
June 2025, Vol. 25, No. 3 MANUFACTURING TECHNOLOGY 
ISSN 1213–2489 

e-ISSN 2787–9402 

 

413 indexed on http://www.webofscience.com and http://www.scopus.com  

DOI: 10.21062/mft.2025.036 © 2025 Manufacturing Technology. All rights reserved.  http://www.journalmt.com 

Titanium Alloy Turning Machining Model and Quality Analysis Based on Finite 
Element Analysis 

Zhenhua Wang (0009-0006-6191-0907)*, Haifang Yin (0009-0000-4557-548X) 
Engineering Training Center, Shandong Huayu University of Technology, Dezhou, 253000, China. E-mail*: 
15053489783@163.com 

Workpiece manufacturing of titanium alloy is widely used in various high-end fields. In this study, finite 
element analysis of titanium alloy turning process is carried out, and the turning process is modeled by 
using material properties and intrinsic equations. Then, the power transmission of centerless lathe is 
controlled in the machining process, so as to obtain the performance calculation of different process 
parameters on cutting force, chips and residual stress. The simulation and experimental data analysis 
results showed that the cutting depth and cutting speed had a significant effect on the cutting force and 
residual stress. The optimized parameters could significantly improve the surface quality of machining. 
The study combined finite element modeling with mechanical property analysis to solve the problem of 
insufficient characterization of thermal softening effects in traditional analysis, and significantly im-
proved the surface quality and accuracy of titanium alloy machining. This study fills the gap in modeling 
the mechanical behavior of precision machining on centerless lathes and has important technical guid-
ance value for the efficient manufacturing of key aerospace components. It also provides a new techno-
logical avenue for optimizing the performance of titanium alloy materials in future machining and parts 
manufacturing. 
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 Introduction 

Since titanium alloys (TAs) are lightweight, strong, 
corrosion resistant, and can withstand high tempera-
tures, they are widely used in a variety of cutting-edge 
industries, including consumer electronics, chemical 
equipment, aerospace, and medical devices [1-2]. Spe-
cifically, mechanical engineering and materials proces-
sing are crucial to industrial applications [3]. The ex-
cellent properties of TAs make them a serious chall-
enge for process technology, but modern technologies 
have significantly improved their processing perfor-
mance. Three-dimensional printing and metal in-
jection molding technologies are the main directions 
for TA processing [4-5]. Finite element technology is 
crucial to the intricate processing of TAs, including 
cutting, extrusion, and thermoforming, since compu-
ter performance advances quickly. By mimicking the 
processing techniques, it lowers labor costs and mate-
rial costs, optimizes processing parameters, and 
enhances processing quality [6]. 

In recent years, scholars at home and abroad have 
studied TA turning processing technology in great de-
tail. With regard to the problem of TA turning pro-
cess, Ahmad A et al. proposed to use orthogonal array 
and analysis of variance etc. to design and evaluate the 
process parameters experimentally, which in turn pro-
ved the high accuracy of the model [7]. Regarding the 
TA turning process, Yang H et al. suggested using an 

electroplastic-assisted method to lower the material's 
tensile strength and springback. The feasibility of 
electro-plastic assisted cutting and turning could be 
demonstrated by the comparison of cutting force (CF) 

[8]. Wang D et al. analyzed the fatigue properties of 
TAs and proposed a mathematical model using ben-
ding fatigue tests and turning machining. This study 
analyzed the effect of parameters and concluded that 
proper machining techniques will prolong the life of 
the material [9]. Palanivel R et al. proposed the use of 
polycrystalline diamond tool inserts for cutting TAs 
with respect to their turning performance and conc-
luded that their machining performance was improved 
by comparison of surface smoothness and tool wear 
[10]. Thus, in the machining and manufacturing of 
TAs of different nature, the existing studies have de-
veloped better processing techniques for their machi-
ning process, which have improved the quality of per-
formance to some extent. 

