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Abstract— The optimization and automation plays very 

important role in manufacturing industry. For this tool 

condition monitoring system becomes necessary part in 

manufacturing industry. In this study, experimental 

investigations were carried out to investigate the effect of 

cutting parameter on vibration signals during turning. For this 

the vibration signals in three directions namely Feed (Vx), 

Radial (Vy), and Tangential (Vz) were measured with 

different cutting condition. From experimentation it is 

observed that vibration in feed direction affected by cutting 

parameter. Feed component of vibration signals has higher 

values followed by radial component and finally tangential 

component. From experimentation it is also observed that, 

surface roughness increases with increasing feed rate and 

depth of cut. Also the mathematical modeling of vibration 

signals and surface roughness in terms of cutting parameter is 

developed for better understanding. 
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I. INTRODUCTION 

During machining process, vibration is major problem which 

affect the machining performance and also affects the surface 

finish and tool life [1]. In all this tooling cost is primary 

objective and which is to be reduced to optimum level by 

selecting proper cutting condition. This tool failure can be 

identified by observing the poor surface finish, higher power 

consumption during machining, appearance of burnishing 

bands on the machined surface, cutting tool vibration and 

work-piece vibration [2]. Increased demands for higher 

product quality, reliability, and manufacturing efficiency 

levels, Condition monitoring of tool is essential and is also 

important for increasing machinery availability, improving 

manufacturing process productivity and reliability, and 

reducing maintenance costs. An efficient condition 

monitoring scheme is capable of providing warnings and 

predicting faults at early stages there are many condition 

monitoring systems installed in different types of engineering 

plant. Monitoring systems obtain raw data from the 

concerned machines and provide vital diagnostic information 

to equipment operator [3]. 

M.S.H. Bhuiyan et al in his research predicted tool 

wear by using surface roughness and chip formation 

occurrences during turning.  They studied the combined 

effect of acoustic emission and vibration signals during 

turning. Alonso and Salgado et al, developed a reliable tool 

condition monitoring system (TCMS) for industrial 

application. They have been use singular spectrum analysis 

(SSA) and cluster analysis for analysis of the tool vibration 

signals [7]. Dimla et al, have studied the experimental and 

analytical method for online tool condition monitoring 

system. They used three mutually perpendicular components 

of cutting forces (static and dynamic) and vibration signature 

measurements and these three components are capable to 

predict tool life [8]. Jadhav et al, reported the effect of cutting 

parameter on cutting force and feed force in turning. Also 

conducted experiment on LATHE to study influence of 

cutting parameter with use of analysis of variance technique 

[9]. Many researchers pointed out two sensing methods of 

tool wear as direct method and indirect method. Direct 

method is also called the primary methods of sensing the 

parameter. This method includes electric resistance, optical, 

and radioactive. The indirect method is also called the 

secondary method of sensing the process parameter. In this 

method we develop some mathematical or empirical relation 

between the process parameter and cutting condition. Then 

this mathematical relation and empirical relation are used to 

analyze the results. 

In this paper, the experiment is designed by central 

composite ratable design method (CCRD). Mathematical 

relation is also developed in this paper by response surface 

methodology (RSM) for better understanding. 

II. EXPERIMENTAL DETAILS 

A. Work Piece Material: 

Aluminum alloy 6082, popularly known as HE 30, is most 

widely used alloy in 6000 series. It is heat treatable, medium 

strength, structural alloy with excellent corrosion resistance. 

It is used in highly stressed applications, trusses, bridges, 

transport applications, automobile, and machine components. 

In this experiment the work-piece of 40mm diameter was 

used for turning operation. The work piece material is stepped 

into nine steps; each step is equal to 20mm.  Composition of 

work piece material is shown in (Table 1) in which aluminum 

content is balance. 

 
Fig. 1: Actual Photograph Work-piece 
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Table 1: Chemical Composition Of Alloy 6082 
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B. Cutting Tool Insert: 

The aluminum oxide coated tungsten carbide, type: CNMG 

120408-M5 tool insert were selected based on work piece 

material properties and selected cutting conditions. The 

cutting tool insert has three different layers as Cutter layer - 

Al2O03, Second layer - MTCVD Ti (C, N) and Substrate -

Tough, Tungsten Carbide. A right hand style tool holder 

designated by ISO as PCLNR 2525M12 (Kennametal, India) 

was used to mount to insert. 

