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Abstract: 3D simulation of the machining process is helped out through Deform-3D software. The workpiece considered for 

the machining process is Grade 5 of the titanium compound. The dry turning activity is performed with uncoated cutting 

insert. Enhancement of the reenactment expands the efficiency. Thus, Modeling and simulation shut to the real machining 

process must be considered regarding the formation of an effective strain rate. 3D modeling is generated according to the 

Taguchi L9 approach. Three cutting parameters have fluctuated at three distinctive levels. The effective strain rate 

information according to the test format is recorded and the impact of cutting parameter on Effective strain rate is examined. 

Results uncovered that effective strain rate increases with cutting speed and feed. 
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Introduction 

The turning machining is one of the continuous machining procedures which is used in a large portion of the 

industrial sector and it has an uncountable number of utilizations in practically in all the field like marine, 

automobile, aerospace, and medical sector. Right now, for the most part, the distance across of the cylinder-shaped 

workpiece is diminished to accomplish the ideal state of the segment.[1]. 

A large number of scientists had built up a great deal of displaying strategies, numerical methodologies, limited 

component techniques, and observational strategy. In current scenario, the simulation investigation of the 

machining activity is broadly utilized for computing different kinds of outputs responses. [2]. Metal cutting 

simulation is an entangled and complex as a result of enormous deformation in the nonlinear process. With the 

help of such simulation procedures, the machining activity has built up a possibility to improvise the cutting 

variable and to overhaul the cutting insert  [3]. DEFORM 3D application gives a node erasing and producing 

criteria that lead to the improvement of the new surface during machining and making of the chip during the 

simulation process  [4]. 

Mostly in all the machining procedure manages the shear zone created during cutting of workpiece with cutting 

insert. Calculation of Strain rate is significant since it affects the both cutting tool and the newly machined surface. 

Additionally, the strain rate influences the workpiece chip interface region close to the cutting edge. The strain rate 

is moved in a few key mediums in terms of small strain increments [5]. The machining simulation of the turning 

activity needs some fundamental heat zone fields and the law of continuity leads to the start of the computation 

modeling. During demonstrating of the turning activity, the connection between the cutting insert and the 

workpiece must be appropriately characterized as far as both mechanical and thermal viewpoints. Right now the 

effective strain rate is recorded after the simulation is completed according to the L9 symmetrical design and the 

outcome is being discussed. 

3D simulation using Deform-3D 

The FEM simulation of the turning operation is carried out through Deform 3D software[6] The cutting parameter 

used for the simulation is cutting speed, feed, and depth of cut. The cutting variable has varied with three-level. 

Along these lines, if the full stage FE simulation is the be done with all the complete with a permutation of level 

and parameter than the total of 27 reproduction must be directed. Thus, to lessen the simulation time, and the 

number of simulation runs the Taguchi L9 methodology adopted. The Taguchi L9 method is thought of and as 
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indicated by the level and cutting parameter of the L9 design as appeared in table 1 the simulation is performed. 

The cutting factors and ranges are cutting speed (A) at 40, 65 and 112 m/min, feed (B) at 0.04, 0.08. also, 0.16 

mm/min, the depth of cut (C) at 0.04, 0.08 and 1.6 mm individually. Level 1 is lower value, level 2 is medium 

value and level 3 is higher value. 

Table 1 Taguchi L9 layout  

Sl no A B C 

1 1 1 1 

2 1 2 2 

3 1 3 3 

4 2 1 2 

5 2 2 3 

6 2 3 1 

7 3 1 3 

8 3 2 1 

9 3 3 2 

 

The simulation is acted in the Deform-3D software in three stages. The initial step is pre-processor right now 

cutting speed, workpiece, cutting parameter, limiting condition, and the environmental condition is characterized. 

The subsequent advance in simulation right now is generated and completed according to the characterized by the 

solver. At last, the last step is post-processor where the outcome is being portrayed and analyzed. 

Right now, uncoated cutting insert with the detail of SNMG120408 is configuration utilizing the 3D DEFORM 

software and the design file is saved in the stereolithography group (.STL). This key file is imported to the 

Deform3D software as portrayed in Figure 1. The material of cutting insert is characterized by the material library. 

The cutting tool material is tungsten carbide. The workpiece is made inside the Deform-3D workbench and the 

workpiece material is characterized as grade 5 alloy. The limiting state of the cutting activity is characterized inside 

the workbench. The lower part of the workpiece is fixed. The cutting insert is viewed as rigid body. The straight 

development of cutting is characterized by cutting speed and a steady movement is considered for the workpiece. 

The number of the elemental mesh of workpiece and the cutting insert considered is a standardized value of 

25000[7]. The simulation is completed and a total of nine effective strain rate information is recorded according to 

the Taguchi L9 format. 
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Figure 1 Cutting insert with workpiece 

Result and Discussion 

All the runs present in table 1 are simulated according to the L9 layout [8]. During the simulation, each run has a 

diverse cutting speed, feed, and depth of cut. The chip is shaped in all of the runs with Lagrange division strategy.  

The cutting parameter and the it range are organized, the FE simulation is done and the effective strain rate as 

indicated by each cutting variable and range appears in Figure 2-11. In the Figures, the effective strain rate at every 

instance is distinctive and a strain rate zone appears. The effective strain rate conveyance according to the cutting 

speed is observed. 

Cutting insert 

Chip 

Workpiece 
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Figure 2 Effective strain rate at run no 1 of Table 1 

 

Figure 3 Effective strain rate at run no 2 of Table 1 
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Figure 5 Effective strain rate at run no 3 of Table 1 

 

 

Figure 6 Effective strain rate at run no 4 of Table 1 
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Figure 7 Effective strain rate at run no 5 of Table 1 

 

 

Figure 8 Effective strain rate at run no 6 of Table 1 
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Figure 9 Effective strain rate at run no 7 of Table 1 

 

Figure 10 Effective strain rate at run no 8 of Table 1 
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Figure 11 Effective strain rate at run no 9 of Table 1 

 

It was visualized from the figures that cutting speed increases the effective strain rate. Effective strain rate 

additionally increments with feed. Additionally, with the expansion in the depth of cut the effective strain rate 

increments. As it is notable that, plastic deformation and the friction at the rake and chip surface produce the heat 

which affects the effective strain rate. The shearing happens which causes the surge of metal in the rake surface 

outcomes in extreme mutilation to the base surface of the chip and builds the effective strain rate in the workpiece 

cutting tool interface[9]. From the figures, it is portrayed that the most extreme effective strain rate shows up at 

the contact zone of the workpiece and cutting insert interface zone. The chip framed because of the shearing activity 

changes the deformation zone which contains high strain rate and strain. Further chip conveys the temperature and 

because of fast, the cooling time is less. The chip quickly streams over the rake surface creates high rubbing hence 

the cutting temperature increments thus increase the effective strain rate. 

Conclusion  

The 3D simulation of the machining procedure is finished by utilizing DEFORM-3D application. To contemplate 

the effect of effective strain rate while machining the titanium alloy grade 5 with the uncoated tungsten carbide 

cutting insert. The outcome uncovered that the most extreme effective strain rate showed up when the cutting speed 

is high. 
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