURKEY,
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Abstract: Low frequency sounds are very difficult to absorb with fibrous material made up of coarser fibers
because of their long wavelength. For low-frequency absorption, the structures based on the resonance principle
of nanofibrous layers are found to be relatively efficient in converting acoustic energy into thermal energy. This
paper deals with the sound absorption behavior of a nanofibrous resonant membrane. The nanofibrous layer
was produced using a needleless electrospinning process, from PA6 solution. Two-microphone Impedance
Measurement Tube Type 4206 was used to measure the sound absorption coefficient in the frequency range
50Hz to 6.4kHz. The effect of the air gap between the nanofibrous layer and rigid wall on the sound absorption
coefficient of nanofibrous membrane was analyzed. The results of the study indicate that the sound absorption
coefficient of nanofibrous membrane increases with the increase in air gap.

Key words: low frequency sound, nanofibrous resonant membrane, two-microphone impedance tube, sound
absorption coefficient, air gap

1. INTRODUCTION

Sound absorption materials are used to reduce sound pressure level to an acceptable level since high
sound pressure level could create listening discomfort in the closed spaces. There are mainly four
types of sound absorption materials available that can be used as sound absorbers, namely, porous
absorbers, Helmholtz resonators, membrane absorbers and perforated panel absorbers. Fibrous textile
materials as porous absorbers are widely used in acoustic applications. However, for lower-frequency
sound when the incident wavelength is larger, the absorption is problematic with fibrous material
made up of coarser fibers. In that case, highly efficient sound absorption materials from much finer
fibers must be developed. For low-frequency absorption, structures based on the resonance principle
of nanofibrous layers are employed in which the resonance of some elements allows acoustic energy
to be converted into thermal energy.

The literature review showed that there is a limited number of reports on acoustic behavior of
nanofibrous membranes, despite the fact that the use of such structures is common in the acoustic
applications. The sound absorption behavior of nanofibrous resonant acoustic membranes was studied
by some researchers [1-6]. The results of these studies have shown that nanofibrous material is a
highly efficient sound absorber [1,2]. In addition to the finding above, it was demonstrated that the
resonance frequency of the nanofibrous membrane decreases with increasing mass per unit area of the
membrane and increases with decreasing average diameter of the nanofibers [3]. A comparative study
which investigated sound absorption behavior of nanofibrous layer and polyethylene foil with the
same mass per unit area implied that nanofibrous layer had higher sound absorption coefficient than
foil [4]. Ozturk et.al. [5] developed a novel optical method for predicting the sound absorption
behavior of the membranes in their paper and analyzed the effect of measurement equipment settings
on resonant behavior of the nanofibrous membrane. Finally, Ozturk et.al. [6] compared resonance
frequency of a nanofibrous membrane with a homogenous membrane structure under different
experimental set-ups with using this novel optical determination method.

This paper deals with the sound absorption behavior of a nanofibrous resonant membrane and analyzes
the effect of the air gap size between the nanofibrous layers and a rigid wall (5; 10; 15 mm) on the
acoustic behavior of nanofibrous membrane.
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2. EXPERIMENTAL STUDY

2.1 Material

PAG6 polymer was used for preparation of the solution for the experiment. The solution containing
PAG6, acetic acid and formic acid was stirred at 80°C for 5h. PA6 solution was prepared with
concentration of 10% wt.

2.2 Sample preparation by electrospinning process

PAG6 nanofibers were prepared with a commercially available NanoSpider™ machine (Elmarco s.r.o.
Liberec, Czech Republic, http://www.elmarco.com/) equipped with wire rotational -electrode

(see Fig. 1).
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Figure 1. Scheme of the electrospinning process [7]

The experimental conditions were as follows: relative humidity 29.2%, temperature 22.9 °C, electric
voltage between wire rotational electrode and collector (electrode) 120kV, distance between electrodes
200mm, rotational electrode speed 3 rpm and speed of supporting textile collecting nanofibers was
0.04 m/min (4 times). Mass per unit area of the nanofibrous layer was 5.05 g/m’.

2.3 Characterization

The fiber structure and fiber diameter of the electrospun PA6 fibers were determined using scanning
electron microscopy (SEM). A small section of the fiber mat was placed on the SEM sample holder
and was sputter-coated with gold (Quorum Q150R Rotary-Pumped Sputter Coater). Carl Zeiss Ultra
Plus Field Emission SEM using an accelerating voltage of 1.48 kV was employed to take the SEM
photographs. The average fiber diameter was calculated from the SEM images using image analysis
software (NIS Elements BR 3.2). More than 100 fibers were counted from at least 4 SEM images
which were taken from different places of a sample. Average diameter of nanofibrous membrane is
160+40nm.

2.4 Measurement of the Sound Absorption Coefficient

The nanofibrous membrane was cut in suitable sizes for putting into the impedance tube for both large
and small tube and was placed to a supporting ring (Figure 2).
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Figure 2. Nanofibrous membranes supported in ring

Two-microphone Impedance Measurement Tube Type 4206 was used to measure the absorption
coefficient in the frequency ranges 5S0Hz to 6.4kHz (Standard Large Tube setup for samples diameter
100mm: 50Hz to 16kHz, Standard Small Tube setup for samples diameter 29mm: 500Hz to
6.4kHz).The test was made according to standard ISO 10534-2 [8]. Pulse software was used for
acoustic analysis.

Acoustic Material Test
single Sided
3560-B-T72

Power Amplifier
2716-C

Sound Calibrator 4231
Impedance Tube Kit (50Hz - 6.4kHz) 4206 with Adaptor

oF DP-OT7S
Impedance Tube Kit (100 Hz - 3.2 kHz) 4206-A

Figure 3. Impedance Tube Setup [9]

3. RESULTS AND DISCUSSION

The results of measured sound absorption coefficient o as a function of the frequency f and size of air
gap between the membrane and rigid wall are compared.
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Figure 4. Measured sound absorption coefficient (a) of the nanofibrous membrane as a function of
sound frequency f.
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The figure shows that the presence of an air gap between the nanofibrous membrane and a rigid wall
improves the sound absorption property and the absorption increases with increasing air gap size. On
the other hand, from the figure it can also be seen that the resonant frequencies seem to be constant.
The incident sound wave causes the PA6 nanofibrous membrane to vibrates. No space is left to the
membrane to vibrate when the membrane is adjacent to the wall. With the presence of the air gap, the
membrane can more easily vibrate and dissipate the acoustic energy to heat. It is also apparent that the
maximum sound absorption values are obtained at resonant frequencies of the membrane and the
curves suggest that the membrane shows not only resonance but also anti-resonance which is the cause
of the loss of absorption.

4. CONCLUSION

In this paper, the effect of the presence of an air gap behind a PA6 nanofibrous membrane on the
sound absorption behavior the membrane was studied. The results suggested that increasing the air gap
between the nanofibrous membrane and the rigid wall improved the sound absorption capacity of the
system. On the other hand, the air thickness did not seem to have an effect of the resonant frequency
of the membrane where its sound absorption of reached the peak values.
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Abstract: Textile and clothing production processes are developing simultaneously with the progress
of human knowledge and science. Today, the modern clothing production includes a complex
technology and a variety of managing processes toward a high quality production and finding
adequate markets. For instance, the application of electronic computers in the textile and clothing
industry has started immediately after their commercial appearance on the market and today it
represents in the CIM concept unavoidable and more accurate to say the dominant factor in the
managing of complex processes.

Within this the contribution of the application of the specialized user suitable computer program for
planning and monitoring of production based on the original PIPP program has been objectively
researched, as an integral system for methodological improvement of managerial and production
processes in the textile and clothing industry. The PIPP program besides that also contributes to the
further rationalization of the overall process, productivity and quality of the production as well as the
exact monitoring of all production activities.

Key words: Technological aspects of fashion apparel, learning, knowledge, science, computer
programs, rationalization process

1. INTRODUCTION

As previously mentioned in the abstract, the technological processes of the production of textiles,
technical textiles, the apparel and fashion industry are constantly evolving with the progress of
technology [1,2]. The assumption is that the higher education is going to develop as well and it will
adapt to the needs of modern industry. This implies that high education system needs to provide
adequate training for the students, and to provide them all the necessary knowledge as they could gain
skills and practical abilities for successful and complete integration of learning and work [3]
Concentrated and motivated learning during education in the high education system is of an invaluable
social interest as well for the individual, expert in the textile and fashion industry. The author of the
article suggests learning as a lifelong challenge, about that further more in the extension of the article.
Gaining practical and computer knowledge has to be the main goal of educational institutions,
teaching the skills or active business knowledge, within a certain practical context. Therefore
educational institutions in high education system need to understand today’s fast dynamic production
and market circumstances, and they have to encourage computer and innovation projects with which
they will achieve the necessary changes and progress of the education with practical application.
Traditionally planning of textiles and clothing in the modern industrial processes is in the past, it is
now dominantly replaced by sophisticated computer programs that combine the overall planning and
production process which will be further explained in extension of the article [1, 2]. Therefore, the use
of appropriate and productive computer programs is a fundamental precondition for success in
complex technological processes [3, 4]. Success is gained by skill; a skill is gained by exercise with
strengthening of the theoretical knowledge [5]. Then it means, that in the field of technical sciences
the synthesis of this two factors is lifelong, affirmative and motivational experimenting [4].

2. SCIENCE, CREATIVITY AND COMPUTER PROGRAMS

Clothing technology has long ago ceased to be only the technology of "scissors, needle and thread".
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This is now just the basis for the production of clothing. For this reason it is necessary in this article to
explain the role and the importance of the scientific approach and the concept of creating custom
computer programs.

