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INTRODUCTION

Department of Textile Science and clothing design of the Technical Faculty "Mihajlo Pupin®,
University of Novi Sad, organizes in cooperation with the Faculty of Engeneering, Pamukkale
University in Denizli, Turkey, the international conference "Textile Science and Economy
VII" - TNP2016.

These two high education institutions plan to work together to improve their project of
international conference "Textile Science and Economy" that has been successfully
developing for the past eight years. Many participants of this project indicated that the
economic entities of the textile sector cannot develop successfully without textile science.
This is confirmed by a large number of textile companies dominant in the market, that its
dominance is based on constantly placing new and market-friendly products. However, the
application of scientific research, through the development and commercialization of new
products is a very complex process, which, often by corporate entities, especially those of
them in less developed countries, is not appreciated and understood appropriately. Therefore,
the international conference "Textile Science and Economy" is increasingly becoming a place
of presenting examples of good practice in linking textile science and economy.

Many so far presented papers at the conference indicate that the connectivity of textile science
and economy as well as for the successful development of companies is a key factor.
Therefore this conference is increasing the focus of its work towards the goal of finding the
best ways to attract and educate in this sector a large number of highly creative staff. Many
studies show that only a highly creative staff can provide solutions to develop new
technologies and products capable to cope with the strong competition on the world market.

International Conference "Textile Science and Economy" with its work so far has
significantly contributed to improving the work of the Technical Faculty "Mihajlo Pupin”.
Using the knowledge and contacts made at this conference it has established cooperation with
a number of universities and companies. It should be emphasized that with the Conference it
was possible to establish a Cooperation Agreement with the greatest university in the world in
this field, Donghua University in Shanghai. This Agreement in addition to the joint
cooperation projects, enables the exchange of students. Last year two of our students had been
participants of the Summer School of Design, organized by the University. Also the
cooperation with the Faculty of Mechanical Engineering, University of Maribor, has enabled
in the last few years, the participation of our students in the School of Design, which they
organize. From business entities we need to mention excellent cooperation with the French
company Lectra and the German company Pirin Tex. The contract with the French company
Lectra has enabled the opening of the education center for training students in software and
equipment of the world's largest company in the field of software and equipment for the
fashion industry and soft materials. The contract with the German company Pirin Tex
provides professional training of students in the company, which has 3.500 employees. Also it
is worth mentioning that we have contracts with our companies and an established
cooperation concerning vocational training and employment of our students through the
project Fair for practices (internships).
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This year the project international conference "Textile Science and Economy" continues with
activities related to establishing stronger ties with industry. Specifically, the Conference will
partly take place in Arilje - the region with more than 300 small and medium-sized textile
enterprises. Students will offer these companies a conceptual design of new products which
they will show at fashion shows and exhibitions that will be organized in the framework of
the Conference.

For the first time at the conference their works through fashion show will show and students
Faculty of Art and Design - West University of Timisoara. This is the result of partnership
and cooperation between our two universities, in the framework of the international project,
funded by the European Union through the CBC Romania - Serbia: "The analysis of
innovation and cooperation ability and development opportunities of SMEs in the Serbian-
Romanian cross border area inspired by the cultural heritage of the Serbian and Romanian
people - BANAT FASHION "MIS-1427th

President of the Organizing Committee:

Prof. dr Vasilije Petrovi¢
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Thanks for the partnership:
Faculty of Engineering, Pamukkale University, Denizli, Turkey.

[ ]
Faculty of Arts and Design, West University of Timisoara, Romania
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DEVELOPMENT OF TEXTILE ELECTRODES USING NANO
TECHNOLOGY

Alvira Ayoub Arbab, Sung Hoon Jeong*
Department of Organic and Nano Engineering, Hanyang University, Seoul 133-791, Korea

ABSTRACT

Recently there is strong interest in lightweight, flexible, and wearable electronics to meet the technological
demands of modern society. Wearable electronics represent a significant paradigm shift in consumer electronics
since they have good flexibility, stretch-ability, and lightweight properties. High-performance sportswear,
wearable displays, portable power, and embedded health monitoring devices are some examples of these novel
applications. Textiles are inherent microstructures with fantastic properties of flexibility, comfort, light weight
and mechanical stability. Our research group is working to develop highly functional textile electrodes using
nanotechnology for wearable electronics and power sources.

In this work, highly functional activated charcoal doped multi walled carbon nanotube hybrid was prepared and
printed on polyester woven fabric to make textile electrode. Variety of mesoporous hybrid carbon nanostructures
were synthesized by mixing different types of charcoal with MWCNT. Morphological characterization revealed
that the highly porous defect rich carbon structure consists of synchronized features of 3D carbon decorated with
MWCNT network. The excessive oxygen surface groups can reduce large amount of polymer gel electrolyte and
locates manifold catalytic sites for reduction of tri-iodide ions. These textile electrodes showed very high
stability and conductivity and lower resistivity up to 8 Q sq*. Electrochemical investigations confirmed higher
electro catalytic activity (ECA) and exhibited very low charge transfer resistance of 1.38 Q. Such facile
assembly of these novel textile electrodes is quite promising for the mass production of next generation textile
based wearable electronics and power generation devices.

Key words: Textile electrode, Nanotechnology, Nano hybrid, Highly conductive, Lower charge transfer
resistance

INTRODUCTION

Textile based electrodes have received increased attention due to their potential application in super
capacitor (Alhebshi, et al. 2013; Liu, et al. 2012), lithium ion batteries (Wang, et al. 2014; Zhu, et al.
2013), and electrochemical energy storage devices (Jost, et al. 2014; Pan, et al. 2014). These electronic
textiles (e-textiles) offer the combined features of light weight, flexibility and charge storage capacity
(Brown, et al. 2014; Jost, et al. 2011). Recently, fabrication of carbon nanocomposite based flexible
electrodes have gained widespread attention due to their high conductivity, lower cost, and
environmental sustainability. Design and fabrication of micro and nano-patterned carbon structures
based on carbon nanotubes, carbon black, graphite, and graphene has been assembled on fabric
substrate and used as electrodes in multiple applications (Arbab, et al. 2015a; Arbab, et al. 2015b;
Sahito, et al. 2015a; Sahito, et al. 2015b).

Multi walled carbon nanotubes (MWCNTS) have a unique nano-scale structure, consisting of several
coaxially arranged graphene sheets with distinct electronic features of high electrical conductivity, and
chemical stability. MWCNTSs are made up of nearly perfect atomically smooth basal planes which
may not be suitable for efficient electro-catalytic application (Lee, et al. 2009). Amorphous activated
charcoal has high surface area with porous structure, possesses multi-edges surface that can act as
active centers for the charge storage reactions (Lu, et al. 2015). Induction of mesoporous activated
carbon into the tubular graphitic framework without alter their electronic conductivity could yield
electro catalytic active sites with minimum change of conjugation length. Synchronized structure of
defect rich carbon with conductive MWCNT network supports to facilitate the charge transfer kinetics,
and improve the electronic performance.

16
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Textile fabrics are porous and stretchable made by weaving, knitting, or pressing fibers. Among the
fabrics, polyester fabric is indeed the most commonly used because of its high strength, flexibility, and
low production cost. In this paper, we report a novel textile fabric electrode employing a polyester
fabric as substrate, and AC doped MWCNT as catalytic coating, which is synthesized by enzymatic
dispersion route, reported in our previous work (Arbab, et al. 2015a). We fabricated different
composite structures of AC doped MWCNT printed polyester fabric (carbon fabric composites) using
coal, coconut shell and pine tree type activated carbon, designated as composite A, composite B and
Composite C, respectively. Further, different amounts of AC (pine tree) were formulated to optimize
hybrid structure. Electrochemical studies revealed the high electro catalytic activity and conductivity
of our suggested textile electrode. These textile electrodes are expected to meet the various
requirements of wearable electronics. In addition, the production of fabric based composites are very
mature in textile industries, can provide benefit of roll-to roll production of flexible textile based
electrodes.

EXPERIMENTAL
Materials

Plain weave 100 % polyester fabrics, with silicon hydrophobic surface finish were used as substrate.
Three types of activated charcoal particles derived from coal, coconut shell and pine tree were
purchased from Dy-carbon Co. MWCNT powder of carbon content > 95 %, 6-9 nm diameter, Sum
length (Sigma Aldrich Co.) was used. Lipase enzyme from candida rugosa, Type VII (Sigma Aldrich
Co.) used as organic dispersant. Polymer carboxymethyl cellulose (sodium salt of MW 250,000g) was
used as binding agent.

Fabrication of carbon fabric composite counter electrode

Different AC doped MWCNT nanostructures were synthesized in the following steps. First of all,
1mg/mL aqueous enzymatic solution of lipase enzyme was prepared in ethanol. 0.4 g of MWCNT was
added in 100 mL enzymatic solution and stirred at room temperature for 8 hours. In the next step,
different types of activated charcoal particles .i.e. coal, coconut shell, and Pine tree type were added
into the individual MWCNT suspension and further dispersed for 8 hours. 50 mL ethanol was more
added to dilute the suspension and ultra-sonicated for at least 3 hours. The suspension was vacuum
filtered by using 0.5 pum pore size PTFE polymer membrane filter. After that, the carbon filtrate
washed two times with D.I water to remove any excess of non-adsorbed enzyme impurities. Next, the
filtered and washed AC doped MWCNT cake was mixed with 15mL solution of carboxymethyl
cellulose polymeric binder and grind in agate mortar to get consistent conductive carbon paste. The
carbon paste was stored over night at room temperature for aging. Cleaned polyester samples were cut
into square and tape casted. AC doped MWCNT suspension was printed via doctor blade onto the
polyester fabric under hot air drying. The electrodes were dried at 70 °C for 30 min., pressed at 130 °C
for 20 min. in hot press machine.

RESULTS AND DISCUSSION

Morphology and Structural characterization

Morphology of three types of activated charcoal is shown in Figure 1 (A). All ACs have amorphous
structure and showed mesoporous surface. It can be seen that, Pine tree based AC has sharp board

structure and defect rich structure. Whereas, coconut shell based AC has polygonal structure and lesser
defects, while coal type AC has a round shape structure with low porous surface.
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Defect rich and porous morphology has advantage of fast tri-iodide reduction reaction and high
diffusion of concentrated polymer electrolyte.

From Figure 1 (B), it is observed that MWCNT are well dispersed with the lipase enzyme without
apparent aggregation. TEM image also revealed the flat fragmented collapse of charcoal sheets
decorated with CNT tubular network. The presence of charcoal particles along with MWCNTS can
promote electron transfer from defect rich carbon to the MWCNT walls, decreasing the surface work
function of MWCNT, thereby improving the reaction of I in reduction mechanism.
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Figure 1. (A) FE-SEM images of (a) Pine tree (b) coconut shell and (C) coal derived activated charcoal. (B)
TEM images of Ac doped MWCNT hybrid

Figure 2. FE-SEM images of (a) uncoated polyester fabric. (b) Ac doped MWCNT coated fabric. (c) Digital
image of flexible carbon fabric composite. (d) Low magnification FE-SEM image of AC doped MWCNT. (e)
High magnification FE-SEM image of AC doped MWCNT. (f) Cross-sectional FE-SEM image of carbon fabric
composite (digital image of carbon fabric composite given in inset).

Figure 2 shows the FE-SEM images of uncoated fabric and carbon coated fabric composite. It can be
seen that, the surface of polyester fabric is relatively clean and smooth. After AC doped MWCNT
printing, the surface of sample was fully covered with carbon sheet. There are no obvious cracks or
flaws on the sheet were observed. Further high magnification image showed three dimensional
fragmented amorphous carbon sheets decorated with conductive MWCNT network. Digital
photograph showed the homogenous printing on textile substrate. Cross sectional view of AC doped
MWCNT hybrid coated on polyester weaved fabric was also observed. A thick mesoporous layer was
observed on weaved pattern. The measured average thickness of the layer is about 16 pm.

Surface area and porosity
To investigate the surface area and porosity of AC doped MWCNT hybrid, N, adsorption—desorption

isotherm and the pore size was observed. The as-synthesized carbon layer exhibited typical N
hysteresis of adsorption-desorption curves indicating the characteristic of amorphous carbon.
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As compare to AC free MWCNT, AC doped MWCNT showed higher amount of N, absorption at
high relative pressure, signifying the presence of high mesoporous carbon in the substrate. AC doped
MWCNT have higher specific surface area of 500.0965 m? g%, with 1.102288 cm® g pore volume,
whereas AC free MWCNT have low specific surface area of 337.1920 m? g* with 1.030778 cm® g!
pore volume.

High specific surface area and pore volume structure will provide more accessibility to the I ions,
and improved electro catalytic activity. Pine tree type activated carbon showed high pore size volume
with high surface area, responsible for its efficient performance.

Electrical conductivity and stability

The sheet resistance of AC doped MWCNT coated fabric measured by four point probe showed
excellent conductivity of 12 Q sq* when prepared with pine tree based charcoal. Sheet resistance of
different fabric composites listed in Table 1 and 2. AC doped MWCNT was selected as the conducting
electro catalytic material on fabric, as it has significantly good catalytic reaction with iodide
electrolytes and can easily be coated on fabrics at relatively low temperature. In order to test the
conductivity of textile electrode against different bending positions, a custom-built two-probe device
with slide clamps was build. Sample size of 1x3 cm was bent gradually in different positions and its
electrical conductivity was measured. Fabric electrode showed negligible difference in the
conductivity over different positions of bending. Conductivity of fabric electrode against bending
cycles was also measured. The variation in the electrical resistance of the fabric was negligible over 10
bending cycles. After the bending test, no cracks were observed on the coated fabric.

Electro catalytic activity

The electro catalytic activity of the textile electrode is a significantly parameter for improving the
performance of energy devices. Therefore, electro catalytic activities of the different carbon fabric
composites were initially studied by the cyclic voltammetry (CV) technique. AC doped MWCNT
hybrid printed on polyester fabric are expected to produce high conductivity and electro catalytic
activity (ECA) towards the reduction of I7. The CV curves of fabric electrodes using a three-electrode
system are presented in Figure 3-a. Two distinctive oxidation and reduction peaks were observed for
different fabric composites. The negative pair was assigned to the reduction reaction and the positive
one was assigned to the oxidation reaction. The three important parameters which determine the
catalytic activity of the electrodes are cathodic peak potential (Ecp), cathodic current density (lec), and
the peak to peak separation (Eyp) of potential difference. It indicates that a higher lpc, @ more positive
Ecer and a lower Epp value demonstrate the greater electro catalytic activity of CE (Park, et al. 2015).

It was observed that, the variation of different carbon content around MWCNT, caused variance in
electro catalytic activity (ECA) of the fabric electrode. It can be seen that, the carbon fabric composite
synthesized with composite C has larger oxidation and reduction current densities as compare to
composite A, and Composite B, respectively. These results ascribed to the high surface area and pore
volume of pine tree type charcoal, which affect its electro catalytic activity (Yoon, et al. 2013). The
cathodic peak potential (-2.43V) and larger cathodic current density (-7.945 mA cm indicate its
superior electrical conductivity and electro catalytic activity for I reduction. Figure 3-b shows the
CVs of carbon fabric electrodes prepared with different charcoal content. It was interesting to find out
that, by increasing the charcoal content high electro catalytic activity was observed. AC free CNT
coated fabric possess low ECA with (1.95 mA cm-2), whereas 0.8 wt% AC fabric electrode have large
cathodic current density with (4.09 mA cm?) The profile and peak location of CV for the carbon
fabric (0.8 wt%) electrode is similar to Pt coated FTO glass, demonstrating synchronized features of
high catalytic activity and conductivity. Furthermore, by increasing the AC content from 1.6 wt% to
3.2 wt%, CV profile is changed to pure activated carbon. Low ECA with only one reduction peak was
observed in high charcoal content (Yue, et al. 2013).
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Fig. 3. Cyclic voltammograms of iodide species for (a) Different carbon fabric composites. (b) Effect of wt% of
charcoal on ECA.

