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Oz

Bu calismada Minimum Miktarda Yaglama (MMY) sistemine katilan asindirici toz miktari ve kesme hizina bagl olarak islenmis ytizeyler-
deki yiizey piirlizliligiindeki degisimler incelenmistir. Kesme hiz1 olarak (V:100, 120, 140 ve 160 m/dk) ve kesme yontemi olarak (kuru,
MMY, MMY+%]1 Al.0;, MMY+%2 Al.0;, MMY+%4 Al.0; ve MMY+%6 Al.0;) kesme parametreleri se¢ilmistir. Deney malzemesi
olarak yiiksek sertlige ulasabilmek adina 59 HRC sertliginde sertlestirilmis 1.2379 soguk is takim ¢eligi se¢ilmis olup, kesici ug olarak ise
yiiksek sertlikte tornalama islemlerine dayanikli olan CBN kesici ug segilmistir. Kesme sivisia katilan asindirici toz olarak Al.3; nano-
partikiiller kullanilmis, deney sonrasinda yiizey kalitesindeki degisimleri gérmek adina MAHR Perthometer M1 yiizey piirtizliilik 6lgtim
aleti kullanilmistir. Deney sonuglari incelendiginde en iyi ortalama yiizey piiriizliiliigiine, kesme hizinin 160 m/dk ve hacimsel nano-a-
kiskan konsantrasyonunun %4 olarak uygulandigi deneyde 0,888 pm ile ulagilmistir. Ortalama yiizey piiriizliilik degerinin en yiiksek ol-
dugu deney ise 100 m/dk kesme hizinda kuru kesme isleminde ortaya ¢ikmustir. Farkli parametreler ile yapilan deneyler karsilagtirildiginda
kesme hiz1 ve nano-akigkan konsantrasyonundaki artigin yiizey kalitesine olumlu yonde etkisi oldugu sonucu ortaya ¢ikmustir.

Anahtar Kelimeler: Minimum Miktarda Yaglama (MMY), nano-akiskan, yiizey piirtizliliigii, soguk is takim ¢eligi, nano Al~Js.

Abstract

In this study, changes in the surface roughness are investigated due to the concentration of nano-fluid and cutting speed. Cutting speed (V
100, 120, 140 ve 160 m/min) and cutting method (dry, MQL, MQL+%1 Al.03, MQL+%2 Al.05, MQL+%4 Al.05 ve MQL+%6 Al.0;)
cutting parameters selected. In order to achieve high hardness, hardened 1.2379 cold work tool steel was chosen which is 59 HRC and CBN
insert was chosen for the resistant to high hardness. Al.0y nanoparticles were used as abrasive powder and MAHR Perthometer M1 was
used for the measuring of surface roughness. When the results were examined, the best average surface roughness was reached with a rate
of 160 m/min and volumetric nano-fluid concentration is %4. The average surface roughness value was worst in the dry cutting process at
a cutting speed of 100 m/min. When the experiments were compared, it was found that the increase in the cutting speed and the concentra-
tion of nano-fluids had a positive effect on the surface quality.

Keywords: Minimum Quantity Lubrication (MQL), nano-fluid, surface roughness, cold work tool steel, nano Al.J;.

I. GIRIS

Hassas ve ¢ok adetli seri iiretim islemini ger¢eklestirebilmek i¢in iiretilen parcalar yiiksek hizda kesme islemine tabi tu-
tulmalidir. Yiiksek hizda kesme ise beraberinde bir takim problemleri getirmektedir. Bu problemler; takim dmriintin azal-
masl, i parcasi ylizey kalitesinin bozulmasi ve tezgahin asir1 yiike maruz kalmasi olarak siralanabilir. Talas kaldirma ope-
rasyonlarinda kesici takim ile ig par¢asi arasinda olusan yiiksek 1s1; takim dmriiniin azalmasi ve i pargasi yiizey kalitesinin
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bozulmasi problemlerinin baslica kaynagidir. Bu proble-
min ¢dzimi i¢in olusan 1sinin kesme noktasindan ivedilikle
uzaklastirilmas: gerekmektedir. Olusan 1s1y1 uzaklagtirmak
icin kesme noktasina bor yagi vb. sogutma-yaglama sivilari
uygulanarak takim émriinde artis ve i pargasi yiizey kalite-
sinde diizelme goriilmiistiir [1]. Geleneksel sogutma sivila-
rindaki maliyet artisiyla birlikte ¢evreye ve insan sagligina
olan olumsuz etkilerinden 6zellikle talasli imalat islemle-
rinde yerini MQL (Minimum Quantity Lubrication — Mini-
mum Miktarda Yaglama) uygulamalarina yonelime sebep
olmaktadir. MQL, geleneksel ve yiiksek hizlarda metalik
ve kompozit parcalarin iglenmesinde teknolojik, ekonomik
ve ¢evresel faydalari ispatlanmis bir sogutma-yaglama tek-
nolojisidir. MQL’ de az miktarda biyo parcalanabilir (geri
doniistimlil) yag damlacig ile basingl hava karistirtlir ve
kesme alanina puskiirtiiliir. Bu durum kesme sicakligini ve
kesici takim aginmasin diisiiriir, ylizey kalitesini artmasina
sebep olur [2]. MQL sisteminde kullanilan kesme sivisina
CNT, C60, TiO2, Alz02, MoS2 gibi nano-partikiillerin be-
lirli oranlarda eklenmesi ile olusan kesme sivilarina ise na-
no-akiskan denmektedir. Nano-akiskanlarin termal iletken-
lik 6zelliklerinin giiglii olmas1 sayesinde kesme noktasinda
olusan 1sinin ortamdan daha verimli olarak uzaklagmas1 sag-
lanmaktadir. Ayrica nano-partikiillerin tribolojik ozellikle-
rine bagl olarak kesme noktasinda iyi bir yaglanma sag-
lanmakta boylelikle kesme noktasindaki yiizey piiriizlaligi
iyilesmektedir [3].

Bu ¢aligmada farkli hacimsel konsanstrasyonlarda Al 0y
nano-partikiillerin katilmasiyla olusturulan nano-akiskan,
kesme noktasina piiskiirtiillen kesme sivist olarak kullanil-
mustir. Ayrica farkli kesme hizlari segilerek yiizey piiriizlii-
lugiine kesme hizinin da etkisi goriilmek istenmistir. Kesme
stvist olarak farkli hacimsel konsantrasyonlarda nano-akis-
kan kullaniminin yiizey kalitesine etkileri degerlendirilmis-
tir. Daha 6nce yapilmis olan Al-05 nano-partikiil katkili na-
no-akigskanmn kullanilmis oldugu deneyler incelendiginde
ozellikle yiizey kalitesi {lizerine ¢alismalar yapildig1 ortaya
¢ikmaktadir. Lee vd. (2011) nano-elmas ve nano-Al.Q; par-
tikiillerinin katildigi nano-akiskan kesme sivisi kullanilan
MQL sisteminin yiizey kalitesi iizerine etkilerini arastirmis-
lardir. Se¢mis olduklar1 nano-partikiillerin yaglayict 6zel-
liklerinin sogutma &zelliklerine gore daha 6n planda olma-
sindan dolay1 daha ytizey kalitesinde iyilesme goriildiiglinii
ortaya koymuslardir [3]. Vasu ve Reddy (2011) nano-parti-
kiil olarak Al-05 ve baz s1vi olarak bitkisel bazli yag kullan-
diklart MQL sistemi ile Inconel 600 alagimini islemislerdir.
Farkli hacimsel konsantrasyonda nano-akigskan kullana-
rak yapmis olduklart deneylerin sonucunda, nano-akiskan
konsantrasyon yilizdesinin artmasiyla ylizey kalitesinde
iyilesme gormiislerdir [4]. Mao vd. (2012) sertlestirilmis

AISI 52100 ¢eligini Al.0; nano-partikiil katkili nano-akis-
kan kullanarak taglamislardir. Kesme sivisi olarak nano-a-
kiskan kullaniminin taglama noktasindaki sicakligi dnemli
Olciide diisiirdiigiinii, yiizey morfolojisini iyilestirdigini ve
yiizey pliriizliliigiinii azalttigimi belirtmislerdir [5]. Hadi ve
Atefi (2015) AISI D3 gelik i pargasint Al 05 nano-partikiil
katkili nano-akiskan kesme sivili MMY sistemi kullanarak
frezelemislerdir. Nano-partikiil olarak segilen Al,;@; kon-
santrasyonunun artmastyla yiizey kalitesinde iyilesme elde
etmislerdir [6].

Yigit vd. (2014) is pargast olarak aliiminyum alasimi ve
kesme sivisi olarak Al.@; nano-partikiil katkili nano-akis-
kan segerek, nano-akigkan kullaniminin kesme islemine et-
kileri tizerine yapmis olduklari arastirmada nano-akiskan
kullaniminin yiizey piriizliiligiine olumlu yonde etki yap-
tigin1 ortaya koymuslardir [7].

II. MATERYAL VE YONTEM

Deneylerde JohnFord TC35 marka CNC torna tezgahi kul-
lanilarak 235 HB sertlik degerinde DIN 1.2379 (SVERKER
21) soguk is takim celigi secilmistir (Sekil 1). Kesme/ma-
kine bigaklari, vidalar/kovanlar, hassas zzimbalama kaliplari
ve damgalamada kullanilan bu malzeme deneylerde daha
yiiksek sertlik degerlerinde c¢alismak amaciyla 1s1l igleme
sokulmustur. Isil islem sonucunda malzeme 59 HRC sert-
lik degerine ulasmigtir. Deneylerde kullanilan SVERKER
21 soguk is takim ¢eligi malzemesinin kimyasal 6zellikleri
Tablo 1’ de verilmistir. Deney malzemesinin ¢ap1 28 mm ve
boyu 150 mm’dir.

Tablo 1. SVERKER 21 soguk is takim ¢eligi malzemesi kimyasal
ozellikleri

C Si Mn |P S Cr |Ni |[Mo |V Cu

1,54 0,31 |0,37 0,018 {0,0006 | 11,5 [0,22 |0,74 |0,73 [0,06

7C-35 |
ZSOHINEORD,

Sekil 1. JohnFord TC35 CNC torna tezgahi ve deney diizenegi
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Deneylerde DCMW11T304 geometrisine sahip Sumi-
tomo BN600 kalitesinde CBN kesici u¢ kullanilmistir. Ke-
sici ucun ug sekli 55%, Serbest agist 7%, kesme kenar uzun-
lugu 11mm, kesici u¢ kalinligi 3,97mm ve kdse radyiisii
0,4mm’dir (Sekil 2).

4.4

i // ‘ +
9.525 3.97 '

Sekil 2. Deneylerde kullanilan DCMW11T304 kesici ug
geometrik sekli [8]

Kesme parametrelerinin belirlenmesinde malzemenin
cinsi, tezgah 6zellikleri ve kesici takim firmasi katalog de-
gerleri dikkate alinarak Tablo 2’deki kesme parametreleri
kullanilarak deneyler gerceklestirilmistir.

Tablo 2. Deneylerde kullanilan kesme parametreleri

PARAMETRE DEGER

Kuru;  MQL;  MQL+%I;
MQL+%4; MQL+%6

Kesme Hizi, V (m/dk) 100; 120; 140; 160

flerleme, f (mm/dev) 0,1

Kesme Derinligi, a (mm) (0,1

0, .
Kesme Yontemi MQL+%2;

Deneyin yapilacagi takim tezgahi ve deney sartlarr goz
oniinde bulundurularak harici MMY uygulamalarina uygun
olan Bielomatik MQL 1-Channel System tercih edilmistir
(Sekil 3). Yapilan deneylerde Lubrioil cinsinden yag kulla-
nilmigtir.

.Z
:
P2
¢ g
X

Sekil 3: Biclomatik MQL 1-Channel System [9]

Deneylerde kesme sivisint nano-akigskan hale getirmek
i¢in, kesme sivisina asindirici toz olarak yiiksek sertlik ve
yiiksek boyutsal stabilite gosteren Al-03 tozu katilmustir.
Precisa marka hassas tarti kullanilarak, isleme esnasinda
kesme sivisinin agirlikca %1, %2, %4 ve %6’s1 olacak se-
kilde kesme sivisina katilarak 4 farkli nano-akiskan kesme
stvist olusturulmustur. Tablo 3’ te deneylerde kullanilan A
[.0; asindirict tozunun teknik ozellikleri yer almaktadir
[10]. Sekil 4’te Al-0; asindirici tozunun taramali elektron
mikroskobu (SEM) analizi goriintiisti yer almaktadir [3].

Tablo 3. deneylerde kullanilan Al 05 asindiricr tozunun teknik
ozellikleri [10]

Teknik Ozellikler
Saflik % 99,5+
Renk Beyaz
Ortalama Partikiil Boyutu (nm) 18
Yiizey Alant (m2/g) 140
Is1 Kapasitesi (J/Kg.K) 890
Yogunluk ( Kg/m3) 3900
Morfoloji Dairesel

Sekil 4: Deneylerde kullanilan Al- 03 asindiric1 tozu SEM analizi

gOriiniitiisii [3]

Yiizey piriizlillik degerlerinin 6l¢iimii i¢in DIN, ISO,
CNOMO parametrelerinin seri dlglimlerini yapabilen, oto-
matik ve dinamik kalibrasyon 6zelligine sahip, otomatik,
1,75/5,6/17,5 mm tarama boyu se¢imli, profil ¢oziiniirligi
0,012 um, entegre termal yazicili MAHR Perthometer M1
Olcti aleti kullanilmisgtir.

Deney sonrasinda is pargasi incelemeleri i¢in; bilgisayar
USB girisine baglant1 yapilabilen, 500 kata kadar biiyiitme
ozelligine sahip dijital mikroskop kullanilmistir.
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III. BULGULAR VE TARTISMA Tablo 4. Deney parametreleri; kesme hizi ve kesme yontemi
S . . . _ Kesme |. Talas
Tablo 4’te MQL sistemine katilan farkli miktarlarda asin Deney No Kesme Yéntemi Huzt (m/ Ilerleme Derinligi
dirici toz, farkli kesme hizlari (V 100, 120, 140 ve 160 m/ dk) (mm) (mm)
dk) ve farkli kesme yontemlerine (kuru, MQL, MQL+%]1 Deney 1 Kuru Kesme
A{: Dg N MQL+%2 AI!-: Gg . MQL+%4 A{: Gg Ve MQL+%6 Deney 5 MQL
.0 ) iy ot
A'; =03) bagh olarak gergekles?mlen deneyler gosterilmis Deney 9 MOQL + %1 AI203
tir. Bu parametrelerle yapilan isleme sonrasi olusan ylizey 100 0,1 0,1

Deney 13 MQL + %2 Al203

purtzliliginde ki degisimler Sekil 9-12’deki grafiklerde

gosterilmistir. Sekil 5-8°deki dijital mikroskop altindakiis ~ |Peney 17 |MQL+ %4 A203

pargasinin igleme sonrasi yapilan incelemelerinde ise kuru Deney 21 MQL + %6 Al1203
kesme ile nano-akigkan kullanilan MQL sisteminin kulla- Deney 2 Kuru Kesme
nildig1r kesme yontemi arasindaki yiizey kalitesi farki go- Deney 6 MQL
rilmektedir.

Deney 10 MQL + %1 Al203

Asadaki sekiller incelendiginde; V=100, 120 ve 140my/ [0 Cmem1 00 0070 120 0.1 0.1

dk kesme hiz1 icin ortalama yiizey piiriizliiliik degeri (Ra)’ Dency 18 MOL + %4 A203

nin en disiik oldugu kesme yonteminin %6 Al.0; hacim-

. N +9
sel nanoakigkan konsantrasyonuna sahip oldugu deneylerde, Deney 22 MQL + %6 A203

V=160 m/dk kesme hiz1 uygulandiginda ise en iyi yiizey ka- Deney 3 Kuru Kesme
litesinin %4 Al-0; hacimsel nanoakigkan konsantrasyonun Deney 7 MQL
uygulandig1 deneyde elde edildigi goriilmiistiir. Kesme hizi- Deney 11 MQL + %1 AI203
nin 100, 120 ve 140 m/dk alindig1 deneyler incelendiginde Deney 15 MQL + %2 A203 140 0.1 0.1
nanoakiskan konsantrasyonun artmasi yiizey piiriizliliigiine Deney 19 MOL + %4 A3
olumlu etki gostermistir [6].
Deney 23 MQL + %6 Al203
Deney 4 Kuru Kesme
Deney 8 MQL
Deney 12 MQL + %1 Al203 160 01 01

Deney 16 MQL + %2 A1203

Deney 20 MQL + %4 A1203

Deney 24 MQL + %6 A1203

| )
e e Il

A0

h

AT I

(Deney 1) (Deney 21)
Sekil 5: V=100 m/dk kesme hizinda kuru kesme ve MQL+ %6 Al &3 nano-akiskanin kullanildigi is pargasi yiizeylerinin dijital

mikroskop altinda incelenmesi
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(Deney 2) (Deney 22)

Sekil 6: V=120 m/dk kesme hizinda kuru kesme ve MQL+%6 Al= 0 nano-akiskanimn kullamldig: is parcasi yiizeylerinin dijital

mikroskop altinda incelenmesi

i

.|"I I

(kN i {00181
i
i

(Deney 3) (Deney 23)

Sekil 7. V=140 m/dk kesme hizinda kuru kesme ve MQL+%6 Al nano-akiskanin kullanildig1 is parcas yiizeylerinin dijital
mikroskop altinda incelenmesi

M R il

I A

(Deney 4) (Deney 20)

Sekil 8: V=160 m/dk kesme hizinda kuru kesme ve MQL+%4 Al 03 nano-akiskanin kullanildig1 is pargasi yiizeylerinin dijital
mikroskop altinda incelenmesi
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V=100, 140 ve 160 m/dk kesme hizlarinda kuru kes-
meye gore MQL sisteminin uygulanmasinin yiizey kali-
tesine olumlu yonde etki ettigi gorilmektedir. %1 Al.0;
hacimsel konsantrasyonda nano-akiskan kullanilan deney-
lerde ise V=100 ve 120 m/dk kesme hizlarinda yiizey ka-
litesinde iyilesme goriiliirken V=140 ve 160 m/dk kesme
hizlarinda yiizey kalitesinde bozulma goriilmiistiir. 140 ve
160 m/dk kesme hizina ¢ikildiginda %1 Al.@; konsantras-
yonunun kullanildig1 sogutma sistemi uygulamasinin yiizey

kalitesine yeterli sekilde etki etmedigi goriilmektedir. Ha-
cimsel Al.@; konsantrasyonunun %2’ nin {izerine ¢ikmasi
ile birlikte ytizey kalitelerinde iyilesme goriilmiis olup, %4
Al hacimsel konsantrasyona sahip olan 160 m/dk kesme
hizinda yapilan deney en iyi ortalama yiizey piiriizliiligi de-
gerini vermistir. Yukarida bahsedilen literatiir caligmalarin-
dan da goriilecegi lizere Al,0; nano-partikiillerin katildigi
nano-akiskan kullanilan deneyler yiizey kalitesine olumlu
yonde etki gostermistir.

