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Abstract- In this paper, vibration of work piece is studied in boring of AISI 316 steel with cemented carbide tool inserts. A 
design of experiments was prepared with eighteen experiments with two levels of tool nose radius and three levels of feed 
rate and cutting speed. Experiments were performed on CNC lathe to obtain data amplitude of work piece vibration velocity. 
A new attempt is made with Laser Doppler Vibrometer (LDV) for online data acquisition of work piece vibration and a high-
speed Fast Fourier transform analyzer was used to process the Acousto Optic Emission signals obtained from LDV. A 
multilayer feed forward artificial neural network (ANN) model was trained with the experimental data using back-
propagation algorithm. Further, the ANN was used to predict amplitude of work piece vibration. The predicted values were 
compared with the collected experimental data and percentage error was computed. Less percentage of error was found 
between the experimental and predicted values.  
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I. INTRODUCTION 
 
Boring process is a difficult operation when 
compared with external turning process and many 
variable affect the surface roughness. In boring 
process, tool vibration is the main factor that affects 
the tool life and surface finish. In boring operations, 
the length of boring bar is kept long, resulting in 
vibrations leading to tool failure, poor surface finish 
and chatter. Length-diameter ratio (L/D) of boring bar 
is one of the important factors causing tool vibration. 
Kuster and Gygax [1] explained the vibrations in 
boring, boring bar fixation, machine tool condition 
and selection of cutting conditions. Ihsan Korkut and 
Yilmaz Kucuk [2] identified that best L/D ratio for 
less vibration in boring process is 3. The L/D ratio in 
the current study was taken as 3. Tool condition 
monitoring (TCM) is an important characteristic in 
the automated manufacturing industries to assess 
ability of cutting tools for high production rates and 
good quality. Proper tool condition monitoring 
reduces tooling cost and it helps in reduction of 
product cost. Various authors reported different 
methods for on-line assessment of tool condition, 
such as process monitoring based on manipulation of 
sensor measurements like acoustic emission, cutting 
forces, vibration, temperature, stress strain, vision and 
main motor current, etc to determine the state of the 
process. Estimation of tool wear is required for good 
quality of product and higher productivity. Tool is to 
be replaced with new tool when the tool loses its 
cutting ability. Otherwise it leads to reduced 
dimensional accuracy and additional costs.  
The Laser Doppler Vibrometers are being used to 
observe high frequency vibrations during machining 
process. In this present work, a LDV was used to 
observe vibration of work piece and a high-speed Fast 

Fourier transform analyzer (FFT) used to transform 
the acousto-optic emission (AOE)  signals in to time 
domine. Nakagawa et al. [3] used LDV to observe the 
chattering behaviors of the end-mill shank. Chatter 
vibrations at high cutting speed were measured 
accurately by LDV.  Balla et al, [4] also used LDV to 
observe vibration of work piece and used the FFT 
preprocessor for generating features from online AOE 
signals to develop a database for appropriate 
decisions. In this work, a Taguchi design of 
experiments (DOE) with 18 experiments is prepared 
with two levels of nose radius, three levels of cutting 
speed and feed rate. According to DOE, 18 
experiments are conducted.  

 
II. ARTIFICIAL NEURAL NETWORKS 

(ANN) 
 
Artificial neural networks (ANN) are also called as 
neural nets, artificial neural system, parallel 
distributed processing system and connectionist 
system. The ANNs are use to predict surface quality, 
tool wear vibration of tool, tool life, cutting forces 
and etc. Ramakotaiah et al [5] used the ANN to 
predict cutting forces, surface roughness, and critical 
chatter locations in inward turning process. In the 
present paper surface roughness and work piece 
vibrations are predicted with the ANN. Kishan et al 
[6] explained the construction of neural network; the 
network is referred as a directed graph has a set of 
nodes (vertices) and set of connections 
(edges/links/arcs) between nodes. Each node 
contributes some kind of function like simple 
computation and each connection transfers 
information or signal between nodes. Each 
connection between two nodes is labeled with 
number called as connection strength or weight. The 
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weight represents, to what extent the signal is to be 
amplified or diminished by the connection.  
Natarajan et al. [7] stated that the use of back-
propagation feed forward ANN in the prediction of 
tool life will reduce computational time.  Benardos 
and Vosniakos [8] presented a ANN approach for 
prediction of surface roughness for a Taguchi design 
of experiments (DOE) method in CNC face milling. 
In this study, the network is constructed with four 
layers including with input, output and hidden layers. 
The network consists of one input layer with four 
neurons, one output layer with one neuron and two 
hidden layers with fourteen and eight neurons. 
Cutting speed, feed rate, volume of metal removed 
and nose radius are taken as input neurons and output 
neuron is amplitude of work piece vibrations. 
 
III. WORK PIECE MATERIAL AND TOOL 

INSERTS 
 
The AISI 316 metal has good corrosion resistance 
when exposed to corrosive atmosphere and it is 
regarded as marine grade due to its corrosion 
resistance. These stainless steels are used in chemical, 
fabrication, pharmaceutical, petroleum, food 
processing, heat exchanger industries and other 
applications include pumps, valves, marine fittings, 
fasteners, paper and pulp machinery, petro chemical 
equipment and etc. The work pieces used in the 
experiment are shown in the Fig. 1. Physical Vapour 
Deposition (PVD) coated tungsten carbide tool inserts 
were used in this experiment with two nose radii of 
0.8mm (DNMG150608) and 0.4mm (DNMG150604) 
shown in figure 2.  