Under the creation one should comprehend the creative abilities in creation, production, making,
development, performance, invention, invention of certain works: paintings, sculptures, clothing
design, creation and construction, poems, novels, symphonies, new products. Such acts can only create
exceptionally talented and motivated people, skilled, experienced, creative, inventive, people who
know how to manage their mind, people who know how to organize and how to work dedicatedly.
There is no special need to prove the scientific fact that without science there is no creation, but
without creation there is no science. So one can speak about scientific creation, and creation based on
science, without which there would be no past, present and future.

Thus, the creational computer programs and scientifically grounded computer programs began to
appear in the clothing and fashion industry about two and a half decades ago, therefore somewhat later
than in some other industries. My first encounter and familiarizing with these sophisticated computer
programs took place at IMB in Kolln in the year 1991, during the exhibition of machinery and
equipment for the clothing and fashion industry.

Since this is so, all the intelligent beings on the planet Earth should classical creation not only
transform into scientific creation but with all human, moral and ethical resources and potentials, the
latter gradually anticipate in sustainable scientific creation.

Creative works were creating and are still creating, and will create them in the future, intelligent,
educated, talented, creative, inventive, skilled , experienced, lucid, witty, diligent, disciplined,
hardworking people in all areas of their activities, such as: philosophers creating philosophical works,
artists create their works, writers create literary works, economists create economic acts (economic
laws, economic legitimacy, economic theory), lawyers create legal acts (rules of law, legal institutions,
legal acts ), construction engineers create construction works (buildings, bridges ... ). Textile engineers
create production- organizational and logistical structures. Creating technological lines take
responsibility for the hundreds of workers to provide them work, how to produce in as short time as
possible, with high quality, ingenuity, dressing comfort, clothing fit: clothing attractiveness. Special
roles have the designers, creators and their solutions for today and tomorrow.
For this last part which we want to explain there are in use two ways of thinking as follows:
Convergent (non-creational ) thinking. Such thinking is focused directly to one goal or solution. When
one thinks convergent, he is satisfied with one correct answer or solution that satisfies the given
condition which comes in particular case from superiors in the organizational hierarchy.
Divergent thinking. For such thinking the multilateral approach to the solution is of significance.
Based on one information by divergent thinking we create two or more information. Such thinking is
significant for creative creators. This can be more a characteristic for the fashion designer as well as
for the programmer and technologist in creating high performance custom computer programs.
Focus. Through focus one can check what some data may mean. Focus is the way someone manages
its openness. In the creation process the data must be selected, extracted and purified. What is
extracted in the process is the focus. It is in the center of interest. Focus is the direction of thinking.
Discipline. There is no creativity and creation without work and discipline; we all who worked in the
demanding textile and fashion industry know what means a good discipline when hundreds of workers
are involved in making only one or a few products.

Completion. Every well designed creative venture should be also completed. In reality it is not so.
Many creative processes start, and only a few of them finish: about 25 %, as the scientific studies
show.

Creators need to be educated according to special programs. With their education should begin in
kindergarten and elementary school, and to continue intensive and targeted in high school (...) to the
doctorate. And it's not the end of their training: it continues and lasts the entire work or life
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expectancy.

Each educational process of creative creator has three main phases:
1) the preparation process of education (with many sub phases ),
2) the implementation of educational process (with many sub phases ), and
3) completion of the education process (with many sub-phases..).

In every economic sector: primary, secondary, tertiary, quaternary and quinary there are creators who
create their works. All such acts are highly sophisticated works that are based on science and creativity
All this supports the way of interactive synergy between science and art.

In the last fifty-sixty years more changes occurred compared to several centuries before that. This is
particularly evident in the visible changes in the field of science, creativity, business, engineering,
technology, culture, communication, social changes. There are obvious changes of organic and
inorganic systems as a direct or indirect result of the actions of the previously mentioned visible
changes. There are also many invisible changes in nature, society, family, that have local, regional and
global features. In the extension is specially described, the scientifically based, creative and conceptual
contribution which refers to a sophisticated computer program for planning and monitoring of
production in the fashion industry under the commercial name PIPP.

3. THE CONCEPT AND IMPLEMENTATION OF THE PIPP COMPUTER PROGRAM

Philosophy, scientific approach, conception and implementation of the PIPP computer program is
based on synergetic scientific and professional connection and interaction of excellent technologists,
designers and computer programmers.

In a situation to create the concept of a computer program PIPP one should know all of the
organizational and technological-constructional legalities in all production and logistic structures from
the procurement of materials and raw materials to the delivery and wholesale of the finished goods.
It is a very demanding and responsible work that requires the maximal coordination, concentration and
motivation.

The three mentioned can even be said colossus, require several months or over a year period of mutual
cooperation if the desired result is" a custom computer program". Set up in a full functional basis with
the intention of methodological and organizational improvement. The PIPP computer program
requires a complete scientific approach, for example some segments of the program require
sophisticated correlation and have to be significant in practice. For example, planning the utilization of
textile materials is based on data from the storage and computer subroutine of cutting plan to a specific
work order. These work orders in the PIPP computer program are complete and provide greater
accuracy, motivation for work and production and control of procedures. The PIPP program is all the
time in interaction and it allows the direct and immediate access to all data. Further the selection of
cutting pattern from subroutine cutting plan the PIPP program automatically recalculates how many
cutting layers can be cut out from the activated block of materials and displays material consumption
for the amount of cutting out one cutting layer to as much material as it can be cut out. Consequent
after activating the work order for the production process and a clear choice amount of material the
PIPP program currently takes away all the necessary quantities of material and it automatically
displays the new, real state of the warehouse in all segments of the production.

The PIPP computer program becomes very quickly efficient and economically profitable. A special
feature of the PIPP dedicated program is his modular character according to which it can be upgraded
and modified again in a common synergy of excellent designers, technologists and programmers with
a high scientific and professional approach in all business activity segments. In this way the textile and
fashion industry can become actually competitive in the global market, it can provide all efficient and
organizational requirements, and thereby reduce the overall business costs as the PIPP program covers
the entire business activity segment.
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4.CONCLUSION

Today the modern clothing production includes a complex technology and a variety of management
processes in order to develop high quality production and finding adequate markets. The
implementation of appropriate and productive computer programs is fundamental prerequisite for
success in complex technological processes. Philosophy, scientific approach, conception and
implementation of the PIPP computer program is based on synergetic scientific and professional
connection and interaction of excellent technologists, designers and computer programmers.
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Abstract: The garment fit to the body shape through ease allowance quantification was investigated within this
study. For this purpose we have chosen test persons of different body shapes and dimension and the basic dress
pattern designs without sleeves was carried out according to the measured body dimension. The dress pattern
designs were prepared with three different ease allowances considered on measures of the breasts, waist and
hips circumferences. The assessment of garments’ fit to body shapes in areas of the breasts, waist and hips was
carried out in the standing and sitting position in relation to the ease allowance, as well as the subjective
evaluation of test persons’ comfort when wearing garments. The results of the research showed that perception
of comfort when wearing garments differ for different body shapes, although these were constructed according
to the same construction rules and body dimensions of the test persons with the same ease allowances. The
deviation of garments fit to different body shapes was also significant. It was found that body shape with greater
circumferences in the breasts, waist and hips needs greater ease allowance than those with smaller
circumferences.

Keywords: Body shape, garment pattern design, garment fit, ease allowance.

1. INTRODUCTION

Garment fit to the body shape is one the most important futures for appearance in the garment that
attracts attention of the customers. It is also essential for garment comfort and consumer satisfaction.
Moreover, garment fit refers to several areas, such as garment pattern design, anthropometry, garment
comfort, apparel psychology etc. The definition of garment fit changes from time to time. The most
important factors that affect consumer’s perceived satisfaction of garment fit are physical comfort,
psychological comfort and appearance (Shan Y. et al., 2012, Fan J. et al., 2004).

Dressing requires finding clothes that fit our bodies and the way we look (Laitala K. et al., 2011,
Entwistle J., 2000). The fit of clothing contributes, among other things, to the confidence and comfort
of the wearer (Laitala K. et al., 2011, Alexander M., 2005, Klepp 1., 2008). Fit refers to how the
clothing conforms to the three-dimensional body in a comfortable and pleasing manner. It is
determined by proportional relationship between dimensions and the body shape of the used sizing
system (Ashdown S.P., 1995, Brown P., 2001, Fiore A.M., 2010). Moreover, fit is crucial to consumer
satisfaction. It was researched the importance of determining levels of satisfaction with retail attributes
and the fit of ready-to wear clothes. When clothing does not fit well, consumers blame their bodies,
which results in a negative body image (Apeagyei P.R., 2008, LaBat L.K. et al., 1990). It was found
that the clothing size number had influence on women’s self-image and less on the decision to buy
clothes (Selko U. et al., 2012). In addition, for younger women between ages of 19 and 30 years the
size number was more important when buying clothes than for older women between ages of 31 and
40 years. The younger women were also more interested with their body shapes. Therefore, they had
greater pretension about their ideal body figure and size number (Selko U. et al., 2012). A number of
other studies had also shown that the appearance and physiological comfort are important attributes
when wearers assessing the garments fit.

