
International Journal of Mechanical and Production Engineering, ISSN: 2320-2092, Volume- 2, Issue- 1, Jan.-2014 

 Predictive Modelling Of Chip Serration using Fuzzy Logic 
 
6 

PREDICTIVE MODELLING OF CHIP SERRATION USING FUZZY 
LOGIC 

 
1G. PRABHAKARA RAMESH, 2CH. VAMSI KRISHNA, 3M. GOUTHAM KRISHNA, 4B. NAVEEN 

KRISHNA 
 

Department of Mechanical Engineering, SCSVMV University 
Email: Rameshgp43@gmail.com, gouthamkrishna148@gmail.com,vamsikrishna23@gmail.com, naveen765@gmail.com 

 
 
Abstract— Chip Serration is a typical characteristic observed in high speed machining. The chip formed has zones of low 
and high shear strains with serrated teeth appearing in the body of the chip. These variations influence the chip frequency 
which affects the tool life and hence the production cost. The objective of  this  paper  is  to  optimize  cutting  speed,  axial 
depth  of  cut, radial  depth  of  cut  and  to  determine  the  frequency.  In  this present work, stainless steel AISI 420 is used 
as a work piece and coated  (TiN+TiAlNi) Tungsten  Carbide as  the  tool.  The  range  of cutting  parameters  are  cutting 
speed,  axial  depth  of  cut  and radial  depth  of  cut which  were selected  for  two  level  factorial design  for  the 
experimental  work.  The  chip  serration  frequency was  computed  and  modeled  through  fuzzy  logic  system.  The 
developed  fuzzy  model  works  efficiently  with  average  error produced -1.6376197  when  compared  with  the 
experimental work.  
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I. INTRODUCTION 
 
In any machining process, high metal removal rate 
with a good surface finish and desired high tool life is 
the ultimate objective. This  depends  on  various  
factors  like  chip-tool interaction,  chatter  and  
cutting  forces. These  parameters can  be  easily  
affected  even  by  minor  variation  in  the  chip 
formation process. Chips formed during low cutting 
speeds are usually discontinuous, whereas serration 
of chip occurs at high cutting speeds.  Serrated chips 
also called segmented  or  non-homogeneous,  are  
semi-continuous chips,  with  zones of  low  and  high  
shear  strain. The chips have the appearance of saw 
teeth. Metals with low thermal conductivity  and  
strength  that  decreases  sharply  with temperature,  
such as  titanium,  exhibit  this behavior. High cutting  
heat  is  the  essential  cause  of  yielding  the  shear 
localization in the metal cutting process  and  forming 
the serrated chip [1]. Selection of  cutting  parameters 
directly  influence  the interaction  at  the  chip-tool 
interface and  hence  the  chip morphology.  It  is 
necessary to determine the optimal ranges for  cutting 
parameters as  these parameters influence  the  chip 
frequency,  which  affects  the  tool  life, Work-piece 
accuracy and hence the production cost. Attempts to 
describe the serrated chip morphology and the factors 
that influence it had been done. Considering the 
Significance it has in the machining fields, formation 
mechanism of saw tooth has been a vital topic [2]-[4]. 
Both continuous and serrated chips are formed at high 
cutting speeds. But, the characterization of the 
continuous chip formation is taken as the chip 
deformation  whereas the  serrated  chip  formation  is 
characterized as the frequency of serration, the degree 
of segmentation and the deformation of  serrated  
chip. The frequency of serration, degree of 
segmentation, shear strain rate, shears strain all  

