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ABSTRACT

Built-up edge (BUE) is an accumulation of the workpiece
material against the rake face of cutting tools. The existence
of BUE can caused tool wear and also led to bad surface
finishing on the workpiece during the milling process,
whereas some part of the workpiece is removed mechanically.
Formation of BUE requires the rework on the workpiece. It is
unfavorable to manufacturing industry as it will consume
more cost and time. Therefore, the determination of critical
factor of BUE formation during stainless steel milling are
important to be investigated. This research aimed to
determine the critical factor of BUE formation in stainless
steel milling. Initially, several journal and articles were
reviewed to find the possible causes that lead to BUE
formation in stainless steel milling process and content
analysis was performed to list down all possible causes. Next,
ten individualists that expert in stainless steel milling are also
involved in data collection. After the data collection,
Shapiro-Wilk analysis (normality test) and analysis of
variance (ANOVA) test were performed to analyze the data
and determine the critical factor that lead to BUE formation
in stainless steel milling. Lastly, the data will be examined
and conclusion was being finalized. As a result, there are six
identified critical factor of BUE formation in stainless steel
milling. The critical factors are cutting speed, tool rake angle,
cutting temperature, microcrack formation, feed rate and tool
rake temperature. The finding of this research can contribute
to any party that interest in this field to develop new
technology or system that can completely prevent BUE
formation during stainless steel milling process, thus avoid
rework which are cost and time consuming.
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1. INTRODUCTION TO BUE FORMATION

Stainless steel become one of the dominance materials in
manufacturing industry due to its physical and chemical
properties. It is widely used in many manufacturing sectors
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from architecture, construction, automotive, medical, heavy
industries and even in food and catering sectors.

However, the material needs to be changed into desired
shaped first before it can be applied to the need of
manufacturing industry. This can be done by machining the
material where part of the workpiece is removed
mechanically and will enable the manufacturer to design the
shape, surface of material and size of the workpiece material
into their desired specifications.

Milling is one of the machining methods that are commonly
used for machining custom parts to precise tolerances. It is a
method that uses a milling cutter to cut the part of the material
from the surface of a workpiece. The cutter for milling is a
rotating cutting instrument, regularly with various cutting
points. Different with drilling, where the tool is shifted along
its rotation axis, and the cutter in milling process is generally
shifted vertical to its axis so that cutting take place on the
circumference of the cutter. In order to cut the stainless steel,
proper tools are required but tool wear and eventual tool
failure however cannot be avoided. In the milling the
workpiece, Built-up edge (BUE) tend to happen and somehow
is getting worst. BUE is an accumulation of material against
the rake face that seizes the tip of the tool, separating it from
the chip.

BUE is also one type of undesired chip formation in
manufacturing sector. The accumulation of BUE can cause
tools wear when machining workpiece. Besides that, BUE
also can lead to bad surface finishing to the workpiece, so, it is
important to explore more about this phenomenon to
determine the critical factors of BUE formation in order to
avoid it completely. Figure 1 shows the formation of BUE
during workpiece cutting. BUE is the build-up of workpiece
material onto the rake face of the tools.

This phenomenon is one of the causes of tool wear occur when
machining stainless steel workpiece [1].When the BUE is cut
off, some of the tool stuff can be pulled with it. It can also
cause fracture development, leading to the cutting off of the
edge. The adhesion power between the BUE and the cutting
tools affects the wear. The lives of the tool rely on whether the
adhesion is powerful enough to be still connected to the
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surface of the cutting instrument when being sheared off. If
the strength of the cutting tool or the coating attachment is
lower than the adhesion strength, it can be broken off and at
the end causing tool damage and shorten the period of the tool
life.

BUE deposit
on the chip

b

BUE deposita on the
machined surface

Figure 1: Formation during workpiece cutting
A study by [2] on impacts of wear and geometry response of
the cutting tool on machinability of super austenitic stainless
steel also conclude that adhesive and abrasive wear were
founded on tool wear due to the existence of BUE formation
when milling the workpiece using AL-6XN SASS machine.