The sizes of garment pattern design depend on body dimensions and addition or subtraction of the ease
allowance. Ease allowance is the numerical difference between the dimensions of the pattern and those
of the subject (Gill S., 2011). When determining the garment dimensions, the body dimensions are
constant and the ease allowance variable. Amount of ease provide well-fitting and functional garment.
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In generally, ease allowance is divided in two types (Shan Y. et al., 2012). Firstly, the wearing ease
allowance, which refers to the amount of added fabric allowed over and above body dimension to
ensure comfort, mobility and drape of the garment, and secondly, design ease, which refers to the
amount of added fabric to achieve certain design and shape of the fabric. Ease allowances can be
classified also according to three different functions (Ng R. et al., 2008). These are: (a) the basic
movement, breathing and sitting require static ease allowance that is also known as standard ease, (b)
the non-standard body shapes (fat, thin, big hip, strong leg,...) and for their movements (walking,
jumping, running, etc.) need dynamic ease allowance and (c) styling ease, which is the extra spacing to
conform the required shape. Similar ease allowances also refers Y. Chen (Chen Y. et al., 2008) and
points out that it is important also fabric ease allowance, which takes into account the influence of
mechanical properties of the fabrics of the garment. S. Gill (Gill S., 2011) stated that contributing
factors of the ease allowance are function, comfort, oversize, fabric and styling. Functional ease
allowance relates to the wearer being able to perform movements without the garment binding.
Comfort ease allowance relates primarily to wearer perception based on sensorial comfort, while the
oversize ease allowance is needed for outer garments. Fabric characteristics are essential for garment
pattern design and adding of the positive or negative ease allowance, respectively. Styling ease
allowance relates to the particular garment style, therefore, it isn’t essential when defining the basic
pattern block. Stretch fabric characteristics require special garment pattern design, especially those
made up from knitted stretch fabrics (Rudolf A. et al., 2012). It can be summarized that garment fit is
dependent on more details than the basic size. The size tables often based on four body dimensions,
such as body height and breasts, waist and hips circumferences, while the proportions and distances
between these body dimensions vary greatly between the individuals. Therefore, when constructing
the garment it is important to use such ease allowance that complies with the type and intended use of
the garment, used fabric and body shape of the individual.

This main aim of this research was to investigate the garment fit to body shapes through three different
ease allowances considered on measures of the breasts, waist and hips circumferences by assessment
of garments fit in areas of the breasts, waist and hips in a standing and sitting position, as well as the
subjective assessment of the test persons’ comfort when wearing garments.

2. EXPERIMENTAL

To investigate the garment fit to body shape through ease allowance quantification the conventional
model of a narrow women's sleeveless dress was used. Such a model fit the body and at the same time
must allow comfort when wearing a dress and undisturbed movement of the person in it, respectively.
It must also allow normal breathing of the person, which should not be restrict by dimensions of the
dress.

For the research two test persons of different body shapes and dimension were chosen and their basic
body dimensions, such as body height, breast, waist and hips circumferences, were measured, Table 1.
For the construction of basic pattern designs of women's dresses the proportional dimensions were
calculated using expressions of the M. Miiller & Sohn construction system (M. Miiller & Sohn, 1992).

The dress pattern designs were prepared with three different ease allowances considered on measures
of the breast, waist and hips circumferences. These were 2.0, 4.0 and 6.0 cm, Table 2. On the measure
of the breast circumference the ease allowance was divided on proportional dimensions of the back
width, armhole width and breast width, as can be seen in Table 2. The ease allowance for the measure
of the armhole depth was the same for all dress pattern designs and amounted 1.0 cm. The dresses
were sewn from white 100% cotton fabric in plain weave and surface mass of 155.26 gm™” (Kocbek
M., 2013).
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Table 1: The basic body dimensions of the test person 1 (TP1) and test person 2 (TP2)

TEST PERSON
e ey [T | | i
Body height 167.0 165.0 2.0
Breasts circumference 85.0 90.0 -5.0
Waist circumference 75.0 80.0 -5.0
Hips circumference 97.0 100.7 -3.7

Table 2: The ease allowances for construction of the dress pattern designs

EASE ALLOWANCE
DIMENSION (cm) Dress pattern design 1 | Dress pattern design 2 | Dress pattern design 3
(DPD1) (DPD 2) (DPD 3)
Armhole depth 1.0 1.0 1.0
Back width 0.0 0.5 0.5
Armhole width 0.5 0.5 1.0
Breast width 0.5 1.0 1.5
15 breasts circumference 1.0 2.0 3.0
Breasts circumference 2.0 4.0 6.0
Waist circumference 2.0 4.0 6.0
Hips circumference 2.0 4.0 6.0

The assessment of the fit and comfort when wearing dresses was carried out on the basis of:

(a) analysis of the test persons’ body shapes,

(b) analysis of the ease allowances on the sewn dresses,

(c) assessment of dresses fit to body shapes in area of the breasts, waist and hips in a standing and
sitting position. It was observed if the dress: (1) is too tight, (2) fit the body shape and allows
freedom of movement and breathing of the person in it and (3) is loose, and

(d) subjective assessment of the test persons’ comfort when wearing dresses in areas of breasts, waist
and hips in a standing and sitting position by means of a questionnaire.

3. RESULTS WITH DISCUSSION

3.1 Analysis of the test persons’ body shapes

The test person 1 is higher than the test person 2 for 2.0 cm. Her breasts and waist circumferences
were smaller for 5.0 cm and the hips circumference for 3.7 cm when comparing with the test person 2,
Table 1. The test person 1 due to the greater body height and smaller body circumferences than test
person 2 has appearance of a rectangle body shape. At the same time it can be defined as a pear body
shape due to the relationship between hips/waist ratio and breasts/waist ratio. Because of the uniform
ratios between the body dimensions breasts/waist and hips/waist, a test person 2 could has the
hourglass body shape. However, her appearance from the front reminds an oval shape due to the
greater abdomen.

3.2 Analysis of the ease allowances on the sewn dresses

The dimensions of the breasts, waist and hips circumferences were measured on the sewn dresses. It
was found that measures of the sewn dresses deviate from the construction measures. Therefore, the
real ease allowances were calculated, Table 3, and taken into account when assessing the dresses fit to
test persons.
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Table 3: Real ease allowances on the sewn dresses

I EASE ALLOWANCE (cm)
MEASURE TP1 TP2
DPD1 DPD2 DPD3 DPD1 DPD2 DPD3
Breasts circumference 1.0 (2.0) 3.0 (4.0) 5.0 (6.0) 3.0 (2.0) 4.0 (4.0) 6.4 (6.0)
Waist circumference 3.0 (2.0) 5.0 (4.0) 5.0 (6.0) 3.0 (2.0) 5.2 (4.0) 7.0 (6.0)
Hips circumference 2.8 (2.0) 5.0 (4.0) 5.6 (6.0) 2.0(2.0) 2.6 (4.0) 4.6 (6.0)

Note: In brackets are ease allowances considered in the construction of dress pattern designs.

3.3 Assessment of the dresses fit to the test persons

When assessing the dress fit to the test person 1 it was observed that the dress marked DPD1 in a
standing and sitting position was too tight in the breasts area and creates pressure to the body, which
prevented normal breathing of the person. The real ease allowance in the breasts measure was only
1.0 cm. A good fit to the observed body shape in areas of the waist and hips, both in a standing and
sitting position, was achieved with this dress. The real ease allowances were in the waist measure 3.0
cm and hips measure of 2.8 cm. The dress with ease allowances of 4.0 cm (marked DPD2) was well
fitted the body of the test person 1 in the area of breasts, both in a standing and sitting position, while
in the area of waist and hips it was loose. The real ease allowance was in the breast measure 3.0 cm
and for the waist and hips measures 5.0 cm, Figure 1. The dress marked DPD3 fitted the body of the
test person 1 in the area of breast very well, while on the same line of observation on the back part of
the body was too loose. This reflects greater real ease allowance, which was 5.0 cm. This dress was
also too loose in the areas of waist and hips. The real ease allowance was for waist measure 5.0 cm
and hips measure of 5.6 cm.

Figure 1: A dress fit (DPD?2) to the test person 1 in a standing and sitting position

It can be concluded that the best fit of the dress to the test person 1 in the breasts area was achieved for
real ease allowance of 3.0 cm, in the waist area at ease allowance of 3.0 cm and in the hips area at the
ease allowance of 2.8 cm. Therefore, it could be supposed that the best dress fit to this body shape
would be achieved at the ease allowance between 2.0 and 4.0 cm in all three assessed areas and
breasts, waist and hips measures, respectively.

Furthermore, the assessment of the dress fit to the body shape of the test person 2 was performed. It
was observed in the area of breast in a standing and sitting position that the dress marked DPD1
created a strong pressure to the body and it was too tight in the waist and hips areas. This was
particularly evident on the back part of the dress, Figure 2. The real ease allowance was in the breasts
and waist measure 3.0 cm and in the hips measure 2.0 cm. When observing the dress fit to the test
person 2, the dress marked DPD2 was tight in the areas of breasts and hips. The real ease allowance
was in the breast measure 4.0 cm and in the hips measure 2.6 cm. In the area of waist the dress fit to
the body was appropriate on the front and back part of the body in a standing and sitting position. The
real ease allowance was in the waist measure 5.2 cm. When assessing the dress fit (DPD3) to the test
person 2, the appropriate fit was observed in the areas of breasts and hips. The dress was loose in the
area of waist due to greater real ease allowance, which was in the waist measure 7.0 cm, while the real
ease allowances were in the breast measure 6.4 cm and in the hips measure 4.6 cm.
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Figure 2: A dress fit (DPDI) to the test person 2 in a standing and sitting position

On the basis of the assessment of the dress fit to the test person 2 can be supposed that the best dress
fit to this body shape would be achieved with ease allowance of 6.0 cm in the breasts and waist
measures and when the ease allowance between 4.0 and 6.0 cm would be used in the hip measure.

