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ABSTRACT

The use of parang, which is defined as Malaysian machete is very wide throughout ancient times
until today. The history of it tells that parang is an essential tool for everyone since it is used for
the life purpose of the old time people in every aspect such as to serve as a weapon for protection
and also as a tool for chopping, carving and many more. Nowadays, the use of parang is still
being applied among Malaysian for the purpose of life. Moreover, there are also a lot of parang
have been commercialized and been as one of the attraction for the tourist to look for. In relation
to the rapid production of parang by days, the quality and performance of it is questioned in here.
This is because every parang that is produced and to be sell usually is not equipped with any
quality note or charts with it. The process of making parang which involves exposure of the
metal to a very high temperature furnace for a long time and also hammering process to shape it
will lastly produce parang of varied quality and performance. This is mainly due to the non-
standardized steps taken in the processes involved. Some of the parang might undergo a longer
exposure to the furnace compared to the others and this will affect the material properties that
will then, affect the quality and performance. To accomplish the objective, two (2) tests are
going to be conducted which are microstructure and hardness test. The microstructure test can be
carried out by utilizing the use of Optical Microscope (OM). Meanwhile, Vicker Hardness Tester
machine is used to test for the the hardness of the sample. The results from all of these tests will

be collected and discussed.
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CHAPTER 1

INTRODUCTION

1.1 Background of Study

Every present countries or places throughout the world nowadays have their own
assets of attraction; either by doing development on current resources, or maintaining
what did they had on history. Those assets mentioned are functioning to bring the
owner too many purposes of benefit, such as for attracting tourists, earn profits on
sale, display in exhibition, and just simply for keeping the sentimental value.
Malaysia, as one of the developing countries in Asia Pacific region, had been
focusing on plenty of businesses and urbanization to achieve the target of being a
well-developed flourishing company by year 2020. Despite of the developing the
current major resources they had, for instance oil and gas industries, Malaysia, which
can be classified as very dependent on natural resources to survive since long time

ago, did promoted the historical assets as well to assist on the development part.

Since the ancient days of Malaysia, parang has been used widely among the citizen
for many purposes of life and it is still been used nowadays. In addition to that, the
manufacturing of parang at some places such as Bidor in Perak and Bera in Pahang
become vital to the domestic people for the sake of source of income and the identity
they are proud of. Even though the manufacturing of parang grown rapidly at those
stated places, up until today there are no such essential researches on the whole

process of parang manufacturing had been documented.

In this project, the quality variation of Malaysian made parang is going to be
investigated with respect to its mechanical, physical, and chemical properties. The
raw material that is usually being used for making parang is the used automotive leaf
spring, which is bringing in some uncertainties in its initial properties due to the
long-time usage on vehicles. The processes of making parang may change the
properties of the leaf spring. However, the changes in the properties of the leaf
spring are not known and might be fluctuating, because of the non-standardized steps
in the process of making parang. In addition to that, the properties of the final

product, which is the parang itself, might be diverged as well due to the non-



standardized steps in the process of making it and thus, the quality of the parang has

become a subject of variation that need a clear clarification for future betterment.
1.2 Problem Statement

Parang was a very essential tool in Malay traditional lifestyle and remains useful in
today life. It has several blade edges for different cutting functions such as skinning,
chopping, and carving which classifies parang as a multi-purposes tool during the
traditional era. Currently, parang manufacturers are typically using used automotive
leaf spring to reduce the feedstock costs. Leaf spring is an excellent material for
making parang because it provides sufficient hardness and strength if properly

processed.

However, the usage of used leaf spring might lead to different metal and carbon
composition which might affect the final product performance of the composition
varies significantly. In addition, the final product quality is also affected by the

hardening and tempering processes.
1.3 Objective

As mentioned in Section 1.1 above, the aim of this research has been pointed out,
which is to investigate the parang quality variation among the Malaysian
manufacturers with respect to mechanical, physical, and chemical properties. In
order to achieve the main goal, two objectives have been outlined which are as

follows;

e To conduct metallurgy studies on sample of parang to conclude the properties
it inherits.
e To relate the steps taken in process of making parang with the variation of its

properties and quality.

