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Abstract. The text should be set to 1 line spacing. The abstract should be centred across the page, indented 
17 mm from the left and right page margins and justified. It should not normally exceed 200 words The 
titanium alloy called "strategic metal" is a typical refractory material that causes high temperature and 
vibration during cutting due to its high strength, low thermal conductivity and low elastic modulus. In the 
processing process, the tool wear is serious, and the accompanying cutting heat and cutting vibration are 
coupled to each other and change with time. Studying the temperature and vibration characteristics in the 
processing process is conducive to further understanding of cutting mechanism, better controlling temperature 
and vibration, improving cutting processing quality and reducing production cost. This paper reviews the 
current situation of cutting temperature and cutting vibration at home and abroad. Scholars focus on the 
influence of cutting factors on temperature and vibration, based on finite element simulation and mathematical 
modeling, and the research on temperature and vibration coupling of titanium alloy cutting should be further 
strengthened. 

1 Introduction 

Due to its high specific strength, excellent chemical 
corrosion resistance and biocompatibility, titanium alloy 
is widely used in the high-precision industries of human 
life, and is more applied in petroleum power generation, 
marine engineering and medical industries. As a not 
scarce resource on earth, titanium has not been widely 
used for many years, mainly due to the high application 
cost of titanium alloy. 
With the rapid development and wide application of 
titanium alloys, the processing of titanium alloys is still a 
major industrial problem. Titanium alloy is a typical 
difficult-to-cut metal material. The main problems in the 
cutting process include: (1) small deformation coefficient, 
(2) high cutting temperature, (3) large cutting force per 
unit area, (4) the phenomenon of cold hardening is serious, 
(5) the tool is easy to wear. Therefore, it is of great 
significance to study thoroughly and systematically the 
turning temperature and turning vibration characteristics 
of titanium alloy during machining. 
In recent years, many scholars at home and abroad have 
studied the temperature and vibration characteristics of 
titanium alloy turning from theories, experiments, finite 
element simulation, and predictive modeling. 

2 Current status of cutting temperature 

Due to its high strength and low thermal conductivity of 
titanium alloy, the contact area of the tool and the 
workpiece produces high pressure and temperature, while 

all the energy consumed is almost converted to thermal 
energy. Cutting heat is generally transmitted from chips, 
tools, work-pieces and surrounding media. The high 
temperature and strong vibration of the titanium alloy are 
cut due to its high strength, low thermal conductivity and 
low elastic modulus. Reasonable control of cutting 
temperature can reduce the impact of thermal deformation, 
reduce tool wear, extend the service life of tools, and thus 
stabilize the processing precision and processing quality.  

2.1 Factors affecting the cutting temperature 

Practice has proved that the workpiece material, tool 
material and structure, processing mode and cutting 
parameters setting are all important factors affecting the 
cutting temperature. 
Davies [1] reviews several widely used cutting 
temperature measurements, Shows how the temperature 
can be monitored during material removal, in comparison 
with criteria critical for removal of measured materials, 
provide a reference to scholars in the field of work; Han 
[2] performed high speed cutting and milling tests on Ti-
6Al-4V titanium alloy material, studied and analyzed the 
trend of cutting temperature under dry cutting, air jet and 
nitrogen jet; Zhou [3] used low-temperature cooling 
technology. The results show that low-temperature 
cooling can significantly improve the stress and thermal 
stress of cutting tools; Liu et al [4-7] combined with 
ultrasonic vibration vehicle cutting to study the changes 
in amplitude, cutting velocity and displacement in 
different directions, analyze the influence of the two 
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cutting methods on the cutting force and maximum 
temperature changes and material processing properties; 
Venkatesan [8] made an experimental study on laser 
assisted machining of Inconel 718 using turning process, 
and analyzed the effects of laser cutting parameters (i.e. 
cutting speed, feed rate and laser power) on cutting force 
and cutting temperature; Xavior [9] carried out precision 
turning of Ti-6Al-4V titanium alloy. Based on the 
experimental values, analysis of variance was carried out 
to understand the effects of cutting speed, feed rate, 
cutting depth and tool tip radius on cutting force, surface 
roughness and cutting tool temperature. 