3.4 Subjective assessment of the test persons’ comfort when wearing dresses

By using the questionnaire subjective estimates of the test persons comfort (TP1 and TP2) in areas of

the breasts, waist and hips were obtained when wearing dresses in a standing and sitting position.

Subjective assessment of test persons was carried out in a bright and warm place, individually for each

test person. In the room there was no mirror. In this way we wanted to avoid the self-assessment of the

test persons’ appearance in a dress and consequently their assessment of the comfort when wearing
dresses. Before the assessment was explained to the test persons that:

(a) dress is uncomfortable when in any assessment area is too tight and creates a pressure on the body
and restricts normal movement and breathing (person perceive in the assessment areas that
dimensions of the dress are smaller than the dimension of the body) and

(b) dress is comfortable when in any assessment area is not too tight, lightly touches the body and
does not creates a pressure on the body, and enables normal movement and breathing (person
perceive in the assessment areas that dimensions of the dress are greater than the dimension of the
body).

When wearing dress marked DPDI1 the test person 1 felt discomfort in the area of breasts in a standing

and sitting position, while she felt comfortable in this dress in areas of waist and hips in both assessing

positions. When wearing dress marked DPD2 and DPD3 she felt comfortable in all three assessed
areas, both in a standing and sitting position.

The uncomfortable feeling perceived the test person 2 when wearing the dress marked DPD1 in all

assessing areas in a standing and sitting position. The uncomfortable feeling was also perceived when

wearing dress marked DPD2 in both assessing positions. When wearing dress marked DPD3 the
comfort was perceived in all assessment areas in a standing and sitting positions.

It can be concluded that the subjective assessment of comfort of the test persons when wearing dresses

with different ease allowances was in accordance with assessment of the dresses fit to body shapes of

the test persons.

4. CONCLUSIONS

This study has been focused on garments fit to the body shape through the ease allowance
quantification. The assessment of garments’ fit to body shapes in area of the breasts, waist and hips
was carried out in a standing and sitting position in relation to the ease allowance, as well as the
subjective assessment of test persons’ comfort when wearing garments. For this purpose test persons
of different body shapes and dimension were chosen. The basic dress pattern designs without sleeves
was carried out according to the same construction rules and measured body dimensions of the test
persons. The dress pattern designs were prepared with three different ease allowances considered on
measures of the breasts, waist and hips, and ease allowances of 2.0 cm, 4.0 cm and 6.0 cm,
respectively.
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It was found that perception of comfort when wearing garments differ for different body shapes,
although dresses were constructed according to the same construction rules and measured body
dimensions of the test persons with the same ease allowances. The deviation of garments fit to
different body shapes was also significant. It was found that body shape with greater circumferences
of the breasts, waist and hips needs greater ease allowance than those with smaller circumferences.
Subjective assessments of test persons’ comfort when wearing garments with different ease
allowances were consistent with assessments of garments fit to body shapes. Based on the research
results we can conclude that it would be necessary when constructing garments in the apparel industry,
as well as for made-to-measure garments, to consider a different ease allowances for different body
shapes.

REFERENCES

Shan Y.: Huang G. & Qian X.: Research Overview on Apparel Fit. Soft Computing in Information
Communication Technology. AISC 161. Spring-Verlag Berlin Heidelberg. 2012. pp. 39-44.

Fan J., Yu, W. & Hunte,r L.: Clothing Appearance and Fit: Science and Technology, The Textile
Institute, Woodhead Publishing Limited, Cambridge, England, (2004).

Laitala K., Klepp I. G. & Hauge B.: Materialised Ideals: Sizes and Beauty, Culture Unbound: Journal
of Current Cultural Research, Vol. 3 (2011), pp. 19-41.

Entwistle J.: The Fashioned Body: Fashion, Dress, and Modern Social Theory, Cambridge: Wiley-
Blackwell, (2000).

Alexander M., Jo Connell L. & Presley A.B.: Clothing Fit Preferences of Young Female Adult
Consumers, International Journal of Clothing Science and Technology, Vol. 17 (2005) No. 1, pp.
52-64.

Klepp L. G: Clothes, the body and well-being: What does it mean to feel well dressed?, Project note,
Oslo: National Institute for Consumer Research, (2008).

Ashdown S. P. & DeLong M.: Perception of apparel ease variation, Applied Ergonomics, Vol. 26
(1995) No. 1, pp. 47-54.

Brown P. & Rice J.: Ready-to-wear apparel analysis, 3" Edition, Prentice Hall, (2001).

Fiore A M. & Kimle P.A.: Understanding aesthetics for the merchandising and design professional,
ond Edition, Fairchild, New York, (2010).

Apeagyei P.R.: Significance of body image among UK female fashion consumers: The cult of size
zero, the skinny trend, International Journal of Fashion Design, Technology and Education, Vol.
1 (2008) No. 1, pp. 3-11.

LaBat L.K. & Del.ong R.M.: Body cathexis and satisfaction with fit of apparel, Clothing and Textiles
Research Journal, Vol.8 (1990) No. 2, pp. 43-48.

Selko U. & Rudolf A.: Influence of body shape and size number on clothes selection. 6th International
Textile, Clothing & Design Conference ITC&DC, October 7th to October 10th, 2012, Dubrovnik,
Croatia. Magic world of textiles: book of proceedings. Zagreb: University of Zagreb, Faculty of
Textile Technology, 2012, pp. 418-423.

Gill S.: Improving garment fit and function through ease quantification. Journal of Fashion Marketing
and Management. 2011. Vol. 15. pp. 228-241.

Ng R., Cheung L. & Yu W.: Dynamic ease allowance in arm Raising of Functional Garments, Sen’l
Gakkaishi, Vol. 64, No. 9 (2008), pp. 52-58.

Chen Y., Zeng X., Happiette M., Bruniaux P., Ng R. & Yu W.: A new method of ease allowance
generation for personalization of garment design, International Journal of Clothing Science and
Technology, Vol. 20, No. 3 (2008), pp. 161-173.

Rudolf A., Jevsnik S. & Stjepanovi¢ Z.: Influence of knitted fabric's stretch on virtual prototyping of
the underwear. 14th Romanian Textiles and Leather Conference, 46th International Federation of
Khnitting Technologists Congress, Sinaia, Romania, 6-8 September 2012, pp. 946-953.

M. Miiller & Sohn. Schnittkonstruktionen fiir Kleider und Blusen. Deutsche Bekleidungs — akademie Miinchen.
Miinchen: 1992.

Kocbek M.: Influence of the body figure on determination of the construction ease: Diploma Work (in Slovene).
Maribor, 2013.

50



wwmmy i’
s % Textile Science and Economy V
AW | |I II 5™ International Scientific-Professional Conference

e November 05-06", 2013. Zrenjanin, Serbia

DEVELOPMENT OF A SUITABLE 3D BODY MODEL IN A SITTING
POSITION

A. Rudolf, A. Cupar, T. Kozar, S. JevSnik, Z. Stjepanovic¢
University of Maribor, Faculty of Mechanical Engineering, Department of Textile Materials and Design,
Maribor, Slovenia

Abstract: This research focuses on capturing, 3D body modelling and surface reconstruction of a human body
model to develop a suitable 3D body model in a sitting position. It is intended for use in commercial CAD
systems for determination of the anthropometrical body dimensions, development of clothes for people with
paraplegia state and their virtual prototyping. The 3D human body scanning was performed using a general-
purpose GOM ATOS II 400, a 3D optical scanner and a scanning procedure of a human body was adopted for
this purpose. When scanning with three-dimensional optical scanner the high-density point data sets of the
whole body image were received. The captured data were typically noisy and had areas of occlusion, such as the
branch points of the body, as well as there were spatial overlapping regions related to different views.
Therefore, the dataset in 3D space approximately lies on the surface of the scanned human body. How to obtain
the useful 3D body model in a sitting position for extraction of the anthropometrical body dimensions and
garment virtual prototyping in a commercial CAD system and the methodology of processing techniques of the
human body modelling and surface reconstruction techniques for building the human body model is described in
this paper.

Key words: 3D scanning, 3D body model, body modelling, reconstruction, anthropometrical dimension.

1. INTRODUCTION

Today, scanning technologies for non-contact 3D human body digitization are used to describe 3D
characteristics of human body, by using the surface light, such as laser, white lights or infrared beam,
projected on a human body and by photosensitive capturing equipment to form the image of a human
body. Commonly used 3D scanners for human body capturing are Vitus Smart of Human Solutions,
Symcad of Telmat, TC2 and Cyberware-WBX. They generate a complete three-dimensional image of
the human body in a few seconds and quickly determine body dimensions based on obtained 3D data.
Accordingly, dimensions of the parametric mannequin can be adjusted and simulation of the garment
fit can be performed. It was established that the scanned and reconstructed 3D model body
corresponds better to the real body when compared with the parametric 3D body model (JevSnik S. et
al., 2012). This was confirmed with assessment of jackets’ fit to the real, scanned and parametric 3D
body model. Furthermore, research on the fit of fashion garments and sportswear for professional
purposes to the parametric body model and scanned 3D body model showed significant differences
between virtual garments' fits to body models and successfulness of virtual prototyping using the
scanned 3D body model (Rudolf A. et al., 2010, Stjepanovi¢ Z. et al., 2011). In addition a 3D body
model in a sitting position was obtained using the 3D body scanner Vitus Smart at the Textile
Technology Faculty, University of Zagreb, Croatia (Kozar T. et al. 2012).

