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Abstract.	The cutting process in plasma cutting begins with the formation of a 
pilot arc between the electrode and the workpiece as a result of the electrical 
ionization reaction of the highly conductive cutting gas. The gas is heated by 
the pilot arc until its temperature rises very high then the gas will be ionized 
and become a conductor of electricity. When the gas stream leaves the nozzle, 
the gas expands rapidly carrying the molten metal so that the cutting process 
continues. This plasma temperature can reach 33,000°C, approximately 10 
times the temperature produced by the reaction of oxygen and acetylene. If this 
is related to the mechanical properties of the material, where the material has 
been heated it will result in changes in the mechanical properties of the material 
in the heating area/around the cutting plane. Tensile testing is the most widely 
used type of test because it is able to provide representative information on the 
mechanical behavior of the material. Seeing an incident like this, it is necessary 
to test the Effect of Plasma Cutting on the Tensile Strength of 'Fe' Materials 
through a tensile test. Several studies have shown that torch height, amperage 
and cutting speed can affect material properties. The best tool parameter 
settings are obtained at a travel speed of 500 mm/min, 75 amperes and a torch-
material distance of 3 mm, so that these settings are used as a reference in this 
study. In analyzing the data, the authors compare the results of plasma cutting 
testing with conventional cutting, in order to know the changes in mechanical 
properties that occur.	
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1. INTRODUCTION 

The lower the torch distance used, the smaller the value of the kerf width and the resulting surface roughness 
[1][2]. The results show that the lower the rate of decline, the higher the hardness value and vice versa [3]. This 
process uses a concentrated electrical arc which melts the material through a high-temperature plasma beam. All 
conductive materials can be cut. Plasma cutting units with cutting currents from 20 to 1000 amperes to cut plates 
with inert gas, 5 to 160 mm thicknesses. Plasma gases are compressed air, nitrogen, oxygen or argon/ hydrogen to 
cut mild and high alloy steels, aluminum, copper and other metals and alloys [4][5]. The quality characteristics 
that were assessed included the surface roughness, the heat affected zone and the conicity of the cut geometry. 
Using design of experiments and analysis of variance, it was found that the surface roughness and the conicity are 
mainly affected by the cutting height, whereas the heat affected zone is mainly influenced by the cutting current 
[6]. 

The PAC parameters studied were how to have setting for the parameter such as Gas Pressure, Current 
flow, Cutting Speed and Arc gap of machine [7]. The plasma process is suitable for electrically conducting 
materials of thickness from 1 to 600 mm. The plasma cutting process may be used to cut any conductive material, 
including carbon steel, stainless steel, aluminum, cooper, brass, cast metals and exotic alloys [8]. The quality 
characteristics that were assessed included the surface roughness, the heat affected zone and the conicity of the cut 
geometry. Using design of experiments and analysis of variance, it was found that the surface roughness and the 
conicity are mainly affected by the cutting height, whereas the heat affected zone is mainly influenced by the 
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cutting current [9]. Plasma cutting, whether conventional or precision, is a fast, economical way to produce parts. 
Manufacturers should first understand the process, and then determine if this or another process produces the parts 
more effectively [10]. The term for advisable state of plasma arc is called stability of arc too. The stability of arc 
is keeping the plasma jet in desired form. It is possible to be provided by: shape of plasma torch; streaming jet; 
water. We must monitor these parameters: temperature and electrical conducting; density of plasma jet; diameter 
of plasma beam; degree of the plasma beam focusing in out put from nozzle [11]. Plasma is a thermally highly 
heated up, electrically conductive gas, which consists of positive and negative ions, electrons as well as of excited 
and neutral atoms and molecules. At the physics they often speak of the 4th state of aggregation [12]. For the 
cutting process first of all a pilot arc ignition by high voltage between nozzle and cathode takes place. This low- 
energy pilot arc prepares by ionization in parts the way between plasma torch and workpiece. When the pilot arc 
touches the workpiece (flying cutting, flying piercing), the main arc will start by an automatic increase in power 
[13].  

The PAC process uses this high temperature, constricted, high velocity jet of ionized gas exiting from the 
constricting orifice of the torch tip to melt a much localized area and remove the molten material from the metal 
being cut by the force of the plasma jet. The force of the arc pushes the molten metal through the work piece and 
severs the material. Extremely clean and accurate cuts are possible with PAC. Because of the tightly focused heat 
energy, there's very little warping, even when cutting thin gauge sheet metal thickness. PAC also offers quality 
gouging and piercing capabilities [14]. 

"Torch stand-off" is the distance the outer face of the torch tip or constricting orifice nozzle is to the base 
metal surface. This standoff distance will be determined by the thickness of material being cut and the amperage 
required. Low heat build-up while cutting with less than 40 amperes may allow dragging the torch tip on the 
material. If a high build-up of heat is expected, a standoff distance of 1/16" to 1/8" will be required. This is easily 
accomplished with a Miller ICE torch with a "Drag Shield". The "Drag Shield" works with the flow dynamics of 
the torch to provide better cooling of the consumable parts for longer parts life. This permits the operator to drag 
the torch on the work piece while cutting at full output, which increases operator comfort and makes template 
cutting easier [15]. The treatment of the nozzle is physical condition checking, cleaning and proper testing. This 
test is done by Plasma temperatures can reach 33,000°C, approximately 10 times the temperature produced by the 
reaction of oxygen and acetylene [1]. If this is related to the mechanical properties of the material, where the 
material has been heated it will result in changes in the mechanical properties of the material in the heating 
area/around the cutting plane. Tensile testing is the most widely used type of test because it is able to provide 
representative information on the mechanical behavior of the material. Seeing an incident like this, it is necessary 
to test the Effect of Plasma Cutting on the Tensile Strength of 'Fe' Materials through a tensile test. 
 