Therefore, at the end of this project, the predetermined objectives are expected to be

achieved within the given scope and time frame as per next discussion.



1.4 Scope of Study

In order to ensure this research is well focused and remains on its right track, the
scope of study has been delineated. This project is mainly focusing on the laboratory
experiments in favor of obtaining the acquired properties. The study on the
mechanical properties will only focus on the hardness of the sample material and a
hardness test will be conducted using hardness tester. The detailed study on
metallography is very essential for observing and analyzing the microstructure of the

sample material, the machines to be used are optical microscope.
1.5 Relevancy of Project

From this project, the quality variation of Malaysian parang manufacturing is studied
in hope of bringing the industries into a higher level of excellence in producing a
good parang. This project may as well, give ease to the people to choose the best

parang of different purpose depending on the quality of the parang.
1.6 Feasibility of Project

This project is classified as feasible much since in involve the experiments and tests
which require the utilization of equipments available and provided in the university.
The implementations of the experiments and tests follow the theories, which become
the fundamental to complete the project. The allocation of financial part as per
declared for this project is sufficient enough since there will be no major cost
involved especially on the purchasing part. In a nutshell, the author concluded that

this project is feasible within the given period.



CHAPTER 2

LITERATURE REVIEW
2.1 Parang

Parang, initially is a Malay word that is now been acknowledged and exist in Oxford
Dictionary, gives a meaning of a Malayan machete [14]. The function of parang is to
serve as a tool for the uses of daily activities such as cutting, skinning, chopping, and
carving. Figure 1 briefly depicts the overview and labelling of a parang [3].

www.sepuh-crafts.com

Figure 1: Overview of a parang

2.2 Leaf Spring

It is absolutely known that the raw material that is used by a smith to make a blade,
machete, or parang is the leaf spring in favour of its sufficient hardness and strength.
A leaf spring is a simple form of spring commonly used for the suspension in
wheeled vehicles [17]. The leaf springs are crucial suspension elements on vehicles,
necessary to minimize the vertical vibrations, impacts and bumps and create a
comfortable ride [16]. There are three types of commercially used leaf springs
nowadays which are steel leaf spring, composite leaf spring, and composite leaf
spring [15]. Steel leaf spring is the one that is used to make a parang. The properties
of parang to be studied might be different with the properties of the leaf spring used
to make the parang due to the manufacturing processes carried out. The materials
used for making the leaf spring itself are varied depending on the application [1].

The materials used for making the leaf springs are principally, SAE-1080, 1095,



5155-60, 6150-60 and 9250-60 [1]. Figure 2 below shows a visual appearance of the

automotive spring leaf [6].

Figure 2: Visual appearance of the leaf spring

2.3 Hardness

The scope of mechanical properties to be studied in this project is narrowed down to
focus on the aspect of hardness of the material sample. The definition of hardness is
the resistance of a smooth-faced material to scratching and abrasion [5,8]. In the
industry of parang manufacturing, hardness of the material is significant to produce a
parang with good physical quality such as sharp and long-lasting. In the current
marketplace there is much that is said about the hardness of parang. In fact there is
customer resistance to production of swords that are not hitting certain benchmarks
on specific hardness scales [8]. There are three (3) main options for testing a
material’s hardness in mechanical engineering study of material properties which are
Brinell hardness (HB) measurements in accordance with ASTM 110, Rockwell C
hardness (HRC) measurements following ASTM E18, and Vickers scale [6,8]. The
resulting indentation depth determine the measurement of the hardness of a material
[10,13]. As pointed out by Fuentes, J., et al. (2009), in their research, the hardness of
a sample of leaf spring obtained is 397HB averagely, however, the measured values
were rather disperse and some as low as 364HB due to the occurrence of
uncontrolled local heating of the spring, resulting decarburization and softening

during the manufacturing process.