Ra (um)

9,000
8,000
7,000
6,000
5,000
4,000
3,000
2,000
1,000
0,000

8,068

Deney 1

Deney 5

Deney 9

Deney 13 Deney 17 Deney 21

o R o

Sekil 9: Kesme hiz1 V=100 m/dk i¢in kesme yontemine bagli olarak elde edilen ortalama yiizey piiriizliilik (Ra) degerleri degisimi

4,000
3,500
3,000
2,500
2,000
1,500
1,000
0,500
0,000

3,316 3,415

2,338

Deney 2 Deney 6

Deney 10

Ra (um)

3,437
3,173

961

Deney 14 Deney 18 Deney 22

%)

Sekil 10: Kesme hiz1 V=120 m/dk i¢in kesme yontemine bagli olarak elde edilen ortalama yiizey piirtizliliik (Ra) degerleri degisimi
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Ra(um)

5,000 4,618
4,000
3,000

2,000

1,000

0,000
Deney 3 Deney 7 Deney 11 Deney 15 Deney 19 Deney 23

- R g

Sekil 11: Kesme hizt V=140 m/dk i¢in kesme yontemine bagl olarak elde edilen ortalama yiizey piiriizliiliik (Ra) degerleri degisimi

Ra (um)

4,000
3,500 3,337
3,000

2,500

2,000 1,530
1,500 "
1,000
0,500 0,888
0,000

3,042

2,369

Deney 4 Deney 8 Deney 12 Deney 16 Deney 20 Deney 24

- R

Sekil 12: Kesme hiz1 V=160 m/dk i¢in kesme yontemine bagli olarak elde edilen ortalama yiizey piiriizliilik (Ra) degerleri degisimi

IV. SONUCLAR 2- En iyi ortalama ylizey piiriizliliigiine (Ra), kesme
1.2379 sertlestirilmis soguk is takim ¢eligi deney numune- hizinin 160 m/dk ve nanoakiskan konsantrasyonunun
lerinin CNC torna tezgahinda, farkli kesme hizlart ve MMY %4 olarak uygulandigi deneyde 0,888 upm ile
sistemine katilan farkli agindirict toz miktarlart ile islenmesi ulastlmistir. Ortalama ylizey priizliilik degerinin en
sonucunda elde edilen deney sonuglari asagidaki gibi 6zet- yiiksek oldugu deney ise 100 m/dk kesme hizinda kuru
lenmistir: kesme isleminde ortaya ¢ikmistir. Bu iki sonug goz

1- Biitiin parametrelerin sabit tutulup sadece kesme dnfine almdifinda kesme luzindaki artismn ve nano-

hizinin artirllmasinin yiizey kalitesine olumlu ydnde akigkan kullanilan MMY sisteminin yiizey kalitesine
etki ettigi goriilmiistiir. olumlu yonde etkisi oldugu sonucuna varilmaistir.
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Kuru kesme ile MMY sistemi karsilagtirildiginda,
MMY sistemi kullanilan deneylerde ortalama yiizey
plriizliliigiinde azalma goriilmistir. MMY sistemi ile
nano-akigkan katkili MMY sistemi karsilastirildiginda
ise nano-akigkan katkili MMY sisteminin daha iyi
yiizey kalitesi olusturdugu goralmistiir.

Kesme sivisina katilan asindirict toz olarak segilen A
[0, nano-partikiillerinin konsantrasyonunun yiizey
plriizliligl tizerinde gosterdigi olumlu etki, MMY
sisteminin ve katilan asindirici toz miktarinin 6nemini
kanitlamis, insan sagligi ve ¢evre kirliligi agisindan
tercih edilmesi gerektigini ortaya koymustur.
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Investigation on the Effect of Garment Fit on Thermal Transfer
Performance of Clothing by Combining Non-Contact Measuring
Tools

Temassiz Ol¢iim Cihazlar1 Kullanilarak Giysi Bedenlerinin Giysi Termal Transfer
Performansina Etkisinin incelenmesi

Sertac GUNEY ! (@, Hilal BALCI 2@, ibrahim UCGUL!
1 Stileyman Demirel Universitesi, Miihendislik Fakiiltesi, Tekstil Miihendisligi Boliimii, 32260, ISPARTA
2[stanbul Arel Universitesi, Meslek Yiiksekokulu, Moda Tasarimi Programi, 34295, ISTANBUL

Abstract

Next-to-skin sportswear are generally produced from knitted strecth fabrics, which get extended on wearing and remain in the extended
state. Since they are worn next to skin and are direct contact with the body surface, their thermal comfort properties are effective on over-
all clothing comfort. In this paper, an investigation has been made to evaluate the effect of garment fit and fabric extension on the thermal
transfer performance of clothing. The method using the combination of infrared thermal camera and 3D virtual garment simulation has
been developed considering the fabric extension and clothing surface temperature of different body parts. Two type T-shirts were produced
by changing the bust and waist measurements and their thermal transfer performance were investigated in wear trials on subjects having
different size. Fabric extension results were taken from virtual avatar in 3D simulation having the same body measurements as subjects.
Temperatures changes on different body parts according to the wearing protocol were investigated in thermal camera software (Flir Tools).
The experimental results show that compression garment fit and fabric extension influence the heat transfer and clothing surface tempera-
tures. In the sportswear industry, Optimal garment fit should be defined for designing sportswear, especially for performance sportswear.

Keywords: Next-to-skin sportswear, garment fit, thermal comfort, 3D virtual simulation

Oz

Viicuda tam oturan spor kiyafetleri genellikle, 6rme kumaslardan tiretilir ve giyildiginde uzar ve uzamis halde viicut ylizeyinde kalirlar. Vii-
cut ylizeyiyle dogrudan temas ettikleri i¢in termal konfor 6zellikleri genel giysi konforunda etkilidir. Bu ¢alismada, viicuda oturma duru-
munun ve kumas uzamasinin, giysinin termal transfer performansi iizerindeki etkileri arastirilmistir. Kizilotesi termal kamera ve tighoyutlu
sanal giysi simiilasyonunun birlesimini kullanan bu ydntem, farkli viicut bdlgeleri iizerindeki kumas uzamalari ve giysi yiizey sicakliklart
dikkate alinarak gelistirilmistir. Gogiis ve bel dl¢timleri degistirilerek iki tip tigort tiretilmis ve farkli beden 6lgiilerindeki katilimeilarla gi-
yim denemeleriyle 1s1 transfer performanslari incelenmistir. Kumas uzama degerleri, katilimeilarla ayni viicut 6lgiilerine sahip olan tigbo-
yutlu simiilasyondaki sanal mankenler iizerinden elde edilmistir. Termal kamera yazilimiyla (Flir Tools) giyim denemesi protokoliine gore
farkli viicut bolgelerindeki sicaklik degisiklikleri incelenmistir. Deneysel sonuglar, giysinin viicuda oturma durumunun ve kumas uzama-
sinin, 1s1 transferini ve giysi yiizey sicakliklarini etkiledigini gostermektedir. Spor giyim endiistrisinde, 6zellikle performans spor kiyafet-
lerinin tasariminda en uygun viicuda oturma orani tanimlanmalidir.

Anahtar Kelimeler: Viicuda oturan spor giysiler, viicuda oturma durumu, termal konfor, U¢ boyutlu Sanal Simiilasyon

LINTRODUCTION

Compression sportswear has become attractive in personel or team sports in recent years. A pleasing contact perception,
reasonable pressure profile and optimum thermal-moisture properties are fundamental to promote comfort and physical

Sorumlu yazar/Corresponding Author: Sertac GUNEY, Tel: 0246 211 1188, e-posta: sertacguney@sdu.edu.tr
Gonderilme/Submitted: 12.02.2019, Diizenleme/Revised:18.04.2019, Kabul/Accepted: 29.04.2019


https://orcid.org/0000-0002-9301-0026
https://orcid.org/0000-0001-5442-8860
https://orcid.org/0000-0001-9794-0653

PORTA 2019, 1: 9 - 12

Thermal Transfer Performance

performance and health to the athletes since these garments
are typically designed to directly maintain contact with ath-
lete’s body [1]. Compression garments elongates up to 10%
in lenght and 60% in width when worn, depending on the va-
riations in body circumference. This stretch also changes the
loop shape, density and thickness of fabric. All these chan-
ges are expected to affect significantly the comfort behavi-
our of fabrics [2]. Heat and mass transfer through the gar-
ment is not only dependent on these properties of the fabrics
used in the garment but also on the change in the contact
area and the air gap thickness between the garment layers
and outer adjacent air layer. The thickness of air layers and
the magnitude of contact area can be affected by the mecha-
nical properties of the fabric and the garment properties (va-
rious ease allowances due to the different fits and styles),
moisture content, body posture and the movement of the
body [3]. Compression sportswear are worn next to skin and
are direct contact with the body surface and minimize the air
gap thickness so that the fabric thermal comfort properties
are effective on overall clothing comfort. Sport garments are
at the interface between the human body and the environ-
ment and therefore modify the heat and mass transfers oc-
curring at the skin surface. Clothing interacts with physio-
logical and physical processes impacting skin temperature
that can be assessed by infrared thermography. The assess-
ment of sport garments, specifically their impact on the skin
using this technique, enables great advances in the field of
garment design and its consequence on sport performance
and thermal comfort, both for recreational and professional
athletes [4]. In this study, we determined the fabric extension
on different body parts and related this with the clothing sur-
face temperatures using the combination of infrared thermal
camera and 3D virtual garment simulation.

ILEXPERIMENTAL SET-UP AND PROCEDURE

2.1.Materials

Two type of tshirts were produced from the same strecth
knitted fabric made of 86% Polyester and 14% Elastane. The
fabric properties were given in Table 1.

Table 1. Fabric properties

Fibre Compo- | Fabric Fabric | Fabric Air Per- Thermal
sition P Structure Mass | Thickness [ meability | Resistance
(g/m?) | (mm) (I/ m%s) (m?K/W)
0 0 it
86% PES 14% [ weft knit 315 0.49 622 14
Elastane ted

All the tshirts had the same style of sleeveless but the
size gradually decreased at bust and waist girths. The mea-
surements of tshirts are shown in Table 2.

Table 2. Measurements of experimental tshirts (cm)

Tshirt Code Bust Waist

Gl 40 38

G2 38 36
2.2. Methods

Three men having Small, Medium and Large size with age
20 + 2 years volunteered to participate in tests. They were
provided with a participant informations sheet, informing
the procedures of the experiment. The tests were conduc-
ted in a performace room at a temperature of 20+ 2°C, re-
lative humidity of 50+ 5%. Before the tests, the garments
were then hung in the enviromental chamber for 24h before
the test. Subjects entered the room and rested for 10 min
to adapt to the room conditions. Each day only one subject
was tested. The experiment consisted of two parts. Firstly,
the body measurements of every subjects were measured by
tape measure for the avatar in 3D virtual garment simulati-
ons (Figure 1).
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Figure 1. Measurement points on body

The fabric properties were input into the simulations and
the fabric extension maps were obtained and compared. In
second part, the temperature distributions of clothing ou-
ter surface was detected by another non-contact measuring
tool, infrared thermal camera (Flir E40 with 0.07°C thermal
sensitivity). Subjects were asked to stand on footprints and
keep the arm straight. The locations of infrared thermal ca-
mera and body posture were kept constant during the me-
asurements. The infrared thermal measurements included
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two steps, first subjects were asked to wear tshirts and body
postures were photographed then subjects rested for ten min
wearing tshirts and body postures were photographed again.
The clothing surface temperatures were then analyzed by
thermal imaging software (Flir Tools) to get the maximum,
minimum and average temperatures on bust (B1), waist (B2)
and hip (B3) sections. To investigate the regional fabric ex-
tensions on human torso, six sections (bust, waist, pelvis,
back bust, back waist and hip) were simulated according to
the height of the human torso. To measure the surface tem-
peratures of clothing, six measuring areas were drawn on the
frontal and rear infrared photos of upper body, correspon-
ding to the sections of fabric extensions.

HI.RESULTS AND DISCUSSIONS

3.1. Clothing Surface Temperatures on Body Sections

The thermal photographs of frontal and rear body sections
were analyzed by Flir Tool Software (Figure 2).

Figure 2. The thermal photographs of subjects having small,
medium and large size respectively

The average clothing surface temperatures of six body
sections of two tshirts (Gl and G2) are shown in Figure 3.
It shows that the average temperatures when first worn (B1,
B2 and B3) and after ten minutes resting (B1A, B2A and
B3A).
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Figure 3. The average clothing surface temperatures on frontal

body sections.

Three subjects having small, medium and large size,
tried on two experimental tshirts (SG1, SG2, MG1, MG2,
LG1 and LG2). The surface temperatures of on small size
body (SG1 and SG2) have the lowest surface temperatures
due to the highest air gap thickness. The SG1 and SG2 ts-
hirts have not the close fitting as much as the others. After
ten minutes, SG1 and SG2 shows the highest temperature
decrease because the tshirts provide thermal isolation due to

air gaps (Figure 4).

HE1D
HEB2D

B3D

Clothing Surfasc Temperature Differsnce ("C)

Clothing Code

Figure 4. The clothing surface temperature differences on frontal

body sections between first worn and after ten minutes

The surface temperatures of on medium size body
(MG1 and MG2) show stable temperature changes. The
tshirt MG1 have the highest temperature after 10 miu-
tes resting. This case can help the body to decrease its
core temperature. The tshirt MG2 shows almost the same
temperature after 10 minutes resting. The tshirts LG1 and
LG2 have the most closing fit form and the fabric exten-
sions are much more the others (Figure 6). This case gives
a negative effect on heat transfers and cause the body to
lose its core temperature easily. The subject having large
size mentioned that the tshirts were not so comfortable
for himself.

All the average surface temperatures on rear body se-
ctions shows decreasing because of the air gaps occurred
on concave areas and large contact surface (Figure 5). The
tshirt MG1 shows lowest temperature decrease taking into
account all sections. The tshirt SM1 and SM2 provide ther-
mal isolation due to air gaps again like the frontal body se-

ctions.
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Figure 5. The clothing surface temperature differences on rear
body sections between first worn and after ten minutes

3.1.Fabric Extensions on Body Sections

Fabric extension results were taken from virtual avatars in
3D virtual garment simulation (Modaris 3D) having the
same body measurements. Figure 6 shows the results of G1
tshirt on avatars’ body having (a) small size (b) medium size
(c) large size.

pROA

Figure 6. Fabric extensions of G1 tshirt on avatars’ body having

f

G o d iy

(a) small size (b) medium size (c) large size

IV.CONCLUSIONS

In this study, we investigated the effect of garment fit and
fabric extension on the thermal transfer performance of

clothing. Non-Contact Measuring Tools can help to com-
pare the results easily. The experimental results show that
compression garment fit and consequently fabric extension
influence the heat transfer and clothing surface temperatu-
res. In the sportswear industry, compression sports garment
are worn next to skin and are direct contact with the body
surface, their thermal comfort properties are effective on
overall clothing comfort. Fabric extension within certain li-
mits can help to control the body thermoregulation. The op-
timum fabric extension limits should be defined for better
body thermal balance. So optimal garment fit should be de-
fined for designing sportswear, especially for performance
sportswear.
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Nanofibers
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Abstract

The textile sector brings us different functional features besides our need for dressing. One of them is to give antibacterial properties to tex-
tile structures. Antibacterial property increases the quality of life by protecting people against bacterial attacks. It is possible to achieve an-
tibacterial activity at different stages of textile production processes. One of these processes is the electrospinning method, which makes it
possible to add antibacterial substances into a polymer containing solution to be processed to a nanofiber structure.

In this study, nanofiber structures were obtained by electrospinning from polyurethane (PU)/benzalkonium chloride (BAC) solutions at dif-
ferent concentrations. Then, their morphological, mechanical and antibacterial characteristics were investigated.

According to the results, the produced fiber membranes had nanometer size. The nanofiber surfaces were intensive and uniform when BAC
concentration was 0.5% and 1.0%. But, the uniformity lost at the higher BAC concentrations. The thinnest fiber diameter of nanofibers was
423+80nm. The strongest (6,42MPa) nanofiber structure was observed when the electrospinning solution included 0.98% PU and 1% BAC.

The antibacterial activities of the fabrics were tested against gram-negative (E. coli and P. acruginosa) and gram-positive (B. subtilis and
S. aureus) bacteria. The fabrics showed antibacterial activity with a dose dependent manner against all the tested bacteria by the order of
B. subtilis > S. aureus > E. coli > P. aeruginosa.

