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ABSTRACT 
Research during the past several years has established the effectiveness of acoustic emission (AE) based sensing methodologies 
for machine condition analysis and process monitoring. AE has been proposed and evaluated for a variety of sensing tasks as well 
as for use as a technique for quantitative studies of manufacturing processes. Optimum selection of cutting conditions 
importantly contribute to the increase of productivity and the reduction of cost, therefore utmost attention is paid to this problem 
in this contribution. In this paper we proposed AE as non-contact and indirect technique for in-process surface roughness 
assessment in turning. Three cutting conditions dry cut, cutting with water as coolant and normal coolant were used. The 
material used in study is EN8. Three cutting parameters namely feed rate, depth of cut, cutting speed are optimized with 
consideration with surface roughness. AE signals were acquired from tool post jig. Surface roughness of finished surface was 
measured. Taguchi method is used find optimal cutting parameters for surface roughness (Ra) in turning. The L-9 orthogonal 
array, the signal-to-noise ratio and analysis of variance are employed to study the performance characteristics. Regression models 
are developed and validated to predict the surface roughness and AE Signal value). 
Keywords: Acoustic Emission (AE), Surface roughness, Taguchi Method, DOE, L-9 array 

1. INTRODUCTION 
1.1 ACOUSTIC EMISSION 
    Acoustic Emission, according to ASTM, refers to the generation of transient elastic waves during the rapid release of 
energy from localized sources within a material. The source of these emissions in metals is closely associated with the 
dislocation movement accompanying plastic deformation and the initiation and extension of cracks in a structure under 
stress. Other sources of Acoustic Emission are: melting, phase transformation, thermal stresses cool down cracking and 
stress build up acoustic emission phenomena in non-distractive testing and tool monitoring. Acoustic emissions have 
become an important tool for instrumentation and monitoring due to the great advances in signal classification, 
instrumentation, and sensors.     
 
 1.1.1 AE signal source 
Research has shown that AE, which refers to stress waves generated by the sudden release of energy in deforming 
materials, has been successfully used in laboratory tests to detect tool wear and fracture in single point turning operations. 
Dornfeld (1989) [1] pointed out the following possible sources of AE during metal cutting processes (see Fig. 1) 

a) Plastic deformation during the cutting process in the work piece; 
b) Plastic deformation in the chip; 
c) Frictional contact between the tool flank face and the work piece resulting in flank   wear; 
d) Frictional contact between the tool rank face and the chip resulting in crater wear; 
e) Collisions between chip and tool; 
f)     Chip breakage; 
g) Tool fracture. 
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Fig.1: Sources of AE 

 
1.1.2 AE signal 
               Based on the analysis of AE signal sources, AE derived from metal turning consists of continuous and transient 
signals, which have distinctly different characteristics. Continuous signals are associated with shearing in the primary 
zone and wear on the tool face and flank, while burst or transient signals result from either tool fracture or chip breakage. 
Therefore, from (a) to (d) sources generate continuous AE signals, while from (e) to (g) generate transient AE signals (see 
Fig. 2). The AE signal types in cutting process shown in Fig.2 
 
1.2 SURFACE ROUGHNESS 
                Surface Roughness (finish) is one of the crucial performance parameters that have to be controlled within 
suitable limits for a particular process. Therefore, prediction or monitoring of the surface roughness of machined 
components has been an important area of research. Surface roughness is harder to attain and track than physical 
dimensions are, because relatively many factors affect surface roughness. 

 
Fig.2:  AE signal 

 
Surface roughness is caused by: 
The feed marked or ridges left by the cutting tool, and  
The fragments of built-up edge shed on the work surface in the process of chip formation. Surface finish can be improved 
by reducing the height of the feed ridges and the size of the built up edge. 
 
