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ABSTRACT 

In this study mechanical properties of the ultrasonically bonded nonwoven fabrics were investigated. For this purpose 
polypropylene, polyester and polyester-viscose nonwoven fabrics which have three different fabric area densities were obtained. Then 
nonwoven fabrics were bonded to each other by using ultrasonic sewing machine and two layered structures were produced. Also 
polyethylene film was placed between two nonwoven fabrics and these three surfaces were bonded by using ultrasonic sewing machine 
and three layers fabrics were obtained. Tensile strength and elongation at break properties of the 2 and 3 layers structures were 
investigated and effect of the polyethylene film on the mechanical properties of the 3 layers structures was studied. And higher 
mechanical properties were obtained from the 3 layers polypropylene-polyethylene film-polypropylene structures. 
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ÖZET 

Bu çalışmada ultrasonik yöntemle birleştirilmiş nonwoven kumaşların mekanik özellikleri incelenmiştir. Bu amaçla 3 farklı 
gramajda polipropilen, poliester ve poliester – viskon nonwoven kumaş kullanılmıştır. Ardından nonwoven kumaşlar birbirleriyle 
ultrasonik dikiş makinesiyle birleştirilmiş ve 2 katmanlı yapılar üretilmiştir. Ayrıca iki nonwoven kumaş arasına polietilen film 
yerleştirilerek bu 3 yüzey ultrasonik dikiş makinesiyle birleştirilmiş ve 3 katmanlı yapılar üretilmiştir. 2 ve 3 katlı yapıların kopma 
dayanımı ve kopma anındaki uzama özellikleri araştırılmıştır ve polietilen filmin 3 katmanlı yapıların mekanik özelliklerine etkisi 
incelenmiştir. En yüksek mekanik özellikler 3 katmanlı polipropilen – polietilen film – polipropilen yapısında elde edilmiştir. 

Anahtar Kelimeler: Nonwoven kumaş, Ultrasonik dikiş, Mekanik özellikler, Polietilen film 
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1. INTRODUCTION 

Technology is rapidly developing nowadays. Textile and 
readymade garment industries are trying to exploit from 
these developments. One of those areas is the use of 
ultrasonic energy in ready- made garment industry. 
Therefore, ultrasonic energy takes its part in textile and 
readymade garment industries and is being used in many 
applications (1,2). 

Ultrasound is simply sound that is above the frequency 
range of human hearing (3). The normal range of human 
hearing is between 16 Hz and 16 kHz, while ultrasonic 
frequencies are generally considered to lie between 20 kHz 
and 500 MHz (4). The chemical effect of the power of 

ultrasonic energy is emerged by cavitations. Ultrasonic 
energy is conveyed by waves. These waves create 
compression and relaxation in molecular structures of the 
environment which they pass (5). In other words, when a 
disturbance occurs at a portion in an elastic medium, it 
propagates through the medium in a finite time as a 
mechanical sound wave by the vibrations of molecules; 
atoms or any particles present (3). The field of ultrasonic is 
still making strides towards perfection, but many 
applications of ultrasonic waves have already been found in 
science and technology. Ultrasonic energy has been widely 
used on research for engineering (20–50 kHz) and in 
medical science (1–10 MHz) for many years. The ultrasonic 
energy in these fields is used for; cleaning, sterilization, 
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plastic welding, homogenization and filtration. Some 
examples of ultrasonic energy are military and non-military 
exploration of sea floor and sonar systems, non-destructive 
testing in material engineering, medical therapy and 
diagnosis. Ultrasonic energy is also widely used for cleaning 
and degreasing of parts and assemblies in automotive and 
other industries (4). 

Ultrasonic energy is also used in textiles to accelerate and 
develop the textile processes. It was reported by several 
workers that ultrasonic energy has been successfully 
applied to the surface modification processes of textiles and 
improved properties have been gained from the final textile 
products (6-10). Ultrasonic energy is also applied to the 
textile dyeing processes (11-14). In the same way, some 
studies were conducted on the use of ultrasonic energy on 
bleaching, cleaning and washing processes of textiles (15-
19). 