2.4 Carbon Composition

The scope of chemical properties to be investigated on the material in this project is
narrowed down to focus on the composition of the carbon content in it. The mixture
of variable carbon content would regulate the hardening results possible in a blade
[8]. The material would also produce, in heat-treatment, a hardness that would differ
dramatically from one point on a blade to another [8,9]. Carburizing has been used
widely in industry to improve surface hardness and fatigue resistance of steel parts
while the toughness of the core is maintained [2]. Among the applicable methods to
analyse the composition of a metal are Eddy current non-destructive method, atom
probe tomography and optical emission spectrometer [2,6,12]. From the work of
Fuentes, J., et al. (2009), the carbon content was lower on the surface of steel leaf
spring than on the inside of it (0.48% versus 0.64%) due to decarburization process

during the manufacturing process.
2.5 Comparison on Raw Materials for Making Parang

Table 1: Comparison on list of materials for making parang

Spring Steel | Tool Steel High Speed | Martensitic
(SAE 5160) | (AISIO1) Steel (AISI Stainless
M2) Steel (AUS-
8A)

Hardness 40-45[21]  |55-64[19] |62-66[19] |58-62[19]
(HRC)

Tensile 722.6 [21] 620.5 [21] 641.0[18] 560.0 [20]
Strength

(MPa)

Carbon 0.56-0.64[19] | 0.85-1.0[19] | 0.95-1.05[19] | 0.70-0.75[19]
Composition
(%)

10



CHAPTER 3
METHODOLOGY

3.1 Introduction

In this chapter, the research method that will be used is explained in section 3.2.
Section 3.3 will explain on the sample preparation and will be followed with the

explanation on experimental tests to be conducted accordingly.
3.2 Research Methodology

In this study, three samples of parang of different brand, bought at different places
are used as the material for analysis. These samples of material will then have to be
mounted for the ease of conducting test. Optical Microscope (OM) is going to be
used to do the analysis for the microstructure of the material and hardness test is
going to be conducted to analyze the hardness of the material. All of the tests and
experiments are going to be conducted to compare the variation of results for the
three different parangs at three different positions at each parang. The flow chart in
Figure 3, which is the iterative process of the experiment and the investigation, will
be described accordingly. Data analysis and final result section are discussed later in

the next chapter.
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Parang A

Manufactured by Chop Kwong
Yuan Loong, Bidor, Perak.

Bought directly from the factory.

Figure 3: Parang A

Parang B

Manufactured by AAA Jing Yung
Lee.

Bought at Seri Iskandar, Perak.

Figure 4: Parang B

Parang C
Unknown manufacturer.

Bought at Batu Gajah, Perak.

Figure 5: Parang C
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Figure 6: Positions of interest to study

Figure 7: Points of interest to study on the surface of cross sectional of the parang

13



Sample Preparation
Using three different parang

v

v

v

Microstructure
Examination
Surface Morphology
using OM & SEM

Chemical Composition
Chemical composition
using EDX spectroscopy

Hardness Analysis
By conducting Vickers
Hardness Test

A 4

Data Analysis and Modeling
Data collecting and analysis

v

Final Result
Discussion and conclusion

Figure 8: Flow Chart
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3.3 Sample Preparation

The material that will be used is three different brand of parang bought at different

places of each as per shown above. The procedures taken are as per below:

1. Each parang is cut into three parts which are bottom part, middle part, and
end part as per shown in Figure 6 above. These three parts are the positions
of interest to be studied in this project.

2. Electrical Discharge Machining Wire Cute (EDM Wire Cut) is used for the
cutting part.

3. Then, all of the samples are mounted using Auto Mounting Press machine for
the function of easier and better handling of the samples.

4. The samples’ surface are then be ground on 120, 220, 500, 800, 1000, 1200
grit SiC papers, and then polished using 1 pmAI203 pastes to the mirror

finish.

Figure 10: Sample of parang after being cut

15



Figure 11: Auto Mounting Press machine used for mounting the samples

Figure 13: Grinding and Polishing Machine used for surface finishing of the samples

16



3.4 Microstructure Analysis

The purpose of this test is to determine the pattern of microstructure of each sample

of the parang and thus, to come out with comparison according to the part of the

parang. There are three points of interest on the surface of the sample to be studied

as per shown in Figure 7. This test is conducted using Optical Microscope (OM).