 
Fig. 1 work pieces 

 
Fig. 2 Tool inserts 

IV. TAGUCHI DESIGN OF EXPERIMENTS 
 
A specially designed orthogonal array of Taguchi 
(Table.1) is used to investigate the effects of the 
entire machining parameters through the small 
number of experiments and it takes less time for the 
experimental investigations. The design of 
experiments is shown with three columns 
representing two levels of nose radius and three levels 
of cutting speed and feed. 
 
Table.1 Design of experiment(Orthogonal array) 

 
 
V. EXPERIMENTAL PROCEDURE 
 
The experiment was conducted on CNC lathe DX200 
model. The metal used in this experiment is 
AISI1040 with length of 90mm, outer diameter of 
100mm and inner diameter of 56mm. The following 
sequential procedure was used to carry out the 
experiment under dry condition.  
1. Each test is started with a fresh cutting edge with 
one test condition (trial) and machining is stopped at 
the end of each pass. After each pass the depth of cut 
is increased by 0.2mm  
2. Vibration signals from the rotating work piece are 
measured in the machining process using LDV and 
the set-up of experiment is shown in the Fig.3. The 
time and frequency domain spectrograph at the first 
pass is shown in Fig.4 
3. The work piece is removed from the machine and 
hardness is measured on hardness testing machine.  
The above steps are to be continued until the tool is 
failed.  
4. A new work piece and new tool insert are loaded to 
the machine and the above steps are followed with a 
new working condition (trial). 
5. In each trial, amplitude of work piece vibration is 
identified when the tool is failed based on flank wear 
(VB). Experimental data for trail 1 was shown in the 
table.4. At pass 7 the flank wear is just crossed 0.6107 
mm (ISO 3685:1993) and it indicates tool failure.    
Table.2 Experimental data for trail 1 
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Fig. 3Experimental set up for boring 

 
Fig.4. Time and frequency domain spectrograph in boring in 

the first pass 
 
VI. RESULTS AND DISCUSSION 
 
A feed-forward four layered back propagation neural 
network is constructed in Fig.5. The network is 
constructed with four layers including with input, 
output and hidden layers. Each layer is constructed by 
grouping neurons. The network consists of one input 
layer with four neurons, one output layer with one 
neuron and two hidden layers with fourteen and eight 
neurons. With one layer also experiments were 
conducted. But in compression to two hidden layers, 
the errors were significantly high in one hidden layer 
ANN. Hence two hidden layers network was 
considered. The input neurons are cutting speed, nose 
radius, volume of metal removed and feed and output 
neuron is amplitude of work piece vibration. Neurons 
in the hidden layers were determined by examining 
different neural networks. Easy NN plus software was 
used for training of this network and the ANN was 
trained with back propagation algorithm. Weights of 
network connections are randomly selected by the 
software. 

 
Fig .9. Neural network architecture  (4-14-8-1) 

Learning or training of network is a process consists 
of adapting weights to the connections between 
neurons in the each layer. The learning of neural 
network is done with feed forward back propagation 
algorithm as shown in figure 9. The neural network 
was trained with 80 samples and validated with 20 
samples. The process of learning is stopped after 
10000 cycles when the average training error is less 
than target error which was set as 0.01. The network 
is trained at 0.6 learning rate and at the momentum of 
0.8. Easy NN plus software has taken weights for the 
connection as 56 for the connections between input 
layers and hidden layer1, 112 for the connections 
between hidden layer1 and hidden layer 2, and 32 for 
the connections between hidden layer 2 and output 
layer. 
 
VII. PREDICTION OF AMPLITUDE OF 

WORK PIECE VIBRATION 
 
Experimental values and predicted values for the 
vibration amplitude are presented in the table 2.  The 
predicted values are compared with the experimental 
data and percentage of error is computed. 
 Percentages of error for all the trails or 
samples are computed and the average % error is 
found as 3.4816%. It is also found that the predicted 
values of amplitude of vibration are very close to the 
experimental values. The closeness between 
experimental and predicted values for all the trails is 
shown in the figure 5. 

 
Figure. 5  Experimental and predicted values for flank wear 

 
CONCLUSIONS 
 
In this work, eighteen experiments were conducted 
according to orthogonal array of L18.  In each trial of 
experiment, a strong correlation among the dependent 
and independent variables was found. A neural 
network (4-14-8-1) was constructed with two hidden 
layers and trained with the experimental data. The 
network was trained with feed forward back 
propagation algorithm using 80 samples and validated 
for 20 samples. It was found that there is agreement 
between experimental data and neural network 
predicted values for amplitude work piece vibration 
(3.4816%. % of error). The neural network can help 
in selection of proper cutting parameters to reduce 
tool vibration and tool wear and reduce surface 
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roughness. In measurement of vibration, it was found 
that use of LDV is easy and it takes less time to 
measure vibration of work piece. Set up of LDV is 
easy when compared with set up of accelerometer. 
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