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ABSTRACT

In this study, 304 stainless steel and AISI 1050 carbon steel have been cut by
plasma and under water plasma arc methods. Surface roughness values of the
surface obtained after cutting and hardness values from the other surface to the
core of the specimen were measured at specific intervals. Effects of these two
systems to the material were investigated by evaluating the obtained results. The
best results of surface roughness values were determined with the speeds proposed
by the manufacturer. It was observed that the surface roughness values increased
on cuttings carried out in the upper and lower limits. In addition, it was determined
that the hardness decreased from the outer surface to the core while the hardness
increased in the areas near to the outer surface affected by high temperature which
was generated by cutting operations.
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PLAZMA VE SU ALTI PLAZMAARKININ AISI 304 VE AISI 1050 CELIKLERININ
YUZEY PURUZLULUGU VE SERTLIKLERINDEKI DEGISIMLERINE

ETKILERININ KARSILASTIRILMASI
OZET

Bu ¢alismada, plazma ve su alti plazma arki ile AISI 304 paslanmaz gelik ve
AISI 1050 karbon celigi malzemeler kesilmis ve kesme sonucunda malzemelerin
kesme yiizeylerindeki piiriizliilik ve kesme kenarindan ¢ekirdek yapiya dogru
belirli ~araliklarla sertlik Ol¢imleri yapilmigtir. Elde edilen sonuglar
degerlendirilerek bu iki sistemin malzemeye etkisi aragtirilmistir. Piirtizlilik
degerinde en iyi sonucun onerilen hizlarda alindigi, alt ve iist limitlerde yapilan
kesme islemlerinde piiriizliiliik degerinin arttig1 goriilmiistiir. Ayrica yapilan sertlik
Olgtimlerinde kesme esnasinda olusan yiiksek sicakliktan etkilenen malzemenin
kesme kenarina yakin bolgesinde yiiksek bir sertlik olusurken kenardan ¢ekirdege
dogru bu sertligin azaldig: belirlenmistir.

Anahtar Kelimeler: Plazma Arki, Su Alt1 Plazma Arki, Puriizliilik, Sertlik

1. GIRiS

Malzemelerin hizli bir sekilde, en diisiikk yiizey
deformasyonu ile ve tek islemde kesilmesi ile liretimde
zaman ve para kaybi onlenmis olacaktir. Bu amagla 1s1l
kesme yontemlerinden birisi olan plazma arki ile kesme
yontemi, oksi-gaz yontemleri ile diizglin kesilemeyen
malzemelerin kesilmesinde kullanilmak lizere
gelistirilmistir (1).

Bugiin gelistirilen hassas sistemlerle elde edilen kesme
kalitesi, lazer ve elektron 1gimiyla kesme yonteminde elde
edilen kesme kaliteleri ile rekabet etmektedir (2). Durgun
bir gaza disaridan enerji verildiginde, gaz molekiillerinin
hiz1 artar, carpismalar daha siddetli olur ve bunun

1. INTRODUCTION

The loss of time and money in manufacturing can be
prevented if the materials are cut faster in one operation
with the lowest surface deformation. For this reason, the
cutting method with plasma arc which is one of the heat
cutting method was developed for cutting the materials
than can not be cut smoothly by oxy-gas methods (1).

The cutting quality obtained by precision methods
developed can compete with the cutting quality obtained
by laser and electron beam cutting methods (2). When
energy is given to a static gas, the speed of gas molecules
increase, collisions become harder and thereby
temperature will rise. At the same environment
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neticesinde sicaklik yiikselir. Ayni ortam sicakliginda her
gaz i¢in belli bir hiz dagilimi vardir. Sicaklik yiikseldikce
gaz molekiillerinin ¢arpigmalar1 siddetlenir ve baglayici
kuvvetlerin atomlar1 bir arada tutmaya giicii yetmez.
Gazlar bir gii¢ kaynagindan aldiklar1 enerji ile reaksiyona
girip, iifle¢ yardimryla elektrotun ucundaki kiigiik delikten
parca lizerine odaklanirlar (3). Kesme aninda kesilen
malzeme yiiksek sicakliga ulasmakta ve eriyen malzeme
iflenerek kesme bolgesinden uzaklastirilmaktadir (4).
Kesme derinligini azaltmak, kesme kalitesini artirmak i¢in
hidro-manyetik plazma arki kullanilmaktadir. Bu yeni
metodun kullanilmasi ile kesim kalitesi ve yiiksek is
verimi elde edilmistir. Ancak basliga gelen 1s1 yiikiiniin
azaltilmasinin kullanim 6mrii yoniinden 6nemli oldugu
goriilmiistiir. Bu ¢alismanin amaci, plazma arki ve su alti
plazma arki ile kesilen AISI 304 paslanmaz gelik ve AISI
1050 karbon celiklerde ylizey piiriizliliigli ve kenardan
cekirdege dogru sertlik degerindeki degisimi iizerine
odaklanmugtir.