The procedures were as follow;

1.

Before conducting the microstructure examination, the samples are mounted,
grinded, polished and etched. Mounting of specimen is required so that it is
more convenient during grinding and polishing.

After mounting, the samples need to be grinded and polished.

Then, the samples need to be etched by using etchant. The purpose of etching
is to reveal the grain boundary. As the material of the parang is carbon steel,
then the corresponding etchant used is Nital.

Nital is prepared by dissolving 50 ml of ethanol and 3 ml of Nitric Acid. The
Material Safety Data Sheet (MSDS) is attached in Appendices for references.
After that, the specimen is washed by using ethanol and then dried.

Then, Nital is applied onto the surface of the sample by swabbing for 20
seconds.

Lastly, the specimen is washed using water and ethanol. The specimen is let

to dry and ready for microstructure examination.

17



3.5 Hardness Test

The Vickers hardness test method, also referred to as a microhardness test method, is
mostly used for small parts, thin sections, or case depth work. The Vickers method is
based on an optical measurement system. The microhardness test procedure, ASTM
E-384, specifies a range of light loads using a diamond indenter to make an
indentation which is measured and converted to a hardness value. It is very useful for
testing on a wide type of materials as long as test samples are carefully prepared. A
square base pyramid shaped diamond is used for testing in the Vickers scale.
Typically loads are very light, ranging from a few grams to one or several kilograms,
although "Macro" Vickers loads can range up to 30 kg or more. For this project, a
constant load of 300gf is applied at dwell time of 15s for the test on three (3)
different points on the samples. By that, the comparison and variation of hardness of
each sample of the parang can be obtained to relate with the variation of quality and

performance.

18



3.6 Gantt- Chart and Key Milestones

Table 2: Project Gantt Chart and Key Milestones for FYP 1

Training Activities

Week

7

8

10

11

12

13

14

Topic Selection

1
o

9
%o

Literature Review

Study about parang

Submission of Extended Proposal

Laboratory equipment
familiarization and experiments

Research and Find Materials

Proposal Defence

Interim Report Preparation

Interim Report Draft Submission

Interim Report Submission

\Z
9

< Milestone
|:| Progress
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Table 3: Project Gantt Chart and Key Milestones for FYP 2

Training Activities

Week

8

9

10

11

12

13

14

Sample Preparation

Microstructure Examination

Submission of Progress Report

7
”»

Hardness Test

Chemical Composition
Examination

Pre Sedex Poster Presentation

Submission of Draft
Dissertation

Submission of Dissertation and
Technical Paper

N7
0.0

Oral Presentation

7
0.0

Submission of Hard Bound
Dissertation

7
0.0

< Milestone
Progress

20




CHAPTER 4
RESULT AND DISCUSSION

4.1 Microstructure Analysis

In order to reveal the microstructure level of the samples, the author utilized the Optical
Microscope (OM) to observe the microstructures of all of the samples of the parang. The
microstructures of all the samples were observed and analyzed at magnification of
500X. By average, the results obtained were slightly almost constant for all of the
samples. Pearlite and ferrite structure were regularly can be seen at point 1 of the
sample, meanwhile, at point 2, some of the samples have the same structure as point 1
and some of the other samples have retained austenite structure instead of ferrite as well
as even the martensite can be seen. At point 3, by average, most of the samples have the
martensite structure although the appearances and dimensions varied.
Q'QE!‘W\« ,-"' \‘ “ ' 5
.
' \'& u" \I}"..a.’ p’ h

=

=

6 Ferrlte
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Figure 14: OM image for Parang A at point 1 on position 1
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Figure 16: OM image for Parang A at point 3 on position 1
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Figure 17: OM image for Parang A at point 1 on position 2

Figure 18: OM image for Parang A at point 2 on position 2
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Figure 20: OM image for Parang A at point 1 on position 3
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Figure 21: OM image for Parang A at point 2 on position 3

Figure 22: OM image for Parang A at point 3 on position 3
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Figure 24: OM image for Parang B at point 2 on position 1
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Figure 25: OM image for Parang B at point 3 on position 1