Electrochemical properties

To understand the electrochemical catalytic activity of three kinds of carbon fabric electrodes,
electrochemical impedance spectroscopy (EIS) were carried out. In EIS characterization,
electrochemical reaction rates of redox couple (I7/I3) were measured with electrochemical
impedance spectroscopy (EIS) with symmetrical cells as reported in the previous literature (Bi, et al.
2015; Gong, et al. 2013). The symmetrical cell configuration consists of two identical carbon fabric
electrodes, used to calculate the charge transfer reaction processes at the interface between electrode
and polymer gel electrolyte. The sheet resistance (Rs) and (Rct) parameters were obtained by fitting
EIS plots using a Randles-type equivalent circuit. The typical Nyquist plots of symmetrical cells are
shown in Figure 4-a. The plot shows a well-defined semicircle with one small semi-circle. The high
frequency (around 100 kHz) intercept on the real axis represents the series resistance (Rs) of the
electrode. The first semicircle at the medium frequency region is related to the charge transfer
resistance (Rct) and the corresponding constant phase element (CPE) of electrodes and electrolyte
interface reaction, while the other small semicircle at low frequency region demonstrates the Nernst
diffusion impedance (Zw) of (I7/I3) in the electrolyte. since the Nernst diffusion impedance is
negligible for our focus therefore, we manly emphasis on the Rs and Rcr of electrodes. The Rs and Rer
of different types of electrodes together with other parameters are tabulated in Table 1.

o 12 b 6 .
Composite A —— 0%
10k ~— Composite B sk 0.4%
Composite C g 3 —— 0.8%
— N 1.6%
—; O G 4 3.2%
®] o i
= ~N
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I\II 6 3k 18 20 22 24 26 28 30 32 34 36

Z'[Q]

\ L
40 18 23 24 25
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Fig. 4. Nyquist plot for (a) carbon fabric composite fabricated with coal, coconut shells, and pine tree charcoal
(1.6 wt%). (b) Effect of wt% of charcoal on Rcr.
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The Rs of three electrodes are negligibly varied, demonstrating good bonding strength of carbon sheet
with textile fabric. According to the values obtained from the Nyquist plot, The Rcr of composite C
(pine tree type) electrode was found to be 2.40 €, indicating a high electrochemical activity and
conductivity than its counter parts.

The Rcr value of composite A and composite B has comparatively high Rer of 6.50 and 2.55 Q,
respectively. This can be attributed to slow ionic diffusion in the porous structure of Ac doped
MWCNT hybrid synthesized with coal and coconut shell type charcoal. The above results confirm the
significance of defect rich pine tree type charcoal in the catalytic reduction mechanism.

Table 1. Electrochemical and photovoltaic | Table 2. Electrochemical and photovoltaic
performance of DSSCs fabricated with | performance of DSSCs fabricated with carbon
different carbon fabric composites. fabric composites of different wt % of activated
carbon (pine type).
Electrode  Symmetrical cell Wi% Electrode  Symmetrical cell
Type of Resistivity Rs Rer of Resistivity Rs Rer
composite Q@sqh) (@ ()] carbon (Qsql)  (Q) Q)
Composite A 155 20.34 6.50 0 15.5 18.91 3.58
Composite B 13.1 19.95 3.94 0.4 13.3 18.48 1.82
Composite C 12,5 18.60 2.40 0.8 12.1 18.40 1.38
1.6 12.5 18.60 2.40
3.2 15.8 19.01 5.71

To further optimize the interfacial charge transfer process between polymer gel electrolyte and
composite C electrodes, different composite C electrodes were fabricated by altering the charcoal
content. The Rcr of composite C electrode decreases gradually with increasing charcoal content from
0 wt% to 0.8 wt%. This effect due to the high porosity embedded in MWCNT. In brief, carbon
electrode of 0.8 wt% AC, highlighting a reduction in Rcr with 1.38 Q (Figure 4-b). This proves that
the synchronized effect of MWCNT with appropriate dosage of activated charcoal can enhance charge
transfer mechanism of CEs when used with gel electrolyte. Further increment in charcoal content, high
Rcr and low sheet to substrate adhesion was observed, which may be due to mismatch composite ratio.
Theses result further confirms that carbon fabric composite consist of highly conductivity and porous
structure, which enhance the charge transfer kinetics and entrap large amount of gel electrolyte for
faster tri-iodide reduction. As the faster charge transfer mechanism improved by carbon fabric also
helps to sustain maximum current attainable in the energy devices.

CONCLUSION

In summary, highly efficient and flexible fabric electrodes were successfully developed by a facile
approach to fabricate different carbon based nanomaterials (AC doped MWCNT hybrid) on woven
polyester fabric. Initially, three different types of charcoal nanomaterials (coal, coconut shell, and pine
tree) were doped with MWCNT and printed on polyester fabric. It has been proven that the pine tree
composite (composite C) is compatible for the fabrication of highly porous and defect rich hybrid
structure and recommended for textile fabric coating. Optimization of doping with different dosage of
charcoal in MWCNT, also improved the conductivity and electro catalytic activity of fabric electrodes.
The whole design and fabrication is low cost and commercially feasible. Therefore, it can estimate that
this novel textile fabric electrode will be promising for the roll to roll production of flexible textile
structured energy and photovoltaic devices.
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A RESEARCH ON THE PHYSICAL CHARACTERISTICS OF PAN
AND PVA NANOFIBERS OBTAINED WITH ELECTROSPINNING
METHOD
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ABSTRACT

During the experiments conducted in this study, the experiment materials are the nanofibres obtained
with electrospinning method with 8% solvent dissolved in polyvinyl alcohol-water for PVA nanofibre
output, and 13% solvent dissolved in polyacrylonitrile dimehylacetamide, as well as the nonwoven
fabrics created from these nanofibres. The study has been conducted by spinning nanofibres at a
constant speed of 1 m/min. at 30 kV voltage value for PVA fibres and 35 kV for PAN fibres with 16
cm distance between the end of the pipette and the collector. Fibre spinning was conducted on PP
meltblown surfaces with 30x150 cm dimensions. Among the obtained nonwoven fabrics, two surfaces
have been covered on top of each other in a manner that PP meltblown surface remains outside, and a
sandwich has been created; then elongation strength, abrasion resistance, air permeability and burst
strength tests have been conducted on them. After coating with PVA nanofibre, a resistance increase
has been identified on PP meltblown fabric, while a decrease in resistance has been identified on the
coating surface after PAN nanofibre coating compared to the strength of PP meltblown fabric.

Key words: Electrospinning, PVA, PAN, Nanofibre, Physiological Tests
INTRODUCTION

Electrospinning is a process that creates nanofibres through an electrically charged jet of polymer
solution or polymer melt (Ramakrishna et al., 2005). Owing to electrospinning, it is possible to
manipulate fibres into three dimensional structures during their deposition. This gives possibility to
forming non-woven fabrics with small pore sizes (Sajeev et al., 2008).

Poly vinyl alcohol (PVA) is a semi-crystalline, hydrophilic polymer with good chemical and thermal
stability. It is highly biocompatible and non-toxic (Qin et al., 2008). It can be processed easily and
readily react with different cross-linking agents to form a gel. These properties have led to the use of
PVA in a wide range of applications in medical, cosmetic, food, pharmaceutical and packaging
industries.

MATERIAL AND METHOD

The co-polymers PAN and PVA with 72,000 polymerization degree were respectively supplied from
AKSA and Merck. PVA and PAN polymers were melted respectively in water and dimethylacetamide
in 8% and 13% ratios with a magnetic agitator at 80-100 °C, continuously for minimum 4 hours.
Electrospinning was conducted with an AU-40-0.75 model high voltage power supply bought from
Matsusada company. The maximum voltage at high voltage source is 40 kV and the current is 0.75 A.
Polymer solutions were filled in pipettes with 0.25 and 0.50 inner diameters.
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Microscopic images of PVA and PAN nanofibres prepared on the slide were obtained with SEM-FEI
Quanta 200 FEG and AFM-PSIA XE-100E without coating. Diameters of the nanofibres were
measured with FEI Image and their 3D images were taken with XEI.

Tensile strengths have been tested at DEBA A. S. on James H. Heal Titan device with ISO 13934-1
strip method in single layer at MD and CD directions. In these tests, as the resistances of PAN nano-
fibre spinned nonwoven surfaces appeared lower than the samples with only metblown nonwoven
surfaces, the tests were repeated with the Zwick/Roell device at Ege University Physical Test
Laboratory by increasing the number of samples.

Abrasion resistances were tested with Martindale method at DEBA A.S., by cutting eight 38 mm
diameter samples in a manner that meltblown surfaces are exposed to wearing, because the abrasion
resistances of nonwoven resistance surfaces are very low. The device was initially stopped at the end
of 8 tours. Then at the end of every 3 tours abraded or blown surfaces were noted. Blowing resistances
of filtration nonwoven surfaces were tried to be measured under 7 kPa/s pressure with the James H.
Heal TruBurst device at Ege University-Physiological Test Laboratory.

Air permeability was measured with 5 measurements on each sample under 100 Pa pressure with
Textest FX3300 device.

RESULTS

Figure 1 shows diameter measurements of nanofibers that PVA nanofibers have 252 micron average
diameter while PAN nanofibers have 476 micron average diameter. Figure 2 shows SEM images of
those nanofibers on different scales.

Nanofibers were sandwiched between two layers of 20 g/m? PP meltblown nonwoven surfaces for air
permeability tests. Changing the feeding time of electrospinning, the amount of nanofibers were
arranged in different weights per m? For example PVA-1 means 1 g of PVA nanofibers were
deposited on 1 m? sublayer surface. Test results are given in Table 1.

Frequency
Frequency

3
3

Mean = 251,5294 Mean = 475,7647

Std. Dev. = 68,59402 Std. Dev. = 97,94739
N =17 N =17

T T T T
200 300 400 500 500 750 1.000 1.250 1.500
PVA-1 PAN

Figure 1: Diameter measurement results of the nanofibres
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' Figure 2: EM ima of (a) P—l and (b) PAN nanofirs
Table 1: Air permeability of filtration nonwoven fabrics (cm3/cm?/s)

PVA- PVA- PVA-
Sublayer |0,21 0,3 0,6 PVA-1 |PVA-2 |PAN-0,5 | PAN-1 |PAN-2
23,50 20,80 5,76 4,08 4,86 2,39 16,60 13,80 |9,09

27,80 18,40 5,44 3,11 3,15 1,89 15,90 14,80 9,11

25,40 18,60 5,77 3,93 3,65 2,21 13,00 15,80 10,90
25,80 18,70 5,75 4,25 4,55 2,40 14,30 14,10 |9,63

25,60 19,20 5,75 4,01 4,19 1,95 16,30 13,80 [12,90
Mean 25,62 19,14 5,69 3,88 4,08 2,17 15,22 14,46 ]10,33
Standard
deviation | 1,53 0,97 0,14 0,44 0,69 0,24 1,53 0,85 1,62
%CV 5,96 5,09 2,50 11,46 16,85 |11,05 |10,02 5,90 15,65

Tensile strength and tensile elongation test results are given in Table 2. In the tests, tensile strength of
PAN-1 nonwoven surface fabric appeared lower than that of meltblown nonwoven surface fabric once
more. This result has been construed as that the dimethlyacetamide used for melting PAN polymer
damaged PP meltblown fibres. On the other hand PVA nano fibres contribute to the tensile strength of
nonwoven surfaces. The contribution of 1 g/m?-PVA nano fibres —with lower resistance value than the
others- to meltblown nonwoven surface strength was measured as 0.53 N, that of 0,21 g/m?-PVA nano
fibres as 0,86 N and that of 0,3 g/m? PVA nano fibres as 0,95 N. The elongation percentage obtained
during breaking-off of the surfaces obtained from PVA fibres showed a slight change in £2% range,
while the elongation percentage of PAN-0.5 surfaces decreased by 2.54% and a more evident decrease
of 8.41% was observed on PAN-1 surfaces.

Table 2: Breaking Strength Test Results of Filtration Nonwoven Fabrics

Sublayer PVA-0,21 PVA-0,3 PVA-1 PAN-0,5 PAN-1

Str. Ext. |Str. Ext. | Str. Ext. |Str. Ext. |Str. Ext. |Str. |Ext.
N) ) (N @) (N O (N %) (N 1) (N (%)
9,49 23,63 [12,78]35,25]9,39 |28,07 9,24 122,00]10,2631,5318,78 [26,22
10,12 136,95 |12,34 31,21 10,77 |37,64 19,85 |32,62|11,67|33,86]8,79 |18,38
10,74 136,55 |8,81 |29,31]10,37|36,60 10,46 |35,44111,32]129,18]8,90 |22,83
9,76 39,88 [11,26|37,45]11,45|32,49 |9,85 |27,07]8,96 |20,1318,60 [17,10
8,73 23,81 18,29 |30,77]10,36 |29,98 | 11,20 | 34,43 19,69 |27,35]8,69 [25,28
8,97 31,62 |10,49]123,02]11,33|42,56 19,74 |29,90]10,29140,44]8,44 |17,94
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9,10 |22,16 |9,81 |26,65]9,77 |30,11 9,55 |29,40]9,99 |21,18|9,67 |28,41
9,72 140,87 18,97 |28,90]10,83]34,58 10,98 ]30,64]11,21]31,46]9,02 |32,00

Mean 9,58 131,93 |10,34 130,32 |10,53 34,00 {10,11]30,19]10,42]29,39]8,86 |23,52

Standard
deviation |0,66 |7,75 1,67 |4,57 |0,71 |4,82 |0,70 |4,30 |0,92 |6,64 |0,37 |5,42

%CV 6,86 24,26 |16,15]15,066,78 ]14,16 6,90 |14,23]8,80 ]22,58]4,20 |23,03

The results of the abrasion strengths tested with Martindale method are provided in Table 3. Average
abrasion strengths of meltblown surfaces were found as 38.375 without nanofibre addition, 31.5 with
PVA nanofibre addition and 24.5 with PAN nano fibre addition. The negative impact of
dimethylacetamide, which is used for melting PAN, on PP fibres was previously mentioned. This
negative impact causes to an easier abrasion of the surface.

Table 3: The Abrasion Strength of Nonwoven Fabrics

Sublayer |PVA-1 |PAN-1
32 24 17
35 27 20
35 30 20
41 30 23
41 33 23
41 36 26
41 36 32
41 36 35
mean 38,38 31,50 24,50

CONCLUSIONS

According to air permeability results, PVA-03 reduces air permeability compared to PAN-1 and PAN-
2, because the average diameter of PVA fibres is almost half that of PAN fibres. As a result, because
the total surface area of fibres covering the same size area increases as the fibre diameter decreases,
the surface resistance of the material also increases and thus the air permeability reduces.