2. MALZEME VE METOT
2.1. Malzeme

Yapilan deneysel c¢alismalarda, endiistride yaygin
olarak kullamlan malzemelerden; AISI 304 (Ostenitik
paslanmaz ¢elik) ve AISI 1050 (karbon celigi)
malzemelerden hazirlanan 3, 6, 9 ve 12 mm kalinligindaki
numuneler kullanilmistir. Malzemelerin spektral analiz
sonuglari ile elde edilen kimyasal bilesimleri Cizelge 1’de
verilmistir.

Table 1. Chemical Compound of the materials used in experiments

Cizelge 1. Deneylerde kullanilan malzemelerin kimyasal bilesimleri

temperature, certain speed distribution exists for each gas.
As temperature raises the collisions of gas molecules
become harder, the power of holding forces is not enough
for holding atoms together. With the energy taken from a
power source, gases react and focus on the part through
the small hole of electrode end with the help of blower (3).
During cutting the temperature of the part rises to a very
high level and the melted material is removed from the
cutting zone by blowing (4). In order to reduce cutting
depth and to improve cutting quality, hydro-magnetic
plasma arc in used. With the use of this new method,
better cutting quality, and high efficiency have been
obtained. However, it was determined that reducing the
heat of the head is important in terms of using life. This
work focused on the hardness variations from outer
surface to the core and surface roughness of AISI 304
Stainless Steel and AISI 1050 Carbon steel cut by plasma
arc and under water plasma arc.

2. MATERIAL AND METHOD
2.1. Material

In the experimental work, the specimens of 3, 6, 9 and
12 mm thick prepared from AISI 304 austenitic stainless
steel and AISI 1050 carbon steel that are widely used in
industry have been used. The chemical compound of the
materials obtained by spectral analysis results are given in
Table 1.

AISI 304 Stainless Steel ( Austenite ( y) Stabilizer / AISI 304 Paslanmaz celik (Ostenit (y) dengeleyici)

C Si Mn P S Cr Mo Ni
0.0476 0.488 0.978 0.0334 0.0070 17.30 0.217 8.06
Al Co Cu Nb Ti v W Fe
0.0243 0.146 0.228 0.022 <0.001 0.115 <0.003 72.25
AISI 1050 Carbon Steel /AISI 1050 Karbonlu ¢elik

C Si Mn P S Cr Mo Ni
0.025 0.55 1.60 0.51 0.033 0.079 0.013 0.121
Al Co Cu Nb Ti \Y w Fe
0.0069 0.0123 0.441 0.00321 0.00159 <0.001 0.0087 <94.76

2.2. Plazma ve Su Alt1 Plazma Arki Parametreleri

Plazma ile kesme islemi icin gii¢ kaynagy, iifle, iletken
kablolar ve kesme gazi gereklidir (5). Tezgah iiretici
firmalarin Onerdigi malzeme kalinligina gore secilecek
kesme hizlari, kullanilacak baghigin ug capi, piiskiirtiilecek
kesme gazi ve gazin puskirtilme basinci kesmeyi
etkileyen faktorlerdir.

2.3. Yiizey Piiriizliiliigii Olciimleri

Kesilen yiizeylerin ylizey piriizlilik (Ra: ortalama
pliriizliliik, Rz: On nokta yiikseklik ortalamast ve Rmax:

2.2. The Parameters of Plasma and Under Water
Plasma Spark

A power supply, blower, conducting cables and cutting
gas are required for plasma cutting process (5). The
cutting speeds chosen according to material thickness
suggested by manufacturers, the diameter of the head to be
used, cutting gas to be blown and the gas blowing pressure
are the factors that affect cutting.