Figure 26: OM image for Parang B at point 1 on position 2
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Figure 27: OM image for Parang B at point 2 on position 2

Figure 28: OM image for Parang B at point 3 on position 2
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Figure 29: OM image for Parang B at point 1 on position 3

Figure 30: OM image for Parang B at point 2 on position 3

29



Figure 31: OM image for Parang B at point 3 on position 3
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Figure 32: OM image for Parang C at point 1 on position 1
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Figure 33: OM image for Parang C at point 2 on position 1

Figure 34: OM image for Parang C at point 3 on position 1
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Figure 35: OM image for Parang C at point 1 on position 2

Figure 36: OM image for Parang C at point 2 on position 2



Figure 37: OM image for Parang C at point 3 on position 2

Figure 38: OM image for Parang C at point 1 on position 3
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Figure 40: OM image for Parang C at point 3 on position 3
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The observations and analysis carried out on the micrograph of each sample of the
parang have indicated the variation of properties it inherits. The variation in the process
of manufacturing the parang influenced the variation in the micrograph obtained.
Briefly, the process of making parang involved the process of heat treatment such as
austenizing, quenching, and lastly tempering. However, the subjective parameters of
each of the process such as the intensity, duration, and temperature are not constant
during the manufacturing of different parang. Due to this variation, the quality of the
different parang can be visualized with the micrograph obtained.

Pearlite and ferrite structure are seen on most of the sample at point 1 of it except for
point 1 on position 1 and position 2 of Parang B. Pearlite is a combination of ferrite and
cementite. Pearlite grain structures resemble human fingerprints. Steel with exactly 0.77
percent carbon consists of uniform pearlite at room temperature. The thin plate pearlite
is formed due to the fast cooling process of the steel after heating for shaping purposes.
The ferrite is formed due to complete transformation from its austenitic phase during
cooling. It has a Body Centre Cubic structure (B.C.C) which can hold very little carbon
which is typically 0.0001% at room temperature. Ferrite gives a material the magnetic,
hard, and brittle characteristics.

Retained austenite structure is found at point 2 of all samples except for point 2 on
position 2 and position 3 of Parang A as well as point 2 on position 2 of Parang B which
showed the martensite phase. Retained austenite is the austenite that does not transform
to martensite after the quenching process. The property that is carried by retained
austenite is the intermediate of combination of mixture of soft and tough austenite with
hard, strong, and brittle of martensite. Since retained austenite can increase the impact
toughness of a material, the presence of it at point 2 of any part of the parang is very
essential to serve as supporting part to absorb the impact applied in prior to prevent

crack to the parang.

Martensite phase is found at point 3 of all samples except for position 3 of Parang A and
position 1 of Parang C which shows the presence of tempered martensite instead.
Martensite can be formed from a rapid cooling process of austenitic phased steel. In this

parang manufacturing process, the quenching part by putting the red-hot steel into oil
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after burning it is the part of the process where martensite is formed on the parang. In
addition, the martensite also can transform from its austenitic form by quenching and
working by plastic deformations to reductions of area at this sharp part of the parang.
Different with the austenite, martensite has a Body Center Tetragonal crystal structure
(B.C.T). This results in a distorted structure that has the appearance of fine needles.
There is no partial transformation associated with martensite, it either forms or it
doesn’t. However, only the parts of a section that cool fast enough will form martensite
at which in a thick section it will only form to a certain depth, and if the shape is
complex it may only form in small pockets. The hardness of martensite is solely
depends on carbon content, it is normally very high, unless the carbon content is
exceptionally low. Tempered martensite, on the other hand is the martensite that
undergoes tempering process. Due to the transformation to tempered martensite, the

properties change as well, which are increased ductility and toughness of the material.