2. BUE FORMATION FOR STAINLESS STEEL

Negative stress gradient from the rake face into the chip as
being the main cause of built up edge formation [6]. Much
stress and temperature develop in the secondary deformation
zone at the chip-tool interface in ductile metals such as steels
with long chip-tool contact length. Under such elevated
pressure and heat between two smooth metal surfaces,
powerful bonding can occur locally owing to welding-like
adhesion. Such bonding will be encouraged and accelerated if
the chip tool materials have mutual affinity or solubility. The
welding begins to form at the most advantageous location as
an embryo and thus gradually grows as BUE formation. The
force, F also increases gradually with the growth of the BUE
due to the wedging action of the tool tip together with the
BUE formed on it. Figure 2 shows the schem on BUE
formation for stainless stell. Whenever the force exceeds the
BUE's bonding force, the BUE is broken or shaved off and the
flowing chip is removed. Then again BUE begins to form and
grow.

Built-up-edge

Ve

Figure 2: The scheme of BUE formation
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Built up edge (BUE) is formed when workpiece fabric adheres
constantly to the cutting edge of the workpiece surface. It was
identified as a problem in machining industry. Even a trace
formation of brittle and hardened structure formed on top of
the tool edge, could changes the chip load, produces ad hoc
and uneven material stream patterns [4]. When this happen,
the geometric of the tool and the surface of the cut material
will change due to removed placement of cutting edge.
Pressure welding adheres the material, which means that the
material is gradually accumulated under high pressure. This
occurs in the stagnation zone, which is developed by pressing
the workpiece material against the tool.

Since the workpiece material has to move either to the rake or
flank face, there is a stagnation point where there is no
relative movement between the workpiece and the tool. Thin
pieces of workpiece material are introduced one by one,
forming a BUE ultimately [5-7]. The method depends on
temperature and requires a specific and optimum
temperature. The built-up edge is made of extremely
deformed workpiece material that has become more difficult
than the initial workpiece. The BUE develops to a critical
magnitude where it becomes volatile. When the stresses on it
become greater than its shear force, it is cut off and the BUE
follows along with the chip or passes along the face of the
flank and is placed on the machined surface. The cutting tool
design can be altered sufficiently to change the edge line.

2.1 Causes of BUE formation In Stainless Steel Milling

To identify the possible causes that influence the formation of
BUE in stainless steel milling, review have been made to
several journals and articles and content analysis have been
performed to list out all the causes. According the data
collection there are sevaral main causes that lead to BUE
formation in stainless steel milling with some of levels, as
following:
o Cutting speed:

- sfm 250-393

- sfm 400-673

- sfm 700-1200
Use of cutting fluids

- Vegetable oil

- Neat oil

- Semi-synthetic oil
Tool rake angle

- +ve

- _ve

- zero
Cutting temperature

- Low

- Medium

- high
Micro crack formation

- intergranular cracking

- trans-granular cracking
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o Feed rate
- 0.1-06
- 0.8-0.16
- 0.19-0.25
o Tool rake temperature
- Low
- Medium
- high
o Ductility of material
- Low
- High

3. THEMETHODOLOGY

The research methodology of this study includes four phases.
Start with problem identification where problem statement
and data parameter are defined. Then it continues with data
collection. After the data collected, the data is analyzed and
lastly conclusion and recommendation made based on
research finding. Figure 3 shows the general research
methodology for this research. The formation of BUE also can
cause other problem.

Problem identification

==
4
s 2

Data Collection

Data Analysis

Figure 3: The research method

BUE also generally considered to cause surface finishing
issues during milling operation[4],[8-11]. It can influence the
texture of the workpiece surface as the BUE may formed
sideways of the edge. The cutting tool's geometric form is
changed which impacts the machined part's tolerances as the
machining precision deteriorates. This can contribute to poor
precision, particularly when completing the milling
operation.

Another result is when the BUE is removed and deposited on
the freshly machined surface. Study shows workpiece
material have relatively better surface quality values if BUE
does not occur [5][12]. It is unfavorable to manufacturing
sector if BUE occur as it requires rework on the workpiece.
Rework on the workpiece is a waste because it is time
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consuming and add additional cost to the process. Therefore,
it isimportant to determine the critical factor for built up edge
formation in stainless steel milling to reduce and prevent
BUE formation when milling stainless steel in the future, thus
reduce tool wear, prevent poor surface finish and rework on
the workpiece.