Finite element analysis (FEA) methods have also 
been widely studied in turning machining process. Li 
L et al. suggested using a finite element model (FEM) 
to simulate the electrical discharge machining process, 
which increased the machining process's prediction 
accuracy [11]. Yu H et al. proposed to use the FEM 
method to describe the micromachining process of 
their materials in order to improve the cutting perfor-
mance (CP) of graphene-reinforced aluminum-metal 
matrix composites. They then confirmed the accuracy  
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of the model experimentally to increase the amplitude 
and fluctuation of the CF [12]. Grossi, Niccolò et al. 
proposed the use of finite element method to calculate 
the tool paths for compensating the diameter error for 
the turning of slender parts. This study demonstrated 
that compensated tool paths in the turning of slender 
workpieces could reduce the diameter error through 
the estimation of FEM and CF model [13]. To assess 
the thermal behavior and material removal rate for the 
powder hybrid electric discharge machining process, 
Surani K et al. suggested using FEA. In contrast to the 
traditional method, this study's two-dimensional axis-
ymmetric transient thermal model increased the mate-
rial heat flux by enabling the determination of material 
removal at various currents [14]. The FEA method is 
feasible and effective in predicting and calculating the 
relevant properties during processing in different di-
rections. 

In summary, the utilization of TA turning and FEA 
is relatively mature at present, which improves the re-
levant performance and prolongs the service life in 
each type of machining process. However, when ma-
chining, there is a lot of friction between the tool and 
the workpiece since TA has poor heat conductivity. 
Thus, it leads to the phenomenon of condensation of 
TA workpiece materials during machining, and it is di-
fficult to dissipate heat. Based on this, the study uses 
the FEA method and the intrinsic equation and mate-
rial properties to establish the machining model of 
centerless lathe finish turning TA. The innovation lies 
in the use of FEA and its simulation model to extract 

the mechanical properties during the turning and 
cutting process. To determine the ideal settings to 
raise the workpiece's quality and machining efficiency, 
comparisons are also done between the test bench and 
simulation modeling. 

 Methods and materials 

The study utilizes the FEA method for simulation 

modeling of the TA turning process, and then uses the 

intrinsic equations and material property calculations 

to derive the mechanical properties of the TA mate-

rial. Finally, an FEM of the TA material cutting pro-

cess is developed to simulate the cutting process and 

predict the mechanical behavior of the material pro-

cess parameters. 

 FEA method for turning process 

Due to the difficult-to-machine properties of TA 

materials, it is difficult to meet the surface quality 

requirements of TAs by ordinary turning machining 

process, so the study builds a centerless lathe to finish 

machining the surface of TA workpieces to remove 

the surface defects or oxidized layer. To ensure the 

machining quality, the study utilizes advanced simula-

tion for engineering and sciences (ABAQUS) to simu-

late the machining process of TA workpieces, and ana-

lyzes the lathe machining quality in depth by simula-

ting the cutting indexes. The steps of ABAQUS soft-

ware for workpiece processing are shown in Fig. 1.

 

Fig. 1 Basic solving steps of BAQUS software 
 
In Fig. 1, the solution steps of ABAQUS software 

are pre-processing of computer-aided engineering, nu-
merical simulation calculation, and post-processing at 
the user's end. Among them, the pre-processing in the 
artificial interactive interface to enter the definition of 
the material, load, boundary conditions, to provide a 
data base for simulation calculations and modeling en-
vironment. The simulation calculation analyzes the 
processed files in the solver, and its calculation effi-
ciency and accuracy are related to the pre-processing. 
Finally, the data is output in the interface to visualize 

the calculation results and provide dynamic informa-
tion results on the performance of the workpiece. 

The key to the FEA method is numerical simula-
tion, which first discretizes the structure of the work-
piece material. Each unit of the discretized structure 
has a corresponding node, which can be converted 
into an ensemble by combining these nodes. In FEA, 
the geometric data and physical properties of each unit 
are calculated in order to establish the unit matrix [15-
16]. Equation (1) displays the computation.
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(1) 

Where: 
K …The stiffness matrix;  
aF …The force vector of the unit node;  

a…The unit serial number;  
a The node displacement.  

After discretization, the finite element equations 
are shown in Equation (2). 

 (2) 

Where:  
F …The load vector of the overall structure;  
 …The overall node displacement vector.  
Under the overall finite element square, the prope-

rties of the actual material are utilized to calculate the 
finite element equations for each node. 

After the processing of ABAQUS software, the 
three-dimensional FEM of the finishing turning ma-
chining process is constructed. Meanwhile, to refine 
the mesh area of surface cutting, the study focuses on 
the treatment of high temperature environment of TA 
while simplifying its cutting process. In the FEA, the 
mesh division of the finishing turning process is 
shown in Fig. 2. 

