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			Abstract

			In this study, a full factorial experimental design technique was applied to determine the optimum feed rate and cutting depth of the workpiece processed by CNC profile cutting machine. As the machining parameters, the lateral burr height, cutting time and the amount of wear on the cutting wheel depending on the feed rate and cutting depth were investigated and found statistically in Minitab 18 package program. In order to compare the cutting times of the profile cutting machines and CNC profile cutting machines used today, time tracking was made. By applying the full factorial method, a total of 25 experiments was carried out in 5 and 5 levels, respectively, as feed rate and cutting depth factors. As a result of the experiment, it was determined that the cutting depth had more effect on the wear on the cutting stone than the feed rate.
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			Introduction

			Computer numerical control is a modern concept in the manufacturing and manufacturing industries. However, the concept of CNC is based on the basic idea or numerical control of the NC. The idea of numerical control began when the automation of machine tools initially contained very specific concepts of programmable logic. Initially, the first NC machines were built back in the 1940s. In the 1950s, some more advanced machines appeared. These manufacturing machines are based on existing vehicles modified with engines designed to move the controls of the machine. These checks followed certain points fed to the machine with perforated tape. These early mechanisms were soon developed in both analog and digital computers. The introduction of computer technology into the concept of numerical control has led to what we now know as computer numerical control [1,2]. Following the discovery of unalloyed and alloyed tool steels, the discovery of Taylor speed steels and hard carbide tool steels led to the birth of NC, DNC, CNC machines. The automation system has been expanded and the optimization cycle has been started [2,3]. After the World War II, John Parsons sought to improve the plane by creating hardened leather for them. This led to a number of important Air Force research projects conducted at the Massachusetts Institute of Technology (MIT). This research began in 1949. After early planning and research, an experimental milling machine was designed at MIT. Professor JF Reintjes and his research team were involved in this project. [3,4]. Today, the cutting speed of the machines used for profile cutting is made irrespective of the depth of cut and eye decision. With the CNC profile cutting machine which is manufactured and manufactured, parameters such as feed rate and cutting depth can be controlled in computer environments. In this study, the effect of feed rate and depth of cut on the lateral surface burr height, cutting time and abrasion on the cutting wheel was investigated and optimized [5,6].

			In this study, prototype design and manufacture of CNC profile cutting machine has been performed and machine working tolerances have been tested and calibration has been performed successfully. Cutting wheels are cheaper and faster than cutting tools used in other cutting operations. The effect of feed rate and depth of cut on the life of the cutting wheel was investigated. Cutting was performed at a constant 90 ° right angle.

			Materials and Methods

			Computer controlled profile cutting machine

			CNC Profile cutting machine consists of Kart X “and “Y” axes in Cartesian coordinate system. With the drive provided by stepper motors, ball screw, ball screw nut, Delrin bearing wheels enables linear movement in axes. The main body of the machine consists of sigma profiles as shown in Figure 1. The grinding machine used has a cutting capacity of 11000RPM. Cutting the wheel diameter maximum 115mm is used. Machine Working capacity is 450mmx450mm. With the help of the G-Code created according to the dimensions of the workpiece, Machon can perform autonomous cutting without touching.

			Angle grinding machine

			Individual users in one-off transactions usually use it. Due to its portability, it is widely used in the market. The palm grinder used in the application in Figure 2 has a capacity of 115mm cutting stone at a maximum speed of 11000 rpm. In this study, it has the same features as the grinding machine used in CNC profile cutting machine. 
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							Figure 1: Computer controlled profile-cutting machine.
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							Figure 2: Angle grinder and cutting stone.

						
					

				
			

			Profile cutting machine

			Profile cutting machine can cut at a constant 90 °. The device used in the embodiment of Figure 3 can cut at 3800rpm. The maximum cutting wheel diameter is 355mm. 