3.1 Problem Identification

The first phase methodology for this research is problem
identification. Its goals are to understand the problems and
issues related to BUE formation in stainless steel milling
process. Besides that, mission, objective, scope and
significant of research also identified in this phase. The
problems that happen in manufacturing sector such as the
existence of BUE when milling stainless steel workpiece
identified.

Literature review is description of literature related to
interested topic. There are many sources of literature review
for instance like journals, articles and previous case study. An
Inclusive review on previous research and several journal
researches give wider viewpoint on the problem occur when
machining the stainless-steel workpiece.

3.2 Data Collection

Sampling method used in this research is Delphi method.
This method is a broadly recognized technique of structured
and systematic information gathering from a group of experts
(Delphi Panel) on a specific topic using a series of
questionnaires [13]. This sampling technique generally
consist three rounds. Unlike first two round, the third round is
optional for the researcher [9].

For this research, in the first round, the experts were asked to
provide their opinion on the impact of BUE formation in
manufacturing industry. For second round, the expert will be
disclosed about the secondary data that have been identified
before which are possible causes that lead to BUE formation
in stainless steel milling. Through the data, statement is
generated and the expert will be asked to provide their
opinion through Likert scale technique. For Delphi method,
there is no consensus on the scale of panel size Delphi studies
and there are no guidelines or unambiguous descriptions for
small or large samples. Many Delphi studies have been
conducted using panels of 10-100 or more panelists [13].
Some published studies in Delphi preferred less than 10
members in their panels [15].

3.3 Data Analysis

After the data collected, the data is analyzed by performing
sequence of tests and analysis. There are two analyses that
have been used in this research. The first one is normality test
which is Shapiro Wilk test. This test is suitable for this
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research because the sample size is less than 50 respondents
[16]. Shapiro-Wilk test involve hypothesis testing. The
null-hypothesis of the test claimed that population is normally
distributed. If the p value is less than the alpha rate which is
0.05, the null hypothesis will be rejected and there is proof
that the data evaluated is not distributed normally. If the p
value is bigger than the alpha rate, then the null hypothesis
that claimed the population is normally distributed is
accepted.

After the data is confirmed to be normally distributed, the
second analysis is F-Test analysis or also known as ANOVA
test will be done. This test is chosen because each factor has
more than one level. It is a powerful set of technique to test
differences among means of three or more samples [17-21].
ANOVA is chosen to test the hypothesis claimed in this
research. Hypothesis test help to make decision easier
whether to accept or reject the factors as critical factor for
BUE formation during stainless steel milling.

3.4 Conclusion

The last step in this research methodology is conclusion and.
After the data has been analyzed, conclusion will be made
based on finding using hypothesis testing in ANOVA test.
The objectives of this research are expected to be meet at the
end of this research which means all causes and critical factor
for BUE formation in stainless steel milling is likely to be
identified.

4. RESULT OF FINDINGS

Content analysis involving journals and articles was
performed to determine the possible causes of BUE formation
in stainless steel milling. As a result, there are eight causes
identified as possible causes of BUE formation during
stainless steel milling. The causes are cutting speed, use of
cutting fluid, cutting temperature, tool rake angle, and micro
crack formation, ductility of material, feed rate and tool rake
temperature.

4.1 The Root Causes

The levels for each factor are chosen based on content
analysis conducted in chapter two. Every factor has three
levels except for two factors which are microcrack formation
and ductility of material. By identifying those levels,
statements are generated and used in second round of Delphi
method. Every level for each factor has been coded with
simple acronym as shown in Table 1.

4.2 Normality Test (Shapiro-Wilk)

The first statistical test that have been used in this study is
Shapiro — Wilk test. For every research, data collection is the
most vital task and longest time-consuming compare to the
other task. The data collected reveal the issues in a real case

285

study. Due to that reason, all the data collected must be from
the right source that present the actual survey of this research.
As for this study, expertise in stainless steel milling is chosen
as the correct respondent to generate the input data needed for
this study. Lack quality of the input data will produce
inaccurate and wrong output for the study. The result from the
analysis will be far from the actual finding. To prevent the
diverting data, normality test is conducted in this study. The
objective of normality test is to ensure the input data collected
displayed the real issues in this research. Normality test
determined whether the data collected drawn from a normally
distributed population. It is also a crucial test before the data
for each variable can be used for next data analysis which is
analysis of variance (ANOVA). There are two widely used
normality test which are Kolmogorov Smirnov and Shapiro —
Wilk test. In this research, Shapiro — Wilk test is chosen to
test the normality of the data.