According to tensile strength test results, a statistically significant resistance increase is not observed
on the surfaces covered with PVA fibres compared to meltblown surface, while a resistance decrease
occurred with PAN-1 fibres, which connotes that a weakening of PP meltblown fabric occurs during
the obtainment of PAN-1 fibres. Elongation percentage decreases parallel to the tensile strength with
PAN-1 nonwoven fabric, while it does not represent a statistically significant difference with the
others.
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THE BALANCING OF SEWING PRODUCTION LINES IN GARMENT
MANUFACTURE USING SIMULATION TECHNIQUE

Todor Stojanov, Xinchen Yu, Xuemei Ding
Fashion Design and Engineering Department at Dong Hua University

ABSTRACT

The need for high product variety, smaller batch size, shorter delivery time and higher quality has
encouraged apparel companies to concentrate on the development of digitization and information
management. This speeds the response to those rapid changes occurring in the apparel industry.
However, on the shop floor, it is difficult to achieve line balancing due to the different pitch time of
each workstation. Simultaneously, differences in operators’ efficiency make this difficulty far greater.
This paper will develop a simulation technique that can be applied to production lines, balancing the
data derived and offering clear measurements of operators’ efficiencies. The data collected by the
researcher from a dress assembly line in factory in China is used to build a simulation using ProModel
software. An optimization solution is suggested that may be one route to improving production line
performance. Results derived from the simulation hypothesise that by considering the operators’
efficiencies the production line could be changed generating higher productivity and lower work in
process (WIP). Thus, simulation may also be effective in helping achieve better line balancing, even
predicting problems before production starts.

Key Words: Apparel assembly line balancing (AALB), simulation, ProModel software

INTRODUCTION

With the rapid change of fashion trends and increasingly shortening of production cycle, the
production mode of multi-product and small batch size has become an inevitable choice for the make-
to-order (MTOQO) apparel manufacturer. Frequent changes to apparel styles have meant that
manufacturers find they may be forced to reconfigure their sewing production lines at almost any
moment to achieve the best production efficiency and generate the highest return on investment
despite limited equipment and personnel resources. For businesses, such necessary reconfiguration
resulting from trend-led product variation is both time-consuming and inconvenient if it is done by
supervisors using their experience. In addition, line efficiency as well as production progress might be
difficult to control in a measure due to such frequent changes.

In the past decade, simulation techniques have been widely used in many manufacturing industries.
Many developed countries will conduct simulations before the reconfiguration or extension of a
production line or before a new product is put into production. These provide a quantitative basis for
making scheduling decisions, improving line efficiency, evaluating productivity and allocating
equipment reasonably. Rotab (1999) in his research uses reports and demonstrates the methodology of
structuring a spreadsheet simulation model of a garment production system. to suggest ways to
minimise daily production costs. Such costs may be elevated by the wages of repairmen and the rent of
backup machines resulting from different human-machine combinations. Senem and Fatma (2009)
construct a simulation model to balance a sweatshirt sewing line and minimise the negative effects of
labour-intensity of clothing production. The bottlenecks in the production line are analyzed and three
solutions presented by means of what-if analyses to achieve a more balanced system. Tiacci (2012)
proposes an event and object oriented simulator (EOOS) to identify the optimal solution of the
assembly line balancing problem.
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The EOOS can be effectively attached to algorithms used to simulate a wide variety of line
configurations. Siti, Rohaizan and Tan (2012) develop a simulation model to analyze a modern
clothing production line in Malaysia. Their study aims to reduce cycle time while increasing
production quantity to meet order requirements. While Rotab (1999), Senem and

Fatma (2009), Tiacci (2012) and Siti, Rohaizan and Tan (2012) have proved simulation to be an
effective tool in identifying potential problems such as bottlenecks and utilisation levels before
production begins, all are under the assumption that operators in the line are at the same skill level
with the same efficiency of 100 percent. This certainly cannot represent the real production process.
The apparel industry is a typical labour-intensive industry. Since human factors play an important part
in the line scheduling, it is vital to arrange the production line bearing in mind the variance of operator
efficiency: the aim is to achieve a balanced line with higher productivity, which means the pitch time
of each station should be as similar as standard pitch time. Up to now, in most Chinese small and
middle sized clothing companies, line balance control mainly relies on supervisors’ experience and
skills. However, when supervisors arrange a line, they may ignore operator efficiency, repair rate or
other factors: this often fails to achieve a desirable scheduling result before the line is put into
production. Many manufacturers have to make some adjustments when problems occur during
production and this leads to low line efficiency. For a make-to-order garment manufacturer, simulation
can be a time-saving, cost effective and low risk way to construct reasonable and practical production
schedules and control them effectively. In addition, simulation can provide supervisors with
guantitative data to help predict the production process.

The aim of this study is to construct a model using the data collected from a real assembly line for
ladies’ dresses, using ProModel simulation software to obtain an optimal scheduling solution. In this
study, operator efficiency and repair rates are taken into consideration so that any solution may be
more realistic. Section 2 describes the problem on which the study will focus; section 3 presents and
analyses data coming from a real assembly line manufacturing ladies’ dresses; section 4 describes the
simulation model in detail and delivers model verification and validation; section 5 introduces an
experimental design and simulation results while section 6 offers a level of research synthesis and
suggests further areas for study.

PROBLEM STATEMENT

This research was carried out in a production company that produces women’s clothing to high street
retailers. The layout of the sewing line uses a Progressive Bundle System (PBS), where a specific
number of pieces are tied and travel together throughout the process. The disadvantages of this
production mode are generated primarily from high levels of WIP, a long production cycle and low
working efficiency. Because of the high WIP, much of production space is occupied making the work
environment disorganized as WIP piles up is what appears to be a highly disorganised fashion.
Because of this disorganisation, there are contingent problems that make for high levels of rejection of
finished items and thus significant delays in consignment delivery. Thirdly, operators have to spend a
lot of unnecessary time on fastening and unfastening, checking and bundling.

Until now (2013), the production company’s management remains based on supervisors’ personal
experience, making it difficult to achieve a balanced line before production begins. Supervisors are
likely to make what they deem to be appropriate adjustments when problems occur during production.
As a result, production is made less efficient and, in addition, the manufacturer may fail to finish a
consignment on time because material handling, reworking had not been factored into the plan
generated by shop floor managerial experience.

An added problem is that manufacturing companies are faced with increasing recruitment problems as
the labour cost in China increases (http://px.zhongsou.net/...).
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It becomes more important for companies to attach significance to the flow of WIP while factoring in
limited resources of time, capital and labour to maximise efficiency. Operator allocation is a common
issue in manufacturing industries, especially in labour-intensive industries such as clothing production.
Despite this, the company in this study derives operator allocation based solely on a supervisors’
manual experience— a process which cannot deliver desirable productivity. It is clearly necessary to
achieve a balanced line based on considerations of operator efficiency.

To focus on the optimisation of the sewing production line using a simulation, one specific dress
production line was chosen for this study. A production model based on ProModel simulation software
was set up then the real production conditions were analyzed. Proposed optimal measures —
specifically according to simulation results — can then be suggested. To improve production efficiency
and accurately control production progress repair rates, transfer times and operator efficiencies are
taken into consideration.

DATA COLLECTION AND ANALYSIS

The simulation model is based on the following data collected from the real production line of an
apparel manufacturing company in Nantong, Jiangsu province, PR of China. Flow of a dress
production sewing line is shown in figure 1.

1. Intervals of the entity arrivals. Usually time between two entities entering into the system follows
a certain distribution ;

2. The task time for each operation is recorded in table 1. 20 measurements for each operation were
obtained during production using time study techniques (Kanawaty, G, 1992) and they were all
tested for distributional fit using Stat::fit statistical software attached to ProModel. For example,
for task 3 —Pressing back side piece — 20 measurements were entered into Stat: fit. The results are
shown in Figures 2 and 3.The distribution estimated for task 12 is obtained as Normal (7.9, 0.7)
with a mean of 7.9 and standard deviation of 0.7.
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Figure 1 flow of a dress production sewing line
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Figure 2 Typical distribution fitting results

7Z| operation no.12 Automatic Fitting == o |@|
Auto::Fit of Distributions

distribution rank acceptance
Mormal([7.9, 0.7) 91.3 do not reject
Uniform(7., 9.] 11.4 reject
Triangular(7., 9.58, 7] 6.76 reject
Exponential(7.. 0.9] 4.73 reject
Lognormal(7., 0.198, 0.313] 8.54e-004 reject

Al operation no.12 Comparison Graph

7.0 7.5

Fitted Density

8.0 85 9.0
Input Values

Hormal

Figure 3 Normal fitting results

Tablel. Task time of each operation

No.

Tasks name

Time/sec

Machine

10
11
12
13

14

15

Check pieces/ Bundling
Attach bottom back side piece

Sew top centre back seam

Spot back darts
Sew back darts

Pressing top centre back seam
open
Pressing back darts
Pressing back top side piece seam
open
Pressing binding on back neckline
Pressing binding on back armhole
Pressing back bodice
Pressing back side piece
Attach top back side piece

Sew bottom centre back seam

Pressing bottom centre back seam

Triangular(51.8, 60.8, 58, 1)
Normal(28.9, 0.624, 9)

Normal(16.1, 1.02, 10)

Lognormal(7.53, 1.26, 0.193, 11)
Normal(15.9, 0.831, 12)

Exponential(5, 1.1, 16)

Triangular(2.69, 5.39, 4, 17)
Normal(12.9, 1.04, 18)

Triangular(9.5, 12.5, 11, 20)
Normal(27.4, 1.06, 21)
Normal(7.9, 0.7, 2)
Normal(7.9, 0.7, 3)
Lognormal(31.6, 1.68, 0.206, 8)

Triangular(7.49, 10.6, 9, 13)

Lognormal(2.41, 1.04, 0.285, 15)

handwork
Lockstitch sewing
machine
Lockstitch sewing
machine
handwork
Lockstitch sewing
machine
iron

iron
iron

iron
iron
iron
iron
Lockstitch sewing
machine
Lockstitch sewing
machine
iron
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16

17

18

19
20
21

22

23

24

25
26

27

28

29

30
31
32
33
34
35

36
37
38

39

40

41

42

43
44

45
46

47

48

49

open

Pressing back bottom side piece

seam open

Pressing binding on back waist

line
Stitch bodice and skirt piece
together
Pressing front bodice

Pressing front side piece
Attach top front side piece

Attach bottom front side piece

Pressing front bottom side piece
seam open
Pressing front side piece seam
open
Pressing binding on front armhole
Pressing binding on front waist
line
Pressing binding on front neckline
and shoulder
Sew shoulder seam

Sew side seam

Mark side seam
Pressing back waist seam open
Sleeve edge seam
Pressing side seam
Pressing zipper
Stitch invisible zipper

Pressing front hem
Pressing back hem
Attach top front lining side piece

Attach bottom front lining side
piece
Pressing top and bottom front
lining side piece
Pressing shoulder seam

Attach washing label

Mark lining back dart
Sew lining back dart

Pressing lining back dart
Sew top lining centre back seam

Pressing top lining centre back
seam
Attach size label

Mark brand

Normal(7.95, 0.805, 19)
Normal(11.9, 0.654, 22)
Triangular(30.5, 39.7, 35, 27)

Normal(6.1, 0.943, 5)
Triangular(7.11, 9.81, 8.5, 4)

Lognormal(67.3, 2.07, 0.224, 6)

Normal(48.3, 1, 7)
Normal(19.3, 0.942, 14)
Normal(29.1, 0.921, 23)

Triangular(26.7, 29.3, 28, 24)

Lognormal(8.7, 1.24, 0.232, 25)

Normal(22.7, 1, 33)
Exponential(20, 1.15, 28)

Normal(44.9, 1.41, 29)

Lognormal(8.3, 1.95, 0.121, 65)
Lognormal(2.69, 0.911, 0.313, 30)

Normal(11.8, 0.678, 31)
Normal(41.2, 0.812, 34)
Triangular(11.6, 14.3, 13, 26)
Normal(61.6, 1.39, 35)

Triangular(8.72, 12.4, 11, 43)

Lognormal(5.7, 1.24, 0.232, 44)

Normal(108, 0.768, 36)

Lognormal(46.9, 1.59, 0.199, 37)

Lognormal(35.5, 2, 0.181, 32)
Lognormal(35.5, 2, 0.181, 32)
Exponential(20, 1.15, 28)

Normal(44.9, 1.41, 29)

Lognormal(2.69, 0.911, 0.313, 30)

Normal(11.8, 0.678, 31)
Triangular(30.5, 39.7, 35, 27)

Normal(22.7, 1, 33)
Normal(41.2, 0.812, 34)

Normal(61.6, 1.39, 35)

iron
iron

Lockstitch sewing
machine
iron
iron
Lockstitch sewing
machine
Lockstitch sewing
machine
iron

iron

iron
iron

iron

Lockstitch sewing
machine
Lockstitch sewing
machine
Handwork
iron
iron
iron
iron
Lockstitch sewing
machine
Iron
Iron
Lockstitch sewing
machine
Lockstitch sewing
machine
Iron

Lockstitch sewing
machine
Lockstitch sewing
machine
Handwork
Lockstitch sewing
machine
Iron
Lockstitch sewing
machine
Iron

Lockstitch sewing

machine
Handwork
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50 Attach brand Normal(108, 0.768, 36) Lockstitch sewing
machine
51 Stitch lining bodice and skirt Lognormal(29.3, 2.14, 0.999, 38)  Lockstitch sewing
piece together machine
52 Sew lining shoulder line Lognormal(46.9, 1.59, 0.199, 37)  Lockstitch sewing
machine
53 Sew lining side line Lognormal(6.96, 1.08, 0.288, 39)  Lockstitch sewing
machine
54 Pressing lining bodice and skirt Normal(13.1, 1.02, 40) Iron
piece together
55 Pressing lining side line Normal(47.9, 1.41, 41) Iron
56 Pressing lining side line Lognormal(- Iron
0.669, 2.15, 0.115, 42)
57 Sew front and back collar together  |ognormal(9.74, 1.17, 0.221, 45)  Lockstitch sewing
machine
58 Trim neckline Lognormal(9.74, 1.17, 0.221, 46) Overlocking
serging machine
59 top stitch neckline Normal(35.3, 1.22, 47) Lockstitch sewing
machine
60 Stitch zipper with lining Lognormal(7.09, 1.33, 0.298, 48)  Lockstitch sewing
machine
61 Top stitch zipper Normal(42.7, 1.28, 49) Lockstitch sewing
machine
62 Mark armhole*4 Lognormal(11.7, 1.24, 0.232, 63) Handwork
63 Snip armhole*4 Normal(136, 0.73, 64) Handwork
64 Sew sleeve seam Lognormal(72, 1.4, 0.172, 50) Lockstitch sewing
machine
65 Trim sleeve seam Lognormal(1.7, 1.24, 0.232, 51)  Spincycle machine
66 Mark sleeve Lognormal(-1.67, 2.15, 0.115, 52) Handwork
67 Top stitch sleeve seam Triangular(9.74, 13.4, 12, 53) Lockstitch sewing
machine
68 stitch shell fabric and lining Lognormal(7.28, 1.06, 0.297, 54)  Lockstitch sewing
together machine
69 Mark front panel*2 Lognormal(91.1, 2.27, 0.191, 61) Handwork
70 Snip front hem Normal(79.1, 1.45, 62) Handwork
71 Sew hem Normal(8.1, 1.04, 55) Lockstitch sewing
machine
72 Make tailor’s tack on hem Normal(130, 0.84, 56) Lockstitch sewing
machine
73 Inspection Lognormal(5.31, 1.9, 0.141, 57) Handwork
74 Turn over the clothes Lognormal(123, 1.99, 0.266, 58) Handwork
75 Shoulder line comparison Lognormal(100, 2.21, 0.114, 66) Handwork
76 Pressing neckline Lognormal(89.8, 1.63, 1.38, 59) Iron
77 Pressing armhole Normal(48.9, 1.28, 60) Iron

w

The rework rate of each operation;

4. The transfer time of the WIP — influenced by the distance between stations and the movement speed of the
operator;

5. Operator efficiency — the efficiency of workers for each task is different because of the different skills

involved and linked productivity (see table 2).