Recently, scanning of the human body in a sitting position was carried out by using different scanning
technologies (Rudolf A. et al., 2013). The research has shown that the GOM ATOS II 400 3D optical
and ARTEC EVA hand scanners are suitable for scanning of the human body with the help of for this
purpose developed frame with hand rails and marked reference points in order to facilitate the scanned
data processing. This optical scanner is mainly used for scanning of smaller objects for the purpose of
the reverse engineering (RE), inspection and quality management, rapid prototyping, cultural heritage
documentation, restoration, medical applications, etc. (Brajlih T. et al., 2011, Drstvensek I. et al.,
2008). In addition, the research of the suitable 3D scanner for human body parts digitalization in the
field of prosthetics and orthotics was performed (Koutny D. et al., 2012). The three hand-held portable
scanners (two optical and one laser) and two optical tripod scanners were compared with respect of
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scanning details, simplicity of operation and ability to scan directly on the human body. The results
showed that in a case of the plaster cast digitization scanners with higher resolution stationary placed
on a stand are more suitable. Regarding the details, the ATOS I and the ATOS TripleScan
predominate among the tested scanners (Koutny D. et al., 2012).

It is well known that there are many problems related to the quality of human body data captured by
any scanning system (Buxton B. et al., 2000). Those problems require the development of human body
modelling technology. The overall quality of the set of scanned points in 3D depends on following
parameters: (a) density (to represent the continuous surface of the human body, a sufficient number of
points per unit surface area must be obtained), (b) accuracy (the scanned points must lie on the body to
within some given tolerance) and (c) completeness (a data set is complete, if all parts of the object
surface are represented with points of sufficient and reasonably uniform spatial density) (Buxton B. et
al., 2000).

The human body modelling refers to a series of software processing techniques that are relevant and
need to be applied to any dataset from a particular scanner. The first step to be taken is normally
registration of the multiple views and the next step is cleaning and removal of all points in the dataset
that don't correspond to the body surface, respectively. The next step is usually surface reconstruction,
which is one of the most difficult and crucial processing steps.

This study focuses on 3D human body scanning using a general-purpose GOM ATOS 1II 3D optical
scanner, 3D body modelling and surface reconstruction of a human body model with the aim to
developed a suitable 3D body model in a sitting position, which can be imported in the OptiTex
program for extraction of the anthropometrical body dimensions and garment virtual prototyping.

2. EXPERIMENTAL
2.1. Scanning of the human body in a sitting position with GOM ATOS II 3D optical system

The GOM ATOS II 3D optical scanning system is installed and available for research work at the
Faculty of Mechanical Engineering in Maribor. It is mainly used for a rapid development of non-
contact 3D data acquisition systems intended for reverse engineering (RE), inspection and quality
management, rapid prototyping and medical applications. Recently, the research was performed on the
use of this scanner for the human body scanning (Rudolf A. et al., 2013). The research has shown that
the ATOS 3D optical scanner is suitable for scanning of the human body with the help of for this
purpose developed frame with hand rails and marked reference points in order to facilitate the scanned
data processing.

The GOM ATOS 1II 3D optical scanning system is based on triangulation principle (Brajlih T. et al.,
2011). The sensor unit projects four times indented fringe patterns onto the scanned subject, which are
then recorded by two cameras. Each single measurement generates up to 4 million data points. The
scanner records only those points visible by both cameras in a single scan. In this research scanning of
a human was performed using the measuring volume of 1200x960x960 mm (LxWxH). Measuring
point distance was 0.94 mm and 6 mm projector lens and 8 mm camera lens were used.

Scanning with ATOS II 3D optical system was performed in three steps. First, the calibration of the
measuring system was carried out and measuring volume with a developed frame with hand rails was
marked with reference points. In the next step the optical scanning of the subject from different angles
and heights was performed in order to digitize a complete human. Using the Atos V6.0.2-6 software
each scan was polygonized into an independent mesh.

2.2. Registration of the multiple views

The next essential step was the mutual registration of scanned and CAD geometrical data using a
GOM Inspect mesh processing software for dimensional analysis of 3D point clouds from white light
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scanners, laser scanners, CTs and other sources. Due to independent meshes being the results, the
meshes were registered separately and a semi-automatic best fit registration was performed, Figure 1.

Figure 1: The aligned individual scans into a global coordinate system
2.3 Cleaning and repairing of the mesh

Cleaning and removal of all points in the dataset that don't correspond to the body surface,
respectively, was performed using a GOM Inspect program, as well as repairing of the mesh. This
action is required to close the holes in the body surface where the scanner has failed to capture any
data. When scanning a person was seated on a chair, therefore, its points were cleaned, Figure 2 (a).
Removed were also those scans that were not aligned properly (feet), Figure 2 (a). In addition, several
tools were used and repeated to reduce the mesh errors. Using a mesh bridge tool the filling and
repairing of the mesh was carried out, as shown Figure 2 (b) on the part of the calf.

(b)

Figure 2: Cleaning and repairing of the mesh
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2.4 Surface reconstruction

The representation of the 3D body model should be true to the original data, free of holes, with a few
errors and less noise that the raw-scanned point dataset, and storable that enables the extraction of the
body dimension and virtual prototyping of the garments.

For the surface reconstruction of the 3D body model the graphic programs MeshLab, Blender and
GOM Inspect were used. Our 3D body model is represented as the polygonal model, where the points
are connected to form a set of polygons that approximate body surface. Firstly, the 3D body model
was imported into the MeshLab program and a new average mesh was made over the existing scan
using a tool Select All/Filter Selection. Furthermore, a surface reconstruction was carried out with the
tool Poisson, Figure 3.

Figure 3: Surface reconstruction: Poisson of the 3D body model
Figure 4 shows imported 3D body model into the Blender program. It was used for 3D virtual

sculpting of the 3D body model aimed to smooth the irregularities on the surface, resulting from
alignment of the individual scans. Applied was a tool Sculpt Mode/Smooth.

Figure 4: 3D virtua sculpting of the 3D body model

The last step was a reduction of the polygons. It was carried out with GOM Inspect program using a
tool Thin Mesh, as can be seen in Figure 5.
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Figure 5: Reduction of polygons of the 3D body model in a sitting position
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3.  RESULTS WITH DISCUSSION

When scanning with three-dimensional optical scanner the high-density point data sets of the whole
body image were received. The captured data were typically noisy and had areas of occlusion, such as
the branch points of the body, as well as there were spatial overlapping regions related to different
views. Therefore, the dataset in 3D space approximately lies on the surface of the scanned human
body.

A careful 3D human body modelling and surface reconstruction were carried out with the aim to
obtain the useful 3D body model in a sitting position for extraction of the anthropometrical body
dimensions and garment virtual prototyping in a commercial CAD system OptiTex 3D program.

During the modelling and reconstruction, we are following the characteristics of the 3D body model
mesh, Table 1. When the registration of the multiple views was performed, the 3D body model mesh
had a large number of polygons and surface area. Because the mesh was not totally watertight,
therefore it had no volume. With cleaning and repairing actions the 3D body model was connected
into one uniform mesh and number of polygons and surface area were reduced, while the volume of
the mesh was 67 570 cm’.

The cleaned and repaired mesh was still not totally uniform and useful in a CAD system. Therefore,
the surface reconstruction of the 3D body model using a tool Poisson, 3D virtual sculpting and
reducing the number of triangles were performed. When a tool Poisson for surface reconstruction was
used the number of polygons increased (935720), while the 3D body volume and surface area slightly
decreased (66305 cm’, 15210 cm?). With 3D virtual sculpting the smoother surface of the 3D body
model was achieved and number of polygons increased (1019010), while the 3D body volume and
surface area slightly decreased (64325 cm’, 14923 cm?). To obtain a reliable 3D body model in a
sitting position, which we can be imported into the OptiTex 3D program, we had to reduce the number
of triangles. During this action we considered that to the modelled and reconstructed 3D body model
we did not reduce the volume and surface area. With reduction of polygons of the 3D body model
mesh on 10000 points a decrease to the value of 199992 polygons was achieved, while the 3D body
volume and surface area remained almost the same (64322 cm’, 14930 cmz), Table 1.

Table 1: Characteristics of the 3D body model mesh

. Modelling and surface reconstruction actions
Characteristics of the : : : —
Registration of the Cleaning and repairing .
3D body model mesh . . Surface reconstruction
multiple views of the mesh

No. of polygons 1 925 000 816 000 199 992
Volume (cm3) - 67 570 64 322
Surface area (cm?) 25241 15592 14 930

File size (KB) 91 234 9766

As a result the reconstructed and imported 3D body model in a sitting position into the OptiTex 3D
program represents Figure 6, which is useful for extraction of the anthropometrical body dimensions
and garment virtual prototyping.

Figure 6: Reconstructed 3D body model in a sitting position imported into the OptiTex 3D program.
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3.  CONCLUSIONS

The presented study focused on capturing, 3D body modelling and surface reconstruction of a human
body model to develop a suitable 3D body model in a sitting position. It is intended for use in an
OptiTex 3D program for determination of the anthropometrical body dimensions, development of
clothes for people with paraplegia state and their virtual prototyping.