Table 1: Code Definition for each levels (The root causes)

Factors Codes Levels
Cs1 250 sfm - 393 sfm
Cutting Speed  CS2 400 sfm - 673 sfm
CS3 700 sfm - 1200 sfm
. CF1 Vegetable Oil
glsjigf Cutting e Neat Oil
CF3 Semi-synthetic Oil
. CT1 Low
'(IE:r:”:e?'ature CT2 Medium
P CT3  High
Tool Rake TAl P05|t|ye rake angle
Angle TA2 Negative rake angle
TA3 Zero rake angle
Microcrack MF1 Intergranular cracking
Formation MF2 Transgranular cracking
Ductility of DC1 Low ductility
Material DC2 High ductility
FR1 0.1 mm/rev - 0.6 mm/rev
Feed Rate FR2 0.8 mm/rev - 0.16 mm/rev
FR3 0.19 mm/rev - 0.25 mm/rev
TT1 Low
e, T2 M
P TT3  High

This test is suitable test to analyze the normality of the data in
this research because the sample size of this research is small
and less than 50 respondents. Kolmogorov — Smirnov test is
not suitable for this research as the requirement to use the test
is the sample size must be large and must surpass at least 50
respondents. To run the test on the data collected, Statistical
Package for Social Sciences (SPSS) software is utilized. The
alpha rate and confidence interval for this test are 0.05 and 95
percent respectively.

Table 2 shows the result of test conducted via SPSS software
as following. For Shapiro — Wilk test, null hypothesis claimed
that the all the data is normally distributed and the alternative
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hypothesis claimed that all the data is not distributed
normally. From Table 2, p-value for each variable is greater
than alpha rate which is 0.05. In order to accept null
hypothesis, p-value for each variable must not less than 0.05
[22]. Therefore, null hypothesis cannot be rejected and all the
data gathered from the respondents are normally distributed.

Table 2: Result of Normality Test

Variables | p-Value

0.152
0.191
0.074
0.074
0.152
0.177
0.149
0.149
0.287
0.152
0.152
0.074
0.152
0.258
0.245
0.287
0.152
0.149
0.152
0.536
TT2 | 0.194
TT3 | 0.01
CS | 0.154
CF | 0.198
TA | 0.52
CT | 0.352
MF | 0.072
DC | 0.088
FR | 0.077
TT | 0.352

Cs1
CS2
CS3
CF1
CF2
CF3
CT1
CT2
CT3
TAl
TA2
TA3
MF1
MF2
DC1
DC2
FR1
FR2
FR3
TT1

4.3 Analysis of Variance (ANOVA)

The second analysis used in this research is ANOVA test.
Through this test, all possible values and parameters will be
analyzed to verify the actual input. This test will be run with
software known as Statistical Package for the Social Science
(SPSS). After all the data has been collected from the
expertise, F-test also known as ANOVA used to diagnose the
data. Analysis of variance is considered to be proper analysis
as their existence and initiation. Regardless of that, F-test is
competence to define the significance level of causes and
effects by evaluating their hypothesis [23-26], such as causes
and effects of indecisions or uncertainties.

The derivation from the analysis and the approximations
themselves are taken after a confidence level of 95 percent is
defined in line with the solutions to evaluate important factors
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[27]. Thus, any causes of BUE formation in stainless steel
milling with p less or equal with 95% will be considered as
significant factors. Every level for each factor will be test with
this F — Test. If there is at least one level lower or equal to
alpha rate which is 0.05, the factor for that level is considered
as critical factor. It indicates that there is certain level in that
factor that cause BUE formation when milling stainless steel
material.

After analysis, p value for each level will be examine. If there
is one or more p — values <=0.05 exist for in the levels of a
factor, then it is decided that the factor is a critical factor that
cause BUE formation when milling stainless steel material.
Table 3 shows the result of ANOVA analysis.

