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Abstract 

Chatter vibration has been researched for more than a century 

and it is still a major problem in achieving automation for 

most of the machining processes including turning, milling 

and drilling.The paper focuse on the stability of chatter 

vibrations and predict the tool wear by considering a single 

degree of freedom model for orthogonal turning process by 

considering a sharp tool. The stability lobe diag of orthogonal 

turning operation are constructed using programming. The 

effects of self excited chatter vibration on tool wear in order to 

predict the tool life with the help of tool wear equation. This  

indicates that the chatter cause tool wear drastically. 

Keywords: Tool Wear, Single degree freedom, Stability Lobe 

diagram 

 

INTRODUCTION 

Tool wear is the most common cause of damage to the tool, 

which also reduces the life of the tool. Tool wear depends on 

friction and vibration produced during operation of highly cut. 

Its life is one of the critical factors affecting the cost and 

productivity. 

Self excited autonomous vibrations are very critical 

machining operations and also a condition that accelerates 

tool wear. Chatter can be present in all machining operations. 

Chatter can generate high noise does not cause bad surface 

finish, tool wear, tool breakage and damage to the machine 

tool system. Metal removal rate should be reduced to avoid 

the chatter, which reduces productivity. Chatter has adverse 

effects on product quality, assembly of the machine tool and 

production rates, which makes vibration analysis an essential 

activity. The turning is a machining process in which chatter 

vibrations frequently occur and affect the quality of life and 

the machining tool. Therefore, this paper focuses on speech 

and its effects on tool wear / life in a turning operation 

vibration. 

 

TURNING INTRODUCTION 

The turning operation is the most common and very basic in 

manufacturing machining. As the object of the present is in 

the turning operation, it is essential to understand the basic 

mechanisms of the turning operation. 

In the process of rotation, a workpiece rotating about its 

longitudinal axis in a machine tool of turn. The workpiece is 

supported by a chuck at one end and against one point to 

another. A cutting tool rigidly mounted on a post of the tool in 

the tower is moved along the axis of the workpiece to remove 

material and produce the required shape. The geometry of a 

rotation process is shown in Fig. If the cutting tool is disposed 

perpendicular to the axis of the workpiece, it is called 

orthogonal rotation. 

 

 

Figure 2.1 Geometry of oblique turning process 

 

 

Figure 2.2 Geometry of orthogonal turning process 

 

Vibration during Turning 

In a turning process, three different types of mechanical 

vibrations are present due to the lack of dynamic stiffness of 

the machine tool system comprising the tool of the tool, tool 

holder, the workpiece and the machine itself. These are free, 

forced and self-excited vibrations chatter is perceived as an 

undesirable excessive vibration between the tool and the 

workpiece, resulting in a poor surface finish and tool wear 
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accelerated. These are free, forced vibration and self-excited. 

self excited vibrations chatter still not fully understood, 

because of its complex nature. They are the most harmful for 

all machining processes, including turning. Self excited 

vibrations are generally classified into primary and secondary 

chatter. Primary chatter is caused by friction between the tool 

and the workpiece, thermo mechanical effects or by coupling 

mode. Secondary chatter is caused by the regeneration of the 

undulated surface of the workpiece 

 

Stability lob diagram 

SLD can be used to predict the stability of chatter in a turning 

process. The depth limit blim(limit depth of cut)  cut is plotted 

against the rotational speed (N) in SLD as shown in a typical 

similar graph in Fig. 3. vibrations between the tool and the 

workpiece appear as different lobes (n = 1, 2,3, ...) and the 

entire cutting depth and spindle speed falls below these lobes 

results in stable operation and above them (without grazing) 

lobes in (chat) operation unstable 

 

SCOPE OF RESEARCH 

This research focuses on chatter and tool wear prediction and 

programming and also focuses on relationship between chatter 

vibration and tool wear as a graph plot but This research 

restricts to analysis of turning operation only. 

 

OBJECTIVE OF RESEARCH 

To carry out a literature survey to understand the recent 

development in this field and to justify the objective and 

define the scope of this project. And to make a Programme for 

chatter stability and tool wear predictions and by the use of 

programme Minimize/ suppress the chattering and tool wear 

and increase tool life after that Stabilize the model at varying 

spindle speed 

 

MATHEMATICAL MODELLING AND DISCUSSION 

There are 5 Assumptions as below  

a) Single degree of freedom model is considered. 

b) The viscous damping is considered in this model. 

c) Only cutting forces are considered in this model. 

d) Sharp tool is considered. 

e) The tool vibration is considered only in y (feed) direction. 