2.3. Measurements of Surface Roughness

Measurements of surface roughness values of materials
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6lgme yapilan profildeki en yiiksek piiriizlilik degeridir)
Olgtimleri Cizelge 2’de verilen 6lgme aletiyle yapilmustir.

Table 2. Technical specifications of the profilmeter
Cizelge 2. Yiizey piiriizliilik 6l¢me cihazinin teknik 6zellikleri

cut were performed by the profilmeter whose
specifications are given in Table 2. Ra is average
roughness, Rz is ten point height averages and Rmax is the
highest roughness value of the profile measured.

MODEL

Surftest-211 (Mitutoyo)

Measuring principle / Olgme prensibi

Stylus metodu

Stylus traverse speed / Tarama hizi

0,5 mm/sn (during measuring) (Olgme yaparken)
1 mm/sn ( Geri doniiste)

Measuring force / Olgme kuvveti 4mN (0.4 gf)
Stylus material / U¢ malzemesi Elmas
Measuring temperature / Olgme sicakligi ~20°C
Sampling length / Numune uzunlugu 0,25 mm (\c)
Evaluation length /Degerlendirme uzunlugu 1,25 mm (L)
Stylus radius / Izleyici ug yarigap1 S pm

Plazmada kesme isleminin iyi anlagilabilmesi i¢in Sekil
1’de kesme bagliginin kesme sirasindaki hareketi, olusan
ylizey goriilmektedir.

Figure 1. Plasma cutting process and the surface obtained (1)
Sekil 1. Plazmada kesme islemi ve olusan yiizey purizliiliigi (1)

2.4. Sertlik Ol¢iimleri

Kesilen numunelerde iki sistem arasinda sertlik
degisimindeki etkilenmeyi gorebilmek i¢in, kesilen
kenarlardaki sertlik degisimlerinin Olgiimleri kesme

kenarindan merkeze dogru 1mm araliklarla Vickers sertlik
6lgme cihazinda 1 kg yiik uygulanarak yapilmus (Sekil 2)
ve elde edilen sonuglar grafiklere aktarilmistir. Benzesim
katsayis1 (R?) bire en yakin deger polinom denkleminde
bulunmustur (1). Ayni numunelerde, kesme kenarindan
¢ekirdege dogru bes milimetrelik bolgede birer milimetre

araliklarla  sertlikler  Olgililerek, kesme kenarindan
cekirdege dogru sertlik degisimleri belirlenmis ve bu
degisimlere bagh olarak yontemin etkileri

degerlendirilmistir.

In Figure 1. the movement of cutting head during
cutting and the surface obtained are shown.

//\’(ﬁksek basingh

kesme baslig1
HorrEle
Baglik

Nt

Herd
Kesme
izleri
Anpect oof the
cut surface

Kesme yiizeyinde
olusan ¢izgiler

2.4. Hardness Measurements

In order to see the hardness variations of the specimens
cut by two system, measurements of hardness variations at
the edges cut were performed from outer edge to the
center in lmm distances on a Vickers hardness measuring
device by applying lkg weight ( Figure 2) and obtained
were plotted in graphs. Similarity coefficient (R%) value
nearest to one has been determined from the polynom
equation (1). The hardness variations from the outer edge
to the core were determined by measuring at 1 mm
distances in the 5Smm area from the outer edge to the
center in the same specimens. The effects of the methods
were evaluated according to these variations.
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I 50 pm I
Figure 2. Hardness measurement distances (1)
Sekil 2. Sertlik Ol¢tim Araliklari (1)

3. DENEY SONUCLARI ve DEGERLENDIRME
3.1.Yiizey Piiriizliiliigii Degisimleri

Imalatc1 verilerinin 6ngordiigii isleme parametreleri
sabit tutularak yanal (kesme) hizin etkisini karsilagtirmak
icin iki ayrt plazma sistemi ile, segilen belirli hizlarda
kesme isleminden elde edilen yiizeylerinde olgiilen
ortalama piriizlillik degerleri (Ra)’dan  olusturulan
grafikler Sekil 3.a’da gosterilmistir. Yine ayni boyutlarda
hazirlanan ayni cins malzemelerin su alti1 plazma arki ile
kesilmesi ile elde edilen yiizeylerin piiriizliilik
degerlerinin grafigi Sekil 3.b’de verilmistir.