2.2 Use finite element simulation to monitor and 
predict cutting temperature 

With the development of computer science and 
technology, finite element simulation becomes the main 
means of study heat and cutting temperature. He et al [10-
11] used finite element analysis (FEA) technology to 
model titanium alloy, the influence of the cutting 
parameters on the cutting temperature is analyzed, a 
regression model of cutting parameters and cutting 
temperature was established to predict titanium alloy 
cutting temperature; Veeranaath [12] studied the changes 
of workability, cutting stress and temperature of PCBN 
tool in dry processing Ti-6Al-4V by FEA technology; 
Tian[13] performed numerical simulation of the high-
speed milling temperature field of titanium alloy TC4, the 
influence of the cutting parameters on the front and rear 
blade temperature and its distribution is studied; Based on 
the fluent solid energy equation, Du [14] constructed the 
finite element model of heat transfer on the tool chip 
contact surface in the second deformation zone, and 
discussed the effects of coating material, coating 
thickness and tool chip actual contact area on heat transfer 
when the coated tool was cutting H13 hardened die steel; 
Yan [15] combined with FEA technology to establish a 3 
D cutting finite element model of TC4 titanium alloy with 
three elements, we analyze and compare the cutting force 
of three different coating tools; He [16] uses FEA 
technology to establish a cutting model, the effect of the 
cutting parameters on the cutting temperature field and the 
residual stress field is analyzed for simulation; combined 
with the Johnson-Cook Law of Materials, Zhang [17] 
established a three-dimensional finite element model 
(FEM) for oblique cutting and studied the distribution of 
cutting force, temperature and residual stress during 
oblique cutting of TC21 alloy; Wang [18] uses two finite 
element software under the same simulation parameters to 
analyze the cutting temperature distribution and the trend 
of cutting temperature with the cutting speed.  

2.3 Predictive modeling using mathematical 
methods 

In addition to the simulation analysis of cutting 
temperature using finite element software, many scholars 
also use mathematical models to establish analytical 
models related to cutting temperature, and predict the 
change of cutting temperature during the cutting process, 

with more high efficiency.Qu [19] establishes the 
mathematical model of D406A CNC cutting temperature 
and cutting force and determines the parameters in the 
model by cutting test; Ulutan [20] and Yan [21] predict 
the temperature during processing based on a thermal 
modeling technology which can greatly reduce the 
calculation time without causing much impact on the 
accuracy. Mohring [22] proposes a numerical iterative 
method for calculating the temperature of the contact area 
between the chip and the tool.The temperature of the tool 
measured on the front and rear knife faces is compared 
with the calculated temperature.Shan [23] developed an 
improved analytical model based on the mobile heat 
source method to predict the distribution of the cutting 
temperature in the orthogonal cutting of the titanium alloy 
TC4, showing that the relative difference in the predicted 
temperature was 0.49% to 9%, indicating its high 
predictive power accuracy. Dayan [24] used the general 
full factor method to design the test, and established three 
prediction models of surface roughness, temperature and 
metal removal rate according to the obtained test data. The 
established model is in good agreement with the test 
results.Pervaiz [25] combines traditional finite element 
machining simulations with computational hydrodynamic 
models to establish a new method to analyze the 
temperature distribution of cutting tools to predict cutting 
heat and knife tip temperature during machining; 
Imbrogno [26] developed a new 3 D finite element model 
to predict cutting force, temperature and corresponding 
microstructural changes in semi-refined Ti-6Al-4V under 
dry low temperature, and calibrated and verified. 

3 Current research status of cutting 
vibration 

Titanium alloy causes sharp cutting vibrations during 
cutting due to its lower elastic modulus and high strength. 
When the cutting vibration becomes large to a certain 
extent, the tool vibration directly affects the tool wear 
situation, and by monitoring the tool vibration can obtain 
information about the tool wear, improve the production 
quality and efficiency of the cutting [27].To this end, 
scholars study the influence of cutting parameters on the 
cutting vibration, the structure of the machine tool itself, 
the structure of knives and other titanium alloy cutting 
methods. 

3.1 Impact factors of cutting vibration 

Practice has proved that the workpiece material, tool 
material and structure, processing mode and cutting 
parameters setting are all important factors affecting the 
cutting temperature. 

Sun [28] performs the first systematic study of the 
numerical and theoretical aspects of the high-speed 
vibrational cutting process of Ti-6Al-4V, help to deepen 
the understanding of the vibration effect of metal cutting, 
provide practical guidance for retraining and utilization of 
vibration assistance processing; Yan [29] studied the 
change of tool vibration with cutting parameters during 
the processing of TA2 pure titanium and TC4 titanium 
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alloy; Zhou [30] goes through external circular vehicle 
machining of TA15 titanium alloy, the vibration signal 
characteristic values were collected and extracted, the 
influence law of the cutting amount on the cutting 
vibration and the surface roughness is analyzed, explain 
the effect of the cutting amount on the vibration; Zhu [31] 
systematically investigated the relationship between tool 
wear, chip morphology, and cutting vibration, tool wear 
was found to aggravate the cutting vibration, thus 
aggravating the chip edge wear. 