 

A math model of orthogonal turning process (SDoF) having a 

flexible tool and  rigid work piece is given in figure 5.1. In 

The model  various forces acting on the physical system like 

the inertia force, damping force, spring force and the cutting 

force. But we consider  viscous damping  in this model. The 

magnitude of material (internal) damping is usually very 

small, Hence material damping is not considered in this 

model. 

 

Figure 5.1 SDOF orthogonal turning process 

 

In This model we consider a sharp tool with only the cutting 

force acting in the system. Secondly, a contact force is added 

to the cutting force side in the model which acts due to the 

wear of the tool soon after the turning process begins. The 

tool vibration is only considered in the y (feed) direction due 

to orthogonal turning assumption. For the sharp tool 

consideration, the equation of motion becomes 

my⃛ + cẏ + ky = F                                        (1) 

Equation of motion for a worn tool vibrating in y-direction  

mÿ + cẏ + ky = F + Fc  (2) 

Here, F is the cutting force in feed (y) direction: 

F = Kfb[y(t-T)-y(t)]  (3) 

Where [y(t-T)-y(t)] is chip variation due to tool vibration 

Kf= cutting coefficient in feed direction, 

b = chip width (width of cut), and 

T = time delay between current time and previous time 

Fc is the contact force in y-direction, which is proportional to 

the total volume of displaced material V 

Fc = KspV                             (4)   

Where Ksp is the proportionality coefficient 

𝑉 = −
𝑏𝑙2�̇�

2𝑣
                                                    (5) 

where lw = tool flank wear length 
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Figure 5.2 (a) Flank wears on a turning tool(b) Flank wear profile 

 

The flank wear on the tool is responsible for the contact force 

between the tool and workpiece. Figure 5.2 (a) depicts the 

location of flank wear on a turning tool and figure 5.2 (b) 

shows detailed flank wear profile where VB is the average 

flank wear width, VBmax is maximum peak land width and 

lw is flank wear length/flat. The flank wear length (lw) is very 

critical in positive damping in the occurrence of chatter 

vibrations as explained by Tlusty (1999). Finally, the contact 

force can be derived from equations (4) and (5) as: 

𝐹𝑐 = −
𝐾𝑠𝑝 𝑏𝑙2�̇�

2𝑣
 (6) 

Equations (1) and (2) represent the equations of motion of an 

orthogonal turning process by considering a very sharp tool 

and worn tool respectively. They will be utilized to analyze 

the stability of the turning process for the sharp and worn tool 

cases. Equations (3) and (6) represent the cutting force and the 

contact force respectively. The stability conditions of the 

turning process will vary significantly when the contact force 

is added to the cutting force of the system which will be 

studied when the stability analysis is carried out. 

 

Stability analysis by considering a sharp tool 

Substituting equation (3) into equation (1) and dividing by m 

gives: 

�̈� +
𝑐

𝑚
�̇� +

𝑘

𝑚
𝑦 =

𝐾𝑓𝐵

𝑘

𝑘

𝑚
[𝑦(𝑡 − 𝑇) − 𝑦(𝑡) (7) 

Applying Laplace transform and using relations 

2

n
=
𝑘

𝑚
 , 

𝑐

𝑚
 = 2 n  and assuming  = 

fk b

𝑘
 

𝑆2 + 2 n S +
2

n =  2

n
(𝑒−𝑆𝑇 − 1) (8) 

From equation (8), the transfer function of the system with a 

sharp tool can be obtained by  derivation from differential 

equation 

 s
 = 

1

𝑆2+2 n +
2

n
 (9) 

Substituting s = jω into equation (9), where ω is the chatter 

vibration frequency, the real G(ω) and imaginary parts H(ω) 

of the transfer function are found as 

G( ) = 

2 2

n 

𝑅( )
 

H( ) = -
2 n 

𝑅( )
 

Where R( ) = 
2 2

n 
2

+ 2 n
2

+ 
2   (10) 

ωn = natural frequency of the system, and ω = frequency of 

chatter vibration. 

