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ABSTRACT   

 

  In a machining operation, vibration is frequent problem, which affects the machining 

performance and in particular, the surface finish and tool life. Severe vibration occurs in the 

machining environment due to a dynamic motion between the cutting tool and the work piece. 

These vibration signatures are analyzed to determine causes of inaccuracy in the manufacturing 

process and faulty components. Many Condition Monitoring Techniques are available to monitor 

the machine tool experimentally. Among these techniques, vibration monitoring is the most 

widely used technique because most of the failures in the machine tool could be due to increased 

vibration level. Experimental vibration analyses are conducted for a lathe system to detect the 

possibility of faults and to develop an accurate cutting process. Experiments are carried out using 

the Condition Monitoring instrument VIBROMETER to measure vibration severity for different 

cutting speed, depth of cut and feed rate. The RMS value of vibration at  is determined from the 

experimental analysis, it is found that the vibration velocity increases as the cutting speed, depth 

of cut and feed rate increases. 
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______________________________________________________________________________ 

 

INTRODUCTION - 

 

Machine tool maintenance is an important area for the practicing maintenance engineers. 

Because, it furnishes a particularly complicated system for solution, which includes electronics, 

electrical, hydraulic and pneumatic power drive mechanisms, control systems, measurement 

systems, bearings, ball screws, gears, belts, lubrication systems and coolant systems. During the 

operation of these machine tools, different kinds of failures are faced by the industry. A 

systematic study of such failures can help in identifying the critical sub system of the machine 

tools. This will be useful for identifying the condition monitoring of the machine tool. The 

modern trend of machine tool development is required to produce precise, accurate and reliable 

product which are gradually becoming more prominent features. In a machining operation, 

vibration is frequent problem, which affects the machining performance and in particular, the 

surface finish and tool life. Severe vibration occurs in the machining environment due to a 

dynamic motion between the cutting tool and the work piece Machine tool vibration, if 

uncontrolled, can adversely affect the surface finish, dimensional accuracy and tool life. About 

70% of the failures in the machine tool could be due to increased vibration level of the machine. 
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Lathe is one of the most important machine tool in manufacturing industries. The quality of the 

work piece depends mainly on the condition of the lathe 

                         Main objective of the research work is to monitor the vibration level of cutting 

tool. So it is assumed that the condition of the machine and its components is good in all other 

aspects such as foundation of the machine, rigidity of the machine components (such as bed, 

spindle, tail stock etc.) and so on. The simplest vibration analysis is conducted through collecting 

the “overall” vibration amplitude Root Mean Square (RMS) value and plotting the vibration data. 

With the help of vibration data the optimum condition of parameter for running the machine can 

be identified and increased the tool life by reducing vibration. 

LITERATURE REVIEW   

The literature review has been carried-out in the areas of vibration monitoring of rotating 

machine. Techniques of faults diagnosis and analysis of resulting vibration signatures have been 

reviewed. Vibration monitoring aims to define the current condition of machine and compare it 

with previously measured condition. Some element of prediction is inferred by noting trends in 

the observed parameter. Vibration signal analysis has become an established method for 

monitoring the condition of rotating machines. Traditionally, the vibration monitoring of rotating 

machinery is heavily dependent on the spectral analysis or the Fourier transform of the vibration 

signals. 

Mahesh.G, Muthu.S. Devadasan.S.R [1]-In this paper accelerometer and dynamometer are 

currently used to measure vibration in terms of acceleration amplitude and frequency response 

and the accelerometer, which is used to measure surface vibration to detect the tool condition. 

Three vibration signals between the tool and work piece are measured by  a PCB accelerometer 

.To predict the surface roughness, the spindle speed, feed rate, depth of cut and vibration variable 

can effectively controlled. 

S.S Abuthakeer et al. [2] - have done comprehensive experimental study for the behavior of the 

system under any cutting condition within the operating range. The onsite tests show that the 

proposed system reduces the vibration of cutting tool to a greater extend. 

G. Urriolagoitia-Calderón et al [3]   In this work the analysis of the rigidity of an Al-Cu alloy 

lathe bed to be used for high speed machining (HSM) .Mechanical design optimization by means 

of simulations based on the finite element method (FEM) was applied in order to calculate the 

lathe bed deflections, the natural frequencies and the corresponding vibration amplitudes. The 

results show the feasibility of using an Al-Cu alloy instead of cast iron in the fabrication of lathe 

beds. This increases the flexibility of manufacture. 

Haung et al.  [4] - The aim of this project is to evaluate the feasibility of WSN based 

accelerometer for tool condition monitoring. The project scope is as follows 

To build a prototype of wireless accelerometer sensor mode 

To compare the wireless accelerometer with conventional accelerometer 

To design data acquisition and signal processing algorithm on the sensor mode 
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Zhang et al [5] have been trying to demonstrate a tool condition monitoring approach in an end-

milling operation based on the vibration signal collected through a low-cost, microcontroller-

based data acquisition system. A data acquisition system has been built through interfacing a 

microcontroller with a signal transducer for collecting cutting vibration. The examination tests of 

this developed system have been carried out on a CNC milling machine. Experimental studies 

and data analysis have been performed to validate the proposed system. The onsite tests show the 

developed system can perform properly as proposed. 