The 3D human body scanning was performed using a general-purpose GOM ATOS II 400, a 3D
optical scanner and the methodology of processing techniques of the human body modelling and
surface reconstruction techniques for building the human body model are described in this paper. As a
result the developed 3D body model in a sitting position is represented. For the body modelling and
surface reconstruction different 3D graphic programs were used. In future research, we will focus on
processing of 3D data using a chosen special 3D graphic program to achieve more rapid acquisition of
a reliable 3D body model in a sitting position.
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ECO-FRIENDLY NATURAL TEXTILE DYEING OF
SOME FIBERS WITH BLACK CARROT (Daucus Carota L.)
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! Pamukkale University, Textile Engineering Department 20070 Denizli, TURKEY
? Pamukkale University, Food Engineering Department 20070 Denizli, TURKEY

Abstract: Natural dyestuffs can be used for dyeing textile, wood, leather and food materials. These
colorants are known as eco-friendly, non-toxic, sustainable and renewable. This study represents the
natural textile dyeing of silk, cotton and wool fibers with black carrot (Daucus carota L.) extract
which is not a common natural textile dyestuff source. Black carrot extract was applied to the selected
fibers via simultaneous mordanting by exhaustion method. The color and fastness properties, such as
rub, light and wash fastness, of dyed samples were explored. Black carrot extract imparts light bluish
gray on the cotton and light blue colors on silk and wool fibers. The highest color yield value was
observed on wool fiber. In general, dyed fabrics exhibited good wash fastness and moderate rub
fastness.

Keywords: Black carrot, Daucus carota L., natural textile dyeing, alum, wool, silk, cotton.
1. INTRODUCTION

Natural dyes were explored by our ancestor’s centuries ago and colors obtained by natural dyes can
survive for centuries (Betchold and Mussak, 2009). Natural dyes, obtained from insects, minerals and
various parts of plants, impart wide range of shades to the fabrics. These dyes have been used to
impart color in many different application areas such as food, wood, leather, textile etc. since ancient
times. In the middle of 1800’s, the cheaper and largely available synthetic dyes, that have moderate to
excellent color fastness, were substituted for the natural dyes, having poor to moderate color fastness.
However, the usage of natural dyes in textiles and leathers has been mainly continued for special
products (Kumbasar, 2011).

Synthetic dyes are obtained from non-renewable petroleum sources and some of these dyes contain
non-eco friendly, toxic or carcinogenic amines (Kadolph, 2005; Rungruangkitkrail and
Mongkholrattanasit, 2012). In the world market, some permitted synthetic dyes had been declined due
to their unhealthy structures as some of them are the sources of skin cancer (occupational), disorders
and causes skin allergy and they generate hazardous waste and green house gases during their
synthesis (Studies, 2013). As distinct from synthetic dyes, renewable and eco-friendly natural dyes
are extracted from plants or animal sources (Kadolph, 2005). Therefore, worldwide, through the
growing environmental awareness, the interest of dyeing textiles, foods, leathers with eco-friendly
natural dyes are increasing (Kumbasar, 2011; Rungruangkitkrail and Mongkholrattanasit, 2012).

In natural textile dyeing, various recognized plant extracts can be used for dyeing textile fibers such as
cotton, wool, silk. Although many different plants’ extracts have been used for natural textile dyeing,
natural dyes extracted from black carrot are not commonly used in textiles. Alhough it has not been
used in textile coloration, black carrot (Daucus carota var L.) has been known as a food colorant
(Studies, 2013; Barzak, 2005; Mortensen, 2006). Black (purple) carrots (Daucus Carota L.) orginated
from Turkey, middle and Far East and these plants have been generally cultivated in Turkey,
Afghanistan, Egypt, Pakistan and India for 3000 years (Montilla et al., 2011; Turkyilmaz et al., 2012).
Black carrots have bluish-purple colors that contains the greatly anthocyanin pigments (Montilla et al.,
2011; Khandare et al., 2011) (see also Figure 1).
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Figure 1: Black Carrot (Daucus carota L.) (Carrotmuseum, 2013)

Anthocyanins are responsible for the red, blue and purple colors on the fruits, flowers and vegetables
(Khandare et al., 2011; Lazcano et al., 2001). It’s reported that black carrots mainly include cyanidin-
based pigments (the acylated cyanidin derivatives) which display remarkable stability to pH changes
and heat treatment (see also Figure 2) (Studies, 2013; Barzak, 2005; Montilla et al., 2011).
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Figure 2: Black Carrots (Daucus carota L.) main anthocyanins structures (Cy, cynadin, Xyl; p-D-
galactopyranose; Glc; f-D-glucopyranose ) (Montilla et al., 2011; Schwarz et al., 2004)

In the natural dyeing, the natural dyes have been limited substantively to the fibers and mordant can be
required for fixation of the natural dyes on the fibers by the formation of the complex with the dye.
Alum, potassium dichromate, zinc sulphate, tannin, and tannic acid are the some significant mordants
(Prabhu and Bhute, 2012). The complex formation of the mordant, dye and fabric is given in Figure 3.
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Figure 3: The complex formation structure of anthocyanin, aluminium and wool fibres (Parvinzadeh
and Kiumasi, 2008)

In this study, silk, cotton and wool fabric samples were dyed with an eco-friendly and renewable black
carrot extract via simultaneous mordanting. The color properties of samples are analyzed and
compared. Moreover, rub, light and wash fastness properties of natural dyed samples are discovered.

2. EXPERIMENTAL
2.1. Materials

Three woven fabrics were used in this study: 100% cotton, silk and wool fabrics. The natural dyeing
of these fabrics was carried out using black carrot extract. In the extraction process, black carrot
wastes were boiled with purified water for one hour. The alum mordant was added to the natural
dyeing bath for good fastness bonding properties.

2.2. Dyeing

Natural dyeing process with black carrot extract was carried out in an Atac Lab-Dye HT machine at a
ligour ratio of 40:1, using the exhaustion method. In each bath, black carrot extract were used as 1:1
ratio. Simultanoues mordanting was carried out with 20% alum concentration during the dyeing
process. The dyeing process was started at room temperature and the dyeing temperature was reached
at 80 °C by increasing the temperature for 4 °C per minute. At the dyeing temperature, dyeing process
performed for 45 minutes. After the dyeing, the baths were cooled; the samples were removed and
rinsed in tap water. Then, the samples were air-dried. Afterwards, the samples were washed at 40 °C
for 10 minutes with water to clear the remaining unfixed dyes on the fabric surfaces and air-dried
again. These air-dried samples were used for color measurements and fastness tests.

2.3. Colorometric Measurements

The CIE Lab L* a* b* C¥* and h° values were measured from the reflectance values with using a
DataColor SpectraFlash 600 (Datacolor International, Lawrenceville, NJ, USA), spectrophotometer
under illuminant D65, using 10° Standard observer for each dyed samples. The colour strength value
(fk) is calculated from the sum of the weighted K/S values in the visible region of the spectrum. The
equation of f (k), Eq. (1) is given at below:

00

fe= X (K/S); g2+ Fro,s +Fr0,2) (1)

A=400
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2.4. Fastness Properties

Rub, wash and light fastness properties were explored. Both dry and wet rub fastness testing were
performed with the ISO 105: X12 protocol. Wash-fastness test was carried out in a M228 Rotawash
machine (SDLATLAS, UK) according to ISO 105:C06 A2S test. Washing, dry & wet rubbing fastness
properties were determined using ISO grey scales.

3. RESULTS AND DISCUSSION
3.1. Color Properties

It should be noted that although all dyed samples (cotton, wool and silk) have woven structure, the
yarn counts are not exactly the same, therefore; one to one comparison for color properties of these
fabrics could be inappropriate. However, in order to understand the usability of black carrot extract for
natural textile dyeing on the various fibers, it is necessary to compare the color properties of these
fibers to understand the performance of this extract on the most important natural textile fibers. The
colorimetric data of the black carrot extract dyed samples are shown on Table 1.

Table 1: Colorimetric properties of black carrot dyed samples
Fabrics L* a* b* Cc* h’ flk) Appearance
.. # | .l

Wool 5433 -344 -392 522 228.76 24.26

Silk 58.58 -4.30 -5.53 7.01 232.17 17.72

Cotton 72.53 -1.32 328 354 111.99 6.60

The highest color yield value was observed on wool fiber. The color yield values indicated that
protein-based fibers exhibited higher color yields than the cellulosic-based fiber. It is known that
dyeing the protein fibers with natural dyes is usually much easier than cellulosic fibers (Cage, 2013).

As seen on Table 1, highest hue angle values (k) were observed on protein-based fibers and these
values of silk and wool were similar. In accordance with the hue angle results, visual appearance of
the protein-based dyed samples was also similar (Table 1).

Colorimetric properties of the dyed samples are given on Figure 4 and 5. The colors of dyed samples
have the various color shades of blue and purple, as supported with the reflectance-wavelength spectra
(see also Figure 5 (d)) (Table 1). The shade of wool fabric is greener and bluer in appearance than that
of cotton. Similarly, the color of dyed silk sample is more green and more blue not only than cotton
but also than wool sample according to a* and b* values (see also Figure 5 (a)).

—&— CIE xy values
a  Wool
& Silk

o Cotton

y values

00 01 02 03 04 05 06 07 03

x* values
Figure 4: CIE chromaticity diagram showing the position of selected textile fibers dyed with
black carrot extract in company with alum mordant
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Figure 5: Color properties of dyed samples; (a): a*-b*, (b): f(k)-C* (c): L*-C* plots, (d): reflectance-
wavelength spectra

The cotton sample exhibited the highest L* value. This is actually in line with the color strength
results. Since the cotton sample has the lowest color yield by 6.60 leading to the lightest appearance.
Silk and wool fabrics had higher chroma and darker appearance than cotton sample. According to L*
and C* values (Figure 5 (c)), dyed silk fabric shows brighter appearance than wool fabric with higher
L* and higher C* values.