The limiting width of cut at which turning process switches 

from stable to unstable can be found by a relation 

Limb  = - 
1

2 fk G( ) 

 (11) 

The spindle period (T) and phase shift (θ) can be obtained 

T = 
(2𝑛𝜋+𝜃)


 , 𝜃 = 3𝜋 + 2  (12) 

The spindle speed can be obtained 

N= 
60

T
  (13) 

Equations (11), (12) and (13) can be used to produce the so 

called stability chart showing the relationship between the 

limiting width of cut (blim) and spindle speed (N) for the 

turning operation. The stability chart distinguishes regions of 

stable (chatter-free) and unstable cutting operation for 

different combinations of width of cut and spindle speed. By 

selecting specific combinations of width of cut and spindle 

speed, chatter vibrations can be avoided to achieve a stable 

turning process throughout. Table no. 5.1 shows the physical 

and model parameters of the tool 
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Table 5.1 Physical and modal parameters of the tool 

Mass Damping Stiffness k Cutting coefficient Damping Natural 

m (kg) coefficient c (N/m) Kf (N/m2) ratio ξ frequency Fn 

 (kg/s)    (Hz) 

50 2x103 2x107 2x109 0.026 119 

 

Tool wear prediction 

In order to study the effect of chatter vibrations on tool wear 

analytically, it is imperative to generate a tool wear equation 

with the help of which this relationship can be established. It 

is also required that this equation should be able to predict 

tool wear at or above the stability border on the stability chart, 

so that tool wear can be predicted soon after the process 

becomes unstable. A tool wear equation can be derived from 

equation (11) and after some mathematical manipulation 

 

wI =

√
  
  
  
  
  
  
 

2𝑚𝑣

spk b

(

 
 
 
 

√
  
  
  
  
  

[−2 fk
(

 
2 2

n 
)

 
Limb −(

2 2

n  )

2

]

2
− 2 n

)

 
 
 
 

 (14) 

 

Tool-wear prediction in the presence of chatter vibrations 

(unstable cutting) can be possible by using equation (14). It 

predicts tool wear length at and above the stability limit for an 

orthogonal turning process. The tool wear equation (14) 

predicts the tool wear rate in the presence of chatter by 

considering mainly the dynamics and the contact mechanism 

of the turning process. Flow chart on which programming is 

made is given below and we made different programme for 

Single stability lob diagram,Two Stability Lob Diagrams 

(SLD), Multi Stability Lob Diagrams (SLD), Single Stability 

Lob Diagrams (SLD), Two Stability Lob Diagrams (SLD), 

Multi Stability Lob Diagrams (SLD), tool wear 

length&damped system.  

 

Flow chart for Single Stability Lob Diagram (SLD) 

 

RESULTS AND DISCUSSION 

ωn= 632.45 rad/s                                                   ωn=747.70 rad/s 

 

1. Starting spindle speed N = 2029.42 rpm 1. Starting spindle speed N = 2396.25 rpm 

2. Starting width of cut blim = 0.86mm 2. Starting width of cut blim = 1.42 mm 

3. Stable limiting width of cut blim = 0.10 mm at ω = 649 

rad/sec i.e. N = 2246.5 rpm 

3. Stable limiting width of cut blim = 0.15 mm at ω = 

771.5 rad/sec i.e. N = 2682 rpm 

Start (initialize inputs) 

Calculate, 𝑊𝑛 = √(𝐾/𝑀) 

Evaluate, 𝑊 =  𝑊𝑛: 1: 800 

Calculate, 𝐴 =   𝑊𝑛
2 −𝑊2 

Calculate, 𝑅 = [𝐴2 + (2𝜁𝑊𝑛𝑊)2] 

Calculate, 𝐻 = [−2𝜁𝑊𝑛𝑊] 𝑅⁄  

Calculate, 𝐺 = 𝐴 𝑅⁄  

Calculate, 𝑆𝐶𝐼 = atan (𝐻 𝐺⁄ ) 

Calculate, 𝜃 = 3π + 2ξ 

Calculate, 𝑇 = 2πn + 𝜃 𝑊⁄  

Calculate, 𝐵 = −[10 (2000 × 𝐺 × 𝐾𝑓)⁄ ] 

Start (initialize inputs) 
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The effect of varying spindle speed on width of cut was 

observed at different frequencies. 

The effect of chatter frequency on tool wear was also 

observed. 