			Cutting time measurement for Profile Cutting Machines

			Cutting time tracking shall be made for the angle grinder, profile cutting machine and CNC profile cutting machine designed and produced. Table 1 shows the test parameters of the machines to be used in the application. Cutting time, for the profile to be cut, the marking will be terminated by performing a clamping-cutting operation. The feed rate and cutting depth of machines other than CNC profile cutting machines are not known by hand. Aluminum 40x20mmdimensions box (rectangular) profile cutting was made (Table 1). 
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							Figure 3: Profile cutting machine.

						
					

				
			

			Table 1: Parameters of machines used in time tracking.

			
				
					
					
					
					
				
				
					
							
							Machine Type

						
							
							Feed rate mm/min

						
							
							RPM

						
							
							Cutting Depth (mm)

						
					

					
							
							CNC Profile Cutting

						
							
							1000

						
							
							11000

						
							
							2

						
					

					
							
							Angle Grinder

						
							
							-

						
							
							11000

						
							
							-

						
					

					
							
							Profile Cutting

						
							
							-

						
							
							3800

						
							
							-

						
					

				
			

			Full factorial test method and parameters

			The full factorial method was used to simultaneously investigate the main effects and interaction effects of two or more factors [3]. The 25 tests were performed in the test setup with 5 and 5 levels, respectively, with the test parameters A and B factors specified in Table 2. The test setup for the analysis of the cutting time, lateral burr height and abrasion of the cutting stone at different feed rates and cutting depth of the manufactured CNC profile-cutting machine is as indicated in Table 3. After the test, cutting time, abrasion amount and lateral burr height measurements was investigated (Table 2).  

			Table 2: Test parameters, levels and desired outputs.

			
				
					
					
					
					
					
				
				
					
							
							Factors

						
							
							Unit

						
							
							CODE

						
							
							Levels

						
							
							Output

						
					

					
							
							Feed rate

							
Cutting depth

						
							
							mm/min

							
mm

						
							
							A

							
B

						
							
							100; 325; 550; 775; 1000

							
0,5; 1,5; 2, ;2,5

						
							
							Cutting Time (s)
Wear amount (mm)
Lateral diameter height (mm)

						
					

				
			

			Table 3: Full factorial experimental setup and ranking.

			
				
					
					
					
					
					
					
				
				
					
							
							Experiment No

						
							
							Feed mm / min

						
							
							Cutting Depth (mm)

						
							
							Experiment No

						
							
							Feed mm / min

						
							
							Cutting Depth (mm)

						
					

					
							
							1

						
							
							100

						
							
							0,5

						
							
							16

						
							
							775

						
							
							0,5

						
					

					
							
							2

						
							
							100

						
							
							1

						
							
							17

						
							
							775

						
							
							1

						
					

					
							
							3

						
							
							100

						
							
							1,5

						
							
							18

						
							
							775

						
							
							1,5

						
					

					
							
							4

						
							
							100

						
							
							2

						
							
							19

						
							
							775

						
							
							2

						
					

					
							
							5

						
							
							100

						
							
							2,5

						
							
							20

						
							
							775

						
							
							2,5

						
					

					
							
							6

						
							
							325

						
							
							0,5

						
							
							21

						
							
							1000

						
							
							0,5

						
					

					
							
							7

						
							
							325

						
							
							1

						
							
							22

						
							
							1000

						
							
							1

						
					

					
							
							8

						
							
							325

						
							
							1,5

						
							
							23

						
							
							1000

						
							
							1,5

						
					

					
							
							9

						
							
							325

						
							
							2

						
							
							24

						
							
							1000

						
							
							2

						
					

					
							
							10

						
							
							325

						
							
							2,5

						
							
							25

						
							
							1000

						
							
							2,5

						
					

					
							
							11

						
							
							550

						
							
							0,5

						
							
							
							
					

					
							
							12

						
							
							550

						
							
							1

						
							
							
							
					

					
							
							13

						
							
							550

						
							
							1,5

						
							
							
							
					

					
							
							14

						
							
							550

						
							
							2

						
							
							
							
					

					
							
							15

						
							
							550

						
							
							2,5

						
							
							
							
					

				
			

			CNC profile cutting machine cutting movement

			The cutting method shown in Figure 4 is the cutting method used for all experiments on CNC profile cutting machine. The is the point (0,0) of the work piece. Before the cutting operation, the distance of the cutting depth has been left in order to reach a sufficient number of revolutions. d: Cutting depth, L: Cutting length.

