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Abstract: - Steel components which necessitate high hardness as a crucial requirement are generally turned 
in the soft state, heat treated to the required hardness and then finished to the final dimension. This process 
cycle can be eliminated if the components are directly machined to the final dimensions in the hardened 
state. AISI4340 steel is a through hardenable medium alloy steel that can be hardened to the required 
hardness is used as work material. This material is known for its toughness, tensile strength, fatigue strength 
and economic compared to other alloy steels.  This material is widely used in engineering applications 
where the hardness number is necessitated based on the constraint. In this paper an attempt was made to 
study the effect of AISI4340 steel having different hardness on acoustic emission signals. Cutting 
experiments were conducted by varying the input parameters for AISI4340 material having hardness of 38, 
42 & 46 HRC. Also the relationship between AE signals and cutting parameters for AISI4340 material of 
hardness 38, 42 & 46 HRC were investigated to monitor the state of a machining operation. From the results 
it was observed that possibility of generation of crack propagation or failure can be avoided while the work 
piece is subjected to low hardening state. 
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1. INTRODUCTION 
 

Recently in metal cutting industry, the concept of 
hard turning has gained much importance as it has the 
ability to replace the traditional process cycle of 
turning, heat treating and then finish grinding for the 
assembly of hard, wear resistant steel parts [1]. Hard 
turning is usually carried out using ultra hard cutting 
tools and needs extremely rigid machine tools that 
can sustain the severity of hard turning. These tools 
are very costly and may be unaffordable on the shop 
floor [2]. The machining of hardened steels using 
coated tools has received greater attention in metal 
cutting industries. Recent developments in the coated 
tools have gained attention by many researchers in the 
area of machining in hardened steel. Since hard 
turning has become an advanced manufacturing 
process, it is very important to monitor the tool 
condition with proper method so as to maintain 
accuracy and quality in the components. Acoustic 
emission (AE) has emerged as the most effective and 
reliable monitoring technique amongst the different 
monitoring techniques. Frequency range of AE 
signals are higher than the machine vibrations and 
other environmental noises. 

Dornfield and E.K.Asibu(1980)[3] studied the 
generation of AE signals in orthogonal metal cutting 
using HSS cutting tool and they determined that AE 
based process monitoring is much reliable for 
conventional turning. Dornfeld (1992) [4] showed the 
AE based sensing methods and the effectiveness of 
AE in monitoring the tool condition. Tansel et al. 
(2000)[5] monitored the tool condition using AE 
sensor in microend milling of Aluminium and mild 
steel to detect the tool breakage and to estimate the 
tool wear. Xiaoli Li (2002)[6] made a detailed review 
on the AE method for tool wear monitoring during 
turning process and presented various signal 
processing methods used for analyzing AE signals 
and he proposed that a proper signal processing or 
feature extraction and integration with other sensor 
will be an efficient approach for AE monitoring on 
tool condition. A real-time AE monitoring system can 
also be used to monitor and examine the surface 
damage such as white layer formation during hard 
turning [7]. Xiaozhi Chen and Beizhi Li (2007) [8] 
proposed a method for tool condition monitoring 
based on AE signal wavelet analysis since it is 
difficult to obtain an effective result from the raw 
acoustic emission signals and they concluded that the 
wavelet resolution coefficient norm is a more stable 
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and important AE character parameter for providing 
information on monitoring cutting tool condition. 
Sundaram et.al (2008)[9] presented a study on the 
flank wear in a single point cutting tool using AE 
technique and concluded that Acoustic emission 
technique is the supreme method to monitor the Flank 
wear and peak to peak amplitude is found to be the 
suitable AE parameter in sensing the tool breakage. 
Also AE signal can be used to monitor crack 
propagation and to estimate the characteristic fracture 
dimension under several loading conditions [10]. 
M.P. Gómez,et.al (2010) [11] conducted the 
experimental analysis in drilling operation and from 
the results they observed that AE method was 
effective in the monitoring of repetitive processes. A 
correlation between AE signals and mechanical wear 
was developed and it was obserbved that the tool wear 
related AE signals are comprised by the signals 
generated by friction, wear and shear process of chips 
[12]. Liang and Dornfield observed that the 
mechanisms of wear can be recognized from the 
features of the AE frequency spectrum [13]. Also AE 
sensor can be used in monitoring the tool condition 
based on wear for microend milling [14]. 