Table2. Operator efficiency under each operation (percentage)
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of 1 2 3 4 5 6 7 9 10 11 12 13 14 15 16

1 105 90 100 105 100 100 120 105 95 110 120 95 95 120 95 95
2 90 120 120 95 90 100 105 105 110 110 95 100 95 95 95 85
3 100 95 115 100 9 8 100 110 100 100 95 100 100 110 100 100
4 105 115 95 110 100 85 100 110 100 8 95 100 120 95 90 90
5 100 95 110 100 110 100 100 100 100 105 115 90 100 100 95 95
6 100 100 105 125 120 100 95 90 100 120 110 100 120 110 100 100
7 120 100 120 115 105 100 95 110 95 110 125 120 120 95 8 90
8 105 105 100 100 100 105 95 95 100 95 110 110 125 100 100 110
9 95 100 120 110 95 100 95 100 100 110 120 110 100 120 110 120
10 110 115 110 95 9 100 90 115 105 95 100 105 95 120 110 120
11 120 130 115 95 120 105 95 100 100 95 110 95 100 90 120 110
12 105 110 120 95 125 100 125 110 95 110 95 100 120 115 100 110
13 105 120 115 110 110 120 110 110 95 125 100 120 95 115 100 90
14 120 110 105 110 100 120 105 95 110 110 95 8 100 110 95 110
15 95 95 115 120 110 100 120 100 90 95 110 100 85 95 100 100
16 95 120 100 105 120 115 120 95 105 85 120 95 110 90 95 90
17 120 115 100 115 100 110 120 105 100 100 130 110 115 95 110 105
18 110 95 90 120 130 105 100 115 100 120 110 110 110 120 110 120
19 110 95 90 120 130 105 100 115 100 120 110 110 110 120 110 120
20 105 95 120 110 105 115 105 120 110 105 115 100 120 95 95 100

No. No. of Operations
of 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32
Opera

1 120 110 110 115 120 110 110 120 105 110 120 120 100 100 95 110
2 90 120 120 95 90 100 105 105 110 110 95 100 95 95 95 85
3 100 95 115 100 95 8 100 110 100 100 95 100 100 110 100 100
4 105 115 95 110 100 85 100 110 100 85 95 100 120 95 90 90
5 100 95 110 100 110 100 100 100 100 105 115 90 100 100 95 95
6 100 100 105 125 120 100 95 90 100 120 110 100 120 110 100 100
7 120 100 120 115 105 100 95 110 95 110 125 120 120 95 85 90
8 105 105 100 100 100 105 95 95 100 95 110 110 125 100 100 110
9 95 100 120 110 95 100 95 100 100 110 120 110 100 120 110 120
10 110 115 110 95 95 100 90 115 105 95 100 105 95 120 110 120
11 120 130 115 95 120 105 95 100 100 95 110 95 100 90 120 110
12 105 110 120 95 125 100 125 110 95 110 95 100 120 115 100 110
13 105 120 115 110 110 120 110 110 95 125 100 120 95 115 100 90
14 120 110 105 110 100 120 105 95 110 110 95 85 100 110 95 110
15 95 95 115 120 110 100 120 100 90 95 110 100 85 95 100 100
16 95 120 100 105 120 115 120 95 105 85 120 95 110 90 95 90
17 120 115 100 115 100 110 120 105 100 100 130 110 115 95 110 105
18 110 95 90 120 130 105 100 115 100 120 110 110 110 120 110 120
19 110 95 90 120 130 105 100 115 100 120 110 110 110 120 110 120
20 105 95 120 110 105 115 105 120 110 105 115 100 120 95 95 100
No. No. of Operations

of 33 34 3 36 37 38 39 40 41 42 43 44 45 46 4T 48
Opera

tors

105 110 90 100 95 100 90 105 100 110 120 120 100 100 95 110
90 120 120 95 90 100 105 105 110 110 95 100 95 95 95 85
100 95 115 100 9 8 100 110 100 100 95 100 100 110 100 100
105 115 95 110 100 85 100 110 100 85 95 100 120 95 90 90
100 95 110 100 110 100 100 100 100 105 115 90 100 100 95 95
100 100 105 125 120 100 95 90 100 120 110 100 120 110 100 100
120 100 120 115 105 100 95 110 95 110 125 120 120 95 85 90
105 105 100 100 100 105 95 95 100 95 110 110 125 100 100 110
95 100 120 110 95 100 95 100 100 110 120 110 100 120 110 120
10 110 115 110 95 9 100 90 115 105 95 100 105 95 120 110 120
11 120 130 115 95 120 105 95 100 100 95 110 95 100 90 120 110
12 105 110 120 95 125 100 125 110 95 110 95 100 120 115 100 110

O©CoOoO~NOO O WN PR

35



o2 and economy,

Textjy,

¢ | I lleo,o

Textile Science and Economy VI1II
8™ International Scientific-Professional Conference
May 16-19%, 2016 Zrenjanin, Serbia

13 105 120 115 110 110 120 110 110 95 125 100 120 95 115 100 90
14 120 110 105 110 100 120 105 95 110 110 95 85 100 110 95 110
15 95 95 115 120 110 100 120 100 90 95 110 100 85 95 100 100
16 95 120 100 105 120 115 120 95 105 85 120 95 110 90 95 90
17 120 115 100 115 100 110 120 105 100 100 130 110 115 95 110 105
18 110 95 90 120 130 105 100 115 100 120 110 110 110 120 110 120
19 110 95 90 120 130 105 100 115 100 120 110 110 110 120 110 120
20 105 95 120 110 105 115 105 120 110 105 115 100 120 95 95 100
No. No. of Operations
of 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64
Opera
tors
1 105 110 90 100 95 100 90 105 100 110 120 120 100 100 95 110
2 90 120 120 95 90 100 105 105 110 110 95 100 95 95 95 85
3 100 95 115 100 95 85 100 110 100 100 95 100 100 110 100 100
4 105 115 95 110 100 85 100 110 100 85 95 100 120 95 90 90
5 100 95 110 100 110 100 100 100 100 105 115 90 100 100 95 95
6 120 110 105 110 100 120 105 95 110 110 95 85 100 110 95 110
7 120 100 120 115 105 100 95 110 95 110 125 120 120 95 85 90
8 105 105 100 100 100 105 95 95 100 95 110 110 125 100 100 110
9 95 100 120 110 95 100 95 100 100 110 120 110 100 120 110 120
10 110 115 110 95 95 100 90 115 105 90 100 105 95 120 110 120
11 100 95 115 100 95 85 100 110 100 100 95 100 100 110 100 100
12 105 110 120 95 125 100 125 110 95 110 95 100 120 115 100 110
13 105 120 115 110 110 120 110 110 95 125 100 120 95 115 100 90
14 120 110 105 110 100 120 105 95 110 110 95 85 100 110 95 110
15 95 95 115 120 110 100 120 100 90 95 110 100 85 95 100 100
16 95 120 100 105 120 115 120 95 105 85 120 95 110 90 95 90
17 95 95 115 120 110 100 120 100 90 95 110 100 85 95 100 100
18 110 95 90 120 130 105 100 115 100 120 110 110 110 120 110 120
19 110 95 90 120 130 105 100 115 100 120 110 110 110 120 110 120
20 105 95 120 110 105 115 105 120 110 105 115 100 120 95 95 100
No. No. of Operations
of 65 66 67 68 69 70 71 72 73 74 75 76 77
Opera
tors
1 105 110 90 100 95 100 90 105 100 110 120 120 100
2 90 120 120 95 920 100 105 105 110 110 95 100 95
3 105 120 115 110 110 120 110 110 95 125 100 120 95
4 105 115 95 110 100 85 100 110 100 85 95 100 120
5 100 95 110 100 110 100 100 100 100 105 115 90 100
6 100 100 105 125 120 100 95 90 100 120 110 100 120
7 120 100 120 115 105 100 95 110 95 110 125 120 120
8 105 105 100 100 100 105 95 95 100 95 110 110 125
9 95 100 120 110 95 100 95 100 100 110 120 110 100
10 90 115 110 95 95 100 90 115 105 95 100 105 95
11 120 130 115 95 120 105 95 100 100 95 110 95 100
12 105 110 120 95 125 100 125 110 95 110 95 100 120
13 105 120 115 110 110 120 110 110 95 125 100 120 95
14 120 110 105 110 100 120 105 95 110 110 95 85 100
15 105 105 100 100 100 105 95 95 100 95 110 110 125
16 95 120 100 105 120 115 120 95 105 85 120 95 110
17 120 115 100 115 100 110 120 105 100 100 130 110 115
18 110 95 90 120 130 105 100 115 100 120 110 110 110
19 110 95 90 120 130 105 100 115 100 120 110 110 110
20 105 95 120 110 105 115 105 120 110 105 115 100 120

*Data sources: assembly line supervisors from a clothing manufacturing factory in Nantong.

Since the mental states of operators change during the working day, according to Zhao

Ran(2012), efficiencies at different hours were recorded (see table 3).
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Table 3: Efficiency of operators at different times(percentage)

No. of Time of the day

operators 8h 10h 12h 14h 16h 18h 20h
1 93 99 99 102 100 99 102
2 95 99 100 105 110 105 108
3 99 98 102 100 101 100 102
4 84 93 102 104 108 108 106
5 100 101 100 103 105 105 105
6 98 98 102 100 102 100 102
7 95 97 101 99 101 103 103
8 99 104 100 102 106 104 108
9 92 96 99 102 99 102 104
10 84 96 100 103 102 103 102
11 99 97 100 100 100 100 102
12 99 99 101 101 101 103 103
13 97 99 103 99 101 97 100
14 96 100 100 103 100 101 100
15 98 100 102 106 101 102 102
16 96 100 102 101 100 104 102
17 93 97 99 102 103 100 102
18 101 103 100 110 105 110 100
19 97 95 100 97 97 102 100
20 99 104 94 102 106 104 99

SETTING UP THE SIMULATION MODEL

CONSTRAINTS

Due to the complexity and variability of a real production system, it is almost impossible to simulate
every aspect. It should be recognised that the model operates under the following constraints and

assumptions.

1. Neither the processing time for each operation nor the quality obtained should be affected by any previous

operation.

2. Allowances — such as thread changeover and recording — are taken into consideration. The allowance rate is
24.437%.

3. Machine breakdowns and maintenance are not taken into consideration, because of their nature of random
occurrence.

4. The hour-long simulation is based on a 12-hour operational day, excluding the meal break.
5. There is no lack of raw materials feeding the assembly line during the production period.

SIMULATION ELEMENTS AND ATTRIBUTES

The simulation model was built using the ProModel student version 6.0 software. According to Harrell (et al,
2004) there are four basic elements to setting up a simulation using ProModel. These are entity, location, arrival
and processing.

1. Entity

The entity is an object or production unit being processed in the model. This means products,
materials, files, customers. In the model developed here, three entities are defined: piece, bundle and
garment. The entity arrives at the first production line work station as a piece, a quantity of fabric; it is
then grouped into a bundle of similar elements before being sent on to the following work stations.
Ultimately, the pieces are assembled into a finished garment before leaving the production line.
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2. Location

Locations are places on the production line where work is done on entities. In the model here, 20
locations are defined. Each stands for a station where work is done. Capacity — a key attribute of
location — is made up of the number of units of entities the location can hold simultaneously Harrell (et
al, 2004). Location 1 is used for receiving the entities and finishing some operations. In order to
ensure that there is no lack of raw materials feeding the assembly line during the production period,
the capacity of location 1 is set to be infinite. As for the other locations, capacity equals to the bundle
size.

3. Resource

Resources are used to process entities in the system. In a garment sewing production line, an operator
is the most important resource, responsible for the WIP. Sometimes the WIP is transported by an
operator. The moving speed of the operator is determined by the bundle size they can transport at any
one time. Operators can, for example, move at the rate of 50 metres per minute when carrying no load
but can move at only 33 meters per minute with a load of 30 pieces.

4. Arrivals

Garment pieces arrive at station 1 to be allocated different baskets at the rate of exponential (2.5)
minutes with a quantity of 30 (the bundle size is 30).

5. Variables

In this model, three variables are defined that influence the production progress at any one time. These
are WIP, rework quantity and production quantity.

6. Paths

In a simulation, paths define the movements of entities and of resources. Paths may appear in two
forms: as a single track or they can be combined to form a new path network (Harrell et al, 2004). In
ProModel, simple paths can be automatically formed when a routing is defined. The default path
between any two locations is the shortest connection.

7. Warm-up period

The warm-up period is the transition time from the beginning of the simulation to the steady state of
the model. When the model reaches its steady state, the statistical distribution of the output of system
variables will not change. In simulation study, only the outputs collected from the steady state are
valid. That is because observations gathered in the warm-up phase may bias the observation estimates
of time-averages. Therefore, it is necessary to discard the simulation output during the transition phase
to obtain a more accurate estimate of the time-series output.

To estimate the amount of time the model needs to pass its warm-up period, a preliminary experiment
is needed. First, a model variable call WIP is identified to track work in process quantities during the
simulated production system. Then the simulation model will run for 250 hours to form a time-series
plot of WIP (see figure 4-a).

As can be seen in figure 4-a, the warm-up period ends at around 90 hours. 100 hours is picked as the
end of warm-up for avoiding any underestimation of the end of the transition phase Harrell (et al,

38


app:ds:preliminary
app:ds:experiment

o2 and economy,

o2 2

4 % Textile Science and Economy VI1II
|I II 8™ International Scientific-Professional Conference

—~ May 16-19%, 2016 Zrenjanin, Serbia

Textjy,

2004). The model was run for 250 hours, of which 100 hours is a warm-up period. The newly
produced time-series plot is illustrated in figure4-b. It is found that observations during the 100 hours
of warm-up period are eliminated. It is not difficult to predict that the average calculation turns out to
be lower if the observations collected from the warm-up period are counted in the data analysis,

resulting in inaccuracy.
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Figure 4-a: time-series plot of WIP inventory level with the warm-up time
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Figure 4-b time-series plot of WIP inventory level without the warm-up time

8. Replication

Interval estimation is a form of parameter estimation. Based on the need for accuracy, an appropriate
interval range is constructed based on the sample population. The interval is the estimation of the
range in which the parameter of the population distribution lies. Following the same confidence level,
the smaller the width of the interval, the closer the approximate value comes to the real value. To reach
a specific level of confidence interval, it is needed to determine sample size or replication.