 
Fig. 2: Actual Photograph of Cutting Tool Insert 

C. Design of Experiments: 

Experiments were carried out by varying cutting speed (Vc), 

Feed (mm/rev) and Depth of cut (mm). Ranges of cutting 

speed, feed and depth of cut were decided on the basis of tool 

manufacturer recommendation and machine capability. 

Table. 2 show the process parameter and their levels. Central 

composite test matrix is used to perform the experiment on 

CNC machine in which each parameter is varied over three 

levels. In present work, nine experiments were performed to 

develop relation between cutting parameter, vibration signals 

in three direction namely Vibration in feed direction (Vx), 

Vibration in radial direction (Vy) and Vibration in tangential 

direction (Vz) and surface roughness (Ra). 

Parameter Level 1 Level 2 Level 3 

Cutting Speed (RPM) 800 1400 1860 

Feed (mm/rev) 0.1 0.15 0.2 

Depth of Cut (mm) 0.25 0.75 1.25 

TABLE 2: PROCESS PARAMETER AND THEIR 

LEVELS 

D. Measuring Instruments And Experimental Setup: 

A Bruel and Kjaer four channel signal analyzer type LDS 

DACTRON and LDS DACTRON PHOTON+ Dynamic 

Signal Analysis Software was used for acceleration 

measurement. FFT analyzer has frequency range of Up to 

84.2 kHz analysis frequency (192 k samples per second) and 

having frequency accuracy within 0.01%. Analyzer is able to 

compute and display the result, in both time and frequency 

domain.  To pick-up vibration signals Bruel & Kjaer-4514 

type accelerometer is used.  Accelerometer has case material 

made of Titanium; sensing element is Ceramic and has start-

up time less than 1 sec.  Surtronics DUO surface roughness 

tester (Taylor and Hobson make) was use to measure the 

surface roughness. Surface roughness, often shortened to 

roughness, is a measure of the texture of a surface. It is 

quantified by the vertical deviations of a real surface from its 

ideal form. If these deviations are large, the surface is rough; 

if they are small the surface is smooth. 

 
Fig. 3: Surface Roughness   

 
Fig. 4: Experimental Set-up 

E. Experimental Procedure: 

Turning was carried out on CNC (5075 Simple Turn) 

machine which has high degree of accuracy and rigidity. An 

experiment was carried out with varying cutting speed, feed 

and depth of cut. The accelerometer sensor is placed on tool 

holder as close as possible to the cutting area. The 

accelerometer sensor cannot be placed on the cutting tool 

insert because less area available for mounting. During each 

cutting condition the accelerometer sensor pick-ups the 

vibration signals and store in the personnel computer. 

Surtronics DUO surface roughness tester (Taylor and Hobson 

make) was used to checkup the roughness value of turned 

work piece. Table III. Show response tables for each cutting 

condition. 

III. VIBRATION AND SURFACE ROUGHNESS MODELS 

Experimental matrix and observation table of vibration 

signals and surface roughness when turning a work material 

as shown in Table 3. Regression equation for vibration in feed 

(Vx), Radial and Tangential (Vz) were developed based on 

experimental data. The values of the coefficients involved in 

the equation were calculated by regression method by using 

the Design Expert software. Equations developed for three 

components of vibration and surface roughness for work 

material are given below: 

𝑉𝑥 = 0.072 ∗ 𝑉𝑐 + 930 ∗ 𝑓 + 92 ∗ 𝑑𝑐 + 95.4     (1) 

𝑉𝑦 = 0.138 ∗ 𝑉𝑐 − 1430 ∗ 𝑓 + 4 ∗ 𝑑𝑐 + 243                 (2) 

𝑉𝑧 = 0.122 ∗ 𝑉𝑐 + 2190 ∗ 𝑓 + 279 ∗ 𝑑 − 399     (3) 

𝑅𝑎 = −0.000166 ∗ 𝑉𝑐 + 0.99 ∗ 𝑓 + 0.06 ∗ 𝑑𝑐 + 0.31487 

(4) 
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Table 3: Observation table 

All this regression equation was used for further analysis of 

experimental data. From this equation the 

IV. RESULT AND DISCUSSION 

A. Effect Of Cutting Parameter On Vibration Signals: 

Following Fig. 3 shows effect of cutting parameter on 

vibration signals these values of vibration signals is predicted 

with the help of regression equation. These entire graphs have 

been drawn from mathematical models by keeping by 

keeping two cutting parameter constant and one variable. 