Sam Paul et al. (2015)[15] developed a monitoring 
methodology for turning tool embedded with MR 
damper using signal obtained from AE sensor and AE 
has been recognized as a successful method to detect 
damage in cutting tools during turning process [16, 
17]. Lee et al. [18] observed that the high sensitivity 
and the wide-detection range of the AE technique will 
be useful in detecting microscale level deformation 
processes even in the presence of considerable noise 
in manufacturing environments. The AE method is 
highly sensitivity in the detection of AE waves 
produced by interactions between a cutting tool and 
the workpiece when a contact sensor is used. From 
the literature review, it was observed that the 
application of AE sensor to monitor the tool condition 
of AIS4340 steel during hard turning has not been 
fully explored due to the complexity of the process. 
Also it appears that there were no established theory 
to explain the relationship between AE signals and 
work material hardness of AISI4340 steel. Hence, it 
is necessary to examine this relationship in order to 
monitor the machining operation for material of 
different hardness. Even though there were many 
attempts used in the past, those attempts consistently 
used statistical methods like ANN to accomplish 
reliable monitoring. Therefore, cutting experiments 
involving various cutting parameters like feed, speed, 
depth of cut and workpiece made of three different 
hardness were conducted in this study. Also the 
relationship between AE signals and cutting 
parameters were investigated for AISI4340 steel of 

different hardness to monitor the state of a machining 
operation. 
 
2. SELECTION OF TOOL HOLDER AND 
WORKPIECE 
 

In the present study, the insert used was a 
multicoated hard metal with the specification SNMG 
120408 MT TT5100 and it was manufactured by 
Taegu Tec. The tool holder used in this paper was 
hardened steel with the specification PSBNR 2525 
M12. This specification was selected based on the 
information available from the literature [19]. 
AISI4340 steel was taken as the workpiece material 
which was then hardened to different hardness of 38, 
42 and 46 HRC by heat treatment. The metal 
AISI4340 is a steel with having wide applications in 
the automobile and other allied industries due to its 
good hardenability which helps it to be applied in 
fairly large sections. Bars of 80 mm diameter and 360 
mm length were used in the present investigation. The 
Chemical composition in weight % of AISI 4340 
Steel are 0.41% C, 0.87% Mn, 0.28% Si, 1.83% Ni, 
0.72%  Cr,  0.20% Mo and rest Fe [20]. 
 
2.1. Workpiece hardening process 
 

Heat treatment is the process of heating or cooling 
the metal to change their physical or chemical 
properties without altering their shape and size. Heat 
treatment process is carried out to make a heat treated 
part strong enough to perform any special task. In this 
process a metal was heated to a particular 
temperature, maintained at that temperature for a 
specific duration and then cooled back to the room 
temperature. Raw materials of similar grades and 
setting temperature were loaded at a same time in the 
heating chamber. The temperature of heating 
chamber was maintained at 980-1000°C. The metal 
was kept for 2 hours in the heating chamber for 
uniform distribution of heat. Quenching process was 
followed where the metal was rapidly cooled from the 
high temperature by immersing the metal in a cool 
liquid bath of oil. During this quenching process, the 
desired hardness and mechanical properties of the 
metal was obtained by controlled cooling from high 
temperature using a quenching fluid. Quenching is a 
process preferred for metals which are alloyed with a 
small compositions of other metals and the alloying 
metals begin to dissolve in the base metal at an 
elevated temperature. The metal is quenched so that 
the alloying metals are trapped within the crystal 
grains which makes them harder but if the metal is 
slowly cooled down, the alloying metals have more 
time to precipitate out separately. Quenching fluids 
are mainly mineral oil based since the quenching 



 

RJAV vol XIV issue 1/2017                                          40                                                        ISSN 1584-7284 

power of water fails as temperature increases and that 
of oil remains fairly constant up to the range 60°C to 
80°C. Quenching process was carried out for half an 
hour where the heated metal is dipped in the oil vessel  

of 7500 litres containing mineral oil. This sudden 
cooling of the metal changes the atomic structure of 
the metal to gain more strength. 

Tempering process was followed where the 
quench hardened metal is heated again to a 
temperature below the transformation range to 
produce desired changes in the mechanical properties. 
Tempering is followed to relieve stresses from the 
hardening process but the primary objective is to 
obtain desired mechanical properties for the final 
applications. Tempering temperatures depend upon 
the desired strength level. Tempering process was 
carried out at a temperature of 200-300 °C and 
maintained in that temperature for 2 hours and then 
followed by air cooling till room temperature. This 
tempering process is done to reduce the brittleness 
formed in the hardened steel and also to remove the 
internal strains developed in the hardened steel during 
quenching process. After air cooling till room 
temperature, clean water wash was given to the metal. 
Hardness was inspected using Rockwell hardness 
testing machine. If the desired hardness value is 
attained, the heat treatment process ends. 
 