Plazma ile kesim igleminde alagimsiz malzemelerde
ince pargalarin yilizey piriizlilik degerlerinin kalin
malzemelere gore daha fazla oldugu goriiliir. Yiiksek krom
nikel igermesinden dolayr paslanmaz ¢elikler diger
alasimli ve alasimsiz geliklerden daha yiiksek siineklige ve
daha diisiik 1s1l iletkenlige sahiptirler. Bu nedenle plazma
ile eritilen malzeme igin gerekli olan yiiksek enerji ile
kesme aninda kesilen bdlgeden uzaklastirilan malzemenin
uzaklagmak yerine kesme bolgesine yapismasi ile ylizey
pliriizliiligti degerlerini yiikseltmektedir (1).

I 50 pm I

3. TEST RESULTS AND EVALUATION
3.1. Variations of Surface Roughness

In order to compare the effects of side cutting speed,
the average surface roughness values (Ra) measured on
the surfaces obtained from cutting at chosen speeds with
two plasma systems by using the cutting parameters
suggested by the manufacturer are given Figure 3.a. The
graph of surface roughness values obtained by cutting the
same type of materials having same size using under water
plasma arc is introduced in Figure 3.b.

In plasma cutting process, it can be seen that when
cutting non-alloy materials the surface roughness values of
thin parts are bigger than the values of thick parts.
Stainless steel (SS) has higher hardness value and lower
heat conductivity than other alloy and non-alloy steels
(NAS) became they contain higher. Cr and Ni elements.
For this reason during cutting the material which is melted
by plasma with high energy surface roughness values
increase by sticking of the material cut to the cutting area
instead of leaving the cutting area (1)
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Figure 3. Surface roughness graphs a) Plasma cutting b) Under water plasma cutting

Sekil 3. Piiriizliiliik grafikleri a) Plazmada b) Su Alt1 Plazmada

Grafik incelendiginde paslanmaz c¢eliklerde kalinlik
arttkga piriizlilliik degeri de yiikselmektedir. Karbon

When examining the graph, it can be seen that
increasing the thickness causes surface roughness rise in
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celigi malzemelerde ise, plazmadaki durum tekrarlanmis
olup ince malzemelerde piiriizliiliik degerleri yiiksek, kalin
malzemelerde piiriizliiliik degeri diisiiktiir. Her iki sistemin
grafiklerine birlikte bakilirsa plazma ve su alt1 plazma ile
kesme iglemlerinde kesilen yiizeylerin kaliteleri ayn1 grup
malzemeler i¢in aralarinda  benzer egilimler
gostermektedir. Numunelerin kesme basgligina yakin
kisimlarinda daha diizgiin yilizey ve daha az ¢izgi olusmus
ancak basliktan ¢ikan gazin kesme performans: alt
kisimlarda azalmig ve buna bagli olarak da birbirine
paralel ¢izgiler olusmustur. Karbon ¢eligi malzemelerde
kalinlik artikca yiizey piriizliliigi degeri azalmaktadir,
yani  kalmligin  artmast  kesme  performansini
iyilestirmektedir. ~ Paslanmaz  ¢eliklerde ise ince
malzemelerin plazma ile kesilmesinde daha iyi sonuglar
alinirken kalinlik artik¢a plazmada kesme islemi ile elde
edilen yiizey kalitesi verimi azalmaktadir.

3.2.Sertlik Degisimleri

Farkli kesme hizlarinda kesilen ylizeylerde kesilen
kenardan malzeme g¢ekirdegine dogru 1 mm araliklarla ve
ayni noktanmn alt ve iist kisimlarindan VSD (Vickers
Sertlik Degeri) cinsinden sertlik degerleri o6lgiilmiistiir.
Amaci kesme sisteminin ve hizin hangi derinlige kadar
malzeme yapisini etkiledigini goérmektir. Karsilagtirma
yapilabilmesi i¢in numunelerin kesilmeden dnceki sertlik
degerleri tespit edilmistir. Kesilen yiizeydeki sertlik
degerlerinden olusturulan grafikler, AISI 304 Paslanmaz
celik malzemelerin sertlik degisim grafikleri Sekil 4’de,
AISI 1050 Karbon ¢eligi malzemeler igin Sekil 5°de
verilmistir.