Keywords: Electrospinning, benzalkonium chloride, antibacterial, nanofiber

Oz

Tekstil sektorii, giyinme ihtiyacimiz disinda bizlere farkli fonksiyonel 6zellikler de getirir. Bunlardan biri de tekstil yapilarina anti bakteri-
yel dzellik kazandirmasidir. Antibakteriyel 6zellik, insanlar1 bakteriyel saldirilardan koruyarak yasam kalitesini arttirmasi hedefiyle yapi-

lir. Tekstil tiretim proseslerinin farkli basamaklarinda anibakteriyel 6zellik kazandirma islemi gergeklesebilir. Bunlardan biri de elektroge-
kim yonteminde antibakteriyel maddelerin lif ¢ekilecek polimere eklenmesiyle yapilmasidir.

Bu ¢alismada, nanofiber yapilar, farkli konsantrasyonlarda ki poliiiretan (PU) / benzalkonyum kloriir (BAC) ¢ozeltilerinden elektrogekim
ile elde edilmistir. Daha sonra morfolojik, mekanik ve antibakteriyel 6zellikleri incelenmistir.

Elde edilen sonuglara gore, iiretilen lif membranlar1 nanometre boyutuna sahiptir. Nanolif yiizeyler, BAC konsantrasyonu % 0.5 ve %
1.0 oldugunda yogun ve homojendir. Ancak, homojenlik yiiksek BAC konsantrasyonlarinda kaybolmustur. En kalin nanolif ap1 423 + 80
nm’dir. En dayanikli (6,42MPa) nanolif yapisi, elektrogekim ¢ozeltisi % 0,98 PU ve % 1 BAC icerdiginde gdzlenmistir.

Sorumlu yazar/Corresponding Author: Ayse Feyza ARSLAN, Tel: 0000000000, e-posta: feyza yilmaz 92@hotmail.com
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Yiizeylerin antibakteriyel aktiviteleri, gram negatif (E. coli ve P.
aeruginosa) ve gram pozitif (B. subtilis ve S. aureus) bakterilere
kars1 test edilmistir. Yapilar, test edilen tiim bakterilere kars1 doz
miktarina bagl olarak, sirasiyla B. subtilis> S. aureus> E. coli> P.
Aecruginosa antibakteriyel aktivite gostermistir.

Anahtar Kelimeler: Elektro¢ekim, benzalkonyum kloriir, antibak-
teriyel, nanolif

L. INTRODUCTION

Nanotechnology is an emerging interdisciplinary area, with
more and more relevance in all fields of science and tech-
nology. One of these fields is textile industry. Textiles have
been experiencing nanotechnology benefits in a wide range
of applications and were considered one of the most promi-
sing technological domains [1]. Electrospinning is as a very
powerful method for creating and diverse kinds of microst-
ructures [2]. Electrospinning has gained attention recently
due to the development of advanced models to increase pro-
duction rate. Thus, electrospun fibers are used in many app-
lications such as textiles, filters, composites, sensors, tissue
engineering, and catalysts [3].

Polyurethane (PU) polymer is a thermoplastic resilient
elastomer that have excellent flexibility, good film/fiber for-
ming property and resistance to solvents [4]. Benzalkonium
chloride (BAC) belongs to the group of quaternary ammo-
nium compounds, which are commonly used as antimicro-
bials, disinfectants or surfactants in industrial and household
products [5].

Khil et al. used a fiber membrane produced from nanofi-
bers obtained from electrospinning of the polyurethane pol-
ymer as a wound healing band. The membrane used as the
wound healing dressing was produced at a thickness of 3.25
um and the water permeability measurement was 6.525x10°
(cm3.cm/cm?.s.cm Hg). The obtained PU membrane was
found to have effective porosity [6]. Lakshman et al. used a
network of polyurethane nanofibers containing silver nano-
particles produced by electrospinning for use in wound dres-
sings. The fiber diameters were between 1.2-1.5pm. Silver
nanoparticles increased conductivity and reduced fiber dia-
meter. The conductivity of polyurethane without silver na-
noparticles was 1.75uS and addition of silver nanopartic-
les at different concentrations increased the conductivity to
96uS. The fiber diameters are between 150 and 250nm. The
results showed that PU-silver nanofiber felts could be used
for wound dressing applications. It can also be used for in-
hibition of bacterial colonization [7]. Li, Lou and Song stu-
died the tendency of the direction-independent fiber mat
produced by polyurethane electrospinning, the stress-strain
curves and the maximum loading and breaking behavior. It

was seen that the increase of the mat thickness did not affect
the maximum strain. However, the maximum load was dire-
ctly proportional to the mat thickness. At the break point, the
maximum tension was inversely proportional to the increase
in thickness [8]. Unnithan et al. produced an antibacterial
electrospun nanofiber in 400-700 nm size with polyurethane
(PU) and two biopolymers such as cellulose acetate (CA) and
zein. To prevent common clinical infections, streptomycin
sulfate was added and antimicrobial abilities against gram
negative and gram-positive bacterial strains were investiga-
ted. These studies showed that these advanced PU-CA—ze-
in-streptomycin sulfate composite nanofibers could be used
for burn, chronic and diabetic wound infections [9]. Tonc-
heva and friends researched that Poly (L-lactide) (PLLA)
and PLLA / poly (ethylene glycol) (PEG) polymers were
prepared by electrospinning method with diclofenac sodium
(DS), lidocaine hydrochloride (LHC), benzalkonium chlo-
ride (BAC), and their combinations. The PLLA/PEG con-
taining BC (10 wt%), DS (30 wt%), DS/LHC (DS,30 wt%,;
LHC, 30 wt%), and DS/LHC/BC (DS, 15 wt%; LHC, 15
wt%; and BC, 10 wt%) exhibited antibacterial activity aga-
inst the pathogenic S. aureus bacteria [10].

The aim of this study is investigation of morphological,
mechanical and antibacterial properties of fibers produced
with electrospinning of polyurethane and benzalkonium ch-
loride solutions in THF/DMF (50/50, w/w).

II. MATERIALS AND METHODS

2.1. Materials

Polyurethane (PU) block co-polymer pellets (consists of dif-
henylmethane-4,4’-diisocyanate, adipic acid, ethylene gl-
ycol, ethylene oxide, polypropylene oxide, 1,4-butanediol
and bisphenol A) were purchased from SMP Tecnologies
Inc. (Japan). Dimethyl formamide (DMF) and tetrahydrofu-
ran (THF) were selected to dissolve the polyurethane. Alky-
ldimethylbenzylammonium chloride (benzalkonium chlo-
ride) (50%) was of analytical grade (Kimetsan) and used as
received.

Main cultures of Escherichia coli ATCC 35218, Bacil-
lus subtilis ATCC 6633, Staphylococcus aureus ATCC 25293
and Pseudomonas aeruginosa ATCC 27853 were supplied
from Microbiologics.

Nutrient broth and nutrient agar (for E. coli and B. sub-
tilis strains) and Trypticase Soy Broth and Trypticase Soy
Agar (used for S. aureus and P. aeruginosa strains) culture
media were supplied from Hi-media.
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2.2. Methods
2.2.1. Preparation of polymer solution

10% polyurethane (PU) stock solution was prepared by dis-
solving 1g PU in 9g DMF/THF (50/50, w/w) for three hours.
Then, according to Table 1, several amounts of the stock PU
solution and 50% BAC solution was mixed, and the total
mass was adjusted to 10g using 50/50% DMF/THF mixture.
The solution was stirred for 1 hour before electrospinning.
The ingredients and the final concentrations of the sample
solutions to be electrospun were listed in Table 1.

Table 1: The final concentrations of the sample solutions for
electrospinning. The concentrations were adjusted to 100% with
DMEF/THF (50/50, w/w) mixture

Sample Codes PU (%) BAC (%)
1 0.99 0.5
2 0.98 1.0
3 0.95 2.5
4 0.93 3.5
5 0.91 4.5

2.2.2. Nanofiber production by electrospinning method

The electrospinning device (Inovenso, NE300 Nanospinner)
was used to produce nanofibers.

The solutions of PU alone or BAC+PU were put in syrin-
ges. Greaseproof paper was placed on the collecting plate to
feed the nanofibers to this surface. The optimal parameters
were 2 ml / h feeding rate, 27.5 cm tip to collector distance,
25 kV applied voltage, 100 rpm collector speed for 2 hours
of application time. Experiments were carried out at varying
temperatures ranging from 21 to 24 °C. The same machine
parameters have been applied to all samples.

2.2.3. The viscosity and conductivity of solutions

The viscosity of the polymer solutions was determined by
using viscometer (Brookfield DV-E Viscometer, USA). The
viscosity measurement was performed with S21 spindle at
100rpm. The conductivity values of the polymer solutions
were measured by conductivity meter (WTW Cond 3110,
Germany). All the viscosity and conductivity experiments
were carried out at room temperature.

2.2.4. Morphology of nanofiber structure

The morphologies of the electrospun nanofibers were anal-
yzed with SEM images (JEOL JSM-5910 LV, Japan). The
average fiber diameter of the PU/BAC nanofibers was mea-
sured by Image J software from the SEM images.

2.2.5. Mechanical tests

The mechanical properties are very important with regard
to the performance of the samples. The thicknesses of the
samples were measured in the horizontal and vertical direc-
tions by Mitutoyo Digital Thickness Comparator. The samp-
les were tested by Instron 4411 Universal Test device in size
of 50x10 mm (length x width).

2.2.6. Determination of antibacterial activity

ISO 20645:2004 method was mimicked to determine the an-
tibacterial activity of wool samples [11]. The bacterial stra-
ins stored at 80°C were precultured in 10ml broth medium
in shaking incubator at 37+1°C for 16h. The broth media
were Nutrient Broth for E. coli and B. subtilis strains, Tr-
ypticase Soy Broth for S. aureus and P. aeruginosa. 10ul of
the precultures were inoculated into the desired volume of
fresh broth media. Approximate CFU numbers were estima-
ted from McFarland densitometer measurement and the ba-
cterial culture was produced by incubating at 37+1°C until
the bacteria concentration reached 108 CFU/ml [12].

In order to test antibacterial activities of the samples,
two-layered soft agar plates were prepared. The soft agar
media were formulated by adding 7.5g/L Agar into the broth
media described above. The lower layer was 10ml and did
not contain any bacteria. The upper layer was Sml and con-
tained 100ml of the bacterial culture.

Later, each wool sample to be tested in 20mm x 20mm
size was placed on the soft agar medium and the petri dis-
hes were incubated at 37+1°C for 24 hours. For accuracy,
the experiments were performed and repeated three times.
The average diameter of the inhibition zones was calculated
using Equation (1) [13]:

A=B-0)/2 (1

Where, A is the average diameter of clear inhibition zone
in mm, B is the total diameter of inhibition zone including
wool sample and clear zone in mm, and C is the length of the
wool sample to be tested.

For comparison, 10ml of gentamycin stock solution was
dropped on bacteria containing separate soft agar medium
and diameter of the inhibition zone was measured after in-
cubating at 37+1°C for 24 hours.

IT1. RESULTS

3.1 Viscosity and Conductivity

The viscosity and conductivity values of all solutions were
measured (Table 2).
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Table 2: The viscosity and conductivity of solutions

Sample codes (Cuosfl/‘i;c)ﬁvﬁy Xl;c_o‘s’}gl
1 223 170 cP %34

2 365 171 cP %34.2
3 844 176 cP %35.5
4 1222 134 cP %21

5 1377 155.5 cP %31.1

3.2. Morphology of the Samples

It was observed that the presence of benzalkonium chlo-
ride (BAC) in the solutions increases the conductivity. The
viscosity values of solution started to increase in parallel to
the first three BAC concentration. After this point, increase
of BAC concentration fluctuated the viscosity. The highest
viscosity was observed when the samples were electrospun

from 2.5% BAC containing solution (Sample 3).

The morphologies of the electrospun nanofibers were analyzed with SEM images (Figure 1).
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Figure 1: The SEM images of Samples 1-5.

When BAC concentration was 0.5%, the average diame-
ter was 423+80nm (Sample 1). The average diameter was
similar (4274+35nm) when the BAC concentration was inc-
reased to 1.0% (Sample 2). The nanofiber surfaces of these
(Sample 1 and 2) samples were intensive and uniform.
However, further increase of BAC concentration prevented
nanofiber formation. Therefore, the diameter of the samples

3-5 were not measured.

3.3. Mechanical Tests
Vertical and horizontal strength values of PU/BAC nanofi-

ber membranes were measured (Figure 2 and Figure 3).
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Figure 2: The measured vertical strength values of nanofiber

membranes
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Horizontal Strength (MPa)
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Figure 3: The measured horizontal strength values of nanofiber

membranes

The highest vertical strength and horizontal strengths
were observed at the lowest BAC concentrations (0.5% at
Sample 1 and 1.0% at Sample 2). Increase in BAC concent-
ration (2.5%-4.5%) caused a significant decrease in the ver-
tical and horizontal strengths at Sample 3-5, where the na-
nofiber structure had not been observed at the SEM images.
Therefore, BAC concentration should be <1% to protect ver-
tical (Figure 2) and horizontal (Figure 3) strengths and to ob-
tain nanofiber structures (Figure 1).

The thicknesses of the membranes were also measured
and were shown at Figure 4.

Thickness of nanofiber membranes (um)
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Figure 4: The thickness values of membrane structures

The thickest membrane structure was observed at the lowest
BAC concentration (0.5% at sample 1). The thickness decrea-
sed by increase of BAC concentration. Considering the mec-
hanical properties, the optimal thickness (0.021mm) of nanofi-
ber structure was obtained when BAC concentration was 1.0%.

3.4. Antibacterial Activity

The antibacterial activities were investigated, and their inhi-
bition zone diameters were measured (Figure 5).
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Figure 5: Inhibition zone diameters (mm) created by antibacterial
activity of the samples

As shown at Figure 5, all the samples produced in-
hibition zones against all the tested gram negative and
gram-positive bacteria. They were more effective against
gram positive bacteria than gram negative bacteria. The inhi-
bition zone diameters were observed in the following order:
P aeruginosa < E. coli < B. subtilis < S. aureus.

The inhibition zones were the smallest against P. aerugi-
nosa bacteria and Sample | created very low (<1mm) inhibi-
tion zone. The zone diameters usually increased in parallel to
increase in BAC concentration and the highest zone diameters
were observed at the sample produced from the highest BAC
concentration (Sample 5). The smallest BAC concentration
for reasonable (>1mm) antibacterial activity against P. aeru-
ginosa was 1.0%, which belongs to Sample 2. Sample 2 cre-
ated inhibition zone against all the bacteria tested (Figure 6).

Figure 6: Antibacterial activity of Sample 2
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IV. CONCLUSION

In this study, nanofiber-based polyurethane was produ-
ced by vertical electrospinning method. Several variations
were prepared by changing PU (0.99%-0.91%) and BAC
(0.5%-4.5%) concentrations and the effect of these variati-
ons on morphological, mechanical and antibacterial proper-
ties were investigated. It was observed that the presence of
BAC in the solutions increases the conductivity. Uniform
and intensive nanofiber membranes were observed with ave-
rage fiber diameter of 427+35nm at 0.5% and 1.0% BAC
concentrations (Samples 1 and 2). Further increase of BAC
concentration disrupted the uniformity. These two samples,
which were electrospun from 0.5% and 1.0% BAC contai-
ning PU solutions, also had the highest mechanical proper-
ties (vertical and horizontal strengths). All the samples ca-
used inhibition zones against gram-negative bacteria (E.
coli and P. aeruginosa) and gram-positive bacteria (B. sub-
tilis and S. aureus), but the effect of Sample 1 (electrospun
from 0.5% BAC containing solution) was very low (<1mm)
against P. aeruginosa, the most resistant bacterium tested. At
least 1.0% BAC concentration needed to have >1mm inhi-
bition zone against P. aeruginosa. The most susceptible bac-
terium was S. aureus and all the samples caused >20mm of
inhibition zone against S. aureus. Increase of BAC concent-
ration increased the inhibition zone diameter. By co-evalua-
ting with morphological and mechanical properties, Sample
2, electrospun from 1.0% BAC + 0.98% PU containing so-
lution, seems optimal for good mechanical and antibacte-
rial properties.
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Abstract

The effects of multi-walled carbon nanotubes (MWCNTSs) on fire behavior of phosphorus-based flame retardant (PBFR)/polypropylene
(PP) were investigated. Two different type phosphorus-based flame retardant that commercially available; ammonium polyphosphate-ba-
sed (Exolit AP 760) and organic phosphorous-based (Aflammit PCO 900) powders were studied to enhance the flammability of polypropy-
lene. Phosphorus-based flame retardant content was fixed at 8 wt% of total flame retardant (FR) formulation. MWCNTs was incorporated
into FR formulation at four different concentrations (0.5 wt%, 1.0 wt%, 1.5 wt% and 2.0 wt%). All composites were prepared by melt com-
pounding in a twin-screw extruder followed by injection molding technique. Thermal properties and flammability of the prepared samples
were determined by thermogravimetric analysis (TGA), limiting oxygen index (LOI) and micro combustion calorimetry (MCC). Incorpo-
ration of organic phosphorous-based powder into PP matrix showed a better fire performance compared to ammonium polyphosphate-ba-
sed flame retardant by resulting in an 11.6% higher LOI value. The LOI values decreased with the incorporation of MWCNTs into PP/
PBFR combinations; however, they still increased the thermal stability of each respective system. The addition of 2.0 wt% MWCNTs dec-
reased the LOI value of PP/organic phosphorous-based FR system 5.2% higher than PP/ammonium polyphosphate-based FR system. The
heat release rate of PP reduced in the presence of both PBFRs, but; increased with the introduction of MWCNTs.

Keywords: Technical Textile, Flame Retardant, Polypropylene, Carbon Nanotube, Micro Combustion Calorimetry.