Use of ultrasonic energy as sewing process in readymade 
garment production is also developing. Sewing process can 
be defined as assembling of cut fabrics by using proper 
machines to obtain a cloth (20). Conventional sewing 
process is performed by discontinuous assembly and 
perforated stitch. For the continuous assembly and without 
perforated stitch, other sewing methods should be used. 
Ultrasonic, laser and heat assembly methods are performed 
by melting and cooling of the joined thermoplastic surface 
(21). Ultrasonic sewing is an effective method to assemble 
the thermoplastic materials in industry. Ultrasonic assembly 
technology uses high frequency vibration to join two or more 
thermoplastic and thermoplastic blended materials. Neither 
needle nor yarn is required for the ultrasonic sewing 
process. Assembly process is performed by the melting and 
bonding of the material (2, 22). 

The first main fiber and fabric assembly application of this 
technology was performed in 1970s. Invention of Branson 
ultrasonic sewing machine was revolutionary in 1970s for 
the sewing of the fabrics without needle and yarn. Kuttruff 
investigated the mechanism of the ultrasonic welding in 
1991. A similar research was repeated by Abramov in 1994. 
Material properties and material content of the ultrasonic 
sewing applications and ultrasonic sewing mechanism were 
investigated by Kuttruff in 1994. Finally, factors which effect 
the ultrasonic welding strength and placement of the optic 
fibers into the fabrics by using ultrasonic welding were 
investigated by Shi and Little in 2000 (21). 

Besides, sewing processes of the nonwoven and woven 
fabrics by using ultrasonic sewing method have been 
studied in recent years. Erdogan compared the ultrasonic 
sewing and double pressure sewing of the nonwoven and 
woven fabrics (23). In another study it was reported that 
better bonding was achieved by using polypropylene-
polypropylene and polyester-polyester fabrics. (21). Kayar, 
investigated the effect of the fiber type on the seam strength 
properties of the ultrasonic sewing (22). Mistik, compared 
the seam strength properties of the ultrasonic, lock and 
chain sewing methods (20). 

Readymade garment industry uses the ultrasonic energy in 
different processes. Nowadays ultrasonic energy is an 
important process to sew, cut and form the woven, knitted, 
nonwoven fabrics and films according to the requirements of 
the industry and the final consumer. Ultrasonic sewing finds 
application in automotive industry, medical and hygienic 

products, sports, work and protective wears, covering and 
packaging, underwear, filter and technical textiles (23). 

Multi layered or double face structures (composites) can be 
used in industrial applications such as, protective clothes, 
filtration, automotive applications and clothing industry.  Two 
or more functions are combined by producing multi layered 
structures. Thus, multi functions are joined in one structure.  

In this study, polypropylene (PP), polyester (PES) and 
polyester/viscose (PES/CV) nonwoven fabrics were sewn 
together by using ultrasonic sewing machine. By sewing 
these 3 types fabrics together 2 layered structures were 
obtained. Then, film was placed between these nonwoven 
fabrics and ultrasonic sewing process before sewing 
process polyethylene was performed. Finally tenacity and 
elongation at break properties of the single nonwoven 
fabrics, 2 layered structures and 3 layered structures (PE 
film placed) were investigated. 

The reason of the chosen of PES and PP fibers, they are 
widely used fibers in nonwoven industry and there are 
several studies on Polypropylene and Polyester nonwoven 
fabrics and ultrasonic sewing applications on Polypropylene 
and Polyester woven and nonwoven fabrics. (2, 22-27). And 
also these fibers have enough tenacity values for production 
of nonwoven fabrics. In addition, non-thermoplastic fibers 
decrease the ultrasonic seam tensile strength of the fabrics 
because thermoplastic fibers are used for ultrasonic sewing. 
In this study, PES/CV nonwoven fabric was chosen to 
investigate the effect of non-thermoplastic fibers on 
ultrasonic seam tensile strength. PE film has lower melting 
point than other fibers used. That’s why PE film was chosen 
the combine the nonwoven fabrics. 