 

Fig. 2 Schematic diagram of finite element mesh division for turning machining 
 
Fig. 2 illustrates the importance of FEA in the fi-

nishing turning process and how its mesh partitioning 
can more accurately model the shape and process of 
chip formation. The use of different mesh density 
stress subdivision techniques for the tool, workpiece 
and chip in the vicinity of the contact surface between 
the two can reduce the number of meshes and the dis-
tortion they cause, in addition to increasing simulation 
accuracy. The structure of finishing machining tool is 
a cutter plate and 4 tools and the center of the cutter 
plate is selected around the spindle. Moreover, the 
mesh type used for the workpiece is 8-node hexa-
hedral cell, which can improve the computational ac-
curacy in the finite cloud simulation with large defor-
mation and high strain rate. 

 Calculation of finite element constitutive 
equations and material properties 

According to the turning process and FEA met-
hod, the cutting process of finish machining tool is 
better mesh refinement. To streamline the calculation 
time, the cutting process will ignore the tool wear and 
follow the rigid-plasticity method of FEA, which con-
siders the tool as a rigid body. During the turning pro-
cess, a significant amount of heat is generated by the 
friction between the tool and the chip. The tool-chip 
contact surface can be separated into distinct areas due 
to varying levels of heat dissipation. The expression is 
shown in Equation (3). 

 

(3) 

Where:  

Hf …The sliding friction stress;  
 …The coefficient of friction;  

Jf …The bonding friction stress;  
 …The ultimate shear flow stress of the material. 
During the titanium turning process, its metal for-

ming problem acquires properties such as internal 
stresses depending on the displacement route of the 
material [17]. The elastic-plastic deformation is shown 
in Equation (4). 

 (4) 

Where:  
d …The strain inkrement;  
E , S …The elastic and plastic states, respectively.  
Equation (5) depicts the elastic state. 

 (5) 

Where:  
 …The equivalent stress;  

eD …The elastic matrix; 
e…The elastic modulus;  
 …The strain.  
Yielding of the material occurs when the maximum 

shear stress of the workpiece satisfies the threshold 
value, as shown in Equation (6). 

 (6) 

Where:  
max

…The maximum shear stress;  
m…The shear stress at which the material yields.  
The stress expression is shown in Equation (7). 

a
a

a

F
K


=

F K = 

H H

J J

f f

f f

 

 

= 


= 

E Sd d d  = +

eD =

max m =



June 2025, Vol. 25, No. 3 MANUFACTURING TECHNOLOGY 
ISSN 1213–2489 

e-ISSN 2787–9402 

 

indexed on http://www.webofscience.com and http://www.scopus.com 416  

 
(7) 

Where:  

fP …The principal stress;  

1 , 2 , 3 …Three-way stresses.  
Next, yielding occurs when the stress at a point 

within the material reaches the deformation criterion. 
The destructive force generated when a material is 
subjected to shear is shown in Equation (8). 

 (8) 

Where:  

L , L …The tangential and positive stresses on 
the fracture surface of the material, respectively;  

N…The cohesive force;  
 …The angle of internal friction.  
Yielding under static water pressure is shown in 

Equation (9). 

 
(9) 

Where:  

ZP …The yield stress (YS) of the material under 
static hydraulic pressure;  

1I …The first invariant of the stress tensor;  

2J …The second invariant of the bias stress;  

 ,  …The material properties, respectively.  
Combining the above equations, the stress balance 

of the rigid-plastic finite element equation is shown in 
Equation (10). 

 
(10) 

Where:  
, ,i j i

…The force in different directions.  
The present constitutive equation is shown in 

Equation (11). 

 

(11) 

Where:  
 …The equivalent stress of the constitutive 

equation;  
 ,  …States under stress;  
 …The state of the overall structure under stress;  
 …The equivalent strain rate.  
The parameters of TA turning process are used in 

the constitutive equation as shown in Equation (12). 