Oz

Bu calismada ¢ok duvarli karbon nanotiiplerin (MWCNT), fosfor esasli gii¢ tutusur katkili polipropilenin yanma davranisi iizerindeki etki-
leri aragtirilmistir. Ticari olarak temin edilebilen iki farkli tipteki fosfor esasl gii¢ tutusur katki, amonyum polifosfat esaslt Exolit AP 760
ve organik fosfor esaslt Aflammit PCO 900, polipropilenin gii¢ tutusur &zelliginin iyilestirilmesi amaciyla kullanilmistir. Fosfor esasl gii¢
tutusur katki orani, biitlin gii¢ tutusur formiilasyonlarinda %8 oraninda sabit tutulmustur. Cok duvarli karbon nanotiipler dort farkli oranda
(%0,5, %1,0, %1,5 ve %2,0) gii¢ tutusur kompozisyonlara eklenmistir. Biitiin kompozitler ¢ift vidali ekstriiderde polimere katilmig, son-
rasinda enjeksiyon kaliplama teknigi kullanilarak kaliplanmistir. Hazirlanan kompozitlerin termal 6zellikleri ve gii¢ tutusur 6zellikleri ter-
mogravimetrik analiz (TGA), limit oksijen indeksi (LOI) ve mikro yanma kalorimetresi (MCC) kullanilarak belirlenmistir. Organik fosfor
iceren gii¢ tutusur katkisi, amonyum polifosfat iceren gii¢ tutusur katkisina gore %11,6 oraninda daha yiiksek bir LOI degeri ile daha iyi
bir gii¢ tutusur performans gostermistir. Cok duvarli karbon nanotiiplerin ilavesi, polipropilen/fosfor esasl gii¢ tutusur kombinasyonlari-
nin LOI degerlerini diisiirse de biitiin sistemlerin termal stabilitesini yiikseltmistir. %2 oraninda ¢ok duvarli karbon nanotiip ilavesinin po-
lipropilen/organik fosfor esasli kompozitin LOI degerini polipropilen/amonyum polifosfat esasli kompozite gore %5,2 oraninda daha fazla
diistirdiigii goriilmiistiir. Her iki fosfor esasli gii¢ tutusur varliginda polipropilenin 1s1 salinim hizi azalmistir; ancak ¢ok duvarli karbon na-
notiip ilavesi ile tekrar artmistir.

Anahtar kelimeler: Teknik Tekstil, Gli¢ Tutusur, Polipropilen, Karbon Nanotiip, Mikro Yanma Kalorimetresi.
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I. INTRODUCTION

Flame retardant polypropylene (PP) fibre is widely used
in textile industry and related fields such as transportation,
electric wire and cable, and decorative materials, due to its
good processing performance, excellent chemical and ther-
mal resistance in addition to its low cost [1]. PP burns rap-
idly without leaving a char residue due to its fully aliphatic
carbon structure [2]. Phosphorous based flame retardant ad-
ditives for PP have gain importance for more than 30 years
after realizing the health and environmental impact of hal-
ogenated compounds because of toxic gas and smoke for-
mation [3]. However, high levels of loading of phospho-
rous-based flame retardant additives are generally needed to
achieve a reasonable flame retardancy which limits the ap-
plicability of polypropylene in some fields like fibre spin-
ning [4]. By incorporating synergist additives into the sys-
tem, the concentration of phosphorous based flame retardant
(PBFR) additives can be reduced.

Carbon nanotubes (CNTs) are highly flame resistant and
thermally anisotropic. They can be a good candidate as a
synergist for the PP/PBFR combination. Low loading rate of
CNTs (<3 wt%) has been reported to enhance the flame-re-
tardant properties of different polymers [5-8]. CNTs are fas-
cinated class of nanoparticles which act as a carbon source,
forming a heat shield over the polymer layer. It has the pro-
tective layer with a continuous network structure that pro-
motes the flame retardancy of the polymer composites.
Kashiwagi et al. [9] revealed that multi-walled carbon na-
notubes (MWCNTs) enhance the thermal stability of PP and
significantly reduce the heat release rate of PP. On the other
hand, Shahvazian and Seyedmir [10] found that MWCNTs
interfere with thermal stabilization and flame retardation ef-
ficiency of both APP/PER and red phosphorus flame retard-
ant systems in the PP.

The class of phosphorus-based flame retardants includes
a broad range of inorganic and organic compounds, includ-
ing phosphates, phosphonates, phosphinates, phosphine ox-
ides, phosphates and red phosphorus [6]. In this work, two
different types of PBFR were chosen to investigate their ef-
fects on the flammability of polypropylene in the presence/
absence of CNTs; an inorganic PBFR (ammonium polyphos-
phate, Exolit AP 760) and an organic PBFR (cyclic phospho-
nate, Aflammit PCO 900). All samples were blended in twin
screw micro compounder and injection moulded. Thermal
properties and flammability of the prepared samples were
determined by thermogravimetric analysis (TGA), limit-
ing oxygen index (LOI) and micro combustion calorimetry
(MCC).

20

II. EXPERIMENTAL SET-UP AND PROCEDURE

2.1 Materials

APP-based IFR (Exolit AP 760, industrial) was obtained
from Clariant Plastics and Coatings AG, Germany. Cyclic
phosphonate (Aflammit PCO 900, industrial) was supplied
by Thor GmbH, Germany. Isotactic polypropylene with a
melt flow index (MFI) of 35 g/10 min (230°C, 2.16 kg) was
used. Multi-walled carbon nanotubes (MWNTs) (Purity:
>95%, specific surface area: > 200 m?/g, average diameter
of 10 — 20 nm, and length of 0.5 — 2 pm) were purchased
from Grafen Co., Turkey. All the materials were used di-
rectly without further purification. APP-based IFR (Exolit
AP 760) and cyclic phosphonate (Aflammit PCO 900) were
represented by FR1 and FR2, respectively, within the en-
tire text.

2.2 Methods

Reference PP and phosphorus-based flame retardants (PB-
FRs) were dried in a vacuum oven at 65 °C for 3 h before
use and were mixed in the presence/absence of CNTs by us-
ing a mechanical mixer before processing. Samples were
compounded by a twin-screw micro compounder operated
at 180°C and moulded by injection (DSM Xplore, The Neth-
erlands). The total content of phosphorus-based FR was kept
constant (8 wt%) in the formulations. The loading of CNTs
was differed from 0.5 wt% to 2.0 wt% to investigate its ef-
fect on the flammability of PP/PBFR composites (Table 1).
The maximum loading of PBFRs and CNTs were held con-
stant at 10 wt%. This maximum value was presumed to be
an upper limit to consider their potential use for polypropyl-
ene fibre spinning [4].

Table 1. Sample compositions with respective LOI values

Sample ID PP wt% FR1 wt% FR2 wt% CNT wt% LOI%
Ref PP 100 - - - 19.0
PP-CNTO.5 99.5 - - 0.5 19.8
PP-CNT1.0 99.0 - - 1.0 19.8
PP-CNT1.5 98.5 - - 1.5 19.9
PP-CNT2.0 98.0 - - 2.0 204
PP-FR1 92.0 8 - - 20.7
PP-FR1-CNTO0.5 91.5 8 - 0.5 20.7
PP-FR1-CNT1.0 91.0 8 - 1.0 20.4
PP-FR1-CNTL.5 90.5 8 - 1.5 20.4
PP-FR1-CNT2.0 90.0 8 - 2.0 19.8
PP-FR2 92.0 - 8 - 22.9
PP-FR2-CNT0.5 91.5 - 8 0.5 221
PP-FR2-CNT1.0 91.0 - 8 1.0 21.6
PP-FR2-CNTL.5 90.5 - 8 1.5 212
PP-FR2-CNT?2.0 90.0 - 8 2.0 20.7

II1. ANALYSIS

The limiting oxygen index (LOI) values were measured by
LOI test device (Concept Equipment, United Kingdom) ac-
cording to ASTM D 2863.



Effects of FR/ICNT on PP

PORTA 2019, I: 19-24

Thermal analyses were carried out on a thermal analyser
(Q600 SDT, TA Instruments, USA). Samples of 10+£0.1 mg
were heated in alumina pans from room temperature to 800
°C at a heating rate of 10 °C/min under nitrogen flow.

The micro-combustion calorimeter (MCC) tests were
conducted according to ASTM D7309-2007 (Method A)
using a micro calorimeter (FAA Micro Calorimeter, Fire
Testing Technology, UK). About 3 mg sample was heated
from 150 °C to 750 °C using a heating rate of 1 °C/s in a
continuous stream of nitrogen flow (80 cm3/min). The ther-
mal decomposition products (also called “fuel gases”) were
mixed with the stream of oxygen (20 cm?/min) before ente-
ring a 900 °C combustion furnace to calculate the data that
were determined by oxygen consumption.

IV. RESULTS AND DISCUSSIONS

4.1 Limiting Oxygen Index (LOI) Test

The LOI value of reference PP (19%) increased to 19.8% by
the addition of only a small amount of CNTs (0.5 wt%). In-
corporating more CNTs did not further increase the LOI up
to the addition of 2 wt% which improved the LOI to 20.4%.
When 8 wt% of ammonium polyphosphate-based and orga-
nic phosphorous-based FRs were introduced in the PP matrix,
LOI value of reference PP increased to 20.7% and 22.9%, res-
pectively (Table 1). Incorporation of 0.5 wt% CNTs did not
alter the LOI value of PP/FR1 blend. The addition of 1.0 wt%
CNTs to this system resulted in a slight decrease in LOI value.
When 1.5 wt% CNTs was introduced, the LOI value remai-
ned constant; however, further decreased by the addition of
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2.0 wt% CNTs. For the PP/FR2 system, the addition of CNTs
reduced the LOI down even in small amounts (0.5 wt%). The
higher amount of CNTs was incorporated the more reduction
of LOI was concluded. Adding 2.0 wt% CNTs into PP/PBFR
system decreased the LOI value by 4.4% and 9.6% for samp-
les extruded with ammonium polyphosphate-based and orga-
nic phosphorous-based FRs, respectively.

4.2 Thermogravimetric Analysis (TGA)

TG and DTG curves of all investigated systems are shown
in Figure 1. The detailed thermal decomposition temperatu-
res are shown in Table 2. T__ is defined as the temperature
of the maximum weight loss rate.

TGA curves revealed that a single stage decomposition
had occurred for PP/CNT (Figure 1a) and PP/FR1/CNT (Fi-
gure 1c) samples initiated above 350 °C. For the PP/FR2
system, all flame-retardant formulations showed a two-step
decomposition process that starts at around 250 °C and 389
°C for first and second steps, respectively (Figure 1d). Re-
ference PP showed a maximum of weight loss at 454.6 °C.

For the PP/FR1 system, the onset temperature did not al-
ter compared to reference PP. The addition of ammonium pol-
yphosphate (FR1) to PP did not result in a change of the maxi-
mum mass loss rate, however, T _increased from 454.6 °C to
463.3 °C. The maximum mass loss rate resulted in a gradual
rise with an increase of CNTs loading, exhibiting a higher T __ .
Incorporation of CNTs to this system shifted the mass loss tem-
peratures at 10 wt% and 50 wt% towards higher temperatures
when the amount of CNTs in the PP matrix was increased. The
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Figure 1. TG and DTG curves of a) PP/CNT, b) PP/FR1-FR2, ¢) PP/FR1/CNT and d) PP/FR2/CNT systems
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residual masses at 500 °C and 700 °C were also increased with
the addition of CNTs to this system (Table 2).

For the PP/FR2 system, the onset temperature shifted
17.5 °C lower compared to reference PP. T _ of reference
PP increased from 454.6 °C to 456.4 °C by the addition of
organic phosphorous compound (FR2), remaining the maxi-
mum mass loss rate almost intact. After the corporation of
increased loading of CNTs, both the maximum mass loss
rate and T _ of these samples were increased correspon-
dingly. Similar to PP/FR1 system, decomposition tempera-
tures at 10 wt% and 50 wt% shifted towards higher tempera-
tures by the incorporation of an increased amount of CNTs.
Residue formation at 500 °C and 700 °C increased from the
addition of CNTs (Table 2).

Table 2. TGA data of the samples under nitrogen

4.3 Micro Combustion Calorimetry (MCC) Test

MCC was utilized to assess the flammability of reference PP
and its PBFR composites in the presence/absence of CNTs.
The HRR versus temperature curves are depicted in Figure
2 and the corresponding heat release parameters are listed in
Table 3. HRR is the most important parameter in characteri-
zing combustion behaviours, evaluating and predicting fire
hazards of flammable materials [11]. PHRR refers to the hi-
ghest rate of heat release that a flammable material can pro-
duce. The higher the PHRR is, the more destruction a flam-
mable material will cause under fire scenario.

PP is a highly flammable material with a peak heat rele-
ase rate (PHRR) of 1134.7 W/g, heat release capacity (HRC)
of 1164.0 J/(gK), total heat release (THR) of 43.9 kJ/g and
temperature at PHRR (T, .) of 478.4 °C. With the addition
of FR1 in PP matrix, the PHRR decreased significantly from
1134.7 to 1078.5 W/g (5.0% reduction); and HRC decreased
from 1164.0 to 1102.0 J/(gK). When FR2 was introduced to
PP matrix, the PHRR decreased significantly from 1134.7
to 1023.7 W/g (9.8% reduction); and HRC decreased from
1164.0 to 1045.0 J/(gK). The reduction of HRR and HRC
could be attributed to a barrier effect formed by the FR addi-
tives which protects the PP composite by forming a char la-
yer during combustion [12]. However, incorporation of both
PBFRs caused an increase of T, ., from 478.4 °C to 486.8
and 483.6 °C for FR1 and FR2, respectively.

HRR (W/g)
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Sample ID T, T, T . 500°C (%) 700°C (%)
Ref PP 4258 4512 4546 0.26 0.22
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PP-CNT1.0 4439 4592 4634 1.04 0.96
PP-CNTI1.5 4442  459.8 4635 1.33 1.25
PP-CNT2.0 4444 4599 463.6 1.61 1.56
PP-FR1 425.8 4582 4633 3.61 2.61
PP-FR1-CNT0.5 432.6 461.7 4654 3.71 3.10
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PP-FR2-CNT0.5 4283 4549 4575 0.56 0.49
PP-FR2-CNT1.0  422.0 4583 4625 1.58 1.47
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PP-FR2-CNT2.0 4283 4595 463.6 3.26 3.19
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Figure 2. Heat release rate (HRR) curves over temperature for a) PP/CNT, b) PP/FR1-FR2, ¢) PP/FR1/CNT and d) PP/FR2/CNT systems
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When introduced small amounts of CNTs such as 0.5
wt% in FR formulation; PHRR, HRC and T, values of
both reference PP and PP/PBFR systems increased. The
moreloading of CNTs lead to a considerable rise in those va-
lues, nevertheless, resulted in a clear decrease of THR. One
exemption to this tendency occurred by the addition of 2.0
wt% CNTs; THR values of all FR systems increased then.

Table 3. MCC data of the samples

Sample ID  HRC (J/(g K)) PHRR (W/g) THR (kJ/g) T, (°C)
Ref PP 1164.0 1134.7 439 478.4
PP-CNTO.5 12272 1202.5 4238 4823
PP-CNTL.O  1276.0 1249.8 423 484.7
PP-CNTL5  1279.0 1257.8 40.5 485.1
PP-CNT2.0 13283 13022 432 483.8
PP-FR1 1102.0 1078.5 40.8 486.8
PP-FRI-CNT0.5 1102.2 1090.0 40.7 488.5
PP-FRI-CNT1.0 1147.8 1120.2 39.9 488.6
PP-FRI-CNT1.5 1157.2 1128.8 39.8 489.7
PP-FRI-CNT2.0 1169.7 1136.7 40.0 488.7
PP-FR2 1045.0 1023.7 410 483.6
PP-FR2-CNT0.5 1128.0 1108.8 40.7 4823
PP-FR2-CNT1.0 1129.0 11122 402 4858
PP-FR2-CNT1.5 1131.0 1115.0 40.0 486.4
PP-FR2-CNT2.0 1179.8 1150.5 40.6 485.4

V. CONCLUSIONS

Incorporation of organic phosphorous-based flame retardant
into PP matrix showed a better fire performance compared
to ammonium polyphosphate-based FR by resulting 11.6%
higher LOI value. When CNTs added to both PP/phospho-
rus-based flame retardant system, the antagonistic effect was
found and LOI of these systems (8 wt%) were decreased.
Only the LOI value of PP/ammonium polyphosphate-based
FR system remained constant when 0.5 wt% CNTs incorpo-
rated. The addition of 2.0 wt% CNTs decreased the LOI va-
lue of PP/organic phosphorous-based FR system 5.2% hi-
gher than PP/ammonium polyphosphate-based FR system.

The addition of the PBFR additives increased the on-
set temperature of decomposition compared to reference PP.
The residual mass of samples was also increased with the
content of the PBFR additives; however, the addition of am-
monium polyphosphate-based FR resulted in more residue
after burning compared to organic phosphorous-based FR.

The addition of CNTs to reference PP and PP/FR1 sys-
tems changed the onset temperature of decomposition subs-
tantially. However, it showed only a slight increase in the
onset temperature of PP/FR2 system. The mass loss tem-
peratures at 50 wt% also increased by the addition of CNTs
to both reference PP and PP/PBFR systems. The residual
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masses at 500 °C and 700 °C were also increased with the
addition of CNTs for all systems.

Incorporation of FR2 to PP decreased the PHRR values
of reference PP two times higher than FR1. Further addi-
tion of CNTs to all systems concluded an increase of PHRR.
Temperature of peak heat release rate increased also for all
loading of additives. THR values of all samples declined ex-
cept the ones extruded with 2.0 wt% CNTs.
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Investigation of Water Permeability of Ultrasonic Seaming on PU
Coated Fabrics

PU Kaplamal Kumaslarda Ultrasonik Dikisin Su Geg¢irgenliginin Arastirilmasi
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Abstract

Technical textiles take an important place in textile and apparel sector. In technical textiles, ultrasonic seaming method besides conven-
tional seaming methods is one of the alternative methods used in seaming processes of functional textiles. In this study, the effects of ultra-
sonic seaming method in which needle and thread usage is not needed on waterproofing property of PU coated fabrics in comparison with
conventional seaming methods were investigated. Sewn fabrics obtained with different seaming parameters were exposed to washing pro-
cess and the waterproofing properties of these fabrics were tested considering before and after washing processes. The results evaluated in
terms of seam type, fabric type, ultrasonic seaming velocity and washing process were statistically analyzed. According to the test results,
waterproofing properties of ultrasonically sewn fabrics are higher than that of conventionally sewn fabrics. The difference between water-
proofing values of ultrasonically and conventionally sewn fabrics are found to be statistically significant. It is determined that waterproof-
ing property of the fabrics are in relation with the other parameters.

