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Abstract. Tensile testing is the most basic material testing machine. Destructive testing is one of the tests to see the strength and toughness of the material. This test is very simple, inexpensive, and has been standardized all over the world, for example in America with ASTM E-8 and Japan with JIS 2241. This research wants to see the strength of the material using the finite element method. The finite element method is a numerical method used to solve engineering problems. For numerical analysis using the SolidWorks software. The material used is low carbon steel and the geometry is formed according to ASTM E8. To see the composition of the material used optical emission spectroscopy microscope. Experimental tensile testing uses a Universal Test Machine tensile testing machine with a maximum capacity of 50 kN. The results of experimental tests and the results of observations of the composition of the material are entered into the SolidWorks software and then perform simulations to obtain/know the magnitude of the strength value of the material. Before the simulation, each specimen geometry is distinguished/varied based on the length of the mesh. Variation of mesh 2, 4, 6, 8, and 10. From the experimental test results, the stress value obtained is 2.451E+09N/m2. The results of the numerical simulation, the stress value on the material in each variation is different, this indicates that the simulation is running well. The voltage value obtained in the experiment is not that far from the simulation results. The simulation results with 2 and 4 mesh lengths are very close to the experimental values. The larger the mesh will affect the value of the simulation results. 

	Keywords - Tensile Test, Numeric Simulation, SolidWorks.

	 

	
		Introduction 



	Tensile testing is the most basic materials testing machine. This test is very simple, inexpensive, and has been standardized around the world, for example in America with ASTM E-8 and Japan with JIS 2241. By pulling on a material we will know how the material reacts to tensile forces and know how far the material increases long. Experimental equipment for this tensile test must have a strong grip and high stiffness. Well-known brands for tensile testing equipment include Shimadzu[1], Instron, and Dartec [2].

	The properties of carbon steel are highly dependent on carbon content, therefore carbon steels are grouped based on their carbon content. Steel with a carbon content of less than 0.3% is called low carbon steel, steel with a carbon content of 0.3%-0.6% is called medium carbon steel and steel with a carbon content of 0.6%-1.5% is called steel. high carbon [3]. Materials of low carbon steel affect the mechanical properties of materials, such as material toughness, material yield strength and material elongation [4][5]. In addition to experimental tensile testing, now many simulation studies have been carried out using multiple software that supports and investigates the mechanical properties of a metal material. [6].

	The finite element method is a numerical method used to solve engineering problems such as geometry[7], loading, and the properties of very complex materials. [8][9]. The process of the finite element method is to divide a complex problem into elements to make it easier to get a solution. The solutions of each element are then combined so that they become the overall problem solution [10]. Based on references from several studies that have been carried out, the finite element method is one solution that can be done to investigate research problems related to the mechanical properties of the material.

	 

	 

	
		Method



	The material used is ST37 low carbon steel plate profile with dimensions of 1.6mm thickness. the composition of the test material can be seen in table 1. The geometry of the material refers to ASTM E8 which is formed using a machining process.

	Tabel 1. Steel Composition ST37

	
		
				Spessimen

				C
(%)

				Si
(%)

				S
(%)

				P
(%)

				Mn
(%)

				Ni
(%)

				Cr
(%)

				Mo
(%)

				Cu
(%)

				Al
(%)

		

		
				 
Plat

				0.189

				0.0461

				0.0133

				0.0188

				1.18

				1.70

				0.0449

				0.0514

				0.0272

				0.0474
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	Figure 1. Material modeling geometry [11].

	 

	The process of data collection by the experimental method using a universal test machine (UTM). The experimental data results are inputted into the software for numerical investigations of the material. The application used is Solidox 2020, where then the geometric model is distinguished based on mesh variations. The variations of the mesh are shown in table 2. Each meshing of the material. The geometric shape of the plate has meshed into small parts of a triangular shape, which can be seen in Figure 2 [12].

	 

	Table 2. Mesh Variations

	
		
				Element Size

				Total Nodes

				Total Elements

		

		
				2 mm

				116893

				68268

		

		
				4 mm

				50202

				27224

		

		
				6 mm

				34955

				18746

		

		
				8 mm

				32795

				17663

		

		
				10 mm

				30670

				16403

		

	

	The next step is to limit this numerical simulation. This limitation includes the fixed position and the position of applying static force according to the specifications of the UTM 5000N testing machine on the material shown in Figure 2.

	[image: Image]

	Figure 2. Fixed position and static force.

	 

	
		Results and Discussion

		 



	
		Observation of Material Composition



	The material composition was tested using optical emission spectroscopy. The test results have been presented in table 1 above. After getting the results of testing the material composition of ST37 steel, it is included in the category of low carbon steel with carbon content below 0.15%. [13], [14].

	 

	
		Hasil Tarik Eksperimental



	The experimental tensile test results are 2.451E9 N/m2.

	Where the formula : 

	Stress =  

	          

	The results of the fracture from the test are shown in Figure 3. The data obtained from the experimental test results are entered into the SolidWorks application to continue the numerical test.
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	Figure 3. Test specimen testing (after)

	 

	 

	
		Numerical Simulation Results



	The simulation results showed in Table 3. The increase in the stress value in the SolidWorks numerical simulation in each mesh variation is not so significant.

	 

	Table 4.1. Validation of simulation and experimental stress

	
		
				No

				Total Node

				Total Elemen

				Simulation

				Experiment

		

		
				Tegangan N/m²

				Tegangan N/m²

		

		
				1

				116893

				68268

				2,450e+09

				2,451e+09

		

		
				2

				50202

				27224

				2,452e+09

				 

		

		
				3

				34955

				18746

				2,455e+09

				 

		

		
				4

				32795

				17663

				2,458e+09

				 

		

		
				5

				30670

				16403

				2,460e+09

				 

		

	

	 

	 

	 

	 

	The graph shows the voltage value from the simulation and experimental results, the stress that occurs in the experimental material is 2.451E+09N/m2. The results of the numerical simulation with the mesh variation of the stress value are not much different from the experimental stress. In the graph, the variation of the mesh is indicated by the total element. At element 68268 the voltage is 2.450E+09N/m2, at element 27224 the voltage is 2.452E+09N/m2, at element 18746 the voltage is 2.455E+09N/m2, at element 17663 the voltage is 2.458E+09N/m2, at element 16403 the voltage is 2.460 E+09N/m2.

	

	
		Stress



	Figure 4. Experimental and simulated stress values.

	 

	The following is one of the results of the stress node points that occur in the cross-section in the fixed area. Can be seen in the image below.
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	Figure 5. Stress distribution with cross-section 1 (fixed).

	
		Conclusion



	It can be concluded from the observations in the study that the stress value that occurs in each variation of the element is different, the more the total number of elements, the smaller the stress value. Vice versa, the fewer the total elements, the greater the voltage value. The change in the voltage value that occurs is not so large, it is still in the range of 2.45E+09N/m2 to 2.46E+09N/m2. The simulation results are very close to the experimental results.
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