Having run the model for 5 replications with a confidence level of 90% the results can be listed (see
figure 5).
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VARTABLES
Average
Variable Total Minutes Minimum Maximum Current Awverage
Name Changes Per Change Value Value Value Value
WIP 249 2.68 510 570 570 554.27 (Rep 1)
WIP 278 2.43 510 570 540 550.41 (Rep 2)
WIP 279 2.56 510 570 570 543.28 (Rep 3)
WIP 278 2.52 510 570 510 545.40 (Rep 4)
WIP 249 2.88 510 570 570 541.37 (Rep 5)
WIP 266.6 2.61 510 570 552 546.94 (Average)
WIP 16.07 0.17 1] 1] 26.83 5.30 (5td. Dewv.)
WIP 251.27 2.45 510 570 526.41 541.89 (90% C.I. Low)
WIP 281.92 2.78 510 570 577.58 552.00 (90% C.I. High)

Figure 5 Five replications of the model

There is a 90% level of confidence that the true but unknown mean of WIP is between 552.00 and
541.89. It would be ideal to reduce the half-width of 5.30 WIP to 3.00 WIP for the purposes of this
study, so the number of observations needed to be conducted additionally is calculated by the
following equation:

n'= [':Za.-zjs]zz [':tx_lx-'Z:ls] Z: [{1.645}5.3

2
o ﬂ] =8.50 observations=9 observations

E E

Given: a=significance level=0.10 (confidence level equals to 0.90)
g=error amount=h®=3.0 WIP / s=standard deviation=5.30 WIP

According to this equation, since we already have 5 observations the experiment needs to be replicated
an additional 4 times to get the desired confidence interval.

9. Common random numbers

Common random numbers is a technique used for comparing two systems under more equal
experimental conditions. This helps ensure that differences in performance of system designs are not
generated by different experimental conditions Harrell (et al, 2004). CRN can produce random
numbers from a same random number stream. ProModel can then provide users with 100 unique
streams of random numbers. In this model, 77 different streams are used for generating 77 operation
task times.

Verification and validation of the model

To verify the model, trace and debugging techniques provided with ProModel software were used to
test that each statement of the model was correct. Animation was also used to check whether the model
could run smoothly. To determine whether the simulation model is a meaningful and accurate
representation of the real system, the simulation system is compared with the actual system based on
production quantity. The model was run for 12 hours — the efficient working period in a single day.
The result of total output was compared with the real system. Table 4 “output comparison” shows the
output of the model after 12 hours of simulation was 249 — almost the same quantity as the real
system. Hence, a conclusion may be drawn that the simulation model is valid and can accurately
represent the real system.
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Table 4: Output comparison

Real system Simulation system

Output (piece/12h) 230 249

EXPERIMENTAL DESIGN AND RESULTS ANALYSIS
Simulation experiment 1: influence of bundle size on line performance

This experiment was done to verify how bundle size influences the total output of a production line. In
the experiment, bundle size was the only variable and four scenarios with different bundle sizes of 3,
10, 20 and 30 pieces were considered.

Table 5: Results of experiment 1

Experimental design 1 2 3 4
Bundle sizes per piece 3 10 20 30
Maximum WIP inventory per piece 55 182 380 570
Production quantity in articles 260 258 260 260
Time to finish an article in minutes 90.1 398.5 838.7 1279.0
Time to finish bundle in minutes 1321 440.3 880.6 1320.9

Table 5 illustrates bundle size has a significant impact on the performance of the production line. The
WIP inventory clearly increased with bundle size. In the meantime, the larger the bundle size, the
longer the production cycle and the longer it takes to finish a single product. When setting up the
bundle production system, it is essential to pay close attention to bundle size to take better control of
the pace of production, the production cycle and the investment of capital in WIP.

Simulation experiment 2 — influence of operator efficiency on line performance and optimisation

In this experiment, a simulation technique was used to rebalance the dress assembly line and improve
current production. Meanwhile, to evaluate the influence of operator efficiency on line performance,
two operator efficiency scenarios were considered: in scenario 1 the efficiency of all operators on all
operations is 100%; in scenario 2 there is a difference in the efficiency levels between different
operators, also a difference in operators’ efficiencies at different times of the day. A table functions
facility can compare operator efficiency at a specific time of day with task time. 20 table functions
were defined according to the number of workstations — 20 in this model. For example, task time of
operator 1 was derived from the table function operatorl (HR):
Operatorl (CLOCK(HR)-12*TRUNC(CLOCK(HR)/12)) SEC
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Figure 7: Pitch time of each station
Table 6: Location state of scenario 1
No. of workstation Operation % Idle % Block %
1 100.00 0.00 0
2 80.42 0.00 19.58
3 63.54 0.00 36.46
4 98.61 0.00 1.39
5 76.04 0.00 23.96
6 97.29 0.00 2.71
7 84.79 0.00 15.21
8 100.00 0.00 0.00
9 71.04 27.15 1.81
10 69.86 2.43 27.71
11 79.38 0.00 20.62
12 90.63 0.00 9.37
13 88.75 0.00 11.25
14 65.35 0.00 34.65
15 83.13 0.00 16.82
16 92.50 0.00 7.50
17 86.25 0.00 13.75
18 100.00 0.00 0.00
19 93.75 6.25 0.00
20 78.13 21.88 0.00
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Figure 8: Single capacity location state in scenario 1

Figure 7 presents the pitch time of each workstation of scenario 1. It can be seen that the pitch time

fluctuated across the production line and this results in an unbalanced line. The 18" workstation is the
bottleneck in the line.

Table 6 shows the state of 20 locations in scenario 1. There are 3 kinds of state which are operation,
idle and block. Operation means the station is in the state of processing products. Idle means the
station is not working and waiting for the next entity. Block means the next entity is waiting to be
processed in this station. Sum percentage of three states equals to 100%.

From table 6 as well as figure 8, it is clear that the 18" station’s operation takes up a large part of the
total production time. Stations before the 18" are blocked while later stations are sometimes idle.
Certain solutions are commonly used in the company to deal with a bottleneck workstation:

1. Operation split — some operators are kept back while the rest are reallocated to other workstations to achieve
a more balanced line;

2. If the work sequence at a workstation has operations that cannot be split, then the splitting can be done to the

batch size and part can be given to idle workstations. Than the idle workstations can do the same work
sequence to the split batch;

3. Increase the number of operators.

For example, at the 18" workstation where the 58" operation — top stitch neckline — and the 65"
operation — stitch shell fabric and lining together — take place, operations can be split, for example by
allocating the 65" task to other idle stations such as the 14",

In scenario 2, tasks were reallocated with consideration of operator efficiency.
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Figure 9: Optimized pitch time of each station

Figure 9 is the optimized pitch time for each workstation. It is clear that the production line turns out
to be more balanced after optimization.

Table 7: Location state of scenario 2

No. of workstation Operation % Idle % Block %
1 100.00 0.00 0

2 95.86 0.00 4.14
3 76.28 0.00 23.72
4 95.68 0.00 4.32
5 93.09 0.00 6.91
6 97.58 0.00 2.42
7 92.39 2.12 5.49
8 93.49 0.00 6.51
9 87.83 0.00 12.17
10 84.63 0.00 15.37
11 91.03 0.00 8.97
12 92.92 0.00 7.08
13 95.53 0.00 4.47
14 88.40 0.00 11.6
15 92.76 0.00 7.24
16 99.15 0.00 0.85
17 93.99 1.60 441
18 100.00 0.00 0.00
19 93.26 6.74 0.00
20 87.95 12.05 0.00
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Figure 10: Single capacity location state in scenario 2

Table 7 and figure 10 suggest that the efficiency of all workstations were improved to some extent.
The number of blocked workstations was reduced and the percentage of blocked time also decreased.

Table 8: Comparison of total output for experiment 2

Scenario 1 Scenario 2
WIP/piece 552 570
Production Quantity/article 270 330

Table 8 shows that the daily output clearly increased by 60 articles between scenario 1 and 2.

Optimization using a simulation technigue and considering operator efficiency is an effective way to
increase output and achieve a balanced line.

Scheduling production lines by considering operator skills can generate significant efficiencies.
Because of the uneven capabilities and different productivity levels of operators, it is important to
determine that operators should process those operations in which they are skilled. In this way
bottlenecks may be eliminated and line balance improved.

CONCLUSION

A simulation technique such as ProModel provides a way of scheduling and optimising an apparel
assembly line. In this study, an assembly line for dress production of a garment manufacturing
company in Nantong, Jiangsu province, PR of China was studied as an example to test simulation as
an effective technique over manual scheduling: it factored in rework, transportation and operator
efficiency. The scheduling plan is also more close to the real production. The simulation method can
help line supervisors locate inefficient line scheduling in advance; this allows the most appropriate
actions for adjusting the assembly line even before the start of actual production. Simulation provides
a convenient way to revise any arrangement constantly until an optimal plan is achieved. With the help
of such simulation, manufacturers can adjust the line before production begins instead of during the
production process: this may prove vital in extending profit margins, be helpful in improving
production efficiency and effective in the control of production scheduling.
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DETECTION OF WARP TENSIN USING IMAGE PROCESSING IN
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ABSTRACT

Every fabric contain warp and weft yarns. Warp and weft yarns make cross over each other
systematically. Each yarn prolonged formation when make cross over connection for built fabric. It
varies according to the type of fabric tension on yarn. This tension changes depends on the loom
settings. We can found datas with using image processing, we could approach excellent results. Then
the pixels were counted and converted into milimeter with image analysis. This is the first work
finding the yarn tension inside the fabric. Ne 40/1 warp, Ne 80/2 weft cotton yarns with a density of 50
ends/cm and 20 weft/cm plain fabric. The distribution of elongation on the fabric samples after taking
loom were tested and evaluated on the surfaces of the fabric samples. The results taken from image
processing were given in pixels. According to the test results, the fabric samples showed greater
elongation distribution at the left sides when compared with the right and the middle sides.

Key words: Warp elongation, image processing, weave, yarn breakage.
INTRODUCTION

The words fabric and cloth are used in textile assembly trades (such as tailoring and dressmaking) as
synonyms for textile. However, there are subtle differences in these terms in specialized usage. Textile
refers to any material made of interlacing fibres. Fabric refers to any material made through weaving,
knitting, spreading, crocheting, or bonding that may be used in production of further goods (garments,
etc.). Cloth may be used synonymously with fabric but often refers to a finished piece of fabric used
for a specific purpose (e.g., table cloth).

A textile or cloth is a flexible material consisting of a network of natural or artificial fibres (yarn or
thread) [1]. Yarn is produced by spinning raw fibres of wool, flax, cotton, or other material to produce
long strands[2]. Textiles are formed by weaving, knitting, crocheting, knotting, or felting.

The word 'textile' is from Latin, from the adjective textilis, meaning 'woven', from textus, the past
participle of the verb texere, 'to weave'.[3]

The word 'fabric' also derives from Latin, most recently from the Middle French fabrique, or ‘building,
thing made', and earlier as the Latin fabrica 'workshop; an art, trade; a skillful production, structure,
fabric', which is from the Latin faber, or 'artisan who works in hard materials', from PIE dhabh-,
meaning 'to fit together'.[4]

The word 'cloth’ derives from the Old English clad, meaning a cloth, woven or felted material to wrap
around one, from Proto-Germanic kalithaz (compare O.Frisian 'klath’, Middle Dutch ‘cleet’, Dutch
'kleed', Middle High German 'kleit', and German ‘kleid', all meaning "garment™)[5].

Weaving is a textile production method which involves interlacing a set of longer threads (called the
warp) with a set of crossing threads (called the weft). This is done on a frame or machine known as a
loom, of which there are a number of types. Some weaving is still done by hand, but the vast majority
is mechanised.
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Computers can make easily fabric inspection but there are challenges: (a) some categories of fabrics,
(b) distinct composition of various wallpaper groups of fabric texture, and (c) similarity in shape
between defects and background texture. Computers fabric inspections are so expensive and it work
correctly only for satin fabric that some weft density, which are known the ‘unpatterned’ fabrics.
Several major methods were improved for “ unpatterned” fabric[6,7]. Dornier, Uster, Barco Vision,
and Elebit Vision working on image processing for fabric control [8,9].

Loom carry different tensions different elongation in the warp yarns are seen width of the loom.
Different mechanisms for the warp yarns make extensions varies. We research that varies elongations
in the drape fabric.

In this study, the elongation of the warp yarns was measured using image processing on the drape
fabric. Different warp elongations are seen on the fabric. Elongations of the warp yarns on left, middle
and right sides are different on the drape fabric. These elongations of the fabric were photographed and
were analyzed with MATLAB and then statistics analysis was were taken. Satin fabrics are woven in
only one weft densities. In this study warp elongation values are occurred by image analysis.

MATERIAL AND METHOD
Material

Plain cotton fabric contain has Ne 40/1 warp yarns and Ne 80/2 weft yarns with a density of 50
ends/cm and 28 weft/cm respectively.

Modifying a normal camera body and lens structure, Charge Coupled Device (CCD) is obtained and
its electronic film plates are used instead of normal film. 1 mm? CCD devices smaller than the detector
consisted of thousands of extremely sensitive to light called pixels of the image to ensure that the
smallest picture element, is composed of [10]. The detectors in proportion to the brightness of the
signal photons hit manufactures electronic signal. Determines the numeric value of this signal size is
recorded. Image processing, more saved, manipulate images, so the current image and graphics,
change, alienate, or is used to improve [11].

Figure 1. Photo Shoot (CCD Camera)

In a program written in MATLAB, "L+" values is calculated out of the images received from CCD. In
this study a camera with a brand name Guppy PRO is attached to the computer. Fabric is fixed on a
glass scaffolding system which is located across the camera. The camera gets visions of the fabric on
the glass surface which is placed to the desired distance.

Four light sources are placed in front of and behind the glass surface with 45° angles. Images have
been analyzed in MATLAB R2012. The measuring system is calibrated with constant distance “A”
calculating that milimeter distance divided by pixel distance.
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1’ex1i49

Method

Warp beam drawn lines on the surface are showed in Figl. "a" and "b" lines are drawn on the warp
beam. Lines will be broken because of varied yarn elongations. This will get the format of the wave of
later periods. We can see wave of fabrics as warp elongation varying. This represents a two-wave
along the width which means the warp deformation changes are the natural graphics of varying yarn
elongations.

We measure the distance after weaving distribution after the fabric is taken from the machine. Matlab
separates the image as upper side and down side. First step Matlab calculates upper side and find upper
weave statistics. Second step Matlab calculates down side find down weave statistics. End of Matlab
work, mean distances are found between two weave. It is showed as ‘L¢.

Lo is firs the distance between the lines,

L1 is lenght warp yarn in the fabric hence is the distance between the lines after weaving.
L+ is the mean distance between two dots on fabric.

C is warp crimp.

A is unit converter between pixels and milimeter.

€ is warp elongation in a fabric.

o is Yarn tenacity,

E is Stiffnes,

AL
£= - 1)
ALZ L1- Lo
L1=Lf.(1+£'] 2
ALZ L1- Lo

_ Lp(+0)-Ly

)

c=E.zs (5)

All features of fabric properties were remained constant during image processing and the distance
between warp beam and fabric region were measured and the photographs were taken and given in
Figure 2.

-
i
\
|
ol il
ILdd
a) Plotted at warp beam. b) Dots at the fabric.