Overall, silk and wool fabrics exhibited higher color strength, higher chroma, and darker, greener and
bluer appearance than cotton fabric. When silk and wool fabrics are compared, wool fabric exhibited
higher color strength, duller appearance with lower chroma and lower lightness.

3.2. Fastness Properties

Measured color fastness values were given on Table 2. All dyed samples, exhibited excellent wash,
light and rub fastness properties by 5 grey scale rating for staining.

Table 2: Fastness properties of dyed samples with black carrot extract and alum mordant

Fabrics Rub Fastness (Cotton staining) Washing Fastness Light Fastness
Dry Wet WO PC PES N6.6 CO AC

Wool 5 5 5 5 5 5 5 5 2

Silk 5 5 5 5 5 5 5 5 1-2

Cotton 5 5 5 5 5 5 5 5 2

Although light fastness values of dyed samples were low (1/2-2), wash and rub fastness values were
excellent with no staining whatsoever.

4. CONCLUSION

Since old times, natural dyes which are known as eco-friendly, non-toxic, sustainable and renewable,
have been used to colorize the natural fibers such as cotton, wool and silk as well as fur and leather.
Many different extracts from plants have been used for natural textile dyeing. However, natural dyes
extracted from black carrot are not commonly used in textiles. In this study, natural dyeing of wool,
silk and cotton fabrics with black carrot extract in company with alum mordant was studied.
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The colors of dyed wool and silk samples have bluer and purplish color shades. The shades of wool
and silk fabrics exhibited bluer and greener appearance than cotton. On wool fiber, the highest color
yield value was observed. The color yield values pointed that the protein-based fibers had higher color
yield values than the cellulosic-based fiber. Silk and wool fabrics had higher chroma and darker
appearance than cotton sample. Dyed silk fabric showed brighter appearance than wool fabric with
higher C* and L* values. Overall, silk and wool fabrics exhibited higher chroma, higher color strength
and greener and bluer, darker appearance than cotton fabric. When wool and silk fabrics are compared,
silk fabric exhibited lower color strength. Wool fabrics exhibited duller appearance with lower chroma
and lower lightness in comparison to silk. All dyed samples exhibited excellent wash and rub fastness
values but light fastness values were low.
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ECO-FRIENDLY TEXTILE PRINTING WITH RED BEET
(Beta Vulgaris L.)
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Abstract: Non-toxic, renewable, sustainable and ecofriendly natural dyestuffs can be used for
coloration of textile, leather, wood and food materials. This study presents the natural textile printing
of silk, soybean and wool fiber fabrics with red beet (Beta vulgaris L.) extract which is an unused
natural textile dye source for printing. Selected fibers were printed with flat screen technique using
two different printing pastes. Red beet extract were printed on fabric samples with and without
mordant and then the printed samples treated with saturated steam under different times. The color
and fastness properties, such as rub, light and wash fastness, of printed samples were analyzed.
Beetroot pastes led to light bluish gray, beige and greenish colors on different fibres under different
treatment times. The highest color yield value was observed on wool fiber which is printed with paste
having mordant and steamed for 60 min. Overall, the printed samples exhibited good wash fastness,
modarate light and rub fastness.

Key words: Beetroot, Beta Vulgaris L., natural textile printing, steaming, soybean, wool, silk

1. INTRODUCTION

Natural dyes have been used to colorize the food substrate, leather, wood, natural fibers from the
beginning of human history (Kumbasar, 2011; Boo et al., 2012). Up to the end of the 19th century
natural dyes were the major colorants in the textile applications (Betchold et al., 2006). Owing to the
production, storage, and stability difficulties of natural dyes, the synthetic dyes have been developed
and synthesized immensely (Boo et al., 2012). Synthetic dyes were also cheaper and largely available
than natural dyes and exhibited moderate to excellent color fastness in comparison with natural dyes
(Kumbasar, 2011; Boo et al., 2012). However, in the recent years, production and usage of natural
materials is getting stronger due to the increased expectations for better life quality and eco-friendly
way of living with the respect to the environment (Boo et al., 2012). Synthetic dyes are acquired from
non-renewable petroleum sources and some of these dyes contain toxic non-ecologic or carcinogenic
amines (Kadolph, 2005; Rungruangkitkrail, 2012). Today, more than 10,000 synthetic dyes are
commercially available and these dyes are difficult to degrade biologically due to their complex
aromatic molecular structure and synthetic origin. The usage of the synthetic dyes often poses
pollution problems in the form of colored wastewater. Moreover, some dyes are mutagenic, toxic and
carcinogenic due to the content of metals and other chemical in their structure (Aksu and Isoglu,
2006). Renewable, sustainable and eco-friendly natural dyes are extracted from plants or animal
sources and these dyes are non-toxic and non-allergenic (Kadolph, 2005; Samanta and Agarwal,
2009).

In textile dyeing and printing, natural dyes extracted from various plants can be used for textile fiber
coloration. Though, many different extracted dyes have been used for natural textile coloration, natural
dyes extracted from red beet are not commonly used in textile printing. Natural dyes extracted from
red beet (Beta Vulgaris L.) are used in food coloration, textile and leather dyeing (Betchold et al.,
2006; Vemurugan et al., 2010; Henry, 1996; Siyalkumar et al., 2009; Crinela et al., 2007; Atodiresei,
2011; Chen and Li, 2006; Frick, 2003). The beetroot (Beta Vulgaris L.) has been known as the garden
beet, red beet, or just beet. Red beet is one of the many cultivated varieties of beets (Beta vulgaris) and
the most commonly encountered variety can be found in North America, Central America, and Britain
(Wiki, 2013) (see also Figure 1).
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Red beet (Beta Vulgaris L.) is an excellent source of nitrogenous pigments, betanin, isobetanin which
are mainly being composed of two red-violet betacyanins, (see also Figure 1) and minor yellow
betaxanthins. Betanin has nontoxic properties and the red beet has been used as a red pigment in the
pharmaceutical and food industries (/). Betalains are known to be very sensitive to low pH, elevated
temperatures, or high water activity (3-7). Particularly, the thermal instability of the betalain is
resulted limited usage (Wybraniec, 2005).

Figure 1: Red Beet (Beta Vulgaris L.) (123rf, 2013; Google, 2013; Chocolate, 2013; Seedforsec,
2013 ) and chemical structure of Betanin (Wybraniec, 2005)

In the natural coloration of textiles, the natural dyes have been limited substantively to the fibers.
Mordants can be required for fixation of natural dyes on the textile fibers by the formation of the
complex with the dye. Alum, potassium dichromate, zinc sulphate, tannin, and tannic acid are the
some significant mordants (Prabhu and Bhute, 2012). The complex formation of the mordant, dye and
fabric is given in Figure 2.
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Figure 2: The complex formation structure of anthocyanin, aluminium and wool fibres (Paryinzadeh
and Kiumarsi, 2008)

In this study, soybean fiber, wool and silk fabric samples were printed with an eco-friendly and
renewable red beet extract via simultaneous mordanting and without the usage of mordant. The color
properties of samples are analyzed and compared. Moreover, rub, light and wash fastness properties of
natural printed samples are discovered.
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2. EXPERIMENTAL
2.1. Materials

100% wool and silk fiber woven fabrics and 100% soybean fiber knitted fabric were used in this study.
The natural printing of these fabrics was carried out with using red beet extract and alginate was used
as a thickener. Alginate is produced from seaweed and an eco-friendly natural sustainable material. In
the extraction process, red beet wastes were boiled with purified water for one hour. The potassium
dichromate mordant was added to the natural printing paste for good fastness bonding properties.

2.2. Printing

Natural printing process with red beet extract was carried out using Atac printing machine (RGK-40),
using the flat screen printing method. The paste is shown in Table 1.

Table 1: Printing paste recipes

Printing paste without mordant Printing paste with mordant
Alginate SMT 9% 33 ¢g Alginate SMT 9% 33 ¢g
Alginate V9 4% 33 ¢g Alginate V9 4% 33 ¢g
Water 4¢g Potassium dichromate 4¢g
Extract (Red beet) 30g Extract (Red beet) 30g

100 g 100 g

Samples were printed with 2,2 m/min, at 4 press on and with doctor blade of 10 mm in diameter. The
doctor blade was used two times for wool and soybean fiber fabrics, one times for silk fabric due to
the fineness of silk fabrics. After the printing, the printed fabrics were dried in a laboratory-type
drying machine (atac FT-200) at 100 °C for 3 min and fixed on a laboratory-type steamer (Atac flash
ager) at 102 °C for 30 min or 60 min. Then, the printed samples were rinsed in tap water and air-dried.
Afterwards, the samples were washed at 40 °C for 10 minutes with water to clear the remaining
unfixed dyes on the fabric surfaces and air-dried again. These air-dried samples were used for color
measurements and fastness tests.