2. MATERIAL AND METHOD 

In the experimental process; 100% polypropylene (PP), 
100% polyester (PES) and 60% polyester (PES) - 40% 
viscose (CV) nonwoven fabrics were used. 100% PP, 100% 
PES and 60% PES – 40% CV nonwoven fabrics have 3 
different fabric area densities (45, 65 and 80 g/m2). 
Nonwoven fabrics were supplied from Telasis Co, Turkey. 
Also polyethylene (PE) film was used for the bonding of the 
nonwoven fabrics.  
Three different fibers were used for the production of the 
nonwoven fabrics and Polyethylene film was used for the 
joining of the nonwoven fabrics. The properties of these 
fibers and Polyethylene film are shown in Table 1.   
 
 

Table 1. Properties of the fibers and the polyethylene film 

Fibers 
Fibre count 

(dtex) 
Density 
(g/cm3) 

Melting Point 
(ºC) 

Polyester 
(PES)  

1.7 1.41 250-280 

Viscose (CV) 1.6 1.52 - 
Polypropylene 
(PP) 

2.2 0.90 160-175 

Polyethylene 
film 

- 0.92 135 

 

The properties of nonwoven fabrics and the polyethylene 
film are given in Table 2. Tenacity and elongation properties 
of the nonwoven fabrics and the polyethylene film were 
performed according to TS EN ISO 13934-1 standard. 10 
specimens were tested for each sample (28). 
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Table 2. Properties of the nonwoven fabrics and the polyethylene film 

Surface Origin Production method 
Fabric area 

density (g/m²) 
Tenacity 

(Kgf) 
Elongation at 

break (%) 

45 6.4 35.5 

65 9.0 37.7 Nonwoven 
Polyester (PES)  
100%   

Thermal Bonding 

80 13.6 18.8 

45 5.8 13.8 

65 7.9 13.4 Nonwoven 
Polyester / Viscose                     
(PES / CV)  
(60% - 40%)  

Wet Bonding 

80 8.8 12.3 

45 11.2 68.2 

65 11.2 49.9 Nonwoven 
Polypropylene (PP)  
100 %  

Thermal Bonding 

80 14.9 46.8 

Film  Polyethylene 100% Film Extrusion 8.2 0.55 164 
 

 

According to the Table 2, PP nonwoven fabric has the 
highest tenacity; PES/CV nonwoven fabric has the lowest 
tenacity. Tenacity properties of the nonwoven fabrics 
increased with the increase in the fabric area density. Fiber 
counts are given in Table 1, as seen from the table fiber 
count of the PP fiber is higher than the other fibers. The 
reason of the high tenacity of PP fabric is higher fiber count 
and low density of the PP fiber and PP fiber has low density 
so fiber content of the PP nonwoven fabric in unit area is 
higher than other nonwoven fabrics. Same as the tenacity 
properties, highest elongation properties were obtained from 
PP nonwoven fabrics and PES/CV nonwoven fabric has the 
lowest elongation properties. Elongation properties of the 
PP and PES/CV nonwoven fabrics decreased with the 
increase in the fabric area density. Adversely, elongation 
properties of the PES nonwoven fabric increased by the 
increase in the fabric area density.  
 
2 nonwoven fabrics were sewn together and 2 layered 
structures were obtained. Also 2 nonwoven fabrics and 
polyethylene film sewn together and 3 layered structures 
were obtained, polyethylene film was placed between 2 
nonwoven fabrics (Table 3). 