3. MONITORING USING ACOUSTIC 
EMISSION SIGNAL 
 

Acoustic Emissions are low amplitude stress 
waves with high frequency which is generated due to 
a quick release of strain energy in that medium. These 
elastic stress waves (AE waves) are generally 
measured using an AE transducer which converts 
them into an electrical voltage signal corresponding 
to the AE waves. In cutting processes, main sources 
of AE waves are the formation of chips, rubbing 
between the cutting tool and chips, rubbing between 
the cutting tool and the workpiece, breakage and 
collision of chips, and failure and wear of the cutting 
tool [21]. AE signals recorded during the cutting 
process contains useful information for monitoring 
the state of a machining operation. In this 
investigation, a reliable system using AE signals was 
developed for monitoring the process conditions 
during hard turning of AISI4340 steel. The 
instrumentation for analyzing the AE signals received 
from AE sensor consists of preamplifiers, filters, 
amplifiers, signal conditioning circuits, signal 
processing units, storage and display units.  For 
monitoring AE signal during cutting experiments, 
AERMS signals were acquired from tool holder using 
an AE sensor of Kistler 8152B211 make, mounted on 
the spot of the tool holder which was very close to the 

cutting edge by means of a mounting stud. Silicon 
grease was applied at the interface between the tool 
holder and sensor to make accurate acoustic coupling. 
Piezotron coupler of Kistler 5125B1 make was used 
to pre-amplify and process the signals from the 
sensor. This coupler can select suitable band pass 
filters and time constants for obtaining RMS signals. 
In all the experiments conducted, a band pass filter of 
50kHz to 900kHz was identified and a time constant 
of 0.15ms was chosen for computing the RMS value 
of AERMS [14]. In the coupler output point, filtered 
and AERMS signals will be available for further 
signal processing and the signals were viewed using 
NI Data Acquisition software. Also tool vibration 
study was performed for the tool subjected to input 
parameters kept at levels as indicated in Table 1. 
Using the AE sensor and NI Data Acquisition 
software, AERMS signals pertaining to different 
stages of tool vibration was captured and the values 
of Kurtosis and skewness were computed for each 
signal. 
 
4. EXPERIMENTAL WORK 
 

Cutting experiments were carried out on a 
Kirloskar Turn Master-35 lathe. Cutting velocity, 
feed rate and depth of cut were varied at three levels 
(Low Medium and High).as shown in Table 1. 
Experiments were conducted by varying the input 
parameters such as cutting velocity, feed rate and 
depth of cut for material AISI 4340 having hardness 
of  38, 42 & 46 HRC. Experiments were conducted 
with two replications and each experiment lasted for 
120 seconds. In this study, experimental work was 
carried out in dry turning. The main cutting force, the 
average flank wear, average surface roughness and 
the amplitude of tool vibration were measured during 
each experiment. The Cutting velocity, feed rate and 
depth of cut combinations were taken based on the 
results of preliminary experiments and the 
recommendations of the cutting tool Manufacturers 
M/S Taegutec India (P) Ltd. These ranges are 
prescribed for turning in semi finish range for the 
tool-work combination and the experimental readings 
were taken based on the change in Cutting velocity, 
feed rate and depth of cut conditions. 
 

Table 1. Ranges of cutting velocity, feed rate and depth 
of cut 

 

 
 

Cutting velocity 60, 80 and100m/min. 
Feed rate 0.06, 0.07 and 0.08 mm/rev 

Depth of cut 0.8, 1.0 and 1.2mm 
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5. RESULTS AND DISCUSSION 
 

In metal cutting process, the main sources of 
Acoustic emission waves are chip formation, rubbing 
between cutting tool and workpiece, tool wear, 
breakages of chips, formation/ removal of built-up 
edges, damage to the cutting tool, entanglement of 
chips onto the workpiece/cutting tool and vibrations 
of the cutting tool [21]. Some of these AE sources 
occur in steady state operation while cutting tool 
related sources occur in unsteady state operation. In 
this paper, AE waves caused by rubbing between 
cutting tool and workpiece was considered and 
discussed. The computed values of kurtosis and 
skewness based on AERMS for different hardness 
with respect to different input parameters like speed, 
feed and depth of cut are shown in Figures 1, 2 and 3 
respectively. 