2.  LITERATURE REVIEW 
Stefan pitter et. al.[2] concluded  that acoustic emission signals are one of the promising source for in-process surface 
roughness assessment in turning. Approximate relationship between statistical measurement of acoustic emission signals 
and surface roughness parameters have been modeled earlier for different experimental situation. In addition to cutting 
feed and cutting speed simple statistics derived from acoustic emission signals produce useful information for surface 
roughness assessment. Speed, feed and RMS value of AE are clearly correlated with the surface roughness parameters. 
The degree of correlation of RMS of AE seems to be better correlated than speed and RMS is the best possible choice to 
classify each of three roughness parameters apart from feed.    
  
  T. Tamizharasan et. al. [3] had developed a mathematical model using multiple regression analysis and artificial neural 
network (ANN) model for artificial intelligent model. They found that depth of cut is most significant parameter followed 
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by cutting speed, hardness of material and lastly feed rate. The mathematical model developed  by multiple regression 
method shows accuracy of 97.41% which  is reliable to be used on AE signal prediction. The result from this research is 
useful to be implemented in industry to reduce time and cost in AE signal prediction. 
 
  R S Pawade et. al. [4] has found that analysis of AE Signal during the machining could help to determine the quality of 
the machine surface. Frequency amplitude of the AE signal is influence by the cutting speed. The feed rate and edge 
geometry are found to influence the number of count generated during machining deformation. 
 
    T S Reddy et. al.[5] have done the turning operation using HSS tool on mild steel. The result shows significance 
relation between surface roughness and AE signals parameters. The conclusions are made for predicting surface 
roughness by suggesting consistence values and ranges for on-line monitoring of AE signals parameters. 
 
  J Bhaskaran et. al.[6] in study of hard turning, used the skew and kurtosis parameters of AE signals to monitor tool 
wear. The moment parameters of AErms signals such as skew and kurtosis can be used to reliably monitor the tool wear 
and surface roughness. 
 
  G. Priyadarshini et. al.[7] found that lower feed rate/rev, AErms Value was less and surface roughness of machined 
surface was also less. Analysis reveal that the acoustic emission while metal machining can be very useful in identifying 
relative surface quality of the product and hence selection of proper cutting parameters. Acoustic emission technique can 
be effectively used in online condition monitoring of machining parameters. 
 
    Nitin Sharma et. al.[8] have used Taguchi method to find the optimal cutting parameters for  surface roughness (Ra) in 
turning of AISI-410 steel bars usinf tin coated inserts. The four cutting parameters namely insert radius, depth of cut, feed 
and cutting speeds are optimized with consideration of surface roughness. The analysis reveals that feed rate has the most 
significant effect on Ra. They found that parameter design of the Taguchi method provides a simple systematic and 
efficient methology for the optimization of the cutting parameters. 
  
    Suleman et. al.[9] have investigated the influence of depth of cut, feed rate and spindle speed on surface roughness 
during turning of mild steel. Analysis of variance (ANOVA) 
is used to analyze the influence of machining parameters on surface roughness.  Multiple linear regression, mathematical 
model correlating the influence of machining parameters on surface roughness during the process were developed and 
validated.  
 