Keywords: Ultrasonic seam, water permeability, coated fabric

Oz

Teknik tekstiller, tekstil ve konfeksiyon sektoriinde 6nemli bir yer tutmaktadir. Teknik tekstillerde, konvansiyonel dikis yontemlerinin yani
sira ultrasonik dikis yontemi, fonksiyonel tekstillerin dikis islemlerinde kullanilan alternatif yontemlerden biridir. Bu ¢aligmada, igne ve
iplik kullaniminin gerekmedigi ultrasonik dikis yonteminin PU kaplamali kumaslarin su gecirmezlik &zelligi tizerindeki etkileri konvansi-
yonel dikis yontemleri ile karsilagtirmali olarak incelenmistir. Farkli dikis parametreleri ile elde edilen dikilmis kumaslar yikama islemine
tabi tutulmus ve bu kumaslarin su gecirmezlik 6zellikleri yikama islemlerinden dnce ve yikama iglemlerinden sonra test edilmistir. Dikis
tipi, kumas tipi, ultrasonik dikis hizi ve yikama iglemi agisindan degerlendirilen sonuglar istatistiksel olarak analiz edilmistir. Test sonugla-
rina gore, ultrasonik olarak dikilmis kumaslarin su ge¢irmezlik dzellikleri, konvansiyonel olarak dikilmis kumaslardan daha yiiksektir. Ult-
rasonik dikisle dikilmis kumaslar ile konvansiyonel olarak dikilmis kumaslarin su gegirmezlik degerleri arasindaki fark istatistiksel olarak
anlamli bulunmustur. Kumaslarin su gegirmezlik 6zelliginin diger parametrelerle iliskili oldugu belirlenmistir.

Anahtar Kelimeler: Ultrasonik dikis, su ge¢irgenligi, kaplama kumas

LINTRODUCTION

Apparel industry has a great importance on obtaining different products used in textile sector. Various seaming methods are
used in conversion of different fabrics into final product. However, seaming process of some types of textile products which
requires functional specifications is in need of alternative seaming methods besides conventional seaming methods. One of
these alternative methods is ultrasonic seaming which has taken attention from researchers in recent years.

Ultrasonic seaming method is not only an energy saving method, but also it can perform sewing process without the need
for the materials such as needle and thread that have been used in the conventional seaming methods. Holes occurring because
of the needle usage in conventional seaming can be determined as an undesirable result which is considered as disadvantage
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in a waterproof garment. Therefore the importance of ultra-
sonic seaming method in which no needle and thread are ne-
eded can be comprehensively recognized. By using ultraso-
nic seaming method, it can be possible to obtain seams with
high waterproofing properties. Also recycling of fabrics sea-
med with ultrasonic seaming method is easier. Ultrasonic se-
aming is used in a wide range of industries such as technical
textiles, medical, filtration and automotive [1]

The waterproofing property of the ultrasonic seaming
method is rarely studied in literature. [9] compared ultraso-
nic seaming method and conventional seaming method in
their study in which they investigated various properties of
ultrasonic seaming by using woven fabrics. According to
the results of the study, waterproofing property of ultrasonic
seam is found to be higher than that of conventional seam.
[5] studied ultrasonic seaming method in comparison with
conventional seaming method on nonwoven surgical gowns
and they reported that there is no water penetration in the
surgical gowns sewn by using ultrasonic seaming method.
On the other hand they observed water penetration in the
surgical gowns sewn by using conventional seaming met-
hod due to the needle holes in the fabric and this situation
which can be considered as hazardous for health. [7] stu-
died the properties including waterproofing property of ult-
rasonic seaming method and conventional seaming method
on the fabrics used in inner faces of sport shoes. When wa-
terproofing property is taken in hand, it is observed that ult-
rasonic seam damaged the structure and demonstrated no
waterproofing. Studies investigating the tensile properties
of ultrasonic seaming are frequently available in literature
in recent years and in general it is stated that seam strength
of ultrasonic seaming is lower than the conventional sea-
ming [3,6,5] . Also there is a study stating that seam strength
of ultrasonic seam is higher than that of conventional seam

[1]. Hence, when determining intended usage areas, it should
be taken into account that waterproofing properties of these
ultrasonically sewn fabrics can be advantageous with satis-

fying strength values considering the appropriate products.

Our study aims to compare ultrasonic seaming method
and conventional seaming method in terms of water per-
meability by using woven fabrics coated with polyurethane
membrane which are used as blouson. Nine types of sewn
fabrics were gained by changing the production speed of ult-
rasonic seam. Water permeability property of the sewn fab-
rics was compared in terms of seam type, fabric type, ultra-

sonic seaming velocity and washing process.

ILLEXPERIMENTAL SET-UP AND PROCEDURE

In our study, woven fabrics coated with polyurethane memb-
rane were used to compare water permeability property. The
fabrics were sewn with ultrasonic seam and conventional
seam by using different parameters. The properties of fab-

rics and the seam parameters are characterized in Table 1.

Fabric samples were prepared according to the test stan-
dard along the warp directions. Ultrasonic seam process
was applied by using Pfaff 8310 ultrasonic sewing machine.
Amplitude of the machine was 100% during the sewing pro-
cess. Two different speeds were performed as 25 dm/min
(vl) and 45 dm/min (v2). A roller was used that has 8 mm
width (Figure 1). Conventional seam process was performed
to woven fabrics by using Brother S-7200C-403 electronic
lock stitch sewing machine. Stitch density was 2.6 stitches/
cm.

Table 1. Properties of the fabrics and seam parameters.

Fabric code v:t:c‘;liul“leg Weiglztg /i;llz;grams Thickness (mm) | Raw material Sewrzo df:bric Seam type Velocity code
F, Plain 105 0.366 Polyester F v, Ultrasonic seam v,
F, Plain 105 0.366 Polyester Fv, Ultrasonic seam v,
F, Plain 170 0.432 Polyester Fyv, Ultrasonic seam v,
F, Plain 170 0.432 Polyester Fyv, Ultrasonic seam v,
F, Twill 170 0.540 Polyester Fv, Ultrasonic seam v,
F, Twill 170 0.540 Polyester Fyv, Ultrasonic seam v,
F, Plain 105 0.366 Polyester FL Conventional seam Lock stitch
F, Plain 170 0.432 Polyester FL Conventional seam Lock stitch
F, Twill 170 0.540 Polyester FL Conventional seam Lock stitch




Ultrasonic Seaming

PORTA 2019, I: 25-29

Figure 1. The roller used in the study.

All of the sewn fabrics were washed at 30°C with sy-
nthetic washing programme without prewashing accor-
ding to TS EN ISO 6330:2012 test standard. 4 g/l ECE non-
phosphate reference detergent without optical brightening
agent was used for washing processes. Washing process was
repeated for five times.

III.LANALYSIS

Waterproofing property can be defined as the ability of the
fabric to protect from water and rain (Bulut and Siilar, 2008).
This property can be tested either by laboratory tests or by
wear trials [4]. In this study, waterproofing property of the
sewn fabrics were evaluated through laboratory test analy-
ses. Five samples were prepared from each sewn fabric.
The samples were conditioned for 24 hours in standard at-
mospheric conditions (temperature 20+2 oC and relative hu-
midity 65+£2%) before testing. The water permeability tests
were performed to fabrics before and after washing proces-
ses with Prowhite Hydrostatic Head Tester according to TS
257 EN 20811:1996. As the waterproofing of the fabric inc-
reases, the hydrostatic pressure also increases in the wa-
ter permeability test and thus higher waterproofing values
are obtained. Test results were evaluated considering fab-
ric type, seam type, ultrasonic seaming velocity and was-
hing process. To evaluate the importance of test results,
SPSS 13.0 programme was used with the analysis of vari-
ance (ANOVA). In this way the effects of fabric type, seam
type, ultrasonic seaming velocity and washing process on
waterproofing property were analyzed.

IV.RESULTS AND DISCUSSIONS

Water permeability test results of the ultrasonically and con-
ventionally sewn fabrics before and after washing processes
were given in Table 2 and Table 3, respectively.
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Table 2. Water permeability test results of ultrasonically sewn
fabrics before and after washing processes (cm wg).

. Before washing After washing
Fabric code Vi V2 Vi V2
Fl 59 56 24 5
F2 131 96 17 7
F3 96 84 23 15

Table 3. Water permeability test results of conventionally sewn

fabrics before and after washing processes (cm wg).

. Conventional seam
Fabric code - -
Before washing After washing
F1 13 6
F2 15 8
F3 15 6

When Table 2 and Table 3 are examined; test results de-
monstrated that waterproofing values of the fabrics sewn
with ultrasonic seam are higher than that of conventional
seam. In Figure 2, water permeability test results of ultra-
sonically and conventionally sewn fabrics are presented
together before and after washing processes. In ultrasonic
seam, no holes are occurred during the seaming process and
this case declares that waterproofing property of the fabrics
sewn using this method is higher than that of conventionally
sewn ones. In ultrasonic seam process, these values decrea-
sed with the increase of seaming velocity. It is expected be-
cause at lower velocities, fabric layers weld much better due
to much more ultrasonic energy exposure and by this way
waterproofing property of the fabric improves. In addition,
waterproofing values decreased after washing processes for
both ultrasonic and conventional seams. This can be result
from the damage that the washing process causes in ultraso-
nic seam. In conventional seam, coating of the fabric around
the stitch areas might be damaged during washing proces-
ses. Therefore waterproofing values may decrease after was-
hing processes for both methods.
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Figure 2. Water permeability test results of ultrasonically and

conventionally sewn fabrics before and after washing processes.
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It is clear from the results that the lowest waterproofing
values were observed in the fabric with the lowest weight
in grams before washing process. This can be related to the
lower weight in grams and lower thickness values of the fab-
ric. On the other hand, waterproofing values are higher in
plain structure than in twill structure at equivalent weight in
grams before washing process in ultrasonic seam. The diffe-
rence between plain and twill structure considering the va-
lues of ultrasonically sewn samples before washing process
is found statistically significant (Sig.<0,05). This result in
a close relation with the number of intersection points for
warp and weft yarns in plain woven fabrics which are higher
than that of in twill structure. But no generalization can be
made for the results after washing process in terms of fabric
type. According to statistical analyzing of fabric differences
considering the all values for both ultrasonic and conventi-
onal seam types before and after washing processes, the dif-
ferences of waterproofing values between fabrics are statis-
tically insignificant.

Table 4. The analysis of variance table for water permeability test
results of the sewn fabrics.

Factor F Significance
Washing process 50,275 ,000*
Seam type 27,578 ,000*
Fabric type 2,526 ,086
Seaming velocity ,990 ,324

*: Statistically significant for o =0.05

The effects of washing process, seam type are found sta-
tistically significant on water permeability as seen in Table
4. On the other hand, the effects of fabric type and seaming
velocity are found statistically insignificant on water perme-
ability (Table 4).

V.CONCLUSION

In this study, ultrasonic and conventional seaming were per-
formed to polyester woven fabrics coated with polyurethane
membrane which are used as blouson. The effect of ultraso-
nic seaming parameters and fabric structure on water per-
meability were investigated before and after washing pro-
cesses. The following states can be concluded throughout
this study:

Our study demonstrated that waterproofing values of the
ultrasonic seam are higher than the conventional seam be-
fore and after washing processes. The difference between
waterproofing performances of ultrasonic seaming method
and conventional seaming method are found to be statisti-
cally significant.
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In ultrasonically seamed samples, waterproofing va-
lues decreased with the increase of seaming velocity. When
the values are statistically investigated, difference between
them can be stated as insignificant.

Besides, among all of the fabrics the lowest waterpro-
ofing value before and after washing processes is obtained
from the lightest fabric coded F1. For ultrasonic seaming
method, higher waterproofing values in plain woven fab-
ric than that of twill structure are observed at the equilavent
weight in grams before washing (F2>F3) and this result is
found statistically significant (Sig.<0,05). But the difference
between the fabrics considering the all values for both ultra-
sonic and conventional seam types before and after washing
processes are found statistically insignificant.

In addition, after washing process waterproofing values
decreased for all types of fabrics sewn by both of the met-
hods. Moreover, the difference between waterproofing va-
lues before and after washing processes has statistical sig-
nificance.

Ultrasonic seaming takes place in various sectors as an
advantageous seaming method in terms of both ease of use,
fast seaming process, not needing production materials such
as needle or thread and waterproofing property. From an as-
pect of suitable end uses for ultrasonic seaming method, it is
thought that the ultrasonic seaming method may find more
uses where waterproofing property is needed either by the
enhancement of physical properties of seams by changing
parameters or where the high physical performances are not
expected from the product.
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Oz

Gegmis zamanlarda insanlar vakitlerinin ¢ogunu dis ortamlarda ve giines 15181 altinda gecirmekteydi. Gliniimiizde ise insanlar vakitleri-
nin ¢ogunu ev, ofis, hastane, okul gibi kapali ortamlarda ve yapay aydinlatma kaynaklarmin olusturdugu 1siklar altinda gegirmektedir. Giin
15181, glinesin konumundaki degisime gore giin igerisinde renk sicakligi, 151k siddeti, 151k rengi gibi parametrelerde degisim gosterdiginden
dolay1 dinamik yapilidir. Buna karsin yapay 1s1k kaynaklari ile saglanan aydinlatma giin boyu sabittir. Insan sirkadiyen ritmi ve buna bagli
biyolojik saati dlinyanin aydimnlik karanlik dongiisii ile senkronizedir. Dolayisiyla kapali ortamlarda maruz kalinan aydinlatmaya bagl ola-
rak insanlarm sirkadiyen ritimlerinin bozulmasi nedeniyle sorunlar olusabilir. insanlarin yasam ve ¢aligma alanlarina giines 15111 dina-
mik atmosferinin tagimmasi ve biyolojik saat ile sirkadiyen ritimlerinin bozulmasinin énlenmesi amacindan “insan odakli aydinlatma” fikri
dogmustur. Yapilan calismada insan odakli aydinlatma ve etkileri ele alinmustir.

Anahtar kelimeler: Aydimlatma, Isik, ipRGC Hiicreleri, Sirkadiyen Ritim, Biyolojik Saat, Isigin Gérsel Olmayan Etkileri, Isigin Insana
Olan Etkileri

Abstract

In the past, people have spent most of their time in an outdoors and in the sunlight. Nowadays, people spend most of their time in an indo-
ors such as home, office, hospital, school and under the lights of artificial lighting sources. Daylight is dynamic due to changes in parame-
ters such as color temperature, light intensity, light color during the day according to the change in the position of the sun. In contrast, li-
ghting provided by artificial light sources is constant throughout the day. The human circadian rhythm and its associated biological clock
are synchronized with the light dark cycle of the world. Therefore, depending on the lighting that is exposed in indoor environments, prob-
lems may arise due to the deterioration of the circadian rhythm of people. The idea of human centric lighting emerged in order to create a
dynamic atmosphere of sunlight in people’s life and working areas and to prevent the deterioration of the biological clock and circadian rh-

ythms. In this study, human centric lighting and its effects are discussed.

Keywords: Lighting, Light, ipRGC Cells, Circadian Rhythm, Biological Clock, Non-Visual Effects of Light, Effects of Light on Human

I. GIRIS

Isik ve insan arasindaki iligki etrafimizdaki nesneleri gorme ve tanima gibi basit siire¢lerden ¢ok daha 6tesini igerir. Isigin in-
sanlar tizerindeki etkisi heniiz tiimiiyle bilinememekle birlikte gorsel ve gorsel olmayan etkiler olmak tizere iki farkli grupta
incelenebilir [1]. Sinir sisteminin olusturdugu emirlerin ve bununla birlikte salgilanan hormonlarin etkiledigi biyolojik sis-
tem, hormon ve sinir sisteminin 151k ile tepkimesinden etkilenir [2]. Son yillarda yapilan arastirma ¢alismalarinda géze ge-
len 151811 nicelik ve niteliginin, sirkadiyen ritim, biyolojik saat, biyolojik sistem, algi mekanizmasi ve psikolojik durum iize-
rinde etkili oldugu anlasilmistir [3]. Sekil 1°de 15181 insan isleyisi tizerindeki potansiyel etkisi igin farkli rotalarin sematik
genel goriinimii gosterilmistir [4].
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Sekil 1. Isigin insan igleyisi tizerindeki potansiyel etkisi igin farkli rotalarin sematik genel goriiniimii [4]

Isik; biyolojik saati, diinyanin aydinlik karanlik dongiisii
ile senkronize eden birincil uyarict ve insan sagligi ile refa-
hinda rol oynayan 6nemli bir ¢evresel faktordiir. Isik, gor-
meyi gergeklestirmenin yani sira insanin fizyolojik ve psiko-
lojik saglig1 iizerinde ¢cok dnemli etkilere sahiptir [5]. Gorme
icin gerekli olan 151k, ayn1 zamanda sabahlar1 uyanmamiza
ve aksamlart uykuya dalmamiza yardimci olur, ruh halimizi,
uyanikligimizi, dikkatimizi ve viicudun biyolojik saatini de
etkiler. Bu islevlerine 15181n gorsel olmayan etkileri denir
[6]. Isik, diinyada ki insan yasaminin da buna dahil oldugu
biitiin yasam ritimlerini belirler [7]. Kapali ortamlarda kul-
lanilan yapay aydinlatma kaynaklarinin olusturdugu 1s1gin,
parlaklik, renk sicaklig1 gibi parametrelerinin giin boyunca
ayn1 olmasi1 dinamik giin 15181 yapist ile uyumlu olmadigin-
dan dolay1 insan metabolizmasinin ihtiyaclarina cevap ve-
remez [8]. Bu nedenle insanlar, sirkadiyen ritim bozukluk-
lar1 ve buna bagl ¢esitli olumsuzluklarla karsilasabilir. Bu
olumsuzluklarin giderilmesi i¢in gilin 1$1g1n1n insana olan et-
kileri ile farkli dalga boylarina sahip 15181n insanlar iizerinde

24 saatlik aydinlik karanlik déngiisii

fizyolojik ve psikolojik etkileri incelenerek akilli aydin-
latma sistemleri gelistirilebilir [9].