In the scope of microstructure study carried out on all of the samples of the parang,
Parang C has shown the most consistent and reliable quality out of the other two parang.
This is due to the distribution of the phases throughout the each point at all positions of
it. At point 1, pearlite and ferrite phase is present constantly at all positions whereas at
point 2 of all positions, retained austenite phase is present. However at point 3, there is a
slight different where at position 1, the phase present is tempered martensite while the
other position is martensite. This indicate that the intensity of quenching and tempering
process to produce the part of point 3 is not equally distributed.
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4.2 Microhardness Assessment Result

The variation of hardness at different points on different locations of all of the three
parangs is tested by carrying out Vickers hardness test. This test was conducted to
determine whether there will be different on hardness of the parang of different brand,
as to compare which one is better. Vickers hardness tests were performed on the surface
of the samples using Model HV-1000A Micro Hardness Tester with 300gf load and 15 s
dwell time. According to the results obtained, which is presented on the table below, the
value of surface hardness obtained for each sample is compared through the distance
from the surface.

Table 4: Vickers hardness reading of all samples

Position | Point Hardness (HV)
Parang A Parang B Parang C

1 317.8 277.8 431.4

2 650.7 293.1 358.6

' 3 529.9 302.8 423.6
Average 499.47 291.23 404.53

1 734.8 307.6 265.9

2 695.1 625.2 252.9

? 3 754.4 662.0 384.3
Average 728.1 531.6 301.03

1 447.2 304.4 213.6

2 444.9 376.4 206.7

3 3 621.0 641.9 319.5
Average 504.37 440.9 246.6

Table 4 above shows the variation in terms of microhardness at different points on
different positions for each parang. Similar with the microstructure analysis conducted
previously, the variation in the process of manufacturing a parang did influenced the

variation in the properties of a group of different parangs.
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Considering the reliability and durability of a parang, Parang C has the best quality of
them in terms of distribution of hardness at different points on different positions
throughout the parang. As per can be seen from Table 4, averagely the hardest part on
Parang C is at point 3, which is the sharp edge part where it first adapt to the impact
with the material when chopping or cutting. Secondly hardest point is at point 1 which is
at the top of the parang. This part should be hard to preserve the shape and orientation of
the parang over a long range of using time. The middle part, which is at point 2 is the
least hard point on Parang C. Due to this, point 2 has the greatest ductility and impact
toughness although it is softer than the other points. The advantage is for point 2 to
serve as the support to absorb the impact applied to prevent crack or failure on the
parang to happen. Thus, for a long lasting parang, Parang C is the best among the three
parangs that are studied in this project.

However, if strength and adaptability to rough usage are the preferred properties, then
Parang A has the best quality of them. In despite of having a long lasting parang yet less
strength, Parang A has the quality of the other way around. Parang A is the best to be
used for hard and rough usage such as when chopping or cutting a very hard material.
This is due to the greatest hardness acquired by Parang A. Based on Table 4, the hardest
position on Parang A is at position 2 which is at the center of it. This is the regularly and
preferably region of usage for any parang. Thus, for dealing with the best strength and

adaptability to rough usage, Parang A is the best choice.
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CHAPTER 5
CONCLUSION AND RECOMMENDATION

Based on the experiments and tests conducted throughout this project, the properties of
Malaysian made parang manufacturing quality variation are clearly studied and
analysed. There are still, some parts of this project that need improvement and
enhancement to yield a better, more detailed, and more comprehensive result to come up
with any improvements to be implemented to our Malaysian parang manufacturing

industry. In a nutshell, this project lead to two (2) conclusions as per below:

e The phase present at a same point on different parangs is averagely similar to
each other. However, there are still variations of it can be seen. These variations,
in terms of size, orientation, and structure determine the characteristics inherited.
These variations are there due to the inconsistent implementation of process
during manufacturing of the parang

e Different parangs experienced different exposure to intensity or frequency of the
same processes conducted during the manufacturing of them. Due to this, the
quality in terms of hardness of different parangs, also varied differently.
Depending on the purpose and necessity of the user, different parangs will give a
different quality and satisfaction.