			Lateral burr height and measurement

			The lateral burr height is the distance from the main part to the melting aggregates at the edges of the profile caused by friction on the cutting surface. In each experiment, the maximum lateral burr height was measured with a caliper. Figure 5 shows the locations where measurements were made.
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							Figure 4: Cartesian coordinate representation of the go-and-go movement.
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							Figure 5: Lateral burr height measurement locations.

						
					

				
			

			Wear amount and measurement

			The amount of wear is the reduction in the diameter of the cut-off wheel after cutting. Measurements were made before and after cutting with the help of caliper. As shown in Figure 6, measurements were made from two different points and the average of these measurements was found to be the amount of wear.
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							Figure 6: Measurement of abrasion on cutting wheel.

						
					

				
			

			Result and Discussion

			The cutting time of the CNC profile-cutting machine and the profile cutting machines used in the other market were compared and the data in Table 4 was obtained. Within the scope of the study, the feed rate and cutting depth indicated in Table 3 are variable parameters. The speed was kept constant at 11000rpm. In order to minimize cutting time, minimizing the lateral burr height and minimizing the amount of wear after cutting on the cutting stone, the experimental data were optimized. The size of the aluminum profile cut in each test number is 40x20mm. Mach3 card and Mach3 interface program with the help of the G code is sent by cutting. Following the test set out in Table 3, 25 cuts were made. Diameter distance was measured with the help of caliper by measuring the amount of wear on the cutting wheel. The maximum lateral burr height was measured with a caliper. Outputs are given in Table 5. As a result of full factorial experimental analysis, optimum cut-off parameter according to triple factor was found in Table 6 (Figures 7-9). 

			Table 4: 40x20mm Al profile cutting time for different machines.

			
				
					
					
					
					
					
				
				
					
							
							Machine Type

						
							
							Feed Rate (mm/min)

						
							
							Number of Revolutions (RPM)

						
							
							Cutting Depth (mm)

						
							
							Cutting Time (s)

						
					

					
							
							CNC Profile Cutting

						
							
							1000

						
							
							11000

						
							
							2

						
							
							44

						
					

					
							
							Angle Grinder

						
							
							-

						
							
							11000

						
							
							-

						
							
							90

						
					

					
							
							Profile Cutting

						
							
							-

						
							
							3800

						
							
							-

						
							
							41

						
					

				
			

			Table 5: Test results for 40x20mm aluminum box profile.

			
				
					
					
					
					
					
					
				
				
					
							
							Experiment No

						
							
							Feed Rate mm / min

						
							
							Cutting Depth (mm)

						
							
							Time (s)

						
							
							Wear Amount (mm)

						
							
							Lateral Burr Height (mm)

						
					

					
							
							1

						
							
							100

						
							
							0,5

						
							
							1197

						
							
							0,02

						
							
							0,01

						
					

					
							
							2

						
							
							100

						
							
							1

						
							
							615

						
							
							0,14

						
							
							0,26

						
					

					
							
							3

						
							
							100

						
							
							1,5

						
							
							452

						
							
							0,07

						
							
							0,32

						
					

					
							
							4

						
							
							100

						
							
							2

						
							
							345

						
							
							0,13

						
							
							0,79

						
					

					
							
							5

						
							
							100

						
							
							2,5

						
							
							278

						
							
							0,15

						
							
							0,57

						
					

					
							
							6

						
							