 
Table 3. Fabric placement of the 2 and 3 layered structures 

 

2 layered structures 3 layered structures 

PES + PES PES + PE film + PES 

PES / CV + PES / CV PES / CV + PE film + PES /CV 

PP + PP PP + PE film + PP 

PES + PP  

PP + PES / CV  

PES + PES / CV  
 

2.1. Ultrasonic sewing process 
The nonwoven fabrics were sewn by using Sonimak 
ultrasonic sewing machine model of US-52. Mechanical 
vibration of the machine at the contacted surface is 25-30 
microns. Machine vibrates 20.000 times in a second. 
Pressure of the roller is 2.2 kg/cm2. Speed of the machine is 
2 m/min (May reach to 35-40 m/min).Ultrasonic sewing 
process of a sample is shown in Figure 1.  
 
Ultrasonic sewing process was performed by using a roller 
which is shown in Figure 2. 
 
Connection surfaces of the roller are circular and diameter 
of the connection surface is 1.1 mm which was measured 

on Projectina projection microscope. Sewing surface area 
was occupied by the roller used was measured as 0.19625 
cm2 / cm2 (Figure 3). 
 

 
Figure 1. Sonimak ultrasonic sewing machine 

 

 
Figure 2. Roller of the ultrasonic sewing machine 
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4.4 mm 

4.4 mm 

 
  
Figure 3. Connection surfaces of the nonwoven fabric after 

ultrasonic sewing process 
 
When Figure 3 investigated, sewing area was calculated as 
0.35 cm2 for 1 cm length. There were 16 points in that area, 
so 4 points (0.037994 cm2) were placed in 0.1936 cm2 and 
19.625% of these points were formed the sewing connection 
surface. 

Ultrasonic sewing machine was adjusted to 20 kHz 
frequency during the ultrasonic sewing process.  

 
Figure 4. Photos of the sewn structures before tenacity test a) 2 

layered structure b) 3 layered structure 

2.2. Tenacity test 

Seam strength test of the 2 and 3 layered structures were 
performed according to the TS EN ISO 13934-1 standard 
(24). Fabrics were cut to 300x50mm, then fabrics were 

sewn by the ultrasonic sewing machine and 2 and 3 layered 
structures were produced. Test of the 2 and 3 layered 
structures were performed by using Instron 4411 testing 
instrument. Speed of the instrument was set to 100 mm/min. 
10 samples were tested for each structures. 

 

3. RESULTS AND DISCUSSIONS 
 
Seam strength and elongation at break properties of the 
sewn 2 and 3 layered structures are given below. Seam 
strength and elongation at break properties of the polyester, 
polypropylene and Polyester / CV nonwoven fabric based 2 
and 3 layered structures are given in Figure 5-10. 

 
Figure 5. Tenacity properties of the polyester nonwoven fabric 

based 2 and 3 layered structures 

 

 
Figure 6. Elongation at break properties of the polyester nonwoven 

fabric based 2 and 3 layered structures 

According to the Figure 5 tenacity properties of the 2 and 3 
layered structures are higher than single PES fabric due to 
increased fabric area density. Tenacity properties of the 
single, 2 and 3 layered PES fabrics were increased with the 
increase in the fabric area density.  
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Tenacity properties of the 2 and 3 layered structures were 
1.75 times higher than the tenacity properties of the single 
PES fabric for each fabric area density. 
 
The differences of the tenacity properties of the 2 and 3 
layered structures were eligible. It can be said that PE film 
has not improved the tenacity properties of the PES based 3 
layered structure. 
 
According to the Figure 6 elongation at break properties of 
the single PES fabric, 2 and 3 layered structures were 
increased with the increase in the fabric area density. 80 
g/m2 3 layered structure has the highest elongation at break 
properties.  

 
Figure 7. Tenacity properties of the polypropylene nonwoven fabric 

based 2 and 3 layered structures 

 

 
Figure 8. Elongation at break properties of the polypropylene 

nonwoven fabric based 2 and 3 layered structures 
 

When Figure 7 investigated, tenacity of 2 and 3 layered PP 
structures has higher tenacity properties than the single PP 
fabric has due to their higher area densities. Tenacity 
properties of the single PP fabric, 2 and 3 layered PP 
structures were increased with the increase in the fabric 
area density. Highest tenacity properties were obtained from 
80 g/m2 fabric area density. 