 
increase with  the cutting  speed  during  the  chip 
serration. Cutting speed has the most significant 
effects on chip frequency followed by feed and depth 
of cut. The frequency of chip serration increases with 
increase in cutting speed and decreases with the 
increase in feed and depth of cut. The chip surface 
not in contact with the tool exhibit serrated lamella 
pattern. The degree of serration  is  more  pronounced  
with  the  increase  in  cutting speed,  feed  and  depth  
of cut. To get accurate results with numerical 
simulations, the material behavior and friction laws 
between the tool and work piece are the main 
parameters to be considered and a good numerical 
model results with a correct prediction of the chip 
morphology and cutting parameters. For rough 
machining, width of cut and depth of cut are the most 
influencing parameters whereas for finish machining 
cutting speed is the most Influencing parameter. 
Analytical approaches can be developed for defining 
the chip formation instabilities in terms of chip 
serration  frequency These are useful for obtaining 
the process parameters  in  order  to  predict  the chip  
serration frequency. Chip serration frequency is 
considered to be the primary cause of the chatter 
formation [11]. The above validations, in a nutshell 
have given the parameters that majorly influence the 
serrated chip morphology. This  paper  aims  at  
optimizing  the  cutting speed,  axial  depth  of  cut,  
radial  depth  of  cut  and  to determine the frequency. 
As there are various machining processes, 
considering the priorities in industries, this paper 
aims at optimizing the parameters for milling process. 
In  this  present  work, stainless  steel  AISI 420  is  
used  as  work  piece  and  coated tungsten carbide  as  
the  tool.  The coating is with titanium nitride and 
titanium aluminum nickel (TiN+TiAlNi). The range 
of parameters selected for two level factorial designs 
for the experimental work. Factorial Design is a tool 
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that allows to experiment on many factors 
simultaneously. One must randomize the order of the 
experimental runs to satisfy the statistical requirement 
of independence of observations.  Randomization acts 
as insurance against the effects of lurking time-
related variables. The chip serration frequency is 
computed and modeled through Fuzzy Logic system. 
FUZZY  LOGIC is an approach  to  computing  based  
on "degrees of truth" rather than the usual "true or 
false" (1 or 0) Boolean logic  on  which  the  modern  
computer  is  based. Fuzzy logic includes 0 and 1 as 
extreme cases of truth. It has been extended to handle 
the concept of partial truth, where the truth value may 
range between completely true and completely false. 
The term "fuzzy logic" was introduced with the 1965 
proposal of fuzzy set theory by Lotfi A. Zadeh. It  has 
been  applied  to  various  fields  from  control theory 
to artificial intelligence. Nowadays, most of the 
Japanese robots work on Fuzzy logic basis.  This can 
be taken as testimonial for the flourishing nature of 
the concept. In MATLAB, Fuzzy Logic Toolbox 
provides functions, apps, and a Simulink block for 
analysing, designing and simulating systems based on 
fuzzy logic.  The toolbox guides you through the 
steps of designing fuzzy inference systems. Functions 
are provided for many common methods, Including 
fuzzy clustering and adaptive neurofuzzy learning. 
The toolbox lets you model complex system 
behaviours using simple logic rules, and then 
implements these rules in a fuzzy inference system. 
You can use it as a stand-alone fuzzy inference 
engine. Alternatively,  you  can  use  fuzzy inference 
blocks in Simulink and simulate the fuzzy systems 
within  a  comprehensive  model  of  the  entire  
dynamic system. 
 
II. CHIP FORMATION AND ANALYSIS 
 
The work piece was received in soft annealed 
conditions.Further, the work piece is heat treated and 
tempered at 50HRC. The recommended coated 
(TiN+TiAlNi) tungsten carbide inserts were used for 
experimental work. A two level factorial design is 
utilized for the selected input parameters.  A  heavy  
duty  milling  machine  with  a spindle speed  of  
4000  RPM  with  table  feed  range  in  100-800 
mm/min. A series of eight experiments were 
conducted in the length of 100mm. For each 
experiment, the chips were safely collected for 
measuring the serration length.  