I1. SIRKADIYEN RiTiM VE BiYOLOJIK SAAT

Sirkadiyen ritim, 24 saatlik bir dongiide tekrarlanan sindi-
rim, uyku, hormon salgilama ve viicut 1s1s1 gibi kendini tek-
rar eden biyolojik olaylarin temel dongiistidiir [6]. Isik, g6z
retinasina diistiikten sonra sinir sistemi araciligiyla hipotala-
musta suprakiazmatik ¢ekirdek (SCN) olarak isimlendirilen
bolgeye iletilir ve viicudun biyolojik saatini kontrol ederek
sirkadiyen ritmi diizenler. Boylece insan viicudundaki hor-
mon salgilari, korteks ¢alismasi, viicut 1sis1, uyku-uyaniklik
dongiisii gibi faaliyetlerin belli periyotlar da olmas1 saglanir.
Isik, viicuttaki temel gérevlerinden biri sirkadiyen ritmi dii-
zenlemek olan melatonin hormonunun salgilanmasinda et-
kilidir. Parlak mavi 151k, melatonin hormonu salgisini baski-
larken karanlik melatonin hormonu salgisin arttirir. Giines
15181, sirkadiyen ritmin diizenlenmesinde yapay 1s1ga gore
daha etkilidir [10].

SCN (Biyolojik Saat)

Sekil 2. Diinyanin 24 saatlik aydinlik karanlik dongiisiiniin biyolojik saate etkisi [11]
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Sabah saatlerinde ki 151k miktar1 viicudun biyolojik saa-
tini tetikler. Tetiklenen viicut bu uyarana seratonin, kortizol
ve adrenalin gibi hormonlar salgilayarak cevap verir. Hor-
mon salgilamanin yaninda metabolizma hiz1 ve viicut sicak-
lig1 da yiikselir. Ogle saatlerinden sonra metabolizma hizi
en {ist seviyeye ulasir. Aksam saatlerinde giinesin batma-
styla birlikte biyolojik saat epifiz bezini uyarir. Epifiz bezi

En yliksek klik
—

08:30
Bagirsak hareketlerinin hizlanmas!
Melatonin saliniminin durmasi

En keskin kan
basinci artisi 06:45

06:00

04:30
En diistik viicut 15151

02:00
En derin uyku

00:00
Gece Yarisi

bu uyart1 karsisinda salgiladigi serotonin hormonunu, mela-
tonin hormonuna ¢evirir ve viicut sicakligimni diistiriir. Gece
saatlerinde melatonin hormonu salgisi artar ve viicut sicak-
lig1 azalir. Sabah saatlerinde tekrardan melatonin hormonu
salgist durdurulur ve bu dongii 24 saatlik diizende bu se-
kilde devam eder [6]. Sekil 3°te sirkadiyen ritim dongiisii
gosterilmistir.

En iyi koordinasyon
14:30

En hizli tepki siiresi
15:30

En yiiksek kardiovaskiiler
verimlilik ve kas gticii

18:30 En yiiksek kan basinc
19:00En yiiksek viicut 1sis1

1:00
Melatonin saliniminin baglamasi

2:30
Badirsak hareketlerinin baskilanmasi

Sekil 3. Sirkadiyen Ritim veya Biyolojik Saat Dongiisii [12]

Diinyanin aydinlik-karanlik dongiisii, insan biyolojik
saati lizerinde etkili olmaktadir [13]. Son yillarda yapilan
arastirmalarda memeli smifindaki canlilarin retinalarinda
gormeyi saglayan ¢omak ve koni hiicreleri olarak bilinen fo-
toreseptorlerin diginda ipRGC hiicreleri (intrinsically pho-
tosensitive retinal ganglion cells — 1518a duyarli retina gang-
lion hiicreleri) kesfedilmistir [4]. Bu hiicreler, gérmenin
olusmasini saglayan siireglere direkt etkilerinin olmamasi
ve 151k spektrumundaki mavi 1s18in dalga boyuna (~460 —
480nm) verdikleri tepkiler sebebiyle sirkadiyen ritim ile

:

41 insan gozl

gelen sk spektrumu

iligkilendirilmigslerdir [14]. Bu fotoreseptor hiicreleri, mela-
nopsin proteini salgilayarak sirkadiyen ritim, nérodavranis-
sal ve noroendokrin gibi sistemleri etkilemektedir. ipRGC
hiicrelerine gelen 151k, noral sinyallere gevrilir ve beyinde
bulunan suprakiazmatik ¢ekirdege (SCN) iletilmesiyle sir-
kadiyen uyari1 gergeklesir. [15]. ipRGC hiicreleri giin bo-
yunca beynimize hormon ve ndrotransmitterleri iiretmesi
veya inhibe etmesi i¢in sinyaller yollar. Bu hiicrelerin kes-
fiyle 15181n gorsel olmayan etkilerinin oldugu anlasilmigtir
[4]. Sekil 4’te ipRGC hiicrelerinin isleyisi gosterilmistir.

retina
ganglion
hicreleri
v
'0
[
—— !
optik sinir
F ¢
.'
- .
un® Melatonin baskilama

Sirkadiyen saatsifirlama

ipRGC fotoreseptorleri
(mavi-duyarli)

Sekil 4. ipRGC hiicrelerinin isleyisi [16]
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2017 Nobel Tip Odiilii, insan saglig1 i¢in dnemli olan sir-
kadiyen ritmi kontrol eden molekiiler mekanizmalar ile il-
gili ¢alismalar yapan Michael Rosbash, Jeffrey C. Hall, ve
Michael W. Young isimli {i¢ bilim adamina verildi. Sirka-
diyen ritmi kontrol eden geni bulan bilim adamlari, bu ge-
nin giin i¢inde azalan ve gece artan bir protein {irettigini de
buldu [17].

I11. INSAN ODAKLI AYDINLATMA

Insan metabolizmasi iizerinde fizyolojik ve psikolojik etki-
leri olan giin 15181, glinesin konumundaki degisime gore giin
igerisinde renk sicakligi, 1s1k siddeti, 1s1k rengi, parlaklik
gibi parametrelerde degisim gosterdiginden dolay1 dinamik
yapilidir [1]. Giin 15181nda ki degisimler, insanin sirkadiyen
(giinliik) ritmi {izerinde etkilidir [6]. Insan sirkadiyen ritmi
ve buna bagli biyolojik saati diinyanin aydinlik-karanlik

dongiisii ile senkronizedir. Insanlarin yasam ve ¢alisma alan-
larina giines 1s18inin dinamik atmosferinin taginmasi ve bi-
yolojik saat ile sirkadiyen ritimlerinin bozulmasinin 6nlen-
mesi amaciyla “insan odakli aydinlatma” fikri dogmustur.

Insan odakli aydinlatma; yapay bir aydinlatma orta-
minda giin 1518min biyolojik etkilerini elde etmek igin tek-
nik yontemler biitiinlidiir. Yapilan arastirmalar ve ipRGC
hiicrelerinin kesfedilmesi sonucunda giin 15181min gorsel ol-
mayan etkilerinin oldugu ve insan metabolizmasi tizerinde
onemli etkilerinin oldugu anlasilmistir. Sekil 5’te giinesin
konumuna bagl olarak giin boyunca degisen renk sicakli-
gin1 ve parlakligi gosteren fotograf caligmasi gosterilmistir.
Giin dogumu ve batiminda 2000K-3000K araliginda ve sart,
turuncu, amber gibi renk tonlarinda olan giines 15181, 6gle
saatlerinde 5500K-6500K araliginda ve parlak mavi, beyaz

tonlarina sahiptir [18].

Sekil 5. Giinesin konumuna bagli olarak giin boyunca degisen renk sicakligini ve parlaklig1 gosteren fotograf caligmasi [19]

Insan odakli aydinlatmada, giines 1s13min dinamik yapi-
smnin incelenmesi sonucunda dogal 151k kalitesinde yapay 151k
elde ederek insan metabolizmasimnin giin 15181na verdigi reak-
siyonlarin saglanmasi hedeflenmistir [18]. Insan odakli ay-
dmlatma uygulamalari, aydinlatmanm insanlar i¢in gorsel,
duygusal ve biyolojik faydalarmi dengelemeyi amaglar [5].
24 saatlik glinliik dongiide insanlarin saglikli sirkadiyen ri-
timleri, insan odakli aydinlatma sistemleriyle desteklenerek
korunmaya ¢alisilir [1]. Insan odakli aydinlatma konsepti, es-
tetik bir perspektiften ziyade refah, ruh hali ve saglig1 tesvik
eden aydinlatma sistemleri gelistirmeyi hedeflemektedir [18].
Insan odakli aydinlatma sistemleri, &zellikle giin 151811 et-
kilerinin goriilemedigi alanlarda kullanilmalidir. Bu sistem-
lerde giin igerisindeki saatlere goére giin 1s1@indaki 151k sid-
deti, aydinlik seviyesi ve renk sicaklig1 gibi parametrelerdeki
degisimler modellenip senaryolastirilarak kullaniciya dina-
mik 151810 etkin oldugu aydinlatma tasarimlar1 sunulabilir. Bu
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parametreleri degistirmek i¢in aydinlatma kontrol sistemleri
ve sensor teknolojilerinden faydalanilabilir. Sekil 6’da venn
semasinda gosterildigi gibi, aydinlatma, gorsel performansi-
nin 6tesinde insan fizyolojisi ve performansini etkileyen bir-
¢ok unsurun merkezindedir [20].

SIRKADIYEN
RITIM
DAHAFAZLA RUH
URETKENLIK | INSAN HALI
~ ODAKLI
" AYDINLATMA

:

.

Sekil 6. Insan odakl1 aydmlatma kavran[20]
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Insan odakli aydinlatma ¢aligmalari igin iizerinde duru-
lan uygulama alanlari ofisler, egitim 6gretim yapilan kurum-
lar, saglik hizmeti veren kuruluslar ve vardiyali sistemde ca-
lisilan endiistri kuruluslaridir [21].

3.1 Ofisler

Insan odakli aydimlatma sistemleri, calisanlarin isyerinde,
ozellikle giin 15181n1n yetersiz oldugu ofislerde ve ayrica bi-
yolojik saatin giin 15181na zorlukla senkronize edildigi kis
aylarinda da rahatlik saglayabilir. Ofis ortamlarinda insan
odakli aydinlatma sistemlerinin uygulanmasi g¢alisanlarin
daha az kaygiya sahip olmalarini, canliliklarinin artmasini,
ruh hallerinin iyilesmesini, gbz yorgunluklarmin azalma-
sin1 ve is tatminlerinin artmasini saglar. Bu durum igveren
acisindan da yapilan islerde diisiik hata oranlari, azalan ise
gelmeme, artan enerji tasarrufu, artan motivasyon, artan is
tatmini, isle ilgili stres seviyesinin azalmasi, daha giivenli
caligma ortami gibi avantajlar elde edilmesini saglar [22].
insan odakli aydinlatma sistemleri yaraticilik, performans
ve konsantrasyon seviyesini arttirir [14]. Konsantrasyon ve
enerjinin artmasi; daha yiiksek ve odakli is motivasyonu, is
performansinda ve canlilik hissinde artis, yorgunluk ve ser-
semleme hissiyatinda azalisa sebep olarak personel memnu-
niyetine katki saglar ve is verimliligini arttirir [6].

3.2 Egitim Yapilan Ortamlar

Ogrenciler igin uyamklik ve uyku ritimlerinin diizenlen-
mesi bir zorluktur. Sirkadiyen ritmin aydinlatma sistemleri
ile desteklenmesi, egitim 6gretim siirecinde dikkat ve odak-
lanma seviyesinin arttirtlmasi ve hata yapma olasiliklarinin
diismesine imkan saglar [23]. Egitim ortamlari i¢in yapilan
aydinlatma tasariminda insan sirkadiyen ritmi gz oniinde
bulundurulmalidir. Okul ortamlarinda yapilan arastirma-
lar gosteriyor ki renk sicakliklar ve 151k diizeyleri 6grenme
ve zindeligi dogrudan etkilemektedir [24]. Insan odakli ay-
dinlatma sistemlerinin egitim ortamlarinda kullanilmastyla
ogrencilerin dgrenme performanst ve uyku diizenlerinin
iyilestirilmesi, daha uyanik olmalari, derse katilmalari, kon-
santrasyon ve motivasyonlarinin arttirilmasi amaglanir [22].

3.3 Saghk Kuruluslar

Cesitli nedenlerden dolay: tedavi i¢in hastaneye yatirilan
hastalar ¢ogu zaman hareketsizdir ve disart ¢ikamadikla-
rindan dolayi istikrarli bir sirkadiyen ritmi elde etmek icin
beynin ihtiya¢ duydugu giin 151¢1n1 alamazlar. insan odakl
aydinlatma sistemleri kullanilarak olusabilecek sirkadiyen
ritim bozukluklart ve buna bagli olusacak sikintilar 6nle-
nebilir [25]. Giines 15181n1n az oldugu ya da hi¢ olmadigi
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kisimlarda, insan odakli aydinlatma sistemleriyle giin sii-
resince giines 15181 taklit edilebilir. Insan odakli aydinlatma
sistemleriyle, sirkadiyen biyoritmini destekleyerek hastala-
rin zihinsel ve fiziksel olarak kendilerini daha iyi hissettik-
leri, iyilesme siireglerinin hizlandig1 ve uyku diizenlerinde
olumlu etkilerinin olacagi disiiniilmektedir [22]. Yapilan
aragtirmalarda; gece mesaisinde ¢alisan hemsirelerde gogiis
kanserine yakalanma oraninin %50’de daha fazla oldugu da
ortaya ¢ikan sonuglar arasindadir. Bu durum insanlarmn yan-
lis zamanda dogru olmayan 1s1ga maruz kalmalarimin sis-
temlerinde bircok bozukluga sebep oldugunun gostergesi-
dir [26].

IV. SONUC

Sonug olarak, insan odakli aydinlatma sistemlerinin ay-
dinlatma projelerinde uygulanmasiyla hayatimiza pek ¢ok
fayda ve olumlu katki saglayacagi diisiiniilmektedir. Ay-
dinlatma sektoriindeki iiretici firmalarda iriinlerini ve tasa-
rimlarini bu yonde gelistirmeli veya gilincellemelidir. Yapay
151810, okullar, hastaneler ve ofisler gibi cesitli uygulama
alanlarinda sirkadiyen ritmi destekleyici sekilde kullanil-
masinin yayginlasmasi, sektorel bazda olusan farkindalik
ile saglanacaktir. Yakin gelecekte, akilli insan odakli aydin-
latma ¢6ziimleriyle, kullanicilara giiniin saatine, ¢evresel
icerige, etkinlik tiliriine ve bireylerin durumuna (6rnegin uy-
kulu, stresli) bagli olarak optimize edilmis 1s1k ayarlar1 su-
nan aydinlatma sistemleri gelistirilecektir. Yeni nesil aydin-
latma sistemleri sadece gorsel gereklilikleri karsilamamall,
ayn1 zamanda bireylerin biyolojik (6rnegin uyku-uyaniklik
diizenleri) ve psikolojik (6rnegin ruh hali, zihinsel yorgun-
luk, stres) ihtiyaglarini da desteklemelidir.
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Nikel Alasimlarinin Farkh Sogutma/Yaglama Kosullar: Altinda
Talash imalatinin Kesme Kuvvetlerine Etkisi: Bir Derleme
Calismasi

The Effect of Machining of Nickel Alloys on Cutting Force under Different Cooling/ Lubrication
Conditions: A Review
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Oz

Nikel alagimlari, yiiksek sicakliklarda mekanik 6zelliklerini koruyabilme ve korozyona kars1 yiiksek direng 6zellikleri nedeniyle, yiiksek
sicaklik ve korozyona maruz kalan havacilik ve uzay, niikleer enerji, petrokimya endiistrisi gibi giivenlik ve siirdiiriilebilirligin hayati nem
tasidig kritik endiistri uygulamalarinda 6nemli yer tutar. Nikel alagimlarinin gelismis 6zellikleri, bu alagimlarin talagh imalat1 sirasinda
yiiksek kesme kuvvetleri, kesme bolgesi sicakligi ve sonrasinda birtakim problemlerin olugsmasina neden olmaktadir. Birbirleriyle oldukg¢a
iliskili bu problemlere ¢dziim olarak bazi yaklasimlar gelistirilmistir. Bu caligma; literatiirdeki, nikel alagimlarinin farkli sogutma/yaglama
kosullarinda, farkl talagh imalat yontemleriyle islenmesi ile ilgili caligmalarin talagh imalat sirasinda olugan kesme kuvvetleri tizerindeki
etkilerinin bir incelemesini sunar. Yapilan deneysel ¢alismalarin ¢ogunda, karakteristiklerine gore kuru, konvansiyonel, Minimum miktarda
yaglama (MQL) ve kriyojenik kosullarda isleme metodlar1 uygulanmistir. Ancak bu metodlarin yanisira, etkin bir uygulama igin kesme
parametreleri, takim kaplamasi, nozul konumlar1 gibi birgok unsurun géz oniine alinmasi1 gerekmektedir. Calismalar, kesme kuvvetlerini
azaltma konusunda kriyojenik metodun yiiksek hizlarda diger metodlarin ¢oguna gore oldukea etkili oldugunu gostermistir. Ancak kriyo-
jenik metod, tek basina yeterli olmamakta ve alternatif olarak Kriyojenik ve MQL metodlarinin birlesimi olan hibrid KriyoMQL sogutma/
yaglama metodunun kullanimi yayginlagsmaya baslamistir. Literatiirdeki arastirmalarinda 1s18ina bu metodun nikel alagimlarinin talasl
imalatinda kesme kuvvetlerinin ve kesme bolgesi sicakliklarinin azaltilmasinda gelecekte etkin bir metod olabilecegi sonucuna varilmistir.