 

(12) 

Where:  
 …The overall degree of multiple stresses in the 

interior of the material;  
X , Y …The YS at the lowest strain rate and the 

degree of hardening in plastic deformation, respecti-
vely; 

 …The dynamic temperature;  

…The coefficient of linear expansion at room 
temperature;  

…The temperature at which the material is  

converted from a solid to a liquid. 
In plastic deformation of TA material,   repre-

sents its axial strain and n  is the power index between 
true stress and true strain. However, under high strain 
rate conditions, C  is the strength of change in YS.   
is the degree of plastic deformation accumulated in the 

TA material during loading, while 0  is the rate at 
which the material undergoes deformation per unit 
time. The equivalent strain rate of the TA material is 
shown in Equation (13).

 

(13) 

Where:  

f
…The equivalent strain rate of the materiál;  

G …The damage constant;  
z , b …Static pressure and material deformation 

pressure, respectively.  
An efficient theory for the surface quality of the 

finishing turning process is the fact that the material 
separates from the chip more quickly when the work-
piece breaks during the turning process. When the  

material's equivalent strain rate reaches the limit value, 
the damage starts to change continuously, which ulti-
mately results in the chip. 

 Surface residual stress and quality effects of 
turning operations 

According to the FEA theory and the calculation 
of TA material properties, the simulation model of the 
finishing turning machining process can simulate the 
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mechanical behavior between the tool and the work-
piece, so as to predict the change of the CF academic 

parameters and the generation of chips. The power 
transfer of centerless lathe is shown in Fig. 3. 

 

Fig. 3 Power transmission diagram of centerless lathe 
 
Fig. 3 shows the cutting test and chip surface re-

moval for finishing turning operations. The operation 
is carried out on a centerless lathe whose spindle 
current and speed are driven and controlled by a mo-
tor. After that sensors are set up for the timing belt 
and guiding equipment to collect the acceleration sig-
nals. Afterward, the cutter plate and its four tools are 
rotated at high speed under the power transfer from 
the rolling spindle to perform the surface cutting work 
on the workpiece material [18-19]. Based on the 
sequence of power transmission, the total efficiency of 
centerless lathe is calculated as shown in Equation 
(14). 

 
(14) 

Where:  
O…The total efficiency of the overall transmis-

sion;  

1O , 2O …The transmission efficiency of coupling 
and synchronous belt respectively;  

3O …The transmission efficiency of rolling bea-
ring;  

4O …The transmission efficiency of the guide;  

O …The transmission efficiency of the main CF.  
In the cutting process will produce a certain 

amount of energy loss, as well as the torque of TA 
cutting. Therefore, the main CF of TA in lathe cutting 
process is shown in Equation (15). 

 

(15) 

Where:  

JP …The tool operating power;  

dP …The running power of the motor;  

JT , n…The torque and rotational speed of the 
tool cutting process, respectively;  

T …The torque and 2
Q

G
T f= 

 ( Qf  is the main 

CF and G  is the damage constant). 
In addition, during the finishing turning process, 

the friction between the workpiece and the tool can 
affect the surface quality and residual stress (RS), as 
shown in Fig. 4. 

 

Fig. 4 Schematic diagram of cutting process and chip formation process 
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Fig. 4 demonstrates the action between the tool 
and the workpiece throughout the turning process as 
well as the contact between the surface of the work-
piece and the tip of the tool. Under power operation, 
the workpiece material is friction and cutting under 
the action of the tool tip, which makes the appearance 
of chips on the surface layer, and thus completes the 
machined surface. The tip of the tool ends its elastic-
plastic deformation state after finishing the surface 
machining. Throughout the cutting process, various 
stresses are generated between the tip and the work-
piece. When the mechanical behavior ends, the stres-
ses that remain inside the workpiece maintain its pro-
perties such as stability and strength. 

According to the turning process and stress relati-
onship, the surface RS can judge the CP and its quality. 
To enhance the surface quality of the TA turning pro-
cess, the impact of feed rate and depth of cut (DOC) 
on RS during the turning process is also examined. 

 Results 

Based on the FEA and the calculation of the prin-
cipal equations, the TA turning machining model  

established by the study can analyze the main CF and 
RS. Moreover, the finite element simulation model 
and the test bench are utilized to compare the turning 
process and stress performance, which in turn verifies 
the reliability of the research method. 