As for the future works, it is very interesting if a standard of parang which comprised of
properties investigated in this project or any other properties can be produced so that the
quality of parang produced will be cared of and the consumer will have at least a printed
sheet of quality comparison of parang to buy the best parang for daily uses. By that, a
deeper and detailed analysis of such as this can give a great impact to Malaysian parang

manufacturing industry in the future.
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Labrmast hype L TO ncrease weat resstae, sieels are
Spend Jpai x0 ] 1 1% surtace-2ardened for appicadoss e
Pues (W ™ m "0 " Tavsg ad rotate g parts such 3 Gers.
Melter eyertse -

T | ! ‘. 2 ]

aress Gan Se atained y 2 hardness
Yansverse
Case taroress deptt (CHO) mexsune-

Sarsened. cartartred or niided, ek
In most cases Virkers Sardness ests pe
ssed I the R Sardness ad nge
N certan cases Knoop can be usedt
Eoge-resention b5 aseded when mea:

m
ces. Whes performing 2 CHO, the sire
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Pgom 12 Sevemats s of ey Uz
P mangle Jovewy Nevtwr 21, 23 5%
Tuww St S Savtoats 25 15T 4 St &
gy ot 13 wm Swm By sxtwr e )

of the noerts al ncrease 2 e S~
ness decomases, see Figare 10 in oeder
10 keep the misimur dlowed dstace
between indens (for sieel 2x GagoRy)
Sutomatic indert spacing can be used
A3 1he ndent sire incemanes, e Sstance
betwvesn e ndents wil a0 noTeRse

Trastiorally, 2lasge rumber of Indents
needs tobe performad n order 9 reach
the haroness limit. However, 215 pos-
sie niih moders autormadc haroness
testers t0 stop autamatcady wees the
Oefied Sardness samider ks seacted,
regardiess of the aumder of test poimis
which hawe been szt

There 5 2 misimurs indest spacieg,
since the ingests sdould not isfuence
each other In oroer io Increase the
number of Inderes and 19e acoracy s
lest series, the INdens can de Gsplaced
In relation 42 each other forming a2ig-
239 patien, see Fgue 17

Jamiy Testng

Wit 15e Jorminy fest. he Sardenateity of
2 sfeel is fesied A Yesi bar with speofic
peomery ks Seated W 12 an austenis-
Ing temperature. Dhersafier Mg ead Is
cockd down using 2 stndardisad waler
Jet, see Figare 18 After cocling, ore side
of the 3ar ks graung and the hardness is
measred (HY 30 or HRC) a1 intervals
from the qeenched ead. see Aigure 19
Deseasing on e cosling rate (Cistaace
from the water conled end)) here will be
Gifferences i2 the measared haroness.

Hard e, Rockossd C

3 0 ey s

Weiting
Hartsess festng of wekts typically
Ipies ! 3 sevies of indests dave
te performed across ardatively Wwge
speamen sarface, Cioely retafed to e
peomety of the specmen. An sverdew
camen ailows the stie specimer sar
face t0 e seen 200 masdy dhsplays the
postions where the indests shoud Se
periormed. Weidng standands prescride
e wmeof VI or v 10

A exarple of location of Randness test
Indertations for e valtation of 3 weld
e Sown in Fgure 2. Tabie 4 shows

Poen X Phcry of e pam 27wt = e g
32 cwrve s

Sutamce wem wewr ok end st

=}

wieevenesEEseuenEEseasEsE '

PRI ."‘

al=lale

Y IEC

i
S
i
¢
i

e conepoading hastress vises from
Dutamés A-300. Two 12 men Tiick plates
I carbos steel type S35C were weided
gether. Before the haroness fest ire
st surface & polshed down 90 0 3m
31 thereater shgddy eiched ssrg Ntz
defore festing The fest is performed 19
aligate e Weng Orocess (A00TEng
0 NF EN 15013814} The madmum hast-
aess St for this weid was 320 HY 10