stainless steels. On the other hand in carbon steels, the
surface roughness of thin materials is high and the surface
roughness values of thick materials are low. In plasma and
under water plasma cutting processes, the quality of
surface have similar features for the same materials as can
be seen from the graphs of two systems. Better surface and
less scratches occurred in the areas near to the cutting
head. However, the performance of the gas coming out of
the head decreased, thereby parallel scratches occurred. In
carbon steel materials, increasing the thickness reduces
surface roughness value. In other words increasing the
thickness improves surface roughness. In stainless steels,
better results can be obtained when thin materials are cut
by plasma. Increasing the thickness causes poor surface
roughness of the surface cut plasma methods.

3.2. Hardness Variations

Hardness values were measured from the outer edge of
surface cut at various cutting speeds to the center of the
material in Imm distances and in the upper and lower
sections of the same point in terms of Vickers Hardness
Value (HV). The purpose was to see how cutting system
and speed affected the material with different depths. In
order to be compared, the values of hardness values of the
test pieces before cutting had been determined. The graphs
of hardness values of surface cut and hardness variations
of AISI 304 Stainless Steel materials are in Figure 4. and
graphs for AISI 1050 Carbon Steel is given in Figure 5.
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Plazma (V = 2000 mm/dak) Su Alt1 Plazma (V = 3600 mm/dak)

b) Thickness = 6mm,/ Kalinlik = 6mm
Plasma ( V =2100 mm/ min) Under Water Plasma ( V = 3700 mm/Min)/
Plazma (V = 2100 mm/dak) Su Alti Plazma (V = 3700 mm/dak)
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Figure 4. AISI 304 Stainless Steel’s hardness value graphs
Sekil 4. AISI 304 Paslanmaz ¢elik malzemelerin sertlik degisim grafikleri
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Figure 5. AISI 1050 Carbon Steel’s hardness value graphs
Sekil 5. AISI 1050 Karbon geliklerin sertlik degisim grafikleri
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Plazma ile kesme yoOnteminin temeli, malzemelerin
ergime sicakligina kadar varan sicakliklarda kesilmesi
esasma dayanmaktadir. Uygulanan enerjinin ve soguma
sartlarinin farkli olmasi, bu yontemlerde elde edilen farkli
metaliirjik ozellikleri ve sertlik degerlerini
olusturmaktadir. Bu nedenle; egilimlerden de anlasilacag:
lizere, malzemenin metaliirjik Ozelliklerindeki etkilerine
bagli olarak sertliklerinde de bir degisime neden oldugu
goriilmektedir. Sekil 4 ve 5’deki grafiklere bakildiginda
olusan egrilerde benzer bir durum gbze g¢arpmaktadir.
Malzemelerin kesilme aninda plazma gazinin etkili oldugu
bolgede yiiksek sicaklik olugmaktadir. Bu yiiksek sicaklik
malzemede yap:1 degisikligine sebep olmaktadir.

4. SONUC VE ONERILER

Bu calismada plazma ile kesme isleminde kesilen
malzemenin cinsi, kullanilan kesme gazi, kesme hizi vb.
parametreler etkili olmaktadir. Yapilan deneyler
sonucunda ¢ikarilan bulgulara dayanilarak asagidaki
sonuglar elde edilmistir:

e Kesme isleminden sonra kesme kenarina yakin
bolgelerde malzeme sertliginin asir1 yiikseldigi ve
¢ekirdek malzemeye yaklastikca azalma oldugu
belirlenmigtir. Yapilan sertlik dl¢limlerinde su alti
plazmada kesilen numunelerin kesme kenarlarina
yakin bolgelerde plazmaya gore daha sert bir yapinin
olustugu goriilmiistiir. Bu degerler su alti plazmada
300 — 450 VSD iken, plazmada ise 220 — 350 VSD
arasindadir ve iki sistemin sertlik oran1 % 73’dir .

e Yapilan 6lgiimlere gore plazma ve su alti plazma ile
kesilen malzemelerde ortalama yiizey piiriizliiliik (Ra)
degeri; Karbon c¢eligi malzemenin plazma ile
kesiminde 1,10 - 2,25 um, su alt1 kesiminde 2,5 - 2,78
pm arasinda olup degisim % 61, paslanmaz celik
malzemelerde ise; plazma ile kesimde 2,07 - 2,21 pm,
su alt1 kesimde 1,77 - 2,81 pm olup degisimin % 87
oldugu goriillmiistiir.