Anahtar Kelimeler: KriyoMQL, MQL, Nikel Alagimlari, Kesme Kuvveti, Talasli imalat

Abstract

Nickel alloys have high resistance to corrosion at high temperatures and have high resistance to corrosion, and they play an important role
in critical industry applications where safety and sustainability is very important, such as aerospace, petrochemical and nuclear power in-
dustries which working under high corrosion and heat effect. These advanced properties of nickel alloys result in high cutting forces, cut-
ting zone temperature and some surface integrity problems during and after machining of these alloys. Some approaches have been deve-
loped to solve these problems that are highly related to each other. This study provides a review of studies which focus on the effect of the
processing of nickel alloys under different cooling / lubrication conditions with different machining methods on cutting forces during ma-
chining. In most of the experimental studies, dry, conventional liquids, Minimum quantity lubrication (MQL) and machining methods un-
der cryogenic conditions were applied. A number of complex elements, such as cutting parameters, tool coating material, nozzle positi-
ons, must be considered for an effective application. Experimental studies have shown that the cryogenic cooling method is highly more
effective than most of the other methods in reducing cutting forces. However, the cryogenic cooling method alone is not sufficient , alter-
natively, the use of a hybrid CryoMQL cooling / lubrication method, which is a combination of cryogenic cooling and MQL methods, has
become widespread. As a result, The CryoMQL is concluded that nickel alloys can be an effective method in reducing cutting forces and
cutting zone temperatures in machining.

Keywords; CryoMQL, MQL, Nickel Alloys, Cutting Force, Machining
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I.GiRiS

Nikel, 1453°C gibi oldukga yiiksek erime sicakligina sahip,
sahip korozyona dayanikli ve yiizey merkezli kiibik (YMK)
kristal yapisi sayesinde iyi derecede siineklik seviyesine sa-
hip bir metaldir. Nikel, diger metalik elementlerle kolayca
alasim olusturabilecek kabiliyette bir metaldir[1]. Nikel, di-
ger ana alasim metalleri olan krom, demir ve kobalt yaninda
¢ok sayida elementle belirli oranlarda alagimlanarak siiper
alasim adi verilen, oldukga yiiksek sicaklik ve korozyon di-
rencine sahip alagimlari meydana getirebilir[2]. Nikel bazli
stiper alagimlar bu 6zellikleri nedeniyle yiiksek sicaklik ve
korozyon direnci gerektiren havacilik ve uzay, petrokimya,
enerji makineleri ve gii¢ sistemleri endiistrileri uygulamala-
rinda tiirbin diskleri, kanat¢iklar, borular, baglanti ekipman-
lar1 gibi yliksek sicaklik ve korozyona maruz kalabilecek
pargalarin iiretiminde sik¢a kullanilmaktadir[3-7,23]. Nikel
esasli siiper alagimlar, sahip olduklari yliksek diizeydeki me-
kanik 6zellikleri, yliksek sicakliklarda mekanik 6zelliklerini
koruyabilme kabiliyeti ve malzemenin zayif termal iletken-
lik kapasitesinin etkisiyle, talagli imalat siire¢lerinde islene-
bilirlik problemlerinin ortaya ¢ikmasina neden olmaktadir-
lar. Talasli imalat operasyonu sirasinda ortaya ¢ikan yiiksek
basing ve sicakliklar, talagli imalat siirecini zorlastirirken ani
soguma durumlart gibi durumlarda malzeme yapisinda ¢ar-
pilma olarak tabir edilen sertlesmelere neden olabilmekte-
dir[7]. Nikel alasimlarimin yiiksek sicakliklarda dahi goster-
digi yiiksek mukavemet, kesme kuvvetlerinin korunmasina
neden olurken, isleme esnasinda malzeme sertlesmesi, mal-
zeme yapisinda bulunan asindirici karbiir partikiillerinin ke-
sici takim hasarina neden olmasi, alasimin islenmesi sira-
sinda olusan yiiksek sicakligin, kesici takim ve ig malzemesi
arasinda olusturdugu kimyasal reaksiyonlardan kaynakla-
nan isleme hatalari; nikel bazli alasimlarin islenebilirligini
olumsuz etkileyen unsurlardir. Bu unsurlar kesme kuvvet-
lerinin artigina, takim Smriiniin kisalmasina, islenmis par-
calardain ciddi anlamda yiizey ve yiizeyalt1 hatalarna ne-
den olurlar. Bu nedenle, talasli imalat sirasinda is par¢asinin
ylizey butiinligiinii saglamak, kesme kuvvetlerini azaltmak
ve takim Omriinii artirabilmek amaciyla; takim malzemesi
se¢imi, takim geometrisi, isleme yontemi, kesme hizi, iler-
leme, kesme derinligi gibi ana parametrelerin kontrol edil-
mesinin yaninda sogutma/yaglama metodunun iyi segilmesi
gerekmektedir[8]. Kesme kuvvetleri, talaghh imalat operas-
yonu sirasinda birgok degiskenden etkilenen olgiitlerden bi-
ridir. Kesme kuvvetleri, talas derinligi, ilerleme hizi, takim
ve talag geometrisi, is malzemesi, kesme hizi, takim ve tez-
gah ozellikleri, baglama metodu, takim asinmanin karakte-
ristigi, titresim, sicaklik gibi unsurlardan etkilenebilmek-
tedir. Bu nedenle takima etki eden kesme kuvvetleri takim
durumu hakkinda 6nemli bir bilgi kaynagi olusturur. Talash
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imalat operasyonu sirasinda kesme kuvvetleri direkt ola-
rak isleme siirecini etkilediginden dolay1 ciddi sekilde dik-
kate alinmalidir. Kesme kuvvetlerinin; kesme sicakligi, ta-
kim asinmasi, yiizey kalitesi ve daha bircok olgu ile oldukca
yakin bir iligkisi vardir. Verimli bir kesme islemi igin kesme
kuvvetlerinin dngoriilebilir olmasi gerekir[9-11,21].

II. LITERATUR ARASTIRMASI

Literatiirde nikel alasimlarinin, islenebilirliginin incelen-
mesi ve artiritlmasi amaciyla yapilmig ¢ok sayida caligma
bulunmaktadir[8,11-13]. Yapilan bir literatiir derleme arag-
tirmasinda nikel alagimlarinin, literatiirde kullanilma siklig1
Sekil 1°de gosterilmistir [13,14,24].

Kobalt Bazh D"En’ﬁ.f Barh
Siiperalagimlar o Siiperalagimlar
10% 6%
- Titanyum Nizel Barh
Alagimlan Stiperalagmmlar

Sekil 1: Nikel alagimlarimin literatiir arastirmalarinda kullanilma
sikligina bir 6rnek[13].

Nikel alagimlarinin islenebilirligi, talagli imalat sira-
sinda 6zellikle malzemenin diisiik 1s1l iletkenligi ve yiik-
sek mekanik mukavemeti nedeniyle kesme bolgesinde olu-
san yiiksek 1s1 ve yliksek kesme kuvvetlerinin olugumu ile
dogrudan ilgilidir [6-7,12-13]. Literatiirde nikel alagimla-
rinin iglenebilirliginin artirilmasi konusu, genellikle talaglt
imalat parametrelerinin ve kosullarinin optimizasyonu yak-
lasimiyla ele alinmis, farkli kesme parametreleri ile farkli
karakteristiklere sahip sogutma/yaglama kosullari altinda
karsilastirmali olarak test edilmis ve sonuclar1 rapor edil-
mistir[3,6-7,10-11]. Yapilan ¢aligmalara gore nikel alagim-
larmin islenebilirliginin artirilmasi amaciyla kullanilan so-
gutma/yaglama metodlarin birbirlerine gore avantaj ve
dezavantajart bulunmaktadir[13]. Genellikle nikel alagim-
larinin islenebilirligi karsisindaki en Onemli problemler-
den biri olan kesme bolgesinde yiiksek sicaklik olusumu-
nun Onlenmesinin amaglandigt ¢ok sayida karsilastirmali
calisma bulunmaktadir[9,14-16]. Ancak genellikle siv1 nit-
rojen (LN2) ve Karbondioksit gazi (CO2) tabanli kriyojenik
sogutma metodlarinin yalniz basina kullanildig talagh ima-
lat siireclerinde, kriyojenik sogutmanin yiiksek sogutma ka-
pasitesi nedeniyle, deney malzemenin sertlesmesine neden
olarak kesme kuvvetlerinin artmasina neden oldugu ifade
edilmistir[17]. Baz1 ¢aligmalarda ise; kesme kuvvetlerinin
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kesme parametrelerine gore arttigi yada azaldigi arttigida
rapor edilmistir[16,18-19,26]. Yapilan bir calismada nikel
bazli bir siiperalagim olan Inconel 718 siiper alagiminin, kri-
yojenik sivi nitrojen (LN2), Minimum miktarda yaglama
(MQL) ve kuru igleme kosullar1 altinda tornalanmas sira-
sinda iglenebilirlik performansi incelenmistir. Bu ¢alismada,
farkli sogutma/yaglama kosullarnin sabit ilerleme orani
(f=0.075mm/dev.) ve kesme derinligi (d=0.8mm.) paramet-
releri kullanilarak, farkli kesme hiz1 degerlerinde (Vc=60 ve
120m/dak.) tornalanmasi sirasinda; kesme kuvvetlerinin de-
giskenlik gosterdigi, kriyojenik sogutma metodunun yik-
sek kesme hizlarinda kesme kuvvetleri acisindan azaltict
etki gosterirken MQL metodunun kesme kuvvetlerini arti-
ric1 etkiye neden oldugu ifade edilmistir. Sekil 2’de Inconel
718’in farkli sogutma/yaglama kosullarinin, sabit ilerleme
ve kesme derinligi ile tornalanmasinin kesme kuvvetlerine
etkisi ifade edilmistir[16].

B Radyzl Yéndela
Kesme Kuvweti

Herleme yontindeki y #na Kesme
Kesme Kuvved Kunveti

Kuvvet (N)

Kwu MQL Krvo

Kuwu MQL Krvo

Ve=60 m'dak. Vie=120 m/dak.

Sekil 2: Inconel 718’in farkli sogutma/yaglama kosullarin altinda,
sabit ilerleme (f=0.075mm/dev.) ve kesme derinligi (d=0.8mm.)

ile tornalanmasinin kesme kuvvetlerine etkisi[16].

Ayni ¢aligmada; kesme kuvvetlerinin, kriyojenik siv1 ile-
tim nozul sayis1 arasinda iligki bulundugu, nozul konumlari-
nin, sayisinin ve kullanilan kriyojenik s1vi miktarmin, kesme

w
@
o

kuvvetlerini artirdig1 ifade edilmistir. Sekil 2, dikkatle ince-
lendiginde kriyojenik sogutmanin yiiksek kesme hizlarinda,
MQL’in ise daha diisiik kesme hizlarinda kesme kuvvetle-
rini disiirme konusunda etkili oldugu goriilmektedir[16].
Sekil 3’te nozul sayisinin kesme kuvvetlerine etkisi goriil-
mektedir[16].

m Radyal yondeki - Tlerleme yoniindeki m Ana kesme
kesme kuvveti  kesme kanvveti larvveti

Kriyo (Tek nozul) Krivo (Cift Nozul)

300

250

200

150

Kuvvet (N)

100

50

Sekil 3: Inconel 718’in Kriyojenik kosullar altinda tornalanmast

sirasinda nozul sayisinin, kesme kuvvetlerine etkisi [16].

Yapilan bir diger ¢alismada ise Inconel 718’in tornalan-
masi esnasinda; yiiksek basincl jet (HPJ), Kriyojenik sivi
nitrojen (LN2), Minimum miktarda yaglama (MQL) ve
Nano sivi takviyeli Minimum miktarda yaglama (nMQL)
sogutma/yaglama metodlari kullanilarak bazi ¢ikt1 paramet-
releri incelenmistir. Bu parametrelerden biri kesme kuvveti-
dir. Bu ¢aligmaya gore, degisken isleme parametreleri ola-
rak farkli kesme hizlari, ilerleme oranlar1 ve talas agilari
kullanilmigtir. Sekil 4’te Inconel 718’in farkli sogutma/yag-
lama metodlar1 altinda degisken kesme hizi, ilerleme orani
ve talas acgis1 parametreleri kullanilarak tornalanmasi sira-
sinda kesme kuvvetlerinin degisimi ifade edilmistir. Sekil
4, dikkatlice incelenirse, farkli sogutma/yaglama metodla-
rinin, degisken kesme parametrelerine bagl olarak, kesme
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Sekil 4: Inconel 718’in Farkli sogutma/yaglama metodlari alti

nda degisken (a) Kesme hizi, (b) flerleme orani ve (c) Talas acist

parametreleri kullanilarak tornalanmasi sirasinda kesme kuvvetlerinin degisimi[20].
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kuvvetlerini etkiledigi goriilmektedir. Sekil 4’te gorildiga
iizere, kriyojenik sogutma metodu; en yiiksek kesme hi-
zinda maksimum etkinlik gostermis, Ilerleme oraninin de-
gisimi kesme kuvvetleri iizerinde bir miktar etkili olmus,
maksimum talag agisi arttik¢a kriyojenik sivi nitrojen (LN2)
ve Nanosivi takviyeli Minimum miktarda yaglama (nMQL)
metodlar1 birbirine yakin performans sergilemekle birlikte
maksimum etkinlik sergilemistir [20].

Literatiirde bulunan bir bagka arastirmada, Inconel
718’in Kuru, Kriyojenik sivi nitrojen (LN2) ve Konvan-
siyonel sogutma/yaglama kosullari altinda, farkli 6zellik-
lerde kesici takimlar kullanilarak yapilan delik delme ope-
rayonunda birtakim parametreler incelenmistir. Aralarinda
kesme kuvvetlerininde bulundugu bu parametrelerin de-
gisimleri incelenmis ve bazi ¢ikarimlarda bulunulmustur.
Kesme kuvveti acisindan ele alacak olursak delik delme is-
lemi sirasinda olusan kuvvetin en fazla oldugu durum Ti-
AIN kaplamali karblir matkabin, LN2 sogutma metodu ile
birlikte kullanildigi durum oldugu, sekil 5°te goriilmekte-
dir[17].

I Kuru ] LN2? [l Konvansiyvonel

ftme Kuvveti (N)
a & & 3
il LN P

i3

(=]

=
Il

250+

2004
Kaplamasiz TiAIN
Matkap Tipi
Sekil 5: Inconel 718’in Delik delme isleminde farkli sogutma/
yaglama kogullart altinda, TIAIN kaplamali ve kaplamasiz karbiir

matkaplarla delinmesinin itme kuvvetine etkisi[17].

Literatiirde yapilan bir bagka ¢alismada ise yine Inco-
nel 718’in kuru ve Minimum miktarda yaglama (MQL) me-
todu ile farkli katki maddeleri kullanilarak tornalanmasinin;
kesme kuvvetleri, takim aginmast, yiizey biitiinliigli paramet-
releri lizerinden karsilastirmasi yapilmistir. Yapilan karsilas-
tirmada, ilerleme orani (f=0,1mm/dev), talas derinligi (d=0,5
mm.) ve degisken kesme hizlar1 ( Vc=10-150-200-250-300
m/dak) kullanilmig ve MQL metodu i¢in biyolojik esasli bit-
kisel yag (LB2000), kat1 yaglayici partikiilleri olarak (agir-
liga %20) Grafit ve Molibden Siilfat (MoS2) ile desteklen-
mistir. Elde edilen sonuglara gore kesme kuvvetleri agisinda
MoS2 destekli biyo-yag kullanilan MQL metodunun, kesme
hizinin diizeyine paralel olarak kesme kuvvetlerinde artis
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yada azalisa neden oldugu ancak bu durumun stabil olma-
dig1 goriilmiis, grafit kat1 partikiil takviyeli MQL’in kesme
hiz1 artigina paralel olarak 300m/dak gibi yiiksek bir kesme
hiz1 diizeyinde en verimli metod oldugu ifade edilmistir.
Kuru isleme metodunun ise kesme kuvvetleri konusunda en
verimsiz metod oldugu, sekil 6 incelendiginde net olarak go-
riilebilir. Sekil 6’da Inconel 718’in farkli sogutma/yaglama
kosullar1 altinda tornalanmasinin kesme kuvvetlerine etkisi
detayli olarak goriilebilmektedir[22].

310

g 290
5 270 T
13
é 250
o 230 I
E 210
4

190

170 . . . . :

50 100 150 200 250 300
Kesme Hiz (m/dak.)
4= Kuru ~B-MQL LB 2000

MQL LB 2000 + 20% MoS2  ss=MMQL LB 2000 + 20% Grafit

Sekil 6: Inconel 718’in Kuru ve Farklt MQL kosullar: altinda

tornalanmasinin kesme kuvvetlerine etkisi[22].