3.  TAGUCHI METHOD 
Taguchi has developed a methodology for the application of designed experiments, including a Practitioner’s handbook. 
This methodology has taken the design of experiments from the exclusive world of the statistician and brought it more 
fully into the world of manufacturing. His Contributions have also made the practitioner work simpler by advocating the 
use of fewer Experimental designs, and providing a clearer understanding of the variation nature and the economic 
consequences of quality engineering in the world of manufacturing [10,11]. Taguchi introduces his approach, using 
experimental design for designing products/processes so as to be robust to environmental conditions; designing and 
developing products/processes so as to be robust to component variation; minimizing variation around a target value.  
                     The philosophy of Taguchi is broadly applicable. He proposed that engineering optimization of a process or 
product should be carried out in a three-step approach, i.e., system design, parameter design, and tolerance design. In 
system design, the engineer applies scientific and engineering knowledge to produce a basic functional prototype design, 
this design including the product design stage and the process design stage. In the product design stage, the selection of 
materials, components, tentative product parameter values, etc., are involved. As to the process design stage, the analysis 
of processing sequences, the selections of production equipment, tentative process parameter values, etc., are involved. 
Since system design is an initial functional design, it may be far from optimum in terms of quality and cost 
             The objective of the parameter design [12] is to optimize the settings of the process parameter values for 
improving performance characteristics and to identify the product parameter values under the optimal process parameter 
values. In addition, it is expected that the optimal process parameter values obtained from the parameter design are 
insensitive to the variation of environmental conditions and other noise factors. Therefore, the parameter design is the key 
step in the Taguchi method to achieving high quality without increasing cost. 
           Taguchi method uses a special design of orthogonal arrays to study the entire parameter space with a small 
number of experiments only. A loss function is then defined to calculate the deviation between the experimental value and 
the desired value. Taguchi recommends the use of the loss function to measure the performance characteristic deviating 
from the desired value. The value of the loss function is further transformed into a signal-to-noise (S/N) ratio h. There are 
three categories of the performance characteristic in the analysis of the S/N ratio, that is, the lower-the-better, the higher-
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the-better, and the nominal-the-better. The S/N ratio for each level of process parameters is computed based on the S/N 
analysis. Regardless of the category of the performance characteristic, the larger S/N ratio corresponds to the better 
performance characteristic. Therefore, the optimal level of the process parameters is the level with the highest S/N ratio ρ 
Furthermore, a statistical analysis of variance (ANOVA) is performed to see which process parameters are statistically 
significant. With the S/N and ANOVA analyses, the optimal combination of the process parameters can be predicted. 
Finally, a confirmation experiment is conducted to verify the optimal process parameters obtained from the parameter 
design. In this paper, the cutting parameter design by the Taguchi method is adopted to obtain optimal machining 
performance in turning. 
 
Nominal is the better:   S/   = 10 log  )                                                          (1) 

Larger-is-the better (maximize): S/  = - 10 log ( )                                 (2) 

Smaller-is-the better (minimize): = - 10 log (  )                                (3) 

      Where y is the average of observed data,  is the variance of y, n is the number of observations and y is the observed 
data. 
           Notice that these S/N ratios are expressed on a decibel scale. We would use S/NT if the objective is to reduce 
variability around a specific target, S/ if the system is optimized when the response is as large as possible, and S/  if 
the system is optimized when the response is as small as possible. Factor levels that maximize the appropriate S/N ratio 
are optimal. The goal of this research was to produce minimum surface roughness (Ra) in a turning operation. Smaller Ra 
values represent better or improved surface roughness. Therefore, a smaller-the-better quality characteristic was 
implemented and introduced in this study. 
 
4.  MATERIALS 
 In this study two work piece materials EN8 was selected. Its sizes were dia 20X60 mm. The chemical composition and 
mechanical properties of these materials given below.[13][14] 

Table 1 Chemical composition of EN8, % weight 
 C MN SI P S 

MIN 0.35 0.60 0.05 0.015 0.015 
MAX 0.45 1.00 0.35 0.60 0.6 

 
 

Table 2 Mechanical properties of EN8 
CONDITION YIELD STRESS 

MPA 
TENSILE STRESS  

MPA 
ELONGATION 

% 
NORMALIZED 280 550 16 

COLDDRAWN(THIN) 530 660 7 

 
 
5.  Parameters and Level of parameters 
Three cutting parameters feed rate, depth of cut and spindle speed has been selected to study their effect on surface 
roughness and AE Signals. Three levels of parameter are used. The levels of cutting parameters that were selected for this 
study are shown in Table.5.   

Table3 Cutting parameters and their levels 
CUTTING PARAMETERS  SYMBOLS  LEVEL 1 LEVEL 2 LEVEL 3 

FEED RATE 
(MM/REV) 

A 0.076 0.152 0.304 

DEPTH OF CUT (MM) B 0.5 1.0 1.5 

SPINDLE SPEED (RPM) C 300 490 790 

 
 
6.  ORTHOGONAL ARRAY EXPERIMENT 
 To select an appropriate orthogonal array for experiments, the total degrees of freedom need to be computed. The degrees 
of freedom are defined as the number of comparisons between process parameters that need to be made to determine 
which level is better and specifically how much better it is. For example, a three-level process parameter counts for two 
degrees of freedom. The degrees of freedom associated with interaction between two process parameters are given by the 
product of the degrees of freedom for the two process parameters. Once the degrees of freedom required are known, the 
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next step is to select an appropriate orthogonal array to fit the specific task. Minimum number of experiment is calculated 
as, 
 
  Minimum number of experiments= [(L-1)xP]+1 
 Where  
     L- Number of level of parameters=3 
     P- Number of parameters=3 
 
    
Minimum number of experiment= [(3-1)x3]+1 
                                                    = 7 
Therefore L9 orthogonal array has been used. 
 