Tenacity properties of the 2 and 3 layered structures were 
2.33 times higher than the tenacity properties of the single 
PES fabric for each fabric area density. The differences of 
the tenacity properties of the 2 and 3 layered structures 
were eligible. It can be said that PE film has not improved 
the tenacity properties of the PP based 3 layered structures. 
 
When Figure 8 investigated, 2 and 3 layered PP based 
structures have higher elongation at break values than the 
single PP fabric. Elongation at break properties of the single 
PP fabric and 2 layered PP structure was decreased with 
the decreasing of the fabric area density, but adversely 
elongation at break properties of the 3 layered structures 
was increased with the increase in the fabric area density 
due to the elastic properties of the PE film. 

 

 
 

Figure 9. Tenacity properties of the polyester/viscose nonwoven 
fabric based 2 and 3 layered structures 

 

 
 

Figure 10. Elongation at break properties of the polyester /viscose 
nonwoven fabric based 2 and 3 structures 

 
According to Figure 9 tenacity properties of the single 
PES/CV fabric, 2 and 3 layered PES/CV based structures 
were increased with the increase in the fabric area density. 
2 and 3 layered PES/CV structures have higher tenacity 
properties than single PES/CV fabric. And 3 layered 
PES/CV structure has the highest tenacity properties. PE 
film has positive effect on the tenacity properties of the 
PES/CV structures.  
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Tenacity properties of the 2 and 3 layered structures were 
1.82 times higher than the tenacity properties of the single 
PES fabric for each fabric area density. 
 
According to Figure 10 elongation at break properties of the 
single PES/CV fabric, 2 and 3 layered PES/CV based 
structures were decreased with the increase in the fabric 
area density. Single PES/CV fabric has the lowest 
elongation at break properties. Single PES/CV fabric, 2 and 
3 layered PES/CV based structures have highest elongation 
at break properties at 45 g/m2. 
 
Tenacity and elongation at break properties of the different 2 
layered structures are given in figures 11 and 12. 

According to the Figure 11, PP + PP structures have the 
highest tenacity properties. PP and PP combined structures 
have the highest tenacity values, PES/CV + PES/CV 
structures have the lowest tenacity properties. It can be said 
that PP fibers are more compatible to ultrasonic sewing 
process than PES fibers due to their thermal properties. CV 
fibers do not have any positive effect on ultrasonic sewing 
process due to its non-thermoplastic properties. 

Tenacity properties of the PP + PES structures were higher 
than the PP + PES/CV and PES + PES/CV structures. It 
shows that ultrasonic sewing process is more effective on 
thermoplastic structures. And structures contain PP 
nonwoven fabric have higher tenacity properties due to low 
melting temperature of the PP fibers. Shi and Little reported 
that better ultrasonic bonding was achieved by using 
polypropylene-polypropylene and polyester-polyester fabrics 
(21). 

According to Figure 12, PP + PP and PP + PES structures 
have the highest elongation at break properties. And 
PES/CV + PES/CV structures have the lowest elongation at 
break properties.  
 
When tenacity and elongation at break values of 2 layered 
fabrics compared, it was seen that order of the tenacity and 
elongation at break values of the fabrics was almost the 
same. Although tenacity values of PP + PES / CV fabric was 
higher than PES + PES fabric, elongation at break values o 
PES + PES fabric was higher than PP + PES / CV fabric. It 
can be said that CV fiber has negative effect on the 
elongation at break properties of the nonwoven fabrics.   

 

 
Figure 11. Tenacity properties of the different 2 layered structures 

 

 
Figure 12. Elongation at break properties of the different 2 layered structures 
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4. CONCLUSION 

This study was aimed to investigate the effects of the 
polypropylene, polyester and viscose fibers and 
polyethylene film on the mechanical properties of the 
ultrasonically bonded multi-layer nonwoven fabrics. For this 
purpose, the fabric samples were prepared by sewing with 
ultrasonic sewing machine and then they were evaluated in 
terms of tenacity and elongation at break properties. 