 

Marlon C. Batery and Hamid R. Hamidzadeh [6] have done Analytical and experimental 

vibration analyses for a lathe system to detect the possibility of faults and to develop an accurate 

cutting process. The vibration signatures were analyzed to determine causes of inaccuracy in the 

manufacturing process and faulty components. Problem-causing components for several case 

studies (different speeds, feed rates, and tool lengths) were identified. 

 

Peng .Z.K,Chu F.L[7]  has present a summary about the application of the wavelet in machine 

fault diagnosis ,including the following main aspects: the time frequency analysis of signals, the 

fault features extraction, the singularity detection for signals, the denoising and extraction of the 

week signals, the compression of vibration signals and the system identification. Some other 

applications are introduced briefly as well, such as the wavelet networks, the wavelet based 

frequency response function etc. 

 

Ebersbach et al [8] has investigated the effectiveness of combining both vibration analysis and 

wear debris analysis is an integrated machine condition monitoring maintenance program. To 

this end, a series of studies was conducted on a spur gear box test rig. 

                In this study of constant and cyclic overload condition being imposed on to a spur gear 

system, the correletation of two above technique s concerning the resulting gear faults was found 

too be very good .each technique added more evidence to complete a diagnosis of the gear box, 

system which provide to be correct upon inspection of the gear box. The detection strength of 

vibration analysis was found to be in the detection of fault condition, while wear debris analysis 

can reveal the wear modes of the gear box. 

 

Luke and Joseph, 2001 [9]  have been found out that the forced vibration is a result of certain 

periodical forces that exist within the machine, bad gear such as drives, misalignment, and 

unbalanced machine tool components, etc. Self-excited vibration is caused by the interaction of 

the chip removal process and the structure of the machine tool, which results in disturbance in 

the cutting zone. The self-excited vibration affects the production capacity, reliability and 

machining surface quality. 

Tumer, Irem Y, Huff. Edward M.  [10]   has presented, helicopter transmission vibration data, 

collected using triaxial accelerometer, are explored in three different directions, analyzed for 

content, and then combined using principal components analysis (PCA) to analyze changes in 

directionality. To provide a method for analysis and monitoring purposes, the triaxial data are 

decorreletad using a mathematical transformation, and compared to the original axes to 

determine their differences. The benefits of using triaxial data for vibration monitoring and 

diagnostic are explored by analyzing the changes in the direction of the principal axis of 

vibration formed using all three axes of vibration. 
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METHODOLOGY: 

 

The experiment was carried out on Centre Lathe machine in axial direction and in tangential 

direction. The experimental setup is shown in Figure 1. It include tool made up of carbon steel,& 

diamond ,work piece made up of mild steel (length 75mm,diam. 25mm and weight 285gm) 

without any cutting fluid. The vibration was measured by placing the Vibrometer in two different 

directions i.e. axial and tangential. The experiments were repeated for different speed, different 

depth of cut and different feed rate. Readings were noted down in three different level i.e. three 

different depth, cutting speed and feed rate RMS value {It is a set of values (or a continuous time 

waveform) is the square root of the arithmetic mean of the squares of the original values (or the 

square of the function that defines the continuous waveform)} value was  measured .After taking 

all the readings in three different level, graph has been plotted and made the comparison  for 

different cutting speed ,feed rate and depth of cut that how these parameters affect the vibration 

level. 
 
 

 
                                  

                                     
                                                  Fig 1 Centre Lathe Machine 
DATA COLLECTION    

 

Experiment has been performed in the workshop of Mits College Gwalior on centre lathe 

machine. Data has been collected in two directions in tangential direction and in axial direction. 

Two types of tool has taken for measuring vibration and comparison has been made between 

these tools with the help of Vibrometer as shown in table 1 

Table 1. Input parameters and dynamic response of accelerometers 
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EXP 

NO. 