 Simulation results of turning process and CF 

According to the FEA and mechanical characteris-
tic calculation of TA turning process, the study simu-
lates the turning process of centerless lathe for testing. 
Under the setup of centerless lathe turning process ex-
periment table, its tool selection is YT15 tungsten-ti-
tanium-cobalt carbide tool. INV3018CT high-preci-
sion data acquisition instrument and data acquisition 
and signal processing system software are used to coll-
ect and analyze the spindle current, rotational speed 
and signals during the experiment. 

In the TA turning model, the relative distance tra-
veled by the cutting tool for every one-week rotation 
is the tool travel. Different tool travel, DOC, spindle 
speed (SS) on the workpiece contact area is different, 
resulting in different CF. The results are shown in  
Fig. 5. 

 

Fig. 5 The effect of different process parameters on CF 
 
In Fig. 5(a), the variation of CF is clearly inconsis-

tent with the increase of SS, where the variation of 
feed force is the smallest, which is basically below 
30N. However, the tangential and radial forces are sig-
nificantly lower. At a rotational speed of 480 r/min, 
the maximum pair of stresses is 110N and 150N, re-
spectively. The CF rises as the tool travel speed incre-
ases, as seen in Fig. 5(b). With increases of up to 135N 
and 150N, respectively, the tangential and radial forces 
exhibit the most notable increase among them. The 

depth of incision has the greatest effect on CF, as 
shown in Fig. 5(c). The tangential force in this instance 
grows most noticeably up to 150N. Whereas, the ra-
dial force does not change significantly between 
0.25mm and 0.35mm, after which it rises rapidly up to 
200N. Following the experimental CF results of the 
centerless lathe, the study contrasts the experimental 
and predicted CF values. The results are shown in  
Fig. 6. 

 

Fig. 6 Comparison of CF simulation results and experiments under different process parameters 
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According to Fig. 6(a), there is essentially a 25N 
discrepancy between the simulation and experimental 
results of the CF under the SS. When the speed is 
800r/min, the experimental CF is 149N, while the si-
mulation results in 124N. Fig. 6(b) displays that when 
the tool travel speed is 0.8m/min, the experimental 
moment result of CF is 185N, while the simulated mo-
ment result is 170N. Fig. 6(c) illustrates that the varia-
tion of CF is minimized when the DOC is 0.2mm and 

0.3mm. In this case, the outcomes are 170N and 
188N, while the corresponding simulation results are 
155N and 175N, with an overall difference in torque 
between 13N and 25N. 

To further illustrate the reliability and accuracy of 
the simulation modeling, the study compares the si-
mulation and experiment on the generated chips. Ta-
ble 1 displays the findings.

Tab. 1 Simulation and experimental results of chip morphology 
Determine value Feed speed 1.0m/min, chip depth 0.3mm 

Spindle speed 480r/min 640r/min 800r/min 

Simulation 
Strip shaped chips, longer and less 

prone to breakage 

Short C-shaped 
chips, prone to 

breakage 
Smaller C-type chips 

Experiment 
Long strip-shaped chips that are not 

easily broken 
Long C-shaped 

chips 
Collapsed debris 

Determine value Spindle speed 480r/min, chip depth 0.3mm 
Feed speed 0.5m/min 0.8m/min 1.0m/min 

Simulation Short C-shaped chips, prone to breakage 
Long C-shaped 

chips 
Strip shaped chips, curled, 

not easily broken 

Experiment 
Short C-type chips+a small amount of  

debris 
Long C-shaped 

chips 
Strip shaped chips, narrow 

and sharp 

 
Table 1 displays that the influence of SS and feed 

speed (FS) on the chip is significantly greater than the 
DOC. When the DOC is 0.3mm and the FS is 
1.0m/min, the larger the SS is, the smaller the chip is, 
and the easier it is to break and crumble. Furthermore, 
FS has the opposite effect on the chip state. The larger 

the FS, the more robust the chip is. 
Moreover, the angle of the tool itself affects the 

frictional resistance and heat of the workpiece, so the 
front and back angle of the tool is varied in order to 
analyze the CF. Fig. 7 displays the findings.