PP + PP and PP blended structures have higher tenacity 
and elongation at break properties than PES + PES and 
PES blended structures. The reason of this property is 
compatibility of PP fiber to ultrasonic sewing process due to 
low melting point of PP fiber. Also adding PE film slightly 
increased the tenacity properties of the structures. This 
means that PE film increased the effect of the ultrasonic 
sewing process between PP, PES and PES/CV structures.  

In addition, tenacity properties of the ultrasonically sewn 2 
and 3 layered fabrics were increased with the increase in 
the fabric area density.   

The advantage of this ultrasonic sewing process is that 
different thermoplastic or thermoplastic blended surfaces 
can be combined and two different properties can be 
obtained in one structure. 
 

ACKNOWLEDGEMENT 

The authors acknowledge to undergraduate students of 
Marmara University namely Ms. Gizem ILTIR and Ms. 
Fundagul YALCIN for their assistance in laboratory work. 
Also thank to Sonimak Co., Istanbul and Telasis Co., 
Istanbul. 

 
REFERENCES 

1. Şahin, S., Akşit, A.C., Sarıışık, M., Onar, N., 2009, “The Effect Of Ultrasonic Energy on Stain Removal by Usıng machines Special Designed for Textile 
washing Processes”, International Symposium on Engineering and Architectural Science of Balkan, Caucasus and Turkic Republics, Isparta, Turkey, pp. 
247-249. 

2. Mıstık, S.İ., Kayar, M., Koçak, E.D., Merdan, N. 2013,  “Effect of Ultrasonic Sewing On The Seam Strength Properties Of The Woven Polyester Fabric”, 
2nd International Conference on Value Addition and Innovation in Textile, National Textile University, Faisalabad, Pakistan.  

3. Auld, B.A.,1990, “Acoustic Fields and Waves in Solids”, 2nd Edition, Vol. 1&2, Krieger Publishing, Florida.  

4. T.J. Mason, 1991, “Practical Sonochemistry” Ellis Harwood Limited, pp. 27–34. 

5. Mason, T.J., Lormier, J.P., 1988, “Sonochemistry: Theory, Applications and Uses of Ultrasound in Chemistry”, Ellis Harwood Limited. 

6. Koçak, D., 2008, “Study of the Effects Different Chemical Compound Applied on Luffa Cylindrical Fibres with the Help of Ultrasonic Energy”, Journal of 
Polymer Engineering, Vol. 28, No: 8, pp. 501-515.  

7. Koçak, E. D., 2008,  “The Influence of Ultrasonic Energy on Chemical Treatment of Surface Properties and the Properties of Composites Made of Luffa 
Cylindrical Fiber –Polyester Resin”, Journal of Engineering Materials and Technology, Vol. 130, No: 4, pp. 1-7.  

8. Merdan, N., Sancak, E., Koçak, D., Yüksek, M., 2012.,“Effect of Applied Different Surface Modification Processes with Cellulose Enzyme on Properties of 
Luffa Fibres”, Asian Journal of Chemistry, Vol. 24, Issue 3, pp. 975-980.  

9. Cengiz, C., Koçak E. D., Merdan N., Akalın, M., 2011, “Impacts of Ultrasonic Energy on Washability, Sewability and Colour Properties of Materials in 
Enzymatic Process”, Asian Journal Of Chemistry, Vol.23, Issue: 8, pp.3676-3682. 

10. Koçak, D., Merdan, N., Yüksek, M., Sancak, E., 2012, “Effects of Chemical Modifications on Mechanical Properties of Luffa Cylindrica”, Asian Journal of 
Chemistry, Vol. 25, No: 12, pp. 637-641.  

11. Akalın, M., Merdan, N., Koçak, D., Usta, İ., 2004, “Effects of Ultrasonic Energy on the Wash Fastness of Reactive Dyes”, Ultrasonics, Vol. 42, pp. 161-
164, 

12. Merdan, N., Akalın, M., Koçak, D., Usta, İ., 2004, “Effects of Ultrasonic Energy on Dyeing of Polyamide (Micro fibre) / Lycra Blends”, Ultrasonics, Vol. 42, 
pp. 165-168. 