Figure 2. Photographs of Reference Grids on the Fabrics

(from left to right; a) on the warp beam, b) on the fabric)

49



o2 and economy,

Textjy,

° <

0,
%

Textile Science and Economy VI1II
8™ International Scientific-Professional Conference
May 16-19%, 2016 Zrenjanin, Serbia

Ls is the mean distance between two dots on fabric
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Figure 3. Two dots on a woven fabric
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Figure 5. Upper and down sides measurement pixel lengths left sides on drape fabric
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Figure 6. Upper and down sides measurement pixel lengths middile region on drape fabric
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Figure 7. Upper and down sides measurement pixel lengths right sides on drape fabric

A is unit converter between pixels and millimeter. A was calculated,
A=0,0421 mm/px

We can convert the pixel datas to millimeter.
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RESULTS AND DISCUSSION

The results taken from image processing were given in pixels. The test results can be seen in Table 1,

and 2.

Ly=L.(1+C)

E= 304,75
Lo=102 mm

ELONGATION

Table 1 Image Proccessing summury.

Lt

Left Middile |Right
L+ Upper region mean px 1152,05 |1122,26 |1146,58
L+ Down region mean px 1111,40 |1151,44 |1133,78
L+ Addiction mean px 2263,45 |2273,70 |2280,36
by 0,0421 |0,0421 |0,0421
L+ Addiction mean mm 95,29 95,72 96,00
C 0,08 0,08 0,07
Ly 102,91 [103,37 |102,72
€ 0,0089 |0,0134 |0,0070
E 304,75 |304,75 |304,75
c 2,71 4,08 2,13

(2)

Table 2 Warp Elongation aganist weft densityies

%ot Left | Middile | Right
20 weft/cm | 0,89 | 1,34 0,7

WARP ELONGATION
16
1,4
1,2

0,8

0,6
0,4

0,2

[%,]

0 0,5 1 1,5 2 2,5 3 3,
FABRIC RAGION 1: LEFT AREA  2: WMiDDILE AREA  3: RIGHT AREA

Figure 8. Elongation Percentage of the drape fabric with 20 weft per cm
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Figure 9 . Warp Tension in the drape fabric with 20 weft per cm

Warp elongations calculated in fabric. These elongations changed along the widh of loom. Other
researchers founded chanced warp strain along widh the loom [8,9]. We can see vary of elongations at
figure 8 and vary of warp tensions fig 9..

CONCLUSIONS

The distribution of elongation and tension on the drape fabric were tested and evaluated on the fabric
surface. According to the test results, the middle side on the fabric samples were shown greater results
than from the results taken from the left and right part of the fabric samples. It is attributed to
calibration of the loom and the fabric structure. Warp elongation increases with warp density.
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THE USE OF 3D PRINTERS IN SHOE TECHNOLOGY

Prof. Ph. D. Budimir Mijovic, Professor Ph. D. Darko Ujevi¢
University of Zagreb, Faculty of Textile Technology

ABSTRACT

Creating models of rapid prototyping by using 3D printing techniques is based on the digitally cut
layers of the model which are applied layer to layer in real physical space creating thus the final object.
This mode allows you to create complex models with thin walls and complex internal structures which
are almost impossible to make by applying traditional methods. Materials used for making model
shoes are different: liquid, powder, powder or even metal material that is hardened by chemical
reactions, UV light or some other methods. With 3D printing, techniques of making shoes use CAD
technology, which is based on the development of a three-dimensional solid model - Solid Model in
digital form.

INTRODUCTION

3D printing of footwear is a very interesting technology and its main idea is that what we want can be
achieved in the short term, without the need for conventional means of processing, masters and
machineries on which the production will be conducted. The technology of 3D printing is a method of
making a three-dimensional object from .STL (Eng. Standard Tessellation Language) files created by
some of CAD (Eng. Computer Aided Design) programs. This technology is one of the processes of
rapid prototyping. Many different technologies are included into the processes of rapid prototyping,
but they all work on a similar principle. The model is created layer by layer with the application of
certain materials, depending on the technique of printing. That principle of fashion footwear
production enables the process of making a very complicated geometry of fashion footwear which
would be very difficult or impossible to make by applying other, conventional methods of production.
Fashion footwear is produced directly on the equipment for 3D print processes based on 3D computer
model of fashion footwear, without the need for additional tools.

The use of 3D printers includes many technical challenges, not only in design but also in the setting of
production parameters in order to obtain good quality footwear and prevent warping (e.g. optimization
of the rate of development, improving the properties of the material, setting the parameters of the
development of new materials and the like.). The production of fashion footwear with 3D printer
greatly simplifies and reduces the work of the constructor. An adjustment to the jointly developed
products and distribution of products intended for sale on the Internet has become faster. This makes it
easier to get an insight into the desires of consumers and to build better relations between the
manufacturer and the customer.

At present, 3D printers can print fashion footwear by the dripping of a melted filament of all kinds of
plastic, and in the near future stereolithographic printers will selectively solidify a liquid resin by
photopolymerization. The new generation of 3D printers will produce fashion footwear of complicated
geometry of different elasticity and conductivity of various substances.

3D PRINTER AND THE MANUFACTURE OF FOOTWEAR

What is 3D printing? It is known as a fast modeling — a quick creation of prototypes. Production of
finalized products by adding materials where a 3D object is built layer by layer.
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It can use more materials and more colors. One layer is about cca 100 /m / 0.01lmm. Printing is
relatively slow, the speed is 50 to 100 mm / s. With 3D footwear printing most commonly used
procedure is the following: at first a new idea for shoes is scanned, the cut and the material are
selected, geometry, material and color are coordinated, and made in CAD program of 3D files.
Programs create the profile based on 3D images and propose priority solutions according to their will.
This results in a generic model in which the material and details are changed.

For the first time the technology of 3D printing was represented by the company 3-D Systems in 1987.
The technology was based on stereolithography [2]. With this technology a three dimensional object
was created layer by layer, using virtual computer-generated models. Shortly after the introduction of
the new technology, the company 3-D Systems has sold its first commercial system based on
stereolithography. In 1993, Massachusetts Institute of Technology (MIT) developed and patented a
three-dimensional printing technology based on the principle of ink-jet technology. By using this
technology, one material could be applied to other material by jets, and then they were joined in order
to enable faster and more accurate making of a three-dimensional object. With the introduction of this
technology, there were a number of companies such as Stratasys, and Z Corporation, which have
recognized all the advantages of the development of this technology, which could be implemented in
different areas of the industry [1].

Figure 1 shows the principle of making models of fashion footwear and cutting into thin layers where
we get a stepped surface of the model. 3D model constructed by the computer is cut into two-
dimensional layers of equal thickness, which are placed one on the other. This provides a three-
dimensional shape, with a stepped surface appearance, because of the principle of stacking layer after
layer.

3D CAD model Rezanje na slojeve Model od slojeva Zavrsni dio

Figure 1. Development process layer by layer
3D CAD model; Cutting in layers; Model made of layers; Final part

A method of manufacturing fashion footwear by using 3D printers can be divided into the
following phases of development:

1. The development of the first conceptual design and the development of solutions by engineers

2. Designing CAD models and 3D visualization. The first step of all 3D printer
procedures is making the three-dimensional geometric model in some of CAD
programs, Figure 2.

The operating cycle of the future prototype begins with design, in particular with the
concept. After adopting the concept, preliminary sketches, technical drawings, and
finally the CAD files are made or digital three-dimensional model of the object. In the
process of creating CAD files testing of model shoes by numerical methods can be
conducted [17].
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Figure 2. CAD model of fashion footwear

Turning CAD models into .STL file. STL file is a standardized format for transmitting data
using devices for the rapid prototyping. That is a representation of the geometry of three-
dimensional surfaces in the shape of a triangle. The surface of the model is logically broken up
into a series of small triangles, the so-called faces. The direction and orientation of the face are
described by three points in space. The file in that form is used for cutting the model into
horizontal cross-sections or layers. The file is displayed in a web form - mesh, made up of so-
called face, so that for a good image it must be optimal. The mesh, which forms the model
must be thick in order to meet the desired surface quality, and in order to display smaller
details properly. Otherwise, when the mesh is of a low density, a rough surface is obtained.
Turning STL file into the program for virtual cutting of the object into layers.

Selecting the parameters of 3D printers (thickness of the layer, strength, speed, temperature,
generating support structures, etc.).

Setting up a 3D printer (replacement of materials, calibration, etc.).

Making the final product with 3D printer. The quality of 3D printed fashion footwear depends
on the height of the layer, if you are working with thin layers, transitions between the layers
are less visible, stepped structure is less evident and the items have a finer surface. The
thickness of one layer usually ranges in value between 75 microns, which is slightly thinner
than a sheet of paper.

The final procession of 3D object of fashion footwear (removal of excess material,
subsequently, merging, removing the support structure, coating, sanding, gluing,
painting, sandblasting, etc.).

Packing and delivery of the 3D object of fashion footwear.

Before the prototyping of fashion footwear it is necessary to define its purpose and
intention, and choose the technique of rapid prototyping of fashion footwear accordingly.
After the verification of shapes and sizes, the prototype is made. Possible disadvantages of
the prototype are eliminated and corrected in the CAD file. The prototyping process is
shown in Figure 3.
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i CAD modeliranje l

Dodatna obrada

lzrada STL
datoteka

t Postupak izrade t
modne obuce

|zrada modela

~ Podesavanje '

uredaja

Provjera

CAD modeling; Developing STL file; Check; Setting devices; Development of the model; Additional
proccessing;
Figure 3. Cycle of a fast prototyping [2]

Today the process of 3D printing does not come in ready-to-use form. Before giving the
command for printing there are many steps, and even more after fashion footwear comes out
of the printer, which is often neglected. Besides the complexity of the design for 3D print,
which can be demanding, preparation of the file and conversion can also be long and complex,
particularly for fashion footwear designs which require complex technology during
processing. However, constant updates and upgrades of the software for these functions are
available so that the processing technology is improving as well. Furthermore, once it comes
out of the printer, fashion wear needs finishing. Eliminating the need for supporting elements
is an obvious development of processes that require supporting elements, but others include
sandblasting, painting, staining, or other types of traditional finishing works, which are
usually performed by hand and require skills and / or time and patience. Categorization and
definition of 3D printers to (ISO / ASTM 52921: 2013 E), Figure 4.

VAT "% Polymer fiber passes

g continuously through the nozzle

/ o = 5 of a small diameter as shown in

} = the figure. The nozzle is heated

— to a certain temperature, thus

e g melting the supplied material and
— applying it layer by layer to form
e A a  three-dimensional  object.

During the coating process, the
material is evenly pressed out of
nozzle which is moving in the X-
Y plane. After one layer is
printed, a desktop offsets to the

Namotaji materijala ~ |

1. Fused Deposition Modeling - 3D FDM

Supportive material; Construction material; Head of the

extruder; Sliding spindle; Heaters; Extruder; Z-axis for the thickness of one
Base; Platform; Desktop; Support; Coil of the supportive |ayer and starts applying the next
material '
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layer. This procedure is repeated
until the final layer of the object
IS printed.

Lece

l}

Laser /

Podizaé —

Laserska zi
Kuciste

¢

Cistaé
Slojevi modela

Radna plo¢a

the model; Desktop.

X-Y skenirajuce ogledalo

raka

Tekuci fotopolimer

2. Stereolithography - 3D SLA, SL
Lenses; Laser; Lifter; X-Y scanning mirror; Laser
beam; Case; Liquid photopolymer; Cleaner; Layers of

Computer loads the CAD model and
creates layers. The most frequent
layer thickness is approximately 0.1
mm, but may vary from 0.05 mm to
0.15 mm. The control computer then
uses the laser unit and printer
hardware to create a supporting
layer. Due to the ultraviolet
radiation, at lighted areas a poly-
measuring liquid becomes solid.
This process continues until the last
layer of the object is printed.

3D SLS

3. Selective Laser Sintering —

SLS method begins by converting
3D CAD model to standard STL
format. In STL file dimensions and
orientation of the 3D model can be
changed, which the quality and
accuracy of forms depend upon.
After the conversion, the STL file is
divided into layers. The powder of
the material is transported by the
rotating cylinder into the chamber
for modeling. During the
transportation of the material, a
dissolution degree of the particles
can be dosed, and thus homogenous
structures of lower porosity can be
obtained.

4. 3D Printng - 3DP

3D printing method is used most
often for the verification of
forms, for the making of molds
and cores for casting and for the
production of tools and elastic
parts. It is distinguished by the
accuracy and quality, and can
create models of medium to large
size and the materials used are
not harmful to health. Speed of
the development depends on the
required quality, that is, on the
layer’s thickness. Most devices
are working at the speed of
several layers in minutes. Faster
selection of printing results in a
poorer quality.

59


http://www.google.hr/url?sa=t&rct=j&q=&esrc=s&frm=1&source=web&cd=14&cad=rja&uact=8&ved=0CHkQFjANahUKEwik1NWhtZTIAhVJ0hoKHYr_DvM&url=http%3A%2F%2Fwww.3dsystems.com%2Fquickparts%2Fprototyping-pre-production%2Fstereolithography-sla&usg=AFQjCNH1PoBqpdTmOy2_aili81eDspietQ

‘\GB and economy,

s Textile Science and Economy V11
‘9 |I II 8™ International Scientific-Professional Conference
May 16-19%, 2016 Zrenjanin, Serbia

By using 3DP PJ method

o dimensionally stable models are
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e to 0.05 mm (ProJet) and 0.1-0.3 mm
v (PolyJet). Walls with the thickness
oy of 0.6 mm can be produced. The
5. PolyJet surface of these models is among

those with the top quality in the
rapid prototyping industry,
maximum dimensions of the model
are 550 x 400 x 300 mm. This is the
first technology, which enables the
simultaneous application of a jet of
various materials.

Laminated object manufacturing
technology enables the production

v / of models of different mass, while
# the thickness depends on the type of
w the film wused. The surface’s

e s roughness also depends on the type

6. Laminated Object Manufacturlng LoM | of the film. This technology is used

in the manufacture of functional

models of high firmness, resistant to

aggressive  media and  high

temperatures. It is suitable for the

verification of forms and the

compliance of components within

the set, with models that do not have
small details.

~ \’)/

Figure 4. Types of 3D printers /27, /3]
THE MATERIAL FOR 3D PRINTING

With a 3D printer material can have two roles, as the main material of which the subject is
made or as an extra material for the supporting structure. Although by this process different
objects can be created, it is necessary to take into account how the object is oriented for the
making on the background because sometimes sharp angles or expelled elements can not be
printed. If items are printed with auxiliary materials, they need to be removed after
completion in the way as to break off or dissolve in the solution, depending on the material.
Printable Material (Eng. Filament) is in the form of a plastic fiber, a wire and wound on the
reel. In use the most common are thermoplastic or thermoplastic blended with organic
materials, in Figure 5. The most common polymer materials are ABS and PLA, and behind
them PC, PA, with some such as PVA and PS-HI. The materials for FDM (Eng. Fused
Deposition Modeling) are pretty cheap compared to other additive processes, and many
researches have been conducted and the development of new materials. For 3D printing of
fashion footwear newer materials such as FilaFlex are used. Printing shoes with a double-
screw extruder and a combination of PLA and FilaFlex produces shoes that provide good
stability and comfort.