							325

						
							
							0,5

						
							
							405

						
							
							0,05

						
							
							0,16

						
					

					
							
							7

						
							
							325

						
							
							1

						
							
							188

						
							
							0,21

						
							
							1,28

						
					

					
							
							8

						
							
							325

						
							
							1,5

						
							
							144

						
							
							0,22

						
							
							1,05

						
					

					
							
							9

						
							
							325

						
							
							2

						
							
							113

						
							
							0,19

						
							
							1,27

						
					

					
							
							10

						
							
							325

						
							
							2,5

						
							
							82

						
							
							0,25

						
							
							1,75

						
					

					
							
							11

						
							
							550

						
							
							0,5

						
							
							231

						
							
							0,06

						
							
							0,07

						
					

					
							
							12

						
							
							550

						
							
							1

						
							
							129

						
							
							0,17

						
							
							0,57

						
					

					
							
							13

						
							
							550

						
							
							1,5

						
							
							91

						
							
							0,09

						
							
							1,64

						
					

					
							
							14

						
							
							550

						
							
							2

						
							
							69

						
							
							0,16

						
							
							1,9

						
					

					
							
							15

						
							
							550

						
							
							2,5

						
							
							56

						
							
							0,2

						
							
							1,84

						
					

					
							
							16

						
							
							775

						
							
							0,5

						
							
							167

						
							
							0,14

						
							
							0,16

						
					

					
							
							17

						
							
							775

						
							
							1

						
							
							95

						
							
							0,12

						
							
							1,49

						
					

					
							
							18

						
							
							775

						
							
							1,5

						
							
							67

						
							
							0,11

						
							
							0,62

						
					

					
							
							19

						
							
							775

						
							
							2

						
							
							54

						
							
							0,22

						
							
							0,73

						
					

					
							
							20

						
							
							775

						
							
							2,5

						
							
							42

						
							
							0,29

						
							
							1,09

						
					

					
							
							21

						
							
							1000

						
							
							0,5

						
							
							135

						
							
							0,08

						
							
							0,17

						
					

					
							
							22

						
							
							1000

						
							
							1

						
							
							79

						
							
							0,22

						
							
							1,27

						
					

					
							
							23

						
							
							1000

						
							
							1,5

						
							
							53

						
							
							0,19

						
							
							1,05

						
					

					
							
							24

						
							
							1000

						
							
							2

						
							
							44

						
							
							0,26

						
							
							1,16

						
					

					
							
							25

						
							
							1000

						
							
							2,5

						
							
							38

						
							
							0,4

						
							
							1,96
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							Figure 7: CNC profile machine after cutting parts and cutting surface.
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							Figure 8: Angle grinder machine with cut piece and cutting surface.
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							Figure 9: Profile cutting machine with cut piece and cutting surface.

						
					

				
			

			Table 6:  Optimum cutting parameter for wear, cutting time, lateral diameter height.

			
				
					
					
					
					
				
				
					
							
							Factor

						
							
							Parameter

						
							
							Unit

						
							
							Value

						
					

					
							
							A

						
							
							Feed rate

						
							
							mm / min

						
							
							775

						
					

					
							
							B

						
							
							Cutting depth

						
							
							mm

						
							
							0,5

						
					

				
			

			When we examine Figure 9, it is seen that the melting agglomeration is the highest on the cutting surface of the profile cutting machine with the highest speed. The large number of revolutions and the surface of the cutting stone caused more heat to be released, causing the masses to cut on the surface. It is necessary to clean the cutting surface by grinding with additional process. 90-degree right angle has been successfully cut to desired dimensions. Cutting time was 44 seconds. In Figure 8, the cutting surface of the part connected to the cutter on the palm grinder could not be fully cut. Cutting time was 90 seconds. Additional burr cleaning on the cutting surface is required. In Figure 7, the cutting time on the CNC profile-cutting machine lasted 41 seconds. The lateral burr height was the least cut (Table 5; Figures 10-12).
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							Figure 10:  Influence graph of the main factors for wear on the cutting wheel.
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							Figure 11: Influence graph of the main factors for lateral burr height.
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							Figure 12: Coefficient of influence of main factors on wear.