CS   

RPM 

DOC 

mm     

FR 

mm/ 

rev 

                   Amplitude of acceleration level of cutting tool 

Tool(Carbon steel)                    Tool(Diamond) 

        Axial      Tangential         Axial       Tangential 

 RMS RMS RMS RMS 

1 100 0.5 0.1 0.89 1.04 1.48 1.87 

2   100 0.5 0.2 0.92 1.49 1.89 1.91 

3 100 0.5 0.3 1.04 1.98 2.12 2.28 

4       100 0.75 0.1 0.95 1.93 2.39 2.53 

5 100 0.75 0.2 1.08 2.14 2.59 2.65 

6 100 0.75 0.3 1.11 2.39 3.13 3.48 

7 100 1 0.1 0.94 2.49 3.39 3.53 

8 100 1 0.2 1.14 2.73 3.84 3.94 

9 100 1 0.3 1.22 3.22 4.02 4.22 

10 150 0.5 0.1 2.02 3.02 4.08 4.45 

11 150 0.5 0.2 2.44 3.14 4.34 4.89 

12 150 0.5 0.3 2.84 3.83 4.72 4.94 

13 150 0.75 0.1 3.14 4.14 5.03 5.69 

14 150 0.75 0.2 3.64 4.82 5.23 5.86 

15 150 0.75 0.3 3.82 4.71 5.69 5.91 

16 150 1 0.1 3.53 4.93 5.41 5.88 

17 150 1 0.2 3.78 5.11 5.68 5.11 

18 150 1 0.3 3.89 5.39 5.96 6.41 

19 200 0.5 0.1 4.53 5.13 5.93 6.68 

20 200 0.5 0.2 4.72 5.53 6.19 6.93 

21 200 0.5 0.3 4.88 5.87 6.24 7.18 

22 200 0.75 0.1 4.83 5.72 6.43 7.53 

23 200 0.75 0.2 5.18 5.78 6.51 7.81 

24 200 0.75 0.3 5.83 5.93 6.88 7.93 

25 200 1 0.1 5.28 6.37 7.19 8.27 

26 200 1 0.2 5.92 6.93 7.62 8.45 

27 200 1 0.3 6.19 7.19 7.91 8.53 
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Table 3. Identified control factors and their levels 

Variable or 

parameter  

Parameter 

designation  

Level 1  Level 2  Level 3  

Cutting Speed 

(Rpm) 

 

 

A 

 

 

100 

 

150 

 

200 

Depth Of Cut 

(Mm) 

 

 

B 

 

0.5 

 

 

1 

 

1.5 

Feed Rate  

(Mm/Rev 

 

C 

 

 

0.1 

 

 

0.2 

 

0.3 

 

RESULT AND DISCUSSION  

The vibration phenomenon for various cutting condition has been analyzed by plotting the graph for 

different cutting speed and depth of cut. The plan of the experiment was developed to assess the effect of 

cutting speed, feed rate and depth of cut on the cutting tool vibration. Table 1 illustrates the experimental 

result of vibration in both tangential and axial cutting direction. Fig 2 Shows the comparison of vibration 

level in axial direction for carbon tool for different depth of cut that how the cutting parameters affect the 

vibration level similarly fig.3 shows the comparison of vibration level in tangential direction fig 4 shows 

the comparison of vibration in axial direction for diamond tool and fig 5 shows the comparison of 

vibration in tangential direction for diamond tool 

Graph Plotted between RMS Value and Feed Rate at Different Cutting Speed for Different 

DOC)   In Axial Direction (carbon tool) 
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For 1mm doc (c) 

                  

                               Fig 2a.2b.2c Variation of vibration in axial direction (carbon tool) 

 

In Tangential Direction  

                
    

                  For 0.5 mm doc   (a)                                              For 1mm doc (b) 
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                                               FOR 1.5MM DOC   (c)                                                                      

       

Fig 3a, 3b, 3c Variation of vibration in tangential direction (carbon tool) 

 

In Axial Direction (diamond tool) 
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                                                                  For 1.5mm doc (c)                                                                       

                 Fig 4a, 4b, 4c Variation of vibration in axial direction (diamond tool) 

 

In Tangential Direction (diamond tool) 
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                                                         For 1.5mm (a) 

            Fig 5a, 5b, 5c Variation of vibration in tangential direction (diamond tool) 

 
CONCLUSION 

 

The main effect plot (between Depth of cut, Cutting speed, and Feed rate and vibration level) 

have been shown in Figure 2, 3, 4 & 5 for axial direction and tangential direction . Figure shows 

the main effect plot for vibration level of cutting tool for various depth of cut, cutting speed and 

feed rate,. It indicates that with increase in cutting speed, there is a continuous increase in cutting 

tool vibration value. Cutting speed of 100 RPM produces the lowest amplitude of vibration and 

200 RPM produces the highest amplitude of vibration. Figure shows that there is an increase in 

depth of cut when there is a continuous increase in cutting tool vibration. Depth of cut 0.5 mm 

produces the lowest vibration and 1 mm produces the highest amplitude of vibration. For the 

feed rate also it shows that if we increase the feed rate there is a continuous increasing in cutting 

tool vibration. Feed rate 0.1/rev mm produces the lowest vibration and 0.4 mm/rev mm produces 

the highest amplitude of vibration. With the help of vibration data the optimum condition of 

parameter for running the machine can be identified and increased the tool life by reducing 

vibration. We can also concluded that vibration level is increasing in diamond tool as compare to  

carbon tool so carbon tool is more feasible regarding the vibration level than the  diamond tool 
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