60



o2 and economy,

o2 2
§ % Textile Science and Economy V11
*” |I II 8™ International Scientific-Professional Conference
—~ May 16-19%, 2016 Zrenjanin, Serbia

Materials for 3D printers
Process
Photopolymerisation ~ Modeling by melting

Liquid materials Photopolimer materials and epoxy Thermoplastic polymers,

resin polymers, elastomers and
wax

Laser sintering 3D Ink-jet
Powdered polymers, ceramics, plaster, sand polymer and metal
materials with the binder, metals with the powders

binder

Laminating

Rigid materials Polymers and paper

Figure 5. Types of materials for 3D print /1]

DESKTOP

Desktop is the base on which material comes from jets during printing and the object is made on it. It
defines the dimensions of the object that may be made by 3D printing. It is mostly heated to a certain
temperature, which is lower than the heating temperature of the material. Sometimes it is used and not
heated, but then it comes to special materials. Heated base is used because it significantly improves the
quality of printing, so it prevents bending of the object until the material is being cooled down, in a
way that it keeps it slightly heated even after leaving the nozzle. When the extruded material is being
cooled down it shrinks a bit, but if it does not happen evenly throughout the object, it comes to
bending. Bending is manifested through the raised edges which causes deformations of printed 3D
objects. With the heated surface the temperature of the object is maintained until the completion of the
process, which provides cooling and contraction of the entire object at the same time so there is no
bending and lifting edges. The base consists of two parts: a heated plate of electrically conductive
material and the surface material or surface plate that is placed on it. The heated plate is usually made
of a metal material, because of the good thermal conductivity, the heat is spread evenly through the
metal. Usually there is aluminum which is rapidly heated and cooled, as opposed to copper or steel
which need substantially longer time. Polyamide strip is applied on the aluminum foil. A surface
material of the base has a role to cover the hot plate and the extruded material is applied to it, which
adheres much better to that surface.

Production and sales

The calculation of the total cost of 3D printing is calculated for each model separately. The first and
most important parameter of the calculated price is the volume of the object which is being
manufactured. The basic price is calculated per consumed or printed cubic centimeter of material
(1cm3 of the material). The second parameter of the price depends on the material used in the
production of the object and of the need for a supporting material. In the category of best 3D printing
materials are objects formed by the materials ABS and PLA. In the medium price category are
included materials of nylon and elastic polymers. In the most expensive price category are stone-like
and wood- like polymers.
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CONCLUSION

3D print technology is rapidly evolving and finds its application in the industry of fashion footwear.
To make the most of this technology it is necessary to achieve a certain quality of the printed model,
respecting certain rules. Newer printers work faster, more accurately with better software programs,
more heads, all colors, different materials and a large selection of files with objects. The use of 3D
printers and the sale involve making shoes by order. The final properties of the shoes made by 3D print
technology depend primarily on the chosen technology, the chosen material and adjustable production
parameters. For the optimum utilization of the advantages offered by 3D print technology we need to
be informed about the advantages and disadvantages of the technology compared to other additional
technologies, but also to conventional production methods.
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ABSTRACT

Communication issues turn into a fundamental matter for all the businesses, especially for the extra-
frequented ones, such as fashion. Since it becomes global, we’ve been developing huge, multi-product
collections in order to succeed. Administration of the supply chain became a challenge that seeks
creative solutions and creative workflow management, along with the confident applying of the
expanding range of available technology tools.

In today’s multi-media society plentiful fashion literature encourages our work, to submerge ourselves
within a lot of tasks. To embrace with a glance relationship between diverse roles of the industry, such
as designing, fashion engineering, buying and merchandising is a must. There is very competitive
literature available on topics such as fashion engineering, PR and fashion marketing, along with the
promotion and fashion writing. On the other side, there is a pretty low number of writings — even can
say none — for a topic of fashion design and engineering communication, along with its specific issues
typical of the present-day company environment and within contemporary production conditions.
However, the value of the fashion professional know-how and success of any business, are in
straightforward relation to the way how the inputs will be accepted, as well as the quality of the
visually and orally communicated outputs.

This discussion paper seeks to highlight the core elements and key issues of the fashion design and
fashion engineering, communication, with an aim to draw attention to a possible program within the
fashion educating system.

Keywords: Fashion Engineering, Engineering Design Communication (EDC), Product Development

INTRODUCTION

Similarly to the other industry from the design to the production there are numerous tasks to be
synchronized during the design and engineering process of a garment. The fashion and apparel
industry is a fast-growing and highly influential sector where the communication issues take a great
part of success. However, it is not enough highlighted during the studies and practice — and not even in
the professional routine — how important these issues are. Even the fashion design and fashion
engineering courses use to focus separately on to one or another field. Many professionals will be
confused about the limits of their duties, and about the impact, their work will have on the efforts of
their colleagues depending on its visual quality. These issues often cause serious tensions between the
participants of the chain, since fashion has become global, and over bigger collections, with multiple
product types, and wide product range have to be developed in order to succeed. Improvement of
original and dynamic ideas in great part depends on the quality of the communication during the
workflow.

The range itself can be developed and produced in different company environment today; even

produced inland or outland multiple tasks must be organized within the supply chain, and
communicated well in order to have the collection ready for successful performance.
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Browsing the available literature a significant deficiency can be detected on this issues. Even
considering that there are numerous excellent publications on the topic of fashion as communication
(1), fashion marketing communication issues (2) and several outstanding publishing on topic of
engineering communication (3) (4), we must consider that nearly no one is interested in analyzing the
problem of communication between fashion designers and fashion engineers. An even more due to
nowadays very popular idea of sustainable garment chain management, in which communication
issues are fundamental, if attempting to maintain the sustainability in genuine.

INFORMATION EXCHANGE ISSUES WITHIN THE GARMENT SUPPLY CHAIN

Since innovative technologies and The Internet have offered endless opportunities, designing a
collection means more than “creating some nice products”. Demand for diversity, immediacy,
interactivity became higher than even a decade ago: manufacturing conditions changed, qualitative and
qualitative expectations became tight. Therefore, management of the garment supply chain has become
a key issue in our fast performance industry, and some publishing offers quality solutions for its
supervision. (6) Analysis of problematic causes certifies, that the gaps largely stemmed from poor
communication. Thus must point out that results achieved during the designing, sampling, pre-
production process in great part depend on the communication issues. It is important to underline
sustainable issues of these occurrences as well (see material waste, waste of time and energy, loss of
market, etc.). Failure, dissatisfaction, and poor quality is often addressed to the skills and experience of
the professionals, without considering that they all have a different experience. Even being skilled,
misunderstandings caused by not enough precise designs and technical documentation can result in a
non-quality product range, or product samples different than expected.

ENGINEERING DESIGN COMMUNICATION (EDC) IN THE FASHION INDUSTRY

The lack of communication between the design team members is a topic of some detailed empirical
studies (5) which report on the shortcomings of communication in the knitting industry. Authors
constitute that lack of communication often poses difficulties during the realization process of knitted
garments. We can consider this symptom is gathered present in the garment- and apparel industry too.
Communication® can be classified in different the types depending on the type encoding of the
message, depending on its function and proposal, etc. It can be categorized into three basic types in
general, which all have their advantages, disadvantages, and even pitfalls. These are:

Verbal communication, in which you listen to a person to understand their meaning;

Written communication, in which you read their meaning;

Nonverbal communication, in which you observe a person and infer meaning.

Designers use all 3 types of communication, for different manner, but most common they
communicate written, since Engineering Design Communication (EDC) is a type of visual
communication, which is a form of written communication. Engineering design is fundamentally a
socio-technical activity; not because technical products ultimately are designed for human needs and
purposes, but primarily because design activities involve immense communication and interaction
between individuals and groups in more or less complex social settings. (8)

Design — in its meaning of drawing and sketching — is of essential importance in the process of product
development. During the design process, the aim of the designer is to plan the visual and tactile
Appearance of the garments. If this process is shared by more designers (e.g. head designer, junior

1 As a process of exchanging information, ideas, thoughts, feelings and emotions through speech, signals, writing, or behavior
that is possible to communicate in a number of ways that depend on the message and its context in which it is being sent.
Choice of communication channel and style of communicating also affects communication.
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designer, accessory designer, graphic designer, etc.) than the way of a presentation by applying of
identical style became fundamental.

Proposal of fashion design can vary, as the intention and performance of the designer may be different
in stages of the creation process. The manner of design will result in a diverse type of sketches,
manual- and vector drawings. Depending on their place and purpose within the product design and
product development process, they may vary — more or less detailed — and according to these they
aren’t meant for to use for the same purpose.

The process of the product development, a key stage of the product lifecycle, is a difficult process.
Even the product is rather addressed to its designer, work of many others are necessary to create it.
Participants involved in phases of the product development will contact with the product design in the
form of worksheets created. Their value and style are to maintain the quality of the prototyping.
Professionals will communicate with each other through the product documentation, completing it in
accordance of their specialism. The transparency, clarity, and preciosity of the documents are straight
related to the quality of the sample, and the final product.

DGO £w 07108 > Woman > SKI > Ski Set 26630

Figure 1. Design worksheets, detailed product outlook (Ego Sport AW 07/08 — Edit Csanak ©2007)
Every successful collection lays on a strong emotional concept of the designer. Implementation of
ideas into brand valued physical products is a critical phase of the design process. Even more difficult
it is when multidisciplinary of international projects are made, and when the team players come from
different backgrounds, with different experience, different routine, and work habits.

Figure 2. Samples for detailed design worksheets (Ego Sport SS 2008 — Edit Csandk ©2007)

DGO ss 2008 > WOMAN > . i > 2840 COLORS DGO ss 2008 > WOMAN > - i > 2843 COLORS D @GO ss2008 > WOMAN > 7 /ive > 2887 COLORS
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Style of the designs hold a great deal in the rationale evolution of the product and are essential for
understanding ‘the future look and intention of it. Some references agree (6), that the need to support
EDC is becoming more important in the fashion industry, due Product Development is becoming more
complex, and re-use of past designs became common in this area too. Members of the multi-
disciplinary international design teams have dissimilar backgrounds and diverse expertise. Their
relation to the product is not necessarily objective, but rather a subjective explanation upon a previous
experience. These practices — depending on the company environment, the regular product range of the
particular company, market and target audience, style of the collection, etc. — may result in the various
interpretation of the designs, resulting different final look/quality/features of the garment.

Engineering Design Communication (EDC) is essential to nearly all the activities within the supply
chain since design in some aspects is present in its diverse phases, not just those which are directly
related to the product development. EDC provides different types of visual information to be shared
between engineers. The ability to read them and to understand them is in big percent related with the
professional knowledge and the visual education. Engineering Design has been described as highly
multidisciplinary and collaborative workout, during which significant information are shared within a
highly contextualized environment. (6) Successful teamwork in geographically distributed teams is
highly dependent on tools that support communication. Such informal communication is responsible
for much of the information flow in an organization.

The interaction between designers and technicians is badly managed in many fields of industry.
Fashion industry often faces with this problem of not having well managed the transfer of visual and
oral information, between the designs of the clothes and people who make them.

Figure 3. Samples for garment worksheet - Figure from textbook ‘Designing of Seasonal Collection’

| Modell név:

Modellszam: | Méret:

Tervers/Projet,
LOLA 121212 38 | LOLA | edita Q'ray - 5509

-
Qam Gy 552009 > LOLA biczer f

Bilelotion ndi biézor

Fdanyag: Kelléhek:

Diszitd
7% Folnipa A4 en

Vetex

calar x Bélés és seédanyagok:

Regasatés hovsélés

Figure 3. Samples for garment worksheet - Figure from textbook ‘Designing of Seasonal Collection’
by Edit Csanak, published for Fashion College students in 2015 (see the next figure)

Members of the design team have different backgrounds and diverse expertise. If the designs are
specified imprecisely, incompletely, contradictorily an. They will read the design according to their
previous experience, and will use technology similar apd inconsistently than technicians cannot
understand and cannot interpret designer’s original intentionsplied at some alike design. These may
result in garments very different from the original idea of the designer, and be the occasion on the
dissatisfaction of designer and the management, in general.
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Designers and technicians have different cognitive and perceptive attitudes. They aren’t visually
educated at the same level, and in fact: they aren’t the same people. Designers trait their designs as a
results of a complex mental process, which result are their designs — tangible manifestation of their
talent. Visual appearance, structure and technical properties of the garment are clear and easy to
understand for the creator. But it’s not that easy for the technicians who are willing to understand the
intentions of the designer in order to realize the garment; they have to make its pattern, to develop the
garment construction, its technology, and to prepare the prototype/sample of entire product by
applying different equipment and machines. All these have essential importance in the product
development process. And each differently implemented sub-process can result in a product quite
different than the expected. Consequently: it is essential for the participants to ‘speak the same

language’.

STUDY OF THE AVAILABLE LITERATURE AND FASHION METHODOLOGY

Classifying the fashion literature in general, two types of literature can be considered; references
which are focus more theoretically onto fashion and design practice, and others with a more practical
approach. Again others will analyze the relationship of the fashion design with economics,
environmental factors of fashion industry, problems of resources and waste, safety and health
considerations, and the impact of fashion in the future. Fashion as a field of design is also often
discussed. On the popular page of a well-known publishing house? there are nearly 10 000 results on
keyword ‘engineering communication’, and nearly 4000 articles which match search words ‘fashion’
and ‘design’. Many works of literature attempt to analyze the role of fashion and clothing®, demanding
to explain what sort of meanings fashion and clothing may have, and how are communicated by
clothing. (1) In term of planning theory these references study fashion from the aspect of the functions
of the fashion products, highlighting their social, cultural, economic, documentary, etc. function.

Csandk fdit DLA
Oltozék kiegészitok
tervezése

Csanik Bt DLA

Kollekcioalakitas

‘Figure 4. Textbooks ‘Designing of Seasonal Collection’ (left) and ‘Designing of Fashion Accessories’
(right) by Edit Csanak, published for Fashion College students by the Hungarian National Labor
Office, year 2015

2 Esevier Ltd. Publishing House

3 Clothing reproduces the society. Fashion, as a cultural phenomenon, can be analyzed in terms of a historical period, class,
gender, and individuality.

4 Analyzed from the same aspect, communicative aspect of the fashion products (or a collection) is giving continuous
inspiration and topic to all the previous and contemporary fashion writings, from the fashion literature to magazines and
fashion blogs.
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A low number of contemporary literature is available which describes the process of designing,
sampling, product development, and manufacturing. It constitutes a problem especially in the college
level teaching since a great number of young people driven by the glamour of fashion industry start
their studies each year in this type of education. Their aim is to get a job in the fashion market as fast
as possible after a short-term training, willing’ to improve their knowledge during the practice.
Featured books (Figure 4.) provide essential information about the principles of fashion design,
explaining the process of product development, by introducing the structural conditions and
contemporary practice of the industry. Methods develop together with the industry requirements.
Technical knowledge gained, doesn’t match multiple conditions which the designers and fashion
engineers will meet in routine. Individual techniques and methods, personal schemes, esthetical,
professional, technological and practical knowledge will develop with the expertise. Successful oral
and visual communication with colleagues, suppliers and consumers are especially necessary for
success in a business today. (2)

PROPOSAL OF THE BOOK °‘ENGINEERING DESIGN COMMUNICATION FOR THE
FASHION INDUSTRY’

The goal of the book is to make the visual communication part of the problem-solving process more
clear for designers and fashion engineers, based on the matter that efficacy of applying of the know-
how is in straightforward relation with communication issues. Quality and success of the collective
work in big percentage depend on how the entire tasks are managed, and how the complete process is
communicated both visually and orally. Its aim is to encourage readers to embrace and submerge
themselves within the diverse roles of designing, interpreting, and presenting fashion, which is so
relevant in today’s multi-media society, since results achieved during the design, sampling, pre-
production and production process partly depend on communication quality of the chain actors.