First SLD at chatter frequency (ω) = 632.45rad/secwhich is a 

resonance frequency and natural  

 

CASE1 

 

 

Single SLD of a turning process considering sharp tool 

models 

Frequency (ωn) is also 632.45 rad/sec. At this frequency 

Spindle speed (N) is 2029.42 rpm and starting width of cut (b) 

is 0.86 mm 

when n = 1 we concluded that chattering in turning will be 

above the stability lob and stable turning process will be 

below the stability lob 

 

Case 2 

 

 

 

 

Two SLDs of a turning process considering sharp tool 

models 

For second SLD, in equation (1) n= 2  

Now at the natural frequency(ωn) = 632.45 rad/sec, the 

Spindle speed (N) is 1519.61 rpm and starting width of cut (b) 

is same as previous concluded that chattering in turning will 

be above the stability lob and stable turning process will be 

below the stability lob 

 

Case 3 

 

 

SLDs of a turning process considering sharp tool 

For multiple SLDs, in equation (12), n = 18 

The width of cut and spindle speed combinations below the 

stability lobes result in a stable turning process and above the 

lobes result in chatter. If a tangent line is drawn through the 

bottom of all the lobes, it gives the critical minimum width of 

cut around 0.106 mm for the sharp tool. If the width of cut is 

kept below these limits, a stable operation is guaranteed at all 

spindle speeds during turning 

Case 4 
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Single SLD of a turning process considering sharp tool 

models 

First SLD at chatter frequency (ω) = 747.70 rad/sec which is a 

resonance frequency and natural frequency (ωn) is also 747.70 

rad/sec. At this frequency Spindle speed (N) is 2396.25 rpm 

and starting width of cut (b) is 1.42 mm.At this frequency 

limiting width of cut (blim) is 0.15 mm. 

Case 5 

 

 

By equation 12 and 13Put n= 2  , 

Now at the natural frequency(ωn) = 747.70 rad/sec, the 

Spindle speed (N) is 1794.72 rpm and starting width of cut (b) 

is same as concluded that chattering in turning will be above 

the stability lob and stable turning process will be below the 

stability lob 

 

Case 6 

 

From eqn 12 put n = 22 we get 

The width of cut and spindle speed combinations below the 

stability lobes result in a stable turning process and above the 

lobes result in chatter. If a tangent line is drawn through the 

bottom of all the lobes, it gives the critical minimum width of 

cut around 0.15 mm for the sharp tool. If the width of cut is 

kept below these limits, a stable operation is guaranteed at all 

spindle speeds during turning. 

 

Case 7 

 

 

Tool wear (lw) versus chatter vibration frequency (ω) plot 

for different values of natural frequencies (ωn) 

Tool wear lengths were obtained by varying chatter vibration 

frequencies close to the natural frequency of the system. It can 

be seen that the tool wears very rapidly when chatter starts to 

occur close to the first natural frequency of the system. The 

same process is repeated for different natural frequencies of 

the system to see the effect of the natural frequency on the 

tool wear. It was found that by increasing the natural 

frequency of the system, tool wear and tool wear rate 

decreases. 

 

EXPERIMENTAL VALIDATION 

Experimental validation is necessary to simulate the results of 

the analytical models presented in this chapter. Orthogonal 

and normal turning experiments are most common metal 

cutting operation in the manufacturing industry. 

 

Analytical results Experimental results (Siddhpura, M. & Paurobally, R.) 

Stable limiting width of cut blim = 0.10 mm at  ω = 649 rad/sec Stable limiting width of cut blim = 0.10 mm at  ω = 649 rad/sec 

Stable limiting width of cut blim = 0.15 mm at  ω = 747 rad/sec Stable limiting width of cut blim = 0.10 mm at ω = 747 rad/sec 

The initial tool wear rate is very high up to 4 mm of the tool wear length The initial tool wear rate is very high up to 3 mm of the tool wear 

length 
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CONCLUSION AND FUTURE WORK 

The stability of an SDoF orthogonal turning process has been 

analyzed by considering a sharp tool in the SDoF model. The 

stability limit of sharp tool case predicted by the SDoF model 

was found to be 0.1 mm and 0.15 mm at two different 

frequencies 632.45 rad/sec and 747.70 rad/sec respectively, 

which is obtained by programming. From the SLDs in 

annexure I to VI, below the stability lobes result in a stable 

turning process and above the lobes result in chattering. 

It is observed from annexure 7 and figure 3.9 that when 

chatter vibrations start to occur, the initial tool wear rate is 

very high up to 4 mm of the tool wear length (or width of cut) 

during which the chances of tool breakage is high as well. On 

comparing the analytical results with experimental results, the 

difference of 1 mm in tool wear rate is obtained. 

Future scope of above work that The tool wear prediction in 

the presence of chatter was carried out by considering mainly 

the dynamics mechanism and sharp tool for turning process in 

this thesis. There is future scope of including thermo 

mechanical properties in the SDoF model for tool wear 

predictions and by considering worn tool by programming. 
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