7.  METHODOLOGY 
 The experiment has been carried out on the lathe machine. Three lubrication conditions dry cut, cutting with water as 
coolant and normal coolant has been used. AE signal has been recorded using high sensitive microphone [7,15-20] and 
Raven lite software. Firstly noise without any cutting has been recorded for each parameters combination, this much 
signal will be reduced from the cutting AE signals [21]. Then a rough cut is given to remove any burr etc. from the work 
piece. Then final cutting operation has been done with given combination of feed rate, depth of cut and spindle speed 
from taguchi design of experiment method.  Each finished part has been kept in small plastic bag to avoid damage of 
surface. Surface roughness of finished has been measured using mituyoto surftest SJ-201P. AE Signals were analyzed 
using three sound analysis software they are Raven Lite version, GoldWave,and Sigview. Minitab 16 has been used to 
design the experiment. Signal to noise ratio analysis has been done to find optimum cutting parameters.  Analysis of 
variance has been done find influence of each parameter on surface roughness and AE Signals. Regression analysis has 
been done to developed mathematical model to predict surface roughness and AE signals for given value of said cutting 
parameters. The developed model has been validated through experiment. 
 
8. RESULTS AND DISCUSSION. 
 8.1. ANALYSIS OF SIGNAL TO NOISE RATIO FOR SURFACE ROUGHNESS 
  As mentioned earlier, there are three categories of performance characteristics, i.e., the lower-the better, the higher-the-
better, and the nominal-the-better. To obtain optimal machining performance, the lower-the-better performance 
characteristic for surface roughness should be taken for obtaining optimal machining performance 
 

TABLE.4Cutting parameters and surface roughness for EN8 
EXPERIMENT 

NUMBER 
CUTTING 

PARAMETERS LEVEL 
AND VALUE 

MEASURED SURFACE 
ROUGHNESS (µM) 

AE RMS VALUE MV 

 A B C DRY WATER COOLNAT DRY WATER COOLAN
T 

1 0.076 0.5 300 2.96 3.34 2.59 0.0041 0.0026 0.0083 
2 0.152 0.5 490 3.25 3.62 3.75 0.0195 0.0098 0.0174 
3 0.304 0.5 790 3.79 3.93 3.95 0.0375 0.1020 0.0883 
4 0.076 1.0 490 3.17 3.97 2.6 0.0072 0.0060 0.0067 
5 0.152 1.0 790 3.32 4.13 3.62 0.0153 0.0075 0.0079 
6 0.304 1.0 300 3.47 4.27 3.94 0.0448 0.0107 0.0129 
7 0.076 1.5 790 3.54 3.79 3.43 0.0025 0.0057 0.0138 
8 0.152 1.5 300 3.70 4.43 3.86 0.0036 0.3570 0.0221 
9 0.304 1.5 490 4.05 4.34 5.94 0.0089 0.03977 0.0661 

    
REGRESSION EQUATIONS:  
 
Ra D = 3.02 - 0.33 A + 0.565 B - 0.00155 C - 0.97 AXB + 0.00046 BXC+ 0.00743 CXA         (4)                                                                                                                 
 
Ra W = 1.34 + 2.64 A + 1.83 B + 0.00489 C + 1.72 AXB - 0.00341 BXC - 0.00796 CXA         (5) 
 