 
2. METHODS  
 Material with a length of 500 mm, a width of 200 mm and a thickness of 8 mm, as shown in the picture 
then cut with plasma cutting and manually (bandsaw) with a cut size of 200 mm long, 20 mm wide and 8 mm 
thick. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Test material design 
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Figure 2. Plasma cutter and manual cutter 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. Cutting result 
 
 

After the plasma cutting process is carried out, the test object is prepared in such a way according to the 
test method, to fit the clamp on the tensile test equipment, then the test material is tested for tensile strength 
to obtain the required data. The dimensions of the test object are made 200 mm X 20 mm X 8 mm then a notch 
is made on the cutting results to be tested as shown in Figure 4. 

 
 
 
 
 
 
 
 
 
 

 
 
 

Figure 4. Tensile test object 
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Figure 5. Formation of test object and specimens ready for test 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6. Tensile strength testing process 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 7. Tensile strength testing process 
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3. RESULTS AND DISCUSSION 
3.1. Research data 
 To find out the properties of the material above, a test or evaluation must be carried out with the aim of 
obtaining a material that is in accordance with its classification. Tests on materials in general can be divided into 
two parts, namely [5]: 

1.) Destructive Test This test is destructive to the workpiece, so in this test a test specimen is needed (test 
specimens are duplicates of workpieces derived from the same material). 
   Tensile Test 

The purpose of conducting a mechanical test is to determine the material response of a construction, 
component or fabricated assembly when subjected to external loads or deformations. 

2.) Non-Destructive Test This test does not damage the workpiece, so no test specimen is needed and can be 
directly tested on the workpiece. This is done with the aim of seeing surface defects and below the surface 
of the workpiece. 

 
The process of testing the specimens was carried out at the Bali State Polytechnic Material Testing 

Laboratory. The test carried out is a destructive test to determine the tensile strength of the welding results. The 
number of samples is 10 for each variable. The test results can be seen in Table 1 below. 

 
 

Table 1. Research data  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
The tendency of the material to fracture or crack more quickly if given the same stress is the brass material 

followed by a mixture of steel and iron. This is related to the strength of the material, where brass has a very low 
tensile strength when compared to alloy steel and iron. Factors that cause fracture, due to the rate of deformation 
and the origin of the material formed [16].  

In testing iron, brass and mixed steel with a tensile test, if each material is pulled, there will be an elongation 
of the original length and this will cause a shrinkage of the width from the original width. This means that the 
percentage effect of the width shrinkage will be proportional to the percentage of the elongation of the material. 
This comparison is known as the Poisson ratio. The Poisson ratio for each material used is different from one 
another, where the Poisson ratio for iron is msteel = 0.106±0.002, brass is mbrass = 0.104±0.002 and manneal 
alloy steel = 0.103±0.005. The Poisson ratio for iron is greater than the Poisson ratio for brass and alloy steels. 
This means that the elasticity of the iron material is greater than that of brass and mixed steel, and besides that, the 
composition of the formation or composition of the material is also different when the tensile treatment is carried 
out by the force distributed to the material which also affects the strain [16].  
 
 
3.2. Data processing  

The test results show: 
1. There is a difference in tensile strength from the results of the cuts made, where there is a change/increase 

in the tensile strength of both the ST 42 plate and the used plate. For the New plate with manual cutting 
after averaged it has a tensile strength of 36.69 kgf/mm2 and with plasma cutting after averaging the 

Sample 
Material Tensile Strength (kgf/mm²) 

Manual cutting Plasma Cutting 

  ST 42 Used materials ST 42 Used materials 
1 36.48 33.576 37.734 33.79 
2 36.97 33.624 37.612 33.766 
3 36.508 33.398 37.704 33.804 
4 36.564 33.502 37.504 33.998 
5 36.85 33.56 37.48 33.82 
6 36.75 33.6 37.552 33.852 
7 36.624 33.486 37.652 33.902 
8 36.86 33.442 37.802 33.798 
9 36.716 33.492 37.588 33.832 
10 36.54 33.546 37.732 33.786 

Average 36.69 33.52 37.64 33.83 
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tensile strength increases to 37.64kgf/mm2. While the used plate with manual cutting after averaged has 
a tensile strength of 33.52 kgf/mm2 and with plasma cutting after averaging the tensile strength increases 
to 33.83 kgf/mm2 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 8 Graph of manual and plasma cutting results the new Plate 

 

 

 
 
 

 
 
 
 
 
 
 

 

Figure 9 Graph of manual and plasma cutting results the used Plate 

The increase in tensile strength is the result of the influence of cutting temperatures with high plasma 
cutting making structural changes in the metal so that hardening occurs. On the one hand, these changes 
have both good and bad effects, the good being that the material becomes stronger in accepting the load, 
while the bad thing is that in the next processing stage, the material requires harder tools/equipment for 
processing; Another effect is that with increasing hardness, it will automatically become more 
brittle/breakable in other words the material will have a lack of receiving vibrations. 

2. Based on the data obtained, the increase in tensile strength for new materials is 2.58% while for used 
materials it is 0.93%, it should be noted that this value is not absolute. Corrosion due to the environment 
is also human error during the cutting process and specimen making. 

 
 
4.  CONCLUSION  

There is an increase in tensile strength in the new material by 2.58% while in the used material by 0.93%. 
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