 
Fig.1 SEM picture for sample 2 

 
Fig. 2 SEM picture for sample 4 

 
Chips are extensively studied and analyzed.  For  
studying chip morphology  Field  Emission  Scanning 
Electron Microscope (FESEM) model: supra 55 is 
used to analyze the chip serration  by  taking  pictures 
at different zooming lengths as per the requirement 
(Fig. 1-4). One must ensure that the teeth are properly 
captured and the corresponding zooming length(X) is 
known. The frequency of the serrated teeth formation 
F C, in the case of milling cutting operations was 
calculated by knowing the length of the portion of the 
chip in the SEM picture, L, the coefficient of chip 
shrinkage which  is  calculated  by  dividing  the  
uncut chip length with the actual chip  length,  cutting  
speed,  V m  min -1 and  the number of teeth, n 
observed on the SEM picture; using the following 
formula 

 

 
Fig. 3 SEM picture for sample 6 

 
Fig. 4 SEM picture for sample 8 

 
The unknown parameters are known through the 
SEM picture and the formula for frequency is 
calculated for each experiment with different given 
input parameters. 
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III. FUZZY LOGIC MODELLING 
 
The  experimental  work  of  chip  serrated  frequency 
measurement  needed  to  be  modeled  by  Fuzzy  
Logic technique.  A MATLAB R2011a VERSION is 
used for modeling work. The three parameters, 
cutting speed, axial depth of  cut, radial  depth  of  cut  
are  defined as Input and the frequency, F c is defined 
as output as shown in Fig 5. The three parameters 
cutting speed, axial depth of cut (ADOC) and Radial 
Depth of cut (RDOC) are defined independently. 

 
Fig. 5 Input and Output Definition 

 
Fig. 6 Cutting speed Definition 

 
The cutting speed is defined as shown in Fig.  6. 
Similarly, the other parameters Axial Depth of cut 
(ADOC) and RadialDepth of cut (RDOC) are 
defined.After defining the input parameters 
independently, the output, Frequency is defined. 
After defining the inputs and output, the rule  
formation  is  analyzed  and  the  results  are obtained  
as  shown  in  the  Fig.9 and  the  Rule  Editor  is 
obtained as shown in Fig.10 
 

 
Fig. 7 Graph for Speed Vs.RDOC 

 
Fig .8 Graph for RDOC Vs. ADOC 

 
The Fuzzy Logic toolbox enables the output values 
through Rule Editor which is in the form of graphical 
data and the graphs for the parameters are plotted 
using the same data. The  graphs  plotted  in  the  
system  are Speed  Vs  ADOC, Speed  Vs  RDOC  
and  RDOC  Vs  ADOC. Fig. 7& Fig. 8 shows two 
graphs out of the three graphs. 
 
IV. RESULTS AND DISCUSSION 
 
Through the obtained fuzzy logic model the output is 
obtained which is nothing but the chip serration 
frequency, Fc. Table. 1 gives the values of the input 
parameters taken for each sample and the 
corresponding experimental and fuzzy logic 
frequencies obtained. The percentage error is 
calculated relative to the Experimental frequency for 
each sample and an average error is calculated. The 
average error is -1.6376197 indicating the high 
reliability in predictive modeling of chip serration 
using Fuzzy Logic method. As already stated, 
Randomization can be seen for the samples taken in 
the Table.1  
 

 
Fig. 9 RULE FORMATION 

 
Fig. 10 RULE EDITOR 
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CONCLUSIONS 
 
In this work, the cutting parameters which influence 
the chip serration frequency are optimized and the 
frequency is determined. The average error produced 
is -1.6376197 in relative to the Experimental 
frequency obtained, proving to be an efficient method 
for Optimizing the input parameters and hence the 
frequency. It can be concluded that:  
 
a. Fuzzy logic system was proved to be a efficient 
method for optimization in milling process. This 
method can be further stretched to other metal 
removing processes like turning, drilling and facing. 
 
b. The results can be obtained very quickly when 
compared with other optimization processes. Though 
the results give a less accurate value, this will be of 
high importance where production quantity and time 
factor is of high importance.  
c. The same work of optimization can be done using 
the Genetic- Algorithm toolbox, where the accuracy 
is of high importance. 
d. A robust fuzzy modeling work was done, making 
this process as an Artificial Intelligence. 
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