 From Figure 1 it is observed that kurtosis based 
on AERMS value increases when cutting velocity 
increases from 60 to 100m/min and skewness value 
decreases with the increase in speed under similar 
cutting conditions. In general, kurtosis indicates high 
frequency of entries occurring close to the mean. The 
kurtosis value was found to be high for material made 
of high hardness and the emission due to rubbing will 
become more as machining progresses. When cutting 
velocity increases high rubbing will occur leading to 
the emission of high amplitude AE signals which 
further increase the values of kurtosis. But the 
workpiece which was less hardened result towards 
reduction in rubbing which generate low amplitude 
AE signals. This directs to decrease in value of 
kurtosis when compared to workpiece of high 
hardness. Also it can be noticed that when the 
workpiece made of high hardness (46HRC) is 
subjected to machining there is a steep rise in the 
value of kurtosis instead of gradual as evident from 
workpiece with less hardness. In such hardened 

material small inter atomic dislocation will take place 
which give rise to propagation of cracks. Also from 
Figure1 it can be observed that possibility of 
generation of crack propagation can be avoided due 
to the decrease in the value of kurtosis of workpiece 
subjected to hardening at 38HRC. 

From the computed values of skewness based on 
AERMS for different hardness shown in Figure1, it is 
observed that skewness of AERMS signal for 
different hardness decreases with increase in cutting 
velocity which follows the trend explained by 
Dornfield and Asibu [3]. In general, the symmetry 
about its mean level is measured using skewness 
parameter. In Figure1 it was also found that all 
skewness values are in negative for different hardness 
and left tail no longer exists and on the right side 
distribution of mass is concentrated. As a result, there 
is a reduction in rubbing which guide to the 
generation of low amplitude AERMS signals. Since 
the occurrence of rubbing reduces, life of the tool and 
its performance will be increased when the tool 
machining workpiece has minimum hardness 
(38HRC). Figures 2 and 3 clearly show this similar 
pattern. From Figure 2 it is observed that kurtosis 
based on AERMS value increases when feed rate 
varied from 0.06 to 0.08mm/rev and skewness based 
on AERMS decreases with the increase in feed under 
similar cutting conditions. This trend can also be 
noticed in Figure3 where kurtosis based on AERMS 
value increases when depth of cut varied from 0.8 to 
1.2mm and skewness based on AERMS decreases 
with the increase in depth of cut. 

Based on the effect of cutting parameter variation 
on acoustic emission signals for different hardness 
materials (shown in Figure 1, 2, 3) it is observed that 
kurtosis values are higher for depth of cut parameter 
followed by feed rate and cutting velocity. This is due 
to the fact that as the depth of cut increases the 
volume of uncut chip also increases which produces 
more resistance on the tool holder thereby increasing 

Figure 1. Variation of kurtosis and skewness based on AERMS with cutting velocity 
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the cutting force. Also the increase in depth of cut 
represents a bigger compression in the tool-work 
interface which will increase the energy supplied to 
the system during the cut of the material. When the 
hardness of the workpiece AISI4340 steel increases 
from 38 to 46 HRC, the material will be more brittle 
and its toughness gets decreased which affects the 
easiness of metal cutting process. Also the ability of 
material to resist the start of permanent distortion, 
shock, fracture and failure will be affected due to the 
increase in hardness. It also appears that due to the 
brittle nature of the material micro level fractures 
occurred on the workpiece material and cutting edges 
of the tool which will generate large cutting forces 
between the tool-work piece interface. This increase 

in cutting force damages the surface of the work 
material and also accelerates the formation of wear in 
cutting tool. 
 
6. CONCLUSIONS 
 

In this study, an attempt was made to study the 
effect of work piece hardness on cutting performance 
and the relationship between acoustic emission signal 
and the relationship to monitor the machining 
operation for material of different hardness was 
analyzed. Work-piece material made of AISI 4340 
steel was hardened to 38,42 and 46 HRC by heat 
treatment was fabricated and cutting experiments 
were conducted by varying the input parameters such 

Figure 2. Variation of kurtosis and skewness based on AERMS with feed rate 

Figure 3. Variation of kurtosis and skewness based on AERMS with depth of cut 
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as cutting velocity, feed rate and depth of cut for AISI 
4340 having hardness of  38, 42 and 46 HRC. From 
the experimental results following conclusions were 
observed 
1. Kurtosis based on AERMS value increases when 

cutting velocity increases and skewness value 
decreases with the increase in speed under similar 
cutting conditions. 

2. The kurtosis value was found to be high for 
material made of high hardness and the emission 
due to rubbing will become more as machining 
progresses. 

3. Among the cutting parameters considered, 
kurtosis values are higher for depth of cut 
parameter followed by feed rate and cutting 
velocity. 
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