e Plazma iiflecinin ilk temas ettigi iist bolgelerde daha
diizgiin ylizeyler olugmaktadir, ancak  plazma etkisi
ile yerinden koparilan malzeme pargaciklarinin yiizeye
yapismast ve gaz basincimin asagilara dogru
azalmasindan dolay1 kesme zorlasmis ve olusan derin
cizgiler yiizey piirlizliligiini artirmistir.

e Yiizey  pirizliligindeki  bozulma, alasimsiz
celiklerde malzeme kalinligi arttikca azalmig buna
gore kalin malzemelerde plazmanin  kullanim

avantajlar1 oldugu gorilmiistiir.

e Plazma gaz1 basincinin yiiksek olmasi; ergitilen metal
pargalarmin =~ kesme  bolgesinden  daha  iyi
uzaklagmasina, basincin diisiik olmas1 ise iifleg
icerisinde parazit ark olarak adlandirilan arkin elektrot
ve kesme memesine zarar vermesine neden olmus, bu
durum arkin kararligimi bozmus ve kesme kalitesini
diistirmistiir.

Yiizey piriizliliigine etkileri bakimindan plazma ile
kesilen parcalarda istikrarli degerler elde edebilmek icin
iflecin ¢alisma yiiksekligi, malzeme cinsine gore
kullanilacak plazma gazi, plazma arki yogunlugu ve
kullanilan baghigin malzeme kalitesi ve kullanim sayisi

The main process of plasma cutting is to cut materials
by heating material until its melting point. Since the
energy applied and cooling conditions very different
metallurgic features and hardness values are obtained. For
this reason, it can be understood from the graphs that
metallurgic features affect hardness of materials. This
situation can be seen from the graphs in Figure 4 and
Figure 5. High temperature occurs in the region where
cutting gas is effective during cutting the material. This
high temperature causes structure variation in the material.

4. RESULT AND SUGESTIONS

Parameters such as type of material cut, cutting gas
used, cutting speed, etc. are effective in plasma cutting. At
the end of the experiments, the following results have
been obtained:

o After cutting operation, in the areas near to the outer
surface cut hardness of material increased
significantly and it decreased in the regions near to
the center of material. It was seen that harder
structures occurred in the areas near to the outer
surface of specimens cut by under water plasma
cutting. The hardness values of these areas are
between 300 and 400 HV in under water plasma and
220 and 350 HV in plasma. The rate of hardness of
two systems is 73 %.

e The average surface roughness values (Ra) of the
materials cut by plasma and under water plasma are
1.10-2.25 um in plasma cutting of carbon steel, 2.5-
2.78 um in under water plasma cutting and variation
is 61 %. In cutting stainless steel materials,
2.07-2.21 um in plasma cutting, 1.77-2.81 pm in
under water plasma cutting and the variation is 87 %.

e Better surfaces occur in the areas near to outer
surfaces where the plasma head contacts first.
However, cutting becomes difficult and deep
scratches occurred increases surface roughness since
material particles removed from the part sticks to the
surface and gas pressure decreases towards the end of
the thickness of the part.

o Increasing the material thickness improves surface
roughness quality in non-alloy steels. Therefore,
cutting thick materials by plasma is advantageous.

e High plasma gas pressure causes to remove material
parts melted from the cutting zone, low gas pressure
causes so called parasite arc which harms electrode
and cutting nozzle. This reduces cutting quality and
deteriorates the arc stability.

In order to obtain stable surface roughness values in the
parts cut by plasma the working height of blower, plasma
gas used according to material type, plasma arc density,
material quality of the head used, number of use of the
head should be controlled. Material types used in the
experiments were limited since the machine tools used for
tests belong to a firm and they were very busy during
experiments. Different materials can choose and new tests
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kontrol edilmelidir. Caligmada kullanilan tezgahlarin is can be carried out.
yogunlugunun fazlaligi ve endiistriyel tezgahlar olmasi

nedeniyle malzeme ¢esidi siirli tutulmustur. Bu alanda

farkli endiistriyel malzemeler secilerek yeni caligmalar

yapilabilir.
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