3.2 Monitor and predict tool wear based on 
cutting vibration 

Reasonable monitoring of cutting vibration can reduce the 
zigzag cutting chips caused by titanium alloy with high 
strength and low heat conductivity, and aggravate the 
vibration of the tool system, and then weaken the wear of 
the tool and the deterioration of surface processing quality.  

Scholars analyze the optimal processing conditions of 
titanium alloy by building a prediction model. Silva [32] 
proposes a model to predict milling force, which is 
suitable for milling of ring tool and considers the cutting 
vibration effect of processing. Combined with FEM 
simulation analysis software, Patil [33] performs two-
dimensional FEM transient simulation and experimental 
characterization of titanium alloy under ultrasonic 
vibration assisted cutting condition using DEFORM 
software. Wang [34] uses the wavelet characteristics and 
support vector machine mode recognition algorithm to 
establish a milling vibration recognition system, and 
divide the vibration signal into three categories. 

3.3 Measurements of reducing cutting vibration 

The design of special structure knife rack, special shape 
tool and ultrasonic vibration auxiliary cutting methods 
can have a good effect on reducing cutting vibration. By 
manufacturing the hollow elements of special structure in 
the rack shaft, Vogel [35] greatly reduces the vibration 
amplitude of the tool and greatly improves the production 
quality of the piece. The texture tool proposed by Suzuki 
[36] can effectively cause process damping and inhibit 
vibration, which can play a good role in the experiments 
compared to ordinary tools. Rao [37] found that a new tool 
with a micro porous pattern on the front blade and side of 
the tool can reduce the friction of the front blade and thus 
reduce the vibration. Zheng [38] developed a rotating 
vibration control system based on multiple time delay, 
and numerical simulation found that the designed 
controller can effectively inhibit the cutting vibration and 
improve the stability of the cutting process. Identifying 
the dynamics of the cutting process based on working 
mode analysis, Kim [39] proposes a new vibration 
monitoring method that can determine the stability level 
of cutting before the vibration becomes unstable. Martin 
[40] studied the influence of cutting parameters on the 
vibration of machined parts. The experimental results 
show that the feed rate is the most important factor 
affecting the machining effect. Chen [41] proposes a 
novel nested artificial neural network that is more 

accurate to predict cutting states such as cutting vibration 
and surface roughness compared to conventional RSM 
and linear regression models. Compared to the traditional 
mathematical model in the new method, the newly 
proposed neural network class model has too high 
judgment coefficient and lacks the tests of the unfamiliar 
test set. 

4 Conclusion 

The temperature and vibration generated during the actual 
cutting process are coupled to each other and change over 
time. Based on the theoretical analysis, the scholars and 
scholars studied the temperature and vibration of titanium 
alloy cutting. However, the following points can be made 
to improve the cutting temperature and vibration.  

(1) In terms of testing: At present, there are many 
research results on a single measurement method of 
cutting temperature and cutting vibration, and there are 
few research results on the simultaneous collection of 
cutting temperature and vibration. Therefore, in future 
research, a simultaneous measurement system for cutting 
temperature and vibration can be built, which provides an 
experimental basis for the analysis of the coupling 
characteristics between cutting temperature and vibration.  

(2) Intelligent prediction: Most of the current research 
literature analyzes the influence of cutting parameters and 
tool structure parameters on cutting temperature and 
vibration through experimental testing and theoretical 
research, and uses a large number of numerical simulation 
methods such as finite element models to analyze 
temperature and vibration characteristics. Fewer scholars 
have established vibration and temperature prediction 
models, and more vibration and temperature prediction 
models can be established in the future to provide a 
reference solution for the current problem of the difficulty 
of measuring the turning temperature of titanium alloys in 
factories. 

(3) In terms of coupling characteristics analysis: At 
present, most of the literature establishes the empirical 
formula of turning temperature on cutting parameters or 
the prediction model of cutting vibration on turning 
parameters. Few documents establish the fitting model 
between cutting vibration and temperature, and study the 
relationship between the two The coupling characteristics. 
Therefore, in the follow-up research, the research on the 
coupling characteristics between cutting temperature and 
turning vibration needs to be further strengthened.  
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