13. Öner, E., Başer, İ., Acar, K., 1995, “Use of Ultrasonic Energy in Reactive Dyeing of Cellulose Fabrics”, Journal of the Society of Dyers and Colourists, Vol. 
111, pp. 279–281. 

14. Giehl, A., Schafer,,K., Hocker, H., 1998, “Ultrasonic in Wool Dyeing-Ready for Practical Application”, International Textile Bulletin, pp. 90–95. 

15. Mistik, S.I., Yükseloğlu, S.M., 2005, “Hydrogen Peroxide Bleaching of Cotton in Ultrasonic Energy’, Ultrasonics, Vol.43, No: 10, pp. 811-814.  

16. Yachmenev, V.G., Bertoniere, N.R., Blanchard, E.J., 2001, “Effect of Sonication on Cotton Preparation with Alkaline Pectinase”, Textile Research Journal, 
Vol.71, No: 6, pp. 527-533. 

17. Yuksek, M., Koçak, D., Beyit, A., Merdan, N., 2012, “Effect of Degumming Performed with Different Type Natural Soaps and Through Ultrasonic Method 
on the Properties of Silk Fiber”, Advances in Environmental Biology, 6(2), pp. 801-808. 

18. Thakore, K.A., Smith, C.B., 1990, “Application of Ultrasound to Textile Wet Processing”, American Dyestuff Reporter, pp. 45–47. 

19. Mistik, S.I., 2012, “Effect of Ultrasonic Energy on Reductive Cleaning of Dyed Polyester Fabrics’, Asian Journal of Chemistry, Vol.24, No: 8, pp. 3724-
3728,  

20. Kayar, M.,  2012. “Production and Productivity / Basic Principles and Practice”, Ekin Press, Bursa, Turkey, ISBN: 978-605-5335-19-9. 

21. Shi W., Little T., 2000, “Ultrasonic Joining of Textile Materials”, International Journal of Clothing Science and Technology, Vol. 12 No: 5, pp. 331-350.  

22. Kayar, M., Mıstık, S.İ., Merdan, N., Koçak, E.D., 2013, “Effect of Ultrasonic Sewing on the Seam Strength Properties of the Woven Polyester and 
Polyamıde Fabrıcs”, 2nd International Conference on Value Addition and Innovation in Textile, National Textile University, Faisalabad, Pakistan.  

23. Boz, S., Erdoğan, M. Ç., 2011, “Ultrasonic Energy Usage in Apparel Industry”, Tekstil ve Konfeksiyon, Vol.21, pp. 91-96. 

24. Bhat, G.S., Jangala, P.K., Spruiell, J.E., 2004, “Thermal Bonding of Polypropylene Nonwovens: Effects of Bonding Variables on the Structure and 
Properties of the Fabrics”, Journal of Applied Polymer Science, Vol. 92, pp. 3593-3600. 

25. Bhat, G. S., Nanjundappa, R., 2013, “Bond Structure and Tensile Properties of Thermal Bonded Polypropylene Nonwovens”, Textiles and Light Industrial 
Science and Technology, Vol.2 (2) pp. 49-53  

26. Hegde, R., Bhat, G. S., Campbell, R. A., 2008, “Thermal Bonding of Polypropylene Films and Fibers”, Journal of Applied Polymer Science, Vol. 110 Issue 
5, pp. 3047 – 3058 

27. Hegde, R., Bhat, G. S., 2010, “Nanoparticle Effects of Structure and Properties of Polypropylene Spunbond Webs”, Journal of Applied Polymer Science, 
Vol. 118, Issue 6, pp. 3144 – 3155 

28. TS EN ISO 13934-1: Textiles- Tensile properties of fabrics- Part 1: Determination of maximum force and elongation at maximum force using the strip 
method, 2002, p.11.  



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