Table 3: Result of ANOVA

Levels for Each Factors p- Value
Cs1 0.541
CS2 0.078
CS3 0.021
CF1 0.475
CF2 0.714
CF3 0.306
CT1 0.593
CT2 0.08
CT3 0.047
TAl 0.032
TA2 0.538
TA3 0.013
MF1 0.048
MF2 0.039
DC1 0.308
DC2 0.062
FR1 0.019
FR2 0.028
FR3 0.689
TT1 0.536
TT2 0.194
TT3 0.01

4.4 The Critical Factors of BUE Formation

As the result obtained from ANOVA analysis, there are six
factors that have been identified as the critical factor that lead
to BUE formation during stainless steel milling. The six
factors have one or more levels in them which their p-value
are lower than the alpha rate. The critical factors are cutting
speed, tool rake angle, cutting temperature, microcrack
formation, feed rate and tool rake temperature. Table 4
demonstrate the critical factors for BUE formation in stainless
steel milling.

Nevertheless, the finding delivers a general framework on the
critical factors that lead to BUE formation in stainless steel
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milling. The usage of analysis of variance (ANOVA) verify
that there is a relationship between the uncertainties and their
outcomes. The data derived from the survey was entirely
based on estimation and opinion of the individual expertise in
this research scope. For this reason, the confidence interval
was set to 95% (a = 0.05).With ANOVA analysis, there are
significant evidences that there are six critical factor that lead
to BUE formation during stainless steel milling. However,
this does not mean that those factors with p-values higher
than alpha rate does not contribute to BUE formation in
stainless steel milling. Rather, this simply means that the
critical factors that have been determined have higher
probability of resulting BUE formation in stainless steel
milling process.

Table 4: Critical factors BUE formation in stainless steels

CRITICAL | LEVELS CODE | Sig.(p)
FACTORS
700 sfm — 1200 sfm CSs3 0.021
Cutting
speed
Tool rake Positive rake angle TAl 0.032
angle
Zero rake angle TA3 0.013
Cutting High CT3 0.047
temperature
Microcrack | Intergranular cracking MF1 0.048
Formation
Trans-granular cracking | MF2 0.039
Feed rate 0.1 mm/rev—0.6 mm/rev | FR1 0.019
0.8 mm/rev - 0.16 FR2 0.028
mm/rev
Tool rake High TT3 0.01
temperature

5. CONCLUSION

The main objective of this research is to determine the critical
factors of BUE formation during stainless steel milling. As
mentioned in the first chapter, BUE is unfavorable to
manufacturing industry as it causes wear tool, bad surface
finishing and rework on the workpiece. In order to complete
the research, many journals and articles that related to the
topic were reviewed to gather more informative input and
improve the understanding regarding the topic. Content
analysis was conducted in this research to list down all
possible causes that can lead BUE formation in stainless steel
milling process. Based on the content analysis performed,
there are eight possible causes of BUE formation during
stainless steel milling. The possible causes are cutting speed,
use of cutting fluid, tool rake angle, cutting temperature,
micro crack formation, and ductility of material, feed rate and
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tool rake temperature. In addition, content analysis was also
carried out to determine the level for each factor. As a result,
every factor has three levels except for two factors which are
microcrack formation and ductility of material. After all
secondary data gathered, questionnaire was generated for the
purpose of collecting data from the expert.

Delphi method was selected as the sampling method for this
study. This sampling method is suitable for this research as
this research depends on the expert opinion. Ten expertise in
stainless steel milling were involved in the data collecting
process. The data that have been gathered were organized
properly in Microsoft Excel software before transferred to
SPSS software for the purpose of analyzing the data. Two tests
were conducted via SPSS software to analyze the data. The
first one is normality test (Shapiro — Wilk) test. The result of
the test concludes that all the data is normally distributed and
reliable. After the data is verified to be reliable, second
analysis which is F-Test also known as ANOVA was carried
out in order to determine the finding for this research which
are the critical factor of BUE formation during stainless steel
milling process. As the result, six factors were identified as
the critical factors. The factors are cutting speed, tool rake
angle, cutting temperature, microcrack formation, feed rate
and tool rake temperature.
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