 
Ra C = 2.77 - 5.6 A - 0.69 B + 0.00091 C + 10.7 AXB - 0.00021 BXC + 0.0042 CXA                ( 6) 
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AE D = - 0.0426 + 0.444 A + 0.0095 B + 0.000082 C - 0.134 AXB - 0.000023 BXC- 0.000396 CXA                                                                                                                     
                                                                                                                                                         (7) 
 
AE W = - 0.251 + 0.711 B - 0.36 A + 0.00001 C - 1.08 AXB - 0.000686 BXC+ 0.00227 CXA  (8)                                                                                                               
                                                                                  
AE C = 0.0962 - 0.292 A - 0.0134 B - 0.000322 C - 0.113 AXB + 0.000123 BXC+ 0.00129 CXA                                                                                                      
                                                                                                                                                           (9) 
 

Table.5 Response table for mean S/N ratio for surface roughness factor (Dry cut) 
SYMBOL CUTTING 

PARAMETER 
MEAN S/N RATIO 

LEVEL 1 LEVEL 2 LEVEL 3 DELTA RANK 
A FEEDRATE 3.223 

 
3.423 3.770 

 
0.547 1 

B DEPTH OF CUT 3.333 3.320 3.763 0.443 2 

C SPINDLE 
SPEED 

3.377 3.490 
 

3.550 0.173 
 

3 

 
Table.6 Response table for mean S/N ratio for surface roughness factor (Water) 

SYMBOL CUTTING 
PARAMETER 

MEAN S/N RATIO 
LEVEL 1 LEVEL 2 LEVEL 3 DELTA RANK 

A FEEDRATE 3.700 
 

4.060 
 

4.180 
 

0.480 
 

2 

B DEPTH OF CUT 3.630 4.123 4.187 0.557 1 

C SPINDLE SPEED 4.013 3.977 3.950 0.063 3 

 
Table.7 Response table for mean S/N ratio for surface roughness factor (Coolant) 

SYMBOL CUTTING 
PARAMETER 

MEAN S/N RATIO 

LEVEL 1 LEVEL 2 LEVEL 3 DELTA RANK 
A FEEDRATE 2.873 3.743 

 
4.610 

 
1.737 

 
1 

B DEPTH OF CUT 3.430 3.387 4.410 1.023 2 

C SPINDLE SPEED 3.463 
 

4.097 3.667 0.633 3 

 
Table.8 Results of the conformation experiment  

OPTIMUM CUTTING 
PARAMETERS 

PREDICTED 
VALUE OF RA  

(µ M) 

EXPERIMENTAL 
VALUE OF RA  

(µ M) 

PREDICTED 
VALUE OF AERMS 

EXPERIMENTAL  
VALUE OF AERMS 

DRY A3B3C3 4.429 4.64 0.04904 0.0440 
WATER A3B3C1 4.87 4.72 0.114904 0.102 

COOLANT A3B3C2 5.82 5.51 0.0605 0.88 
 
9 CONCLUSION:  
 In this study optimization of machining parameters during turning process has been carried out. The following 
conclusions can drawn based on the experimental results of this study. 

1) It is found that feed rate is most important parameter effecting Ra followed by depth of the cut and spindle speed. 
2) Machining with high spindle speed has positive effect on Ra as against the feed rate. 



International Journal of Application or Innovation in Engineering & Management (IJAIEM) 
Web Site: www.ijaiem.org Email: editor@ijaiem.org, editorijaiem@gmail.com  

Volume 2, Issue 11, November 2013   ISSN 2319 - 4847 
 

Volume 2, Issue 11, November 2013 Page 471 
 

3)   Multiple regression analysis had been applied to develop a mathematical model for Ra value and AE signal 
prediction. The models developed are found to be reliable. 

4) As surface roughness increases AErms value also increases. 
5) The experimental results and analysis reveal that the Acoustic Emission while metal machining can be very useful 

in identifying relative surface quality of the product and hence in selection of proper cutting parameters.  
6) Wet cutting condition during the turning has been proved better than dry cutting. 
7) The appropriate selection  of the cutting parameters will give better surface finish. 
8) It is found that the parameter design of the taguchi method provide a simple, systematic, and efficient 

methodology for the optimization of cutting parameters. 
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