A brief proposal of the book: 1. ABOUT COMMUNICATION IN GENERAL (Introduction; Concept,
types, function, aspects; Visual communication). 2. ENGINEERING DESIGN COMMUNICATION
(EDC): Engineering communication: theory, concept, functions; Importance of EDC in the fashion
industry. 3. COMMUNICATION ISSUES DURING THE PRODUCT DEVELOPMENT. 3.
PROCESS OF DESIGN (Design: meaning, aspects, theory; The role of the designer; Designer tools;
Purposes of fashion design; Types of fashion drawing; Design documentation; Designer worksheets;
garment worksheets and graphic worksheets: layout, image, technical characters, tools). 5. PROCESS
OF FASHION ENGINEERING: Fashion engineering: meaning, aspects, theory; Fashion engineering
tools; Purposes of fashion design; Types of fashion drawing; Documents of fashion engineering:
layout, image, tools & trivia. 6. SYSTEMS OF INFORMATION EXCHANGE: Fashion information
systems; Documentation: goals, types, methods. 8. ORAL COMMUNICATION. Etc.

CONCLUSION

This paper attempted to highlight lacking topics of communication between design and engineering. A
challenge has been to point out the essential issues which will be detailed in further a publication. Its
aim will be to fill in the gap between this two disciplines. Seek was to highlight the core elements of a
program with an aim to develop awareness of the fashion education.
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GARMENT FOR CHILDREN AND ADOLESCENTS FROM TWO-
DIMENSIONAL TO THREE-DIMENSIONAL

Eugenia Elena Riemschneider
Faculty of Arts and Design, West University of Timisoara, Romania

ABSTRACT

In this article the author presents the technical transformation of the pattern of construction and
deconstruction of the form, by elements of technique and execution that give a new dimension to
clothing. A brief history of the evolution of the costume, from simple shapes to those exaggerated and
return to smaller ones. The inspiration and concept of BI-TRI-BI collection in children and adolescents
garments, is the story of plane material transformation in volume.

Keywords: garment, clothing, children, adolescents, two-dimensional, three-dimensional, shape,
volume, pattern, origami.

INTRODUCTION

“In a world in constant transformation, creativity is a vital quality” ° says Adina Nanu. The costume
had always a narrative role, its creation basis being the change of the man’s image of himself and had
an important role in its individual and social identification.

The clothes were and remained a creative object, in its essence, defining for the man, its personality
and its social status. The clothes define us and also lead us to a certain approach of life issues and a
certain attitude and behavior.

They can be seen as a mask, as a camouflage with role of defense, consolidation and strengthening the
sides and beautiful and harmonious aspects of the silhouette, but also of masking and hiding those less
desirable and flattering aspects.

In the process of creation of clothes, the stage of the pattern construction is one of the most complex
and it should be given special attention. A tailor designed and well done gives elegance and fluency to
an outfit emphasizing the creation, the idea. The fashion design, says Antonela Curteza “requires a
visual, three-dimensional thinking, comprissing ideas, developped elements and made in parallel, not
separately”® associated with invention and innovation.

HISTORY

At its beginnings, the garment was a simple material in two-dimensional plan, which created volumes
by draping, returning to its original shape. It followed the material geometrization, i.e. small cuttings
which intensified the shape, without returning in two-dimensional plan. The costume began to receive
highlighted and exaggerated shapes, disproportioned by occurrence of pattern, cutting lines of arching
and sewing, geometrization of three-dimensional shape, so that the garment become an inoperative and
discomfortable shell.

The patterns have become more sophisticated, with more details in the plan, and by transposition in
material were created real three-dimensional geometric architectures with an emphasis on shape.

These issues regarding volumes included in the clothes require technical pattern knowledge and visual
expression in discovering the infinite possibilities which could reach.

5 Adina Nanu — Arta, stil, costum (Art, style, costume), Noi Media Print Publishing House, Bucharest, 2007, p.
292

® Antonela Curteza - Design, Design vestimentar notiuni fundamentale (Design, Fashion Design,
Fundamentals), Ankarom Publishing House, lasi, 1998, p.26
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The volumetric elements over time represented a real basis for increasing their knowledge by varying
the components that form the clothes, especially the feminine clothes.

From the exaggerated shapes of the costume, it returns again to the simplicity of cut and reduced
volumes. These oscillations of the shape, from two-dimensional to three-dimensional and back to two-
dimensional, were a source of inspiration for designers who passionately seek to define their style,
defying rules and trends and thus standing out.

Severe and voluminous silhouettes and the rigidity of historical costumes, created reluctance from the
side of younger generations, reluctance to what is required and who have always wanted to decide
their own destiny including how to dress. The evolution in clothing styles is also a result of the
younger generation trend to overthrow the old canons, outdated, and imposed by society to parents.

INSPIRATION FOR THE COLLECTION

As Umberto Eco defines the architecture as “any type of design producing three-
dimensional constructions destined to permit the fulfilment of some function connected with life in
society”, as well the fashion design is a form of culture and integration into society.

The design of clothes has its genesis in pattern technique. Pattern Magic, of the former teacher
Tomoko Nakamichi from Tokyo’s Bunka Fashion College, it’s an example of skill in tailoring.
Finding inspiration in nature and geometry, Tomoko Nakamichi managed to create beautiful clothing
pieces with sculptural character. Their drapery is a game full of fantasy between light and shadow, and
the pattern is a combination of two-dimensional and three-dimensional techniques.

il.1 '
Figurel: Three-dimensional volumes Figure 2: Tomoko Nakamichi

The creations of the French designer Thierry Mugler, present a futuristic and geometric definition of
the exaggerated femininity. Its linear silhouettes in rectangular shapes (triangle, square), are a source
of inspiration for the transformation patterns through curves and straight lines into creations where the
emphasis is on geometric volumes.
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il.3 : ? il.4
Figure3: Thierry Mugler-designer 1980
Shingo Sato is the designer which impressed me most by his transformation techniques of pattern and
spurred me to apply this work technique in my collection. Shingo Sato is a couture designer
specialized in the technique called Transformational Reconstruction. For him each change of pattern,
achieved by cutting the points that create volume, the tucks: bust, shoulder or arch, waist and hip,
creates a new model, a new technical solution for volumetric reconstruction of the silhouette.

Figure4: Shingo Sato

We found this attention to a volumetric reconstruction also to the artist Elena Minodora Tulcan who
sees in this type of approach a new possibility of stylistic reconfiguration of the garment by the
following way: ,to deconstruct something that I previously built, with other reasons and means
specific to art.”’

Fascinated by the volumetric game in the creation of clothing of great artists and technical solutions
for obtaining these volumes through the design of the pattern, we gradually came to create our own
patterns in which the emphasis is on new solutions to achieve some volumetric three-dimensional
shapes.

7 Elena Minodora Tulcan - Forme ale integrdrii stilistice prin vesmént (Forms of stylistic integration
by garments), Interart TRIADE Foundation Publishing House, Timisoara, 2009, p. 99
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Figure5: The first mold

il.7 il.8

Figure 6:The second pattern of mold Figure7: Final product

Shingo Sato, constructs-deconstructs-reconstructs. His designs are in futuristic shapes with optical
illusions, combined with the complexity of origami, with drapery, constructs flawless getting
unexpected effects, creating an innovative fashion.
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il.10!
Figure 8: Constructive technique of geometric shapes by cuttings in material

:

il.11

2 4 il.12
Figure9: Wortex Technique Figure10: Origami Technique

Another artist that focuses on volume of the shape is Issey Miyake. The creation of the designer Issey
Miyake expresses the freedom to create without restrictions or rules. His pieces are the result of a
research, documentation and experiment process. From the beginning, the designer's creative process
was based on the concept “a piece of cloth”, exploring the fundamental relationship between body and
cloth that covers it. Thus, the artist created its own materials, combining traditional techniques with
modern technologies. Issey Miyake creates ideas, doing things that have never been made so far, and
through this process creates new clothing realities.
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il.14
Figurell: Issey Myake Figurel2: Issey Myak

COLLECTION CONCEPT

BI-TRI-BI collection concept is the application in children and adolescents garments of a transformed
pattern-mold, starting from the base pattern, to which we applied asymmetric volumes by godets or by
applications of three-dimensional geometrical shapes, by Transformational Reconstruction technique
of Shingo Sato, having a relation of morphological association and origami. BI-TRI-BI collection tells
the story of the plane material transformation in volume. The clothes present an ethereal, innocent and
complex world of the shape and volume exploration and also of the game with discrete shades of white
and yellow.

The composition of collection has varied by alternating styles, from the simple, consisting of several
elements, to complex. In making geometric shapes we used new cutting techniques and we created
volumes in the material non-cut. Each piece of clothing has the name of the model which wears it and
tries to capture its personality, specific to its age.

This transformation process is intuitive and we get to creative solutions unforeseen, discovered by
chance, which gives freedom to the imagination in making garments, but without using knowledge of
the tailoring, a working domain with exact calculations, you might not be able to produce a finite
product. We can talk, in fact, about the technique of construction and deconstruction of shapes, by
technique and performance elements that give a new dimension to clothing.

The idea from which we started was to create dresses for girls and adolescents, who have both the
volume and shape, both on three-dimensional body and two-dimensional plan. Why we chose children
as the target audience? Because nowadays the children's garments help to shape and develop their own
personalities. Clothing creations can be understood as a way of plastic expression of the child.
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Figure 13: BI-TRI-BI Collection

CONCLUSION

I consider necessary the awareness and respect for the individuality of children and adolescents,
understanding the defining elements of their personality and in this context it is required a special
attention to their specific clothing.

Interestingly, by the multitude of drawn lines through those tensioning points, you can create so many
models by trial and error. What is fascinating about this work is the novelty of unexpected effects by
construction-deconstruction-reconstruction, combined with the complexity of origami, the clothes
being the result of a documentation and research process of the shape, combining traditional
techniques with modern technologies, achieving true three-dimensional geometrical architectures with
an emphasis on shape.

These models are to be transformed from molds into finished products, unique and wearable, because ,,
The shape deconstruction is a new way of life, a new aesthetic, which has many value and
appreciation criteria.”® It is the idea from which | started in the execution of the collection, which is a
result of the creative thinking, giving freedom to the imagination and improvisation, becoming a
“wearable experiment”.

Figure 14: BI-TRI-BI Collection

8 Elena Minodora Tulcan - Forme ale integrdarii stilistice prin vesmént (Forms of stylistic integration

by garments), Interart TRIADE Foundation Publishing House, Timisoara, 2009, p. 186
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PARTICLE SWARM OPTIMIZATION FOR PORTFOLIO
MANAGEMENT

Can B. Kalayci
Department of Industrial Engineering, Pamukkale University, Turkey

ABSTRACT

Portfolio management problem is a real valued variables optimization problem with quadratic
objective function and linear constraints. Therefore, portfolio management is a multi-objective
optimization task of two conflicting objectives: profit maximization and risk minimization. The
problem is to determine an efficient frontier, a set of pareto optimal solutions, since both objectives
cannot be simultaneously achieved. If a portfolio cannot provide a better profit for a given risk value
by adjusting investment weights, then that portfolio is on the efficient frontier. In this paper, a particle
swarm optimization based solution approach is applied to efficiently solve portfolio management
problem.

Key words: portfolio management, particle swarm optimization
INTRODUCTION

Portfolio optimization problem can be easily solved with standard optimization solvers in its basic
form. However, it is often difficult in practice to invest small amounts into many different assets.
Therefore, it is necessary to consider cardinality constraints such as lower/upper limits to the weights
of assets and enforcing the exact numbers of assets to be held in the portfolio for a realistic portfolio
selection. Thus, the problem is hard to handle computationally. Markowitz mean-variance model
(Markowitz, 1952, 1959) is extended to nonlinear programming model by Chang, Meade, Beasley, and
Sharaiha (2000) and the mathematical formulation of cardinality constrained portfolio optimization
problem is given as follows:

Parameters: IV represents the number of assets available, p; represents expected return of asset i,
a;; represents covariance value between asset i and asset j, R* represents expected return, K is the
desired number of assets, &; is the minimum weight of asset i.and

&; is the maximum weight of asset i.
Decision variables: w; is the weight of asset i that is held in the portfolio while z; is a binary variable
which is equal to 1 if the asset i is held in the portfolio, O otherwise.

J"II- ]"II- J"II-
min A ZZ wiw; o | —(1—4) [Z w; pi]

i=1j=1 i=1 (1)
N
Zwi -1 )
:i_l
ZZ:' = H 3
- 3)
Eizi = “_ri_ = 6525 I = 1_, _ N (4)
zZ e i=1,.,N ®)
D=w; =1, i =1,..,N (6)
0=g=6=1 i=1.,N (7
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Equation (1) minimizes risk while maximizing expected return for different values of A parameter that
is linearly increased from 0 to 1. Equation (2) ensures that the sum of asset weights is equal to 1 while
Equation (3) guarantees that exactly K assets are held in the portfolio. Equation (4) imposes the lower
and upper limit restrictions for weights of each asset. Equation (5), Equation (6) and Equation (7)
defines variable domains.

METHOD

Particle swarm optimization (PSO) method, firstly introduced by Kennedy and Eberhart (1995), is a
metaheuristic approach that is based on swarm intelligence concept. Scientists observed the social
behaviors of birds and fishes during their hunt for food. Their findings show that birds/fishes adjust
their speed and position considering both their own and others’ experiences. In PSO technique, every
bird or fish, called as a particle, tries to converge an optimal solution by moving from one position to
another with a speed in the multi-dimensional solution space. The behavior of each particle is a
compromise between the individual memory and group memory. PSO, is firstly applied to portfolio
optimization problem by Cura (2009). Zhu, Wang, Wang, and Chen (2011) and Golmakani and Fazel
(2011) proposed PSO based solution approaches and compared against genetic algorithm (GA)
technique. Sun, Fang, Wu, Lai, and Xu (2011) proposed a discrete version of PSO and compared with
continuous PSO, GA and classical optimization solvers such as LOQO and CPLEX. Deng, Lin, and Lo
(2012) obtained better results with their proposed PSO approach compared to other PSO methods in
the literature. Corazza, Fasano, and Gusso (2013) added a penalty function to PSO and improved the
algorithm performance. In this paper, a PSO algorithm inspired by Deng, et al. (2012) is proposed as
given in Figure 1.

Algorithm: Particle Swarm Optimization
Input: Data (R;.V'C;;) and parameters (B; VCi;. K, 2, E.ps,e[", e ™%,
Output: H

5: The set of assets

N': Number of assets available

ps: Population size

W: The set of portfolio weights

FPOF: Population matrix

9: VEL: Particle velocity matrix

10:  E:number of 4

11:  IT: number of iterations

12:  H: Set of pareto optimal solutions

c li:T’..li"

1 MRS §.,. .
ez MW Wi e IT))

13:  Start

14: H=10

15 e=1

16: Repeat

17: A=(e—13/(E-1)

18: W, =z+r(1 -z i=1,...ps WW;EFOP

19: W « repair(N.K.5.W;) i=1,...ps ¥W; € POP

20: POP ={W %, W LW *randomly generate an initial population*/
21: FPEEST « FOF [*save particle positions in the population*/
22: PBEST & POPyy gy [*save best position of the particles*/

23: iteration = 1

24: Repeat ] . .

25: cy = (cI™" = c"%)iteration/IT + c "™

26: cp = ("™ — c")iteration/IT + ¢ ™"

27: IWiteraopon = UWi