Inconel 718’in konvansiyonel sivi, kriyojenik karbon-
dioksit (CO2) gazi, Minimum miktarda yaglama (MQL)
ve hibrid KriyoMQL (CO2+MQL) kosullar altinda freze-
lenmesinin, kesme kuvvetleri ve takim asmmasi tizerin-
deki etkilerini inceleyen bir diger ¢alismada ise kriyojenik
sogutucu olarak karbondioksit gazi (CO2) kullanilmis ve
elde edilen sonuglar kesme kuvvetleri agisindan Sekil 7°da
ifade edilmistir. Yapilan bu deneysel ¢alismada; kesme hizi
(Vc=60m/dak.) ilerleme oran1 (f=0,02mm/dis) ve talas de-
rinligi (d=0,2mm) olarak belirlenmis ve takim asinma kri-
terlerine gore kesme kuvvetleri iizerinden degerlendirme
yapilmistir. Asinma kriterleri, (Vb=0-0,1-0,2mm.) olarak re-
ferans alinmistir[25].
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Sekil 7: Vc=60m/dak. Kesme hizinda farkli asinma kriterlerinde

ve isleme kosullarinda kesme kuvvetleri[25].
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Sekil 7°de aginma kriterleri referans alinarak farkli so-
gutma/yaglama kosullar1 altinda olusan kesme kuvvetleri
incelendiginde, takim asinma durumunun kesme kuvvetleri
iizerinde etkiye sahip oldugu acik¢a goriilmektedir. Yapilan
calismaya gore, genel olarak takim iizerindeki aginma art-
tikca, kesme kuvvelerinin arttigt gdzlenmistir. Sogutma/yag-
lama metodlar1 agisindan bakilacak olursa, minimum takim
asinma miktarinin oldugu durumda kesme kuvvetleri birbi-
rine oldukg¢a yakin olmakla birlikte tiiketilen sogutma/yag-
lama sivist agisindan dahili Kriyojenik Karbondioksit gazi
(CO2) takviyeli minimum miktarda yaglama (CO2+MQL)
metodunun olduke¢a avantajli oldugu goriilmektedir[25].

Inconel 718’in yiliksek kesme hizlarinda ve farkli so-
gutma/yaglama kosullar1 altinda frezelenmesi sirasida is-
lenebilirliginin incelendigi bir baska ¢aligmada, SOmm x
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50mm x 150mm boyutlarinda bir Inconel 718 siiperala-
sim blogu, sabit kesme hiz1 (Vc=140m/dak.), ilerleme orani
(f=0,02 mm/dis), Eksenel kesme derinligi, (a=10mm.) ve
radyal kesme derinligi (d=1mm) isleme parametreleri ile
Konvansiyonel kesme sivisi, Minimum miktarda yaglama
(MQL), Siv1 nitrojen (LN2) ve KriyoMQL (LN2+MQL) so-
gutma/yaglama kosullar1 altinda frezeleme islemine tabii
tutulmus ve sonuclar takim omrii, kesme operasyonu igin
sarfedilen giic miktar1, Yiizey puriizlilugi degerleri iizerin-
den karsilastirmali olarak ele alinmustir. Hibrid KriyoMQL
(LN2+MQL) metodunun, tek basmna MQL ve tek basina
LN2 sogutma/yaglama kosullarina gore, incelenen tiim ¢ikt1
parametrelerinde en verimli metod oldugu ifade edilmistir.
Sekil 8: Inconel 718’in farkli sogutma/yaglama metodlari al-
tinda yiiksek kesme hizinda frezelenmesinin aginma miktari,
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Sekil 8: Inconel 718’in Farkli sogutma/yaglama metodlari altinda yiiksek kesme hizinda frezelenmesinin (a) Asinma miktari, (b)

Ortalama giig tiiketimi ve (c) Yiizey piirtizliliigi degerleri tizerinden karsilastirilmasi [26].

Sekil 8’de goriildigii lizere Kriyojenik sivi nitrojen
(LN2) ve Minimum miktarda yaglama (MQL) metodlarinin
olusturdugu hibrit kriyoMQL (LN2+MQL) sogutma/yag-
lama metodu, LN2 ,MQL ve konvansiyonel metodlarin ayri
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ayr1 kullanildig1 durumlara gore takim aginmasini daha fazla
azaltmis, bununla iligkili olarak gii¢ tikketimi ve yiizey pii-
rizliligii degerlerinide goreceli olarak azaltarak, verimlilik
ve iglenebilirlik artis1 saglamistir[26].
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Sekil 9: Inconel 718’in Farkli sogutma/yaglama metodlar altinda, diisiik hizda frezelenmesinin; (a) Enine Kesme Kuvveti (Ft), (b)

Boyuna Kesme Kuvveti (Ft), ve (c) Yiizey piiriizliliigii tizerinden karsilastirilmasi[27].

ortalama gii¢ tikketimi ve yiizey purizliligi degerleri tize-
rinden karsilastirilmasi ifade edilmistir [26].

Sekil 9°de gosterilen sonuglara gére MQL metodu en az
takim asinmasi sergilemis buna karsin, boyuna kesme kuv-
vetini (Fl) azaltmak agisindan, frezeleme igsleminin baslan-
gicinda LN2 metodunun gerisinde kalmis, islemin sonlarina
dogru LN2 metoduna gore avantaj saglamistir. MQL me-
todu, kesme islemi siiresince, boyuna kesme kuvveti (F1)
acisindan diger metodlara gore daha stabil degerler sagla-
mis, buna karsin Enine kesme kuvveti (Ft) konusunda kesme
islemi siiresince hemen hemen en yiiksek kesme kuvveti de-
gerleri sergilemistir. Genel olarak Enine kesme kuvveti (Ft)
acisindan, konvansiyonel sogutma/yaglama metodu en iyi
performanst sergilemis ve boyuna kesme kuvvetini (F1) ag1-
sindan, LN2 ve MQL metodlar1 oldukg¢a yakin degerler or-
taya koymustur[27].

Inconel 718’in kuru ve Kriyojenik CO2 kosullarinda
yiksek hizda tornalanmasinin; islem kuvvetleri, yiizey pii-
rizliliigi, mikro sertlik, spesifik kesme basinci {izerin-
deki etkileri, karsilastirmali olarak incelendigi bir baska
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calismada caligmada ise isleme parametreleri olarak, degis-
ken kesme hizlar1 (Vc=80-85-100-115-130 m/dak) ve iler-
leme oranlar1 (f=0,10-0,17-0,24-0,32-0,40 mm/dev.) kulla-
nilmistir. Elde edilen sonuglar Kriyojenik CO2 kosullarinda,
diisiik kesme hizlarinda yapilan kesme operasyonunda or-
taya c¢ikan kesme kuvvetlerinin, kriyojenik CO2’nin mal-
zemenin sertlesmesine neden olmasindan dolay1, kuru isle-
meye nazaran daha yiiksek oldugu, nispeten yiiksek kesme
hizlarinda ise kesme kuvvetlerinin, is malzemesinin sicak-
ligimin yiikselmesinden dolay1 azaldig1 goriilmistiir. Kriyo-
jenik CO2 kosullarinda isleme operasyonu sirasinda kesme
hiz1 artirildik¢a kesme kuvvetlerinin azalmasina paralel ola-
rak takim aginma miktar1 azalmig ve bununla iligkili olarakta
yiizey plriizliligi azalmistir. Her iki sogutma/yaglama ko-
sulunda’da kesme hiz1 ve ilerleme orani paralel olarak arti-
rildiginda yiizey piiriizliiliigiiniinde arttig1 gorilmiistiir[28].
Sekil 10°da Inconel 718’in farkli kesme hizlarinda; kuru is-
leme kosullarinda, Kriyojenik (CO2) kosullarinda isleme si-
rasinda olusan kesme kuvvetleri ve ylizey piirtizliligii tize-
rinden karsilastirilmasi detayli olarak sunulmustur[28].
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Sekil 10: Inconel 718’in farkli kesme hizlarinda; (a) kuru
kosullarinda, (b) Kriyojenik kosullarda isleme sirasinda
olusan kesme kuvvetleri ve (c) Yiizey ptirtizliligi tizerinden
karsilastirilmasi[28].

Inconel 718’in Kuru, sogutulmus basingli hava ve nano-
stvi takviyeli minimum miktarda yaglama sartlari altinda tor-
nalanmasi sirasinda olusan spesifik kesme kuvvetlerini ince-
lemek amaciyla yapilan bir baska ¢aligmada degisken isleme
parametreleri olarak farkli kesme hizlar1 (Vc=60-70-80-90-
100-110m/dak.) ve ilerleme orani (f=0,1-0,2-0,3-0,4mm/
dev) olarak belirlenmis ve talag derinligi (a=0,25mm) sa-
bit tutulmustur[29]. Sekil 11°de Inconel 718’in farkli kesme
hizlart ve ilerleme oranlarinda; kuru, sogutulmus basinl
hava (Vortex tiipit), nano yaglayici takviyeli MQL kosulla-
rinda iglenmesinde, tiiketilen gii¢ — malzeme kaldirma orani
iligkisi gorsel olarak sunulmustur[29].
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Sekil 11: Inconel 718’in farkli kesme hizlari ve ilerleme
oranlarinda; (a) kuru, (b) Sogutulmus Basinli hava, (c) Nano
yaglayici takviyeli MQL kosullarinda islenmesinde, Tiiketilen
Gili¢ — Malzeme kaldirma orani iliskisi[29].
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Sekil 11, detayli olarak incelendiginde; gorsellerde her
bir ilerleme orani (f) degerine karsilik kesme hizlarini (Vc)
temsilen 4 renkten 6’sar adet renkli nokta bulunmaktadir.
Buna gore Nano yaglayict takviyeli Minimum miktarda
yaglama metodunun (nMQL) uygulandigi deneylerde,
en yliksek verim elde edildigi goriilmektedir. Deneylerde
nMQL metodunu kuru isleme metodu takip ederken en dii-
siik verim, basin¢landirilmis soguk hava (Vortex tiipii) me-
todunun kullanildig1 deneylerde goriilmiistiir. Sekil 12°de
Inconel 718’in farkli ilerleme oranlarinda; kuru, sogu-
tulmus basinli hava (Vorteks Tiipii), Nano yaglayici tak-
viyeli minimum miktarda yaglama (nMQL) kosullarinda
islenmesinde, spesifik kesme enerjisi — ilerleme orani ilis-
kisi goriimekte ve sekil 11°deki sonuclar1 desteklemekte-
dir[29].

8_ ® =Kum ---@--- Vortex MQL + Nano
w7 *
A Q. Y= 15276x0!
e .. R®=109525
B 6 3
™ o ‘}
B s N y = 1.2402x~0697
X N\ R = 0.9402

4 ‘®..
@ LT
L ¥ o= 119910698 N Tt .y
£ 3 R = 09562 ~—— B0
w

2

0.05 0.15 0.25 0.35 0.45

flerleme Oram (mm/dev.)

Sekil 12: Inconel 718’in farkl: ilerleme oranlarinda; kuru,
Sogutulmus Basinli hava (Vorteks Tiipii), Nano yaglayici takviyeli
MQL kosullarinda islenmesinde, Spesifik kesme enerjisi —

Ilerleme oran: iliskisi[29].

Yapilan bir baska calismada Inconel 718’in kuru,
Konvansiyonel ve MQL sogutma/yaglama kosullart al-
tinda, igleme parametreleri olarak degisken kesme hizlari
(Vc=40-60-80-100-120m/dak.), ilerleme oranlar1 (f=0,04-
0,08-0,12-0,16-0,20 mm/dev) ve sabit talas derinligi
(a=0,5mm) kullanilarak isleme deneyleri ger¢eklestirildigi
bir baska calismada ise, galigmalarin sonuglari, kesme kuv-
vetleri, ylizey piriizliligii ve talag olusumu iizerinden kar-
silastirmali olarak degerlendirilmis ve sonuglar sekil 13°de
ifade edilmistir[30].
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Sekil 13: Inconel 718’in kuru, Konvansiyonel ve MQL
kosullarinda tornalanmasi sirasinda, (a) kesme hizi, (b) ilerleme
orani degisiminin yiizey piiziiliiliigiine etkisi, (c) Kesme kuvveti-

ilerleme oran iliskisi[30].

Sekil 13’te sunulan sonuglar incelendiginde, en diisiik
kesme kuvvetlerinin, minimum miktarda yaglama (MQL)
metodunun , en kiiclik ilerleme orani parametresi olan
(f=0,04 mm/dev.) ilerleme orani degeriyle birlikte kullanl-
dig1 deneyde elde edildigi ve yine ayni ilerleme degeri sabit
tutularak, kesme hizlar yiikseldikge yiizey piirtizliliigiiniin
azaldig1 gozlenmistir. Calismanin sonucu, minimum mik-
tarda yaglama (MQL) metodunun, (f=0,12mm/dev) ilerleme
oraninda diger metodlarin iizerinde bir kesme kuvveti olus-
turmasina karsin, diger ilerleme oranlarinda en diisiik kesme
kuvvetlerinin olugmasini sagladigi ve en diisiik yiizey pii-
rizliliigl degerlerini ortaya koydugu belirgin olarak goriil-
mektedir[30].

III. SONUCLAR VE DEGERLENDIRME

Nikel alagimlarmin talasli imalati1 konusunda literatiirde bulu-
nan c¢alismalar genellikle, Endiistrilerde sik kullanilmasi ne-
deniyle, Inconel 718 alasiminin farkli kesme sartlar1 ve kesme
parametreleri altinda talagli imalat islemine tabi tutulmasimin,
yiizey ve ylizeyaltt biitiinligli 6zellikleri, kesme kuvvetleri,
takim omrii gibi ¢iktilar {izerinden karsilastirilmast iizerine
yapilmistir[12,16-18,20,22,26-30]. Konu ile ilgili genel bir li-
teratilir arastirmasi yapildiginda ve elde edilen sonuglar karsi-
lastirldiginda; nikel alasimlarinin talasl imalatinda kriyoje-
nik s1v1 nitrojen (LN2) ve kriyojenik karbondioksit gazi (CO2)
kullanilarak yapilan sogutma uygulamalarinin diisiik kesme
hizlarinda, kesme sicakligiin niseten diisiik oldugu durum-
larda, malzemeyi fazla sogutmasi nedeniyle kesme kuvvet-
leri ve takim aginmasinda artisa eden olabilecegi, bu durumun
ise kesme hizlar1 ve ilerleme oranlarimi nispeten daha yiiksek
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secerek belli oranda onlenebilecegi gbzlenmistir. Minimum
miktarda yaglama (MQL) tiirevlerinin kullanildig1 ¢aligmalar
incelendiginde orta diizey kesme hizlarinda bu metodun yii-
zey pirizliligi ve kesme kuvvetleri konusunda verimli ola-
bilecegi ancak yiiksek kesme hizlarinda sogutma konusunda
yetersiz kalarak, takim aginmasi ve kuvvet artistyla birlikte,
takim agmmasinida artirdigi gozlenmistir[17,20,25,26,28].
Genel olarak farkli sogutma/yaglama kosullarinin, tek bagina
kullanilarak talagli imalat sirasinda olusan kesme kuvvetleri-
ninin verimli ve siirdiiriilebilir bir sekilde azaltilabilmesi pek
miimkiin gériinmemektedir. Son yillarda sik¢a arastirma ko-
nusu olan kriyojenik sogutma igeren hibrid sogutma/yaglama
metodlarmin, talagli imalat operasyonlarinda kesme kuvvet-
lerinin azaltilmast konusunda diger metodlara nispeten daha
verimli oldugu ifade edilmissede yapilan ¢aligma sayisi heniiz
kisithidir[6,14,17,20,25,26,29] . Kriyojeik metodlarin ve Mi-
nimum miktarda yaglama metodu tiirevlerinin miinferit ola-
rak yetersiz kaldig1 durumlarda, genel olarak nikel alasimlari-
nin iglenmesinde bagta hibrit sogutma/yaglama metodlarmin,
kesme hizinin yiiksek oldugu durumlarda oldukgea etkili olabi-
lecegi goriilmektedir[16,20,22,26,27,30]. Elde edilen sonug-
lara gore, nikel alasimlarinin talagh imalat operasyonlarinda,
diisiik kesme hizlarinin tercih edilmesi durumunda, kriyoje-
nik metodlarin sogutma kabiliyetlerinin sebep oldugu mal-
zeme sertlesmesi problemlerine bagh takim asimasi, kesme
kuvvetlerinin artis1 ve ylizey piriizliiliigiiniin artmasi prob-
lemleri; Minimum miktarda yaglama metodu ve tiirevlerinin,
yiiksek hizlarda kullanilmasinda’da goriilmektedir. Sogutma/
yaglama metodlarinin karakteristiklerinden kaynaklanan
olumsuz etkileri azaltmak gerekmektedir. Kriyonenik me-
todlarmn yiiksek sogutma kapasitesinin yeterli diizeyde yag-
lama kapasitesiyle desteklenmesi i¢in, Minimum miktarda
yaglama (MQL) metodu ve tiirevlerinin iyi diizeydeki yag-
lama 6zelliklikleri kullanilabilir. Boylece Kriyojenik ve Mini-
mum miktarda yaglama (MQL) metodlarinin dezavantajlari,
miinferit metodlara gére azalacak ve nikel alasimlarin talaslh
imalatinda verimlilik ve islenebilirlik artis1 saglanabilecek-
tir. Biitiin bunlarla birlikte sadece sogutma/yaglama metodlar1
iizerinden degerlendirmelerde bulunmak saglikli bir yakla-
sim degildir. Dolayistyla kullanilacak sogutma/yaglama me-
todlar1 yanisira, kesme parametreleri ve talash imalat meto-
dunun birlikte ve en uygun sekilde secgilmesi gerekmektedir.
Nikel alagimlarmin talash imalatinda, kesme kuvvetlerinin
incelenmesi konusundaki yaklagimlarinin g¢esitlendirilmesi,
hibrid sogutma/yaglama metodlarinin gelistirilmesi ve kesme
kuvvetlerinin azaltilmasi i¢in gereken sogutma/yaglama, mal-
zeme tipi, parametre grubu, imalat metodu kombinasyonlari-
nin daha fazla netlestirilebilmesi igin, bu alanda daha fazla sa-
yida aragtirma yapilmasi gerekmektedir.
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