 

Fig. 7 The effect of CF on the front and rear angles of the tool 
 
Fig. 7(a) shows that when the tool front angle is at 

4°, both the feed force and tangential force reach the 
maximum moment value, which are 97.5N and 225N, 
respectively. Moreover, the change of tangential force 
is most obvious. Fig. 7(b) shows a small peak of CF 
when the front angle is kept at 2° and the back angle 

at 2°, where the result of radial force is 22N. In conc-
lusion, the variation of CF is related to the frictional 
resistance between the tool and the workpiece. To re-
duce the accumulation of chips, the front angle should 
be selected from 1° to 3° and the rear angle from 3° 
to 4°. 
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 Simulation tests of residual stress and machi-
ning quality analysis 

To improve the surface quality of the finished tur-
ned part TA, it is necessary to analyze the surface  

roughness (SR) RS of the part since it has a direct 
effect on the strength and wear resistance of the part 
material. To measure and record the RS on the surface 
of the TA workpiece, an X-ray stress analyzer is used 
in this study. The test is shown in Fig. 8. 

 

Fig. 8 Configuration of residual stress measurement using X-ray diffraction method 
 
Fig. 8 shows the selection of Xstress 3000 model 

X-ray stress analyzer for the test analysis. It mainly 
consists of main unit, micro X-ray tube, goniometer, 
and detector. When X-rays are irradiated on the sur-
face of the workpiece, the detector will pick up the 
peaks of the reflected light from the X-rays at a speci-
fic angle. When the cutting operation of the TA work-
piece is completed, the two ends of the workpiece are 
more likely to be affected by the stress of the machi-
ning process due to the uneven distribution of RS in-
side the workpiece. Therefore, the two ends are cho-

sen to better reflect the RS state during the measure-
ment. 

After measuring the RS of a real TA material, the 
study first ensures that the simulation parameters are 
consistent with the measured ones to minimize errors. 
Multiple, independent measurements are then taken 
of the workpiece material measurement points, and 
their average values are recorded and calculated. This 
reflects the overall level of RS, which reduces random 
errors and improves the reliability of both simulation 
and measurement data. Table 2 displays the findings.

Tab. 2 Simulation results of residual stress under different factors 

Spindle speed 
(r/min) 

Residual 
stress/Mpa 

Feeding speed 
(m/min) 

Residual 
stress/Mpa 

Cutting depth 
(mm) 

Residual 
stress/Mpa 

520 r/min -145Mpa 0.5 m/min -387Mpa 0.10 mm 20Mpa 

560 r/min -147Mpa 0.6 m/min -380Mpa 0.15 mm 15Mpa 

600 r/min -140Mpa 0.7 m/min -377Mpa 0.20 mm 10Mpa 

640 r/min -138Mpa 0.8 m/min -374Mpa 0.25 mm -65Mpa 

680 r/min -210Mpa 0.9 m/min -255Mpa 0.30 mm -140Mpa 

720 r/min -235Mpa 1.0 m/min -140Mpa 0.35 mm -135Mpa 

760 r/min -310Mpa 1.1 m/min -155Mpa 0.40 mm -125Mpa 

800 r/min -345Mpa 1.2 m/min -150Mpa 0.45 mm -115Mpa 

 
Table 2 shows that when the SS increases from 640 

r/min to 680 r/min and 720 r/min, the workpiece sur-
face rubs violently against the tool. The contact sur-
face generates great heat and vibration, which in turn 
causes rapid increase in RS. When the tool travel speed 
is from 0.8m/min to 1.0m/min, the cutting heat incre-
ases and the stress of the workpiece material changes 
dramatically. Moreover, the DOC is between 0.2mm 

to 0.3mm, and the friction between the tool and the 
workpiece material generates a large amount of cutting 
heat and RS. 

The best cutting settings to enhance the machining 
quality of TA workpieces are then determined by com-
paring the simulation and experimental outcomes. 
The results are shown in Fig. 9. 
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Fig. 9 Comparison of residual stress results under different factors 

Fig. 9(a) shows that the maximum value of RS is 
reached when the speed of traveler is 640 r/min with 
simulation and test results of -138Mpa and -105Mpa, 
respectively. Fig. 9(b) shows that when the tool travel 
speed is 1.0 m/min, the workpiece is subjected to ma-
ximum RS with simulation and test results of 140Mpa 
and -350Mpa, respectively. Fig. 9(c) shows that when 
the DOC is 0.2 mm, the RS results are maximum in 

simulation and test results and are 10Mpa and 30Mpa, 
respectively. In conclusion, the optimum of RS on 
process parameters lies between 520 r/min to 680 
r/min SS, 1.0 m/min travel speed and 0.2 mm DOC. 