2.3. Colorometric Measurements

The CIE Lab L* a* b* C¥* and h° values were measured from the reflectance values with using a
DataColor SpectraFlash 600 (Datacolor International, Lawrenceville, NJ, USA), spectrophotometer
under illuminant D65, using 10° Standard observer for each printed samples. The color strength value
(fk) is calculated from the sum of the weighted K/S values in the visible region of the spectrum. The
equation of f (k), Eq. (1) is given at below:

J00
fk = Z{K-’"Sh (Ti0,2 + V10,4 +Z10,2) (1

A=400

2.4. Fastness Properties

Rub, wash and light fastness properties were explored. Wash-fastness test was carried out in a M228
Rotawash machine (SDLATLAS, UK) according to ISO 105:C06 A2S test. Both dry and wet rub
fastness testing were performed with the ISO 105: X12 protocol. Washing, dry & wet rubbing fastness
properties were determined using ISO grey scales.
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3. RESULT AND DISCUSSION
3.1. Color Properties

The fabric structures and yarn counts are not exactly the same, therefore; one to one comparison for
color properties of these fabrics could be inappropriate. However, in order to understand the usability
of red beet extract for natural textile coloration on the various fibers, it is necessary to compare the
color properties of these fibers to understand the printing performance of this extract on the various
natural textile fibers. The colorimetric data and colors of the red beet extract printed with and without
mordant samples are shown on Table 2.

Table 2: Colorimetric properties of printed samples

Printed fabric samples L* a* b* C* h’  ftk) Appearance

Wool, without mordant, 30 min steaming 74.62 1.25 1596 16.00 85.53 7.33

Wool, without mordant, 60 min steaming  76.43 1.09 18.08 18.11 86.55 6.73

Wool, potassium dichromate, 30 min

. 5047 1.19 1576 15.80 94.31 42.42 [
steaming

Wool, potassium dichromate, 60 min

. 47.15 1.44 21.25 21.30 86.14 60.81
steaming

Silk, without mordant, 30 min steaming 81.52 0.61 14.26 14.28 87.55 3.68

Silk, without mordant, 60 min steaming 81.49 0.79 14.37 14.39 86.85 3.71

Silk, potassium dichromate, 30 min

. 53.35 0.32 19.48 19.49 89.07
steaming

Silk, potassium dichromate, 60 min

. 58.54 3.69 24.35 24.63 81.37
steaming

Soybean, without mordant, 30 min

. 80.42 0.86 1595 1597 86.90
steaming

Soybean, without mordant, 60 min

. 80.42 0.75 17.77 17.78 87.58
steaming

Soybean, potassium dichromate, 30 min

. 59.10 0.13 20.99 21.00 89.64
steaming

Soybean, potassium dichromate, 60 min

. 61.24 1.69 2236 22.42 85.69
steaming

All mordanted fibers have higher f{k) values than un-mordanted ones. There’s an important decrease
on color yield values of un-mordanted samples in comparison with mordanted samples. The highest
color yield value, 60.81, was observed on wool fiber which is mordanted with potassium dichromate
and steamed for 60 minutes. When it compared with this wool sample steamed for 60 min, 30 minutes
steamed mordanted wool fiber exhibited less color yield value by 42.42. Due to the fixation ability of
mordants on to the fiber and formation of a chemical bonding with natural dyes, absorption and
fixation of natural dyes can be easy on to the fibres and therefore; bleeding and fading of colors were
also prevented leading to improved fastness properties (Prabhu and Bhute, 2012). It’s known that
mordants may improve the color strength and fastness properties.

66



W’“’“’ﬂy oy . .
1) Textile Science and Economy V

|I II 5™ International Scientific-Professional Conference
November 05-06", 2013. Zrenjanin, Serbia

As seen on Table 1, the highest hue angle value (h°), 94.31, was observed on 30 minutes steamed
mordanted wool fiber. Hue angle values (h°) of samples were close to each other. Colorimetric
properties of the printed samples are given on Figure 3 and 4. The colors of printed samples have the
various color shades; mordanted samples exhibited brownish colors and un-mordanted samples
exhibited beige colors as shown on Table 1. Also this can be observed from a* and b* values (see also
Figure 4 (a)). The mordanted silk fabric steamed for 60 minutes was the yellower and redder in
appearance than that of other samples. All mordanted fabric samples steamed for 60 minutes had
higher yellowness and redness than un-mordanted samples steamed for 30 minutes.
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Figure 5: CIE chromaticity diagram showing the position of printed samples with
red beet extract in company with mordant
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Figure 4: Color properties of dyed samples; (a): a*-b*, (b): f(k)-C* (c): L*-C* plots, (d): reflectance-
wavelength spectra

From the above results, it can be concluded that steaming time is not that much effective on colometric
values. Steaming time led to different effects on fibers. For example, increase on steaming time led to
an increase on the color strength value (f(k)) of mordanted wool fabrics, whereas increase on steaming
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time resulted in a decrease on mordanted silk and soybean fabrics. And for all studied samples (with
and without mordant), increase on steaming time led to yellower shades.

The un-mordanted silk sample exhibited the highest L* value leading to lightest appearance. This is
actually in line with the color strength results. Since the un-mordanted silk samples had the lowest
color yield by 3.68 and 3.71 leading to the lightest appearance. Mordanted silk, wool and soybean
fabrics steamed for 60 minutes had higher chroma values and darker appearance than un-mordanted
samples. Mordanted wool fabrics exhibited the darkest appearance. According to L* and C* values
(Figure 5 (c)), un-mordanted silk, soybean and wool fabrics shows brighter appearance than
mordanted silk, soybean and wool fabrics with higher L* and higher C* values.

Overall, mordanted silk, soybean and wool fabrics exhibited higher color strength, higher chroma, and
darker, yellower and redder appearance than un-mordanted fabrics. When mordanted fabrics are
compared, mordanted wool fabric which is steamed for 60 minutes exhibited higher color strength
with lower lightness.

3.2. Fastness Properties
Measured color fastness values were given on Table 3. The wash fastness degrees of printed samples
were quite good. Washing fastness properties of printed samples exhibited 4/5- 5 grey scale rating for

staining.

Table 3: Fastness properties of printed samples with red beet extract in company with and without
mordant and then steamed for 30 min or 60 min.

Rub Fastness
Printed Samples (Cotton Washing Fastness Light
(fiber, mordant, steaming time) staining) Fastness ft)
Dry Wet WO PC PES N6.6 CO AC
Wool, without mordant, 30 min 5 4/5 5 5 5 5 5 5 3 7.33
Wool, without mordant, 60 min 5 4/5 5 5 5 5 5 5 3 6.73
Wool, potassium dichromate, 30 min 4/5-4  4-3/4 5 5 5 5 5 5 4-5 42.42
Wool, potassium dichromate, 60 min 5-4/5 3/4 5 5 5 5 5 5 4 60.81
Silk, without mordant, 30 min 5 5 5 5 5 5 5 5 3-4 3.68
Silk, without mordant, 60 min 5 5 5 5 5 5 5 5 3-4 3.71
Silk, potassium dichromate, 30 min 5 5-4/5 5 5 5 5 5 5 4 38.00
Silk, potassium dichromate, 60 min 5 4/5 5 5 5 5 5 5 4 29.95
Soybean, without mordant, 30 min 5 5-4/5 5 5 5 5 5 5 34 4.39
Soybean, without mordant, 60 min 5 5 5 5 5 5 5 5 34 4.68
Soybean, potassium dichromate,30 min 5 3/4 5 5 4/5 5 4/5 5 4 26.65
Soybean, potassium dichromate, 60 min 5 3/4 5 5 45 45 5 5 34 23.71

In general, good level of rub fastness values were observed on printed samples. Dry rub fastness
values are higher than wet rub fastness values. The dry rub fastness values of samples were excellent.
Mordanted wool fiber fabrics exhibited in the range of 4-5 dry and 3/4- 4 wet rub fastness degrees,
respectively. Mordanted samples exhibited lower rub fastness levels. Moreover, all mordanted samples
exhibited rub fastness in the range of 3/4-5. In general, higher color yields led to lower wet rub
fastness values which can also be seen from the f{k) values on Table 3. Since, as mentioned earlier,
these samples had higher color strength due to the higher dye content which in turn leads to lower wet
rub fastness values. Steaming time is not effective on the fastness properties. The light fastness values
of printed samples were in between 3 and 4-5 gray scale rating. Additionally, mordanted samples
exhibited higher light fastness values than unmordanted samples. It seems that mordanting process is
effective on light fastness improvement.
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5. CONCLUSION

Eco-friendly, non-toxic, sustainable and renewable natural dyes have been used for coloration the food
substrate, leather, wood, natural fibers from the beginning of human history. Many different extracts
from plants or animals have been used for natural textile coloration. However, natural dyes extracted
from red beet are not commonly used in textile printing. In this study, natural printing of wool, silk
and soybean fabrics with red beet extract in company with and without potassium dichromate mordant
for two different steaming times were studied.

All mordanted fibers have higher f{k) values than unmordanted ones. There’s an important increase on
color yield values of mordanted samples in comparison with un-mordanted samples. The highest color
yield value, 60.81, was observed on mordanted wool fiber which is steamed for 60 minutes. The colors
of printed samples have the various color shades; un-mordanted samples exhibited beige colors and
mordanted samples exhibited brownish colors. All mordanted fabric samples steamed for 60 minutes
had higher yellowness and redness than un-mordanted samples steamed for 30 minutes.

Overall, mordanted silk, soybean and wool fabrics exhibited higher color strength, higher chroma, and
darker, yellower and redder appearance than un-mordanted fabrics. When mordanted fabrics are
compared, mordanted wool fabric which is steamed for 60 minutes exhibited higher color strength
with lower lightness.

The wash fastness degrees of printed samples were quite good. In general, good level of rub fastness
values were observed on printed samples. Dry rub fastness values are higher than wet rub fastness
values. In general, higher color yields led to lower wet rub fastness value. Light fastness degrees of
mordanted samples were higher than those of unmordanted samples.
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