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Abstract: The three-dimensional simulation of turning process is carried out by Deform-3D software. The Grade 2 of 

titanium alloy is considered as the workpiece. The dry turning operation is done by using uncoated cutting insert. 

Enhancement of the recreation expands the profitability. Subsequently, Modeling and prediction shut to the genuine 

turning process must be considered as far as the stress examination. The 3D machining simulation is reenacted according 

to the Taguchi L9 symmetrical array. Three cutting parameters is changed at three diverse level. The effective stress 

information according to the trial design are recorded and the impact of cutting parameter on Effective stress are talked 

about. Result uncovered that speeding up the cutting speed increased the effective stress. 
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Introduction 

The turning procedure is one of the basic procedures which is done in a large portion of the industry and it has 

an uncountable number of utilizations in practically all the field. Right now for the most part the diameter of 

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

Huge numbers of the scientists had build up a great deal of demonstrating strategies, numerical methodologies, 

limited component techniques and experimental strategy. In current diegetic the simulation examination of the 

machining activity is generally utilized for figuring different sorts of yield reactions.[2]. Metal cutting 

reproduction is a muddled and complex as a result of huge distortion in nonlinear procedure. By help of such 

simulation strategies the machining activity have build up a possibility to extemporize the cutting variable and 

to update the cutting tool [3]. Deform 3D programming give a hub erasing and producing criteria which lead to 

improvement of the new surface subsequent to machining and making of the chip during the simulation 

procedure.[4]. 

In general, all the machining process deals with the stress zone generates during cutting of grade 2 alloy with 

cutting tool. Stress play a major role since is changes the surface properties of the machined surfaces. Also, the 

stress affects the machined area and near to the cutting edge of the cutting tool. The stress developed in the 

workpiece is transferred in three normal stress components and three shear stress components. [5]. The turning 

simulation need some basic stress fields and law of continuity represent the beginning of the calculation model. 

During simulation of the turning operation, the relation between the cutting tool and the workpiece have to be 

properly defined in terms of both mechanical and thermal aspects. In this paper the effective stress is recorded 

after the FE simulation is done as per the L9 orthogonal layout and the outcome is thoroughly incorporated in 

this paper. 

3D simulation using Deform-3D 

The simulation of the turning activity is done through Deform 3D software.[6] The reproduction of the turning 

activity is done through Deform 3D software.[6] The cutting variable considered for the simulation are cutting 

speed, feed and depth of cut. The cutting variable has fluctuated with three-level. Along these lines, if the full 

stage reenactment is the be completed with all the blend of level and parameter than all out 27 experiments must 

be directed. Thus, to diminish the simulation time, and number of recreations run the taguchi symmetrical 

methodology is thought of. The Taguchi L9 symmetrical is thought of and as per the level and cutting parameter 
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of the L9 design as appeared in Table 1 the reproduction is performed. The cutting factors and levels are cutting 

rate (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 esteem, level 2 is medium worth and level 3 is higher worth. 

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 tool, workpiece, cutting variables with define condition and the natural condition is characterized. The 

subsequent advance is simulation right now recreation is completed according to the characterized solver. At 

long last, the third step is post-processor where the outcome is being delineated and break down. 

 Right now uncoated cutting tool with the determination of SNMG120408 is configuration utilizing the 3D 

CAD/CAM programming and the structure is saved in the stereolithography design (.STL). This key record is 

imported to the Deform3D application as portrayed in Figure 1. The material of cutting tool is characterized by 

the material library for example tungsten carbide. The workpiece is made inside the Deform-3D workbench and 

the workpiece material is characterized as titanium combination of grade 5. The limit state of the cutting activity 

is characterized inside the workbench. The lower part of the workpiece is fixed. The cutting insert is assigned 

as the inflexible body. The direct development of cutting instrument is characterized by cutting pace and the 

movement of workpiece kept steady. The lattice of the workpiece and the cutting tool is fixed with 25000 

elements [7].  The simulation is done and all out nine effective stress information is recorded according to the 

Taguchi L9 design. 
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Figure 1 Cutting insert with workpiece 

Result and Discussion 

All the nine runs are simulated according to the L9 layout[8]. During the simulation, each run has a distinctive 

cutting pace, feed, and depth of cut. The chip is shaped in every one of the runs with the Lagrange partition 

technique. 

The cutting parameter and the cutting parameter level are arranged, the simulation is done and the effective 

stress as per each cutting parameter and range are apparently shown in Figure 2-11. In Figures the effective 

stress at every point of the diverse zone has appeared. The effective stress dissemination according to the cutting 

time is depicted. 
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Figure 2 Effective stress at A 40 m/min, B 0.04 mm/rev and C at 0.4 mm 

 

Figure 3 Effective stress at A 40 m/min, B 0.08 mm/rev and C at 0.8 mm 
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Figure 5 Effective stress at A 40 m/min, B 0.16 mm/rev and C at 1.6 mm 

 

 

Figure 6 Effective stress at A 65 m/min, B 0.04 mm/rev and C at 0.8 mm 
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Figure 7 Effective stress at A 65 m/min, B 0.08 mm/rev and C at 1.6 mm 

 

 

Figure 8 Effective stress at A 65 m/min, B 0.16 mm/rev and C at 0.4 mm 
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Figure 9 Effective stress at A 112 m/min, B 0.04 mm/rev and C at 1.6 mm 

 

Figure 10 Effective stress at A 112 m/min, B 0.08 mm/rev and C at 0.4 mm 
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Figure 11 Effective stress at A 112 m/min, B 0.16 mm/rev and C at 0.8 mm 

 

Its result structure shows in the figure revealed that cutting speed increment accelerates the effective stress. 

Effective stress likewise increments with feed. Thus, with the expansion in the depth of cut the effective stress 

increments. As it is notable that, plastic deformation and the demonstrations of grating at the rake and chip 

surface create effective stress. The shearing happens which causes the outpouring of metal in the rake surface 

outcomes in extreme twisting to the base surface of the chip and expands the effective stress in the tool chip 

zone[9]. From the figures, it is delineated that most extreme effective stress shows up at the contact zone of the 

workpiece and cutting tool interface zone. The chip shaped formed because of the shearing activity makes the 

distortion zone which contains high temperature and cutting force which builds effective stress. Further 

machined surface conveys the effective stress and because of high-speed machining simulation, the cooling 

time is less. Thus chip quickly streams over the rake surface produces high rubbing subsequently generation of 

effective stress. 

Conclusion  

The 3D turning simulation of the machining carried out by utilizing DEFORM-3D applications. To contemplate 

the generation of effective stress while machining the titanium grade 5  with the uncoated tungsten carbide 

cutting tool. The outcome uncovered that the most extreme effective stress showed up when the cutting speed 

is high. 
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