Finally, the SR formed by the TA turning process 
is tested to compare the simulated and actual rou-
ghness when the SS is 480 r/min. The results are 
shown in Fig. 10. 

 

Fig. 10 Comparison of surface roughness between simulation and actual results 

Fig. 10(a) shows that the SR simulation results of 
TA workpiece at fixed SS and DOC with travel speed 
of 1.0 m/min are between -4 μm and 4 μm. Moreover, 
the highest roughness is obtained when the sampling 
length is 600μm or 700μm, which is 3μm and 3.1μm, 
respectively. In Fig. 10(b), it is shown that the SR of 
the TA workpiece roughness basically agrees with the 
trend of the actual measurement when the DOC is 
0.2mm. When the sampling length is 650 μm, the rou-
ghness results of actual and simulation are 3 μm and 
3.1 μm, respectively, and the difference between them 
is small. In summary, the SR results of the simulation 
test are basically consistent with the actual measure-
ment outcomes, which can provide the best process 
parameters for the improvement of machining quality. 

 Discussion 

In the field of machining, TAs have become the 
prime equipment material for industrial and other 
cutting-edge industries, and are widely used in the fab-
rication of components in advanced fields due to  
their low density, high strength, and high corrosion  

resistance. The study utilized FEA to deal with the TA 
turning process, using the intrinsic equations and ma-
terial calculations in ABAQUS software to build a 
three-dimensional simulation model. Afterwards, the 
process parameters of the turning process were explo-
red to analyze the surface quality and machinability of 
the TA workpiece. In the comparative analysis of RS 
and machining quality, the best choice of process pa-
rameters for the simulation analysis of RS was in SS, 
tool travel speed, and DOC. This was due to the fact 
that during the cutting process, the tool-material inte-
raction, vibration of the cutter tool in the tool tray, and 
the shape of the chips affect the quality of the surface 
of the workpiece. This in turn caused some damage to 
the machining accuracy, wear strength and service life 
of the workpiece. In the study of Zou Z et al. on chip 
morphology of TA turning, an intrinsic model of hy-
perbolic tangent function was utilized to define the  
material properties, which yielded an average CF im-
provement of 3.8% and a chip serration error of 
17.4% [20]. Whereas, the study analyzed the chip 
morphology in terms of SS, tool travel speed, and 
DOC. The results yielded an average error of 12.03%  
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for CF, which was lower than the above results. The-
refore, the FEA and the intrinsic equations proposed 
by the study were superior for the titanium turning 
process on centerless lathe, which was important for 
the quality enhancement and performance impro-
vement in the field of industrial mechanical parts ma-
chining. 

 Conclusion 

In response to the machining process and quality 
issues of TA materials, a study proposed the use of 
FEA and ABAQUS software to develop a centerless 
lathe precision turning model for TA workpiece ma-
chining, filling the research gap in this area. Moreover, 
using constitutive equations and material property 
calculations, experiments were conducted on the CF 
and RS of centerless lathe process parameters. During 
the turning process, simulation analysis was conducted 
on CF and chip morphology. The results showed that 
the average error of SS on CF was 16.66%, while the 
average errors of cutting speed and cutting depth on 
CF were 8.21% and 11.22%, respectively, which were 
relatively small. The maximum difference between the 
SR simulation and the actual measurement was only 
0.1 μm, which further indicated that the proposed mo-
del has high accuracy. After optimization, the SS was 
520-680 rpm, the cutting speed was 1.0 m/min, and 
the cutting depth was 0.2 mm, proving that the pro-
posed model could significantly improve the machi-
ning quality. The proposed centerless precision tur-
ning model had superior performance. However, this 
study mainly focused on CF, RS and surface quality, 
and lacked the analysis of cutting heat control and 
actual machining environment factors. Meanwhile, the 
accuracy of the model may decrease under extreme 
process parameter conditions, and future research ne-
eds to further expand the application scope of the mo-
del. Future research will further improve the model to 
comprehensively consider the effects of cutting heat 
and environmental factors, and further improve the 
accuracy and applicability of the model. 
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