						
					

				
			

			Under optimum conditions, the cutting time is 167 seconds, the lateral burr height is 0.14mmand the wear amount is 0.16mm. No additional cleaning and grinding are required. Cutting surface quality under optimum cutting conditions is shown in Figures 13 & 14.

			In Figure 15, at a feed rate of 1000mm/min, the lateral burr height was 1.27mm with a cutting depth of 1mm and the lateral burr height 1.96mmwith a cutting depth of 2.5mm. As the cutting depth increases, the lateral burr height increases. In Figure 16, the cutting depth was 2.5mm at a feed rate of 775mm/min, while the lateral burr height was 1.09mm. When we compare the cutting surface at a cutting depth of 550mm/min, 325mm/min, 100mm/min for feed rate, the lateral burr height was measured as 1.84, 1.75, 0.57mm, respectively, and the difference between them was shown in Figures 17-19. It indicated. The lowest abrasion and lateral burr height were measured at a feed rate of 100mm/min and a cutting depth of 0.5mm. The cutting surface is shown in Figure 19. Although it has the lowest abrasion and lateral burr height, it is not preferred for optimization because the cutting time is 1197 seconds.
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							Figure 13: Part cut surface in optimum conditions.
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							Figure 14: Effect of main parameters on cutting time.
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							Figure 15: Surface change due to cutting depth at feed rate of 1000mm/min.
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							Figure 16: Surface change due to cutting depth at feed rate F775mm/min.

						
					

				
			

			
				
					
				
				
					
							
							[image: ]

						
					

					
							
							Figure 17: Surface change due to cutting depth at feed rate of 550mm/min.
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							Figure 18: Surface change due to cutting depth at feed rate of 325mm/min.
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							Figure 19: Surface change due to cutting depth at feed rate of 100mm/min.

						
					

				
			

			The following equations were obtained for the estimation of wear amount and lateral burr height depending on the main parameters as a result of linear regression analysis.

			Abrasion = -0.0150 + 0.000110 A + 0.0792 B (1)

			Lateral Burr Height = -0,219 + 0,000523 A + 0,572 B (2)

			Using the equation (1), the estimated amount of wear was calculated for each test number and a comparison with the actual measured amount of wear is given in Figure 20.

			Results

			In this study, the effect of the cutting surface on lateral diameter height, cutting stone wear and cutting time change was investigated statistically by using full factorial method.

			The comparison of the cutting time of the profile cutting machines and the CNC profile cutting machines that are manufactured and produced are made.

			The following results can be drawn from the experiments and statistical calculations;

			
					As a result of the analysis, the cutting time is shorter as the feed rate and depth of cut increases in Figure 14.

					Figure 10 shows that as the cutting depth increases, the amount of wear on the cutting wheel increases.

					It has been determined that the optimum cutting parameter feed rate is 775mm/min and the cutting depth is 0.5mm by keeping cutting time, abrasion amount and lateral burr height to a minimum.

					Compared to profile cutting machines and CNC profile-cutting machines in the market, cutting process was realized with palm grinding machine at the latest and cutting with the earliest profile cutting machine.

					Figure 11 shows that the higher the depth of cut, the higher the lateral burr height.

					It is understood from the data in Figure 12 that the cutting depth affects the wear on the cutting wheel more than the feed rate.

					In the tests where the cutting depth is high in the cutting stone, regional crater wear is seen. Excessive recesses and protrusions in the cut stone made it difficult to measure the amount of wear. It was observed that the abrasion in the stone was homogeneous at low cutting depths.	[image: ]

	Figure 20: Estimated wear amount compared to experimental wear amount. 
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