From above figure, it is observed that vibration                 

signals in all three directions get affected by the cutting 

parameter. But it is clearly observed that vibration in feed 

direction (Vx) has higher magnitude followed by tangential 

component (Vz) and radial component (Vy). Fig.6 shows 

effect of variation in cutting speed on vibration signals in 

three directions. It is clearly observed variation in cutting 

speed has more prominent effect on vibration in feed 

direction (Vx) which has higher magnitude followed by the 

vibration in tangential direction (Vy) and vibration in radial 

direction (Vy).different values were predicted by keeping two 

parameter constant and one varying. Also it is clearly 

observed that vibration signals in all three directions 

increases linearly with increase in cutting speed. From Fig.7 

it is observed that feed component (Vx) and tangential 

component (Vz) of vibration signals well responds to change 

in feed rate. Both these vibration signals increases linearly 

with increasing feed rate and vibration signals in radial 

direction (Vy) decreases with increasing feed rate. Fig.8 

shows effect of variation in depth of cut on vibration signals 

in three directions. From this it is observed that, vibration 

signals in feed direction (Vx) has more affected by variation 

of depth of cut. 

 
Fig. 6: Effect on Vibration Signals by Variation of variation 

cutting speed (RPM) 

 
Fig. 7: Effect on Vibration Signals by Variation of variation 

Feed Rate (mm/rev) 

 
Fig. 8: Effect on Vibration Signals by Variation of variation 

Depth of Cut (mm) 
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Fig. 9: Typical Vibration Signal Capture in Y direction for 

Cutting Condition Vc=1400 rpm f =0.15 mm/rev and dc 

=1.25 mm. 

 
Fig. 10: Effect on Surface Roughness by Variation of 

Cutting  speed (RPM) 

 
Fig. 11: Effect on Surface Roughness by Variation of Feed 

Rate (rev/min) 

In this vibration signals in feed direction (Vx) has higher 

magnitude followed by tangential component (Vz) and finally 

vibration in radial direction (Vy). It is also observed that 

vibration in radial direction (Vy) does not respond to change 

in depth of cut. Below Fig. 9 shows vibration signal capture 

in frequency domain and time domain for cutting condition 

Vc =1400 rpm, f =0.15 mm/rev and dc =1.25 mm. 

B. Effect Of Cutting Parameter On Surface Roughness (Ra): 

 
Fig. 12: Effect on Surface Roughness by Variation of Depth 

of Cut (mm) 

Figures below depict the graph of effect of cutting parameter 

on surface roughness. From Fig.10 shows effect of variation 

in cutting speeds on surface roughness. From linearly. Means 

for more finishing product the feed rate should be less. Fig.12 

depicts that depth cut also affecting the surface roughness 

values sharply. As increasing depth of cut the surface 

roughness values increases sharply. From Fig. 4 it is clearly 

observed that, for super finished product the feed rate and 

depth of cut should be lower value. graph it is clearly 

observed that increase in cutting speed, surface roughness 

values decreases means at higher cutting speed surface 

roughness value minimum. However, from Fig.11 at higher 

feed rate surface roughness value increases 

V. CONCLUSION 

     In this study, experiments were carried out to investigate 

the effect of cutting parameter on vibration signals in three 

direction and surface roughness. Also the mathematical 

model (Regression Equation) has developed on the basis of 

experimental data. The experimental results show that, 

vibration signals in all three directions are affected by cutting 

parameters. It is also observe that, vibration in feed direction 

has more prominent higher values and this component is 

mostly affected cutting parameter followed by radial 

component and finally tangential component. From this, it is 

concluded that feed component should be take for vibration 

predication. From this investigation, it is also observed that 

surface roughness affected by feed rate followed by depth of 

cut. So for optimum surface roughness and vibration signals 

the feed rate and depth of cut should be lower value. 
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