For prepanation of eelsx, see e
Aspicaron Note an he saye
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0. Controfing Parameters (nealid dor Vickers, Beined and ¥noop) &

s importast 5 perform the fests snder
Hargness tests e conmdered n 3¢ and
rather simpée 10 perform when af pa- furnidty. For lmderiers with agtcal nead-
rametery are controlied. For thissexson 0, 8 15 oecessry bo Bk into acoourt
£ 5 a0visadle %0 hawe 3 bast fhat e the e
of the subject. Belew foflows 2 brie! pretation of the sdert stxe Therefore
overvew of 3acameters Ruencing e 1he haroness fester shoult prefecably be
hardress test placed I3 2 dark emtronrment 1o keep the
The dflerert parameters can e (hdded  PATRIANON constart. Wibraters from
It tve main tactors the the will affect e mexre
hardness testing a0d ey ace seiated mest 3¢ sholc be mrimized. Srafler
10 Isstument, mexurement, materal \aacts e mzve sengive 1 virations.
operator and envirsriment. see Figare 21 FOf this rexson 1t s advisable o place
It s mportast ke contimucesy seek 10 the haroness fester on 3 specal fousda-
ehrmngte, mineGe o atlext e e BOD e g graniie table).
acoount the InBeence of tese factor, The surfaces shouid de free brom any
whech vl te nme oot Such 25 scale, ant
tobowing of a0 greae. A tn Rvicaing tin vl

lower the coeticient of friction resutsy
Operatar factors I larger ingents for 2 gves ioad, fuat
The spesster shoekd tave 2% Urdle 150 53y o8¢ Wil epenence sight de-
standing of the proper sperztan of he Crmase I ardness. Here, £ 5 importat
hartress lesting equipment, sartace 12 keep the same coadiion of surbies
reguirements 230 Siture fecanigues n far 38 measursments is get comparable
onder 10 use e machive s efecthely  fesuls
25 possile 390 this MINETUE the wark
reeded drng esivg Instrument fastors

Far the Instument bctors, the load.
Emvirssment tactars 15e Indentation and the iIndenter 252
The hasdoess test shoukd beperdomed  considered. o obain e necessary ac-
©n 25mocty clean refiectve surface caracy and repeatabiRy of e applied

-

i

L
o e ey

o, 2 lsad ced f=chnoiogy 15 preferred
siace B 5 mone acourzle fun sysless
with mechanical weghts, L2 free from
afaences of riction 208 Tena witis
e sysiem. To dull the requiresment of
xccunacy of the applied load, 8 s 250
mportant 15 calideate the system rge-
farly. v he cally routine, this & mosty
o hErec relction, sng 2ibtassn
Slocks which are avaable for et

ndentation can e fosnd I Tabie 3. Tre
e of ncertydon shoud not cevide
fom e perpenticudar kae more than 2
Segrres {maaTUm)| otheratse eTas
e ntroduced Alse, here shoald de
20 l5%nal maverert betwesn ndemer
and specamen. ¥ possidie, the specimen
showid be clamped 02 2 barr-hee anvi.

Spaong between Indents shoud be arge
enaggh for 1e Ndents nst 12 Istgeace
=ch gher. The plastic defanmaton
Fomnd 3 indent Wl cause most matert
5 13 handen theretose ¥ ihe inderts e
100 cloze, the material will 2ppex 13 be
Rarder The principie fof the develpment
of he plastic rore (e area) for 3 1t
punch (yefiow) & shown b Figure 22

For thes szason, the standards for the
2ievent tests give specfications far the
g between ndents and %e spacng
Waras e edpe, ot Vickes Srdness
festng. e Istruction piven By 10 can
2¢seen n Fgure 23
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« Mater il taatevant

» Shags of materid

» Masntng rasa

AT 2pproprate speciTen Tcwess it

reeded: e indent shosid 23t pererr e
through the extire specimen. 1t &5 impor-
fant that fhere 5 N0 vshie
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with Bmel, since T type of stracture
15 rter ThOmOQenecys and thersiore 2
rger mcent s seadad i3 cover the &t
fevert stnuctaryl elemernts

poesent 2 the back of the test plece ater
fhe haroness fest

For s reason, e pecimen fuckness.
should be 2 least 101imes e indesty
fion deptt Fockwed). For Vickers it
has to D¢ af keast 1.5 trves the Sagonyd
lengh ot the indestation.

Casections reed {0 be performed when
meassng o1 spherical 308 Cyiadr-
cal srboes. The comection tactor wil
Oepend oa the surtace being coscave
oe comvex. These comection fackrs cn
be Sound maaualy In tables o they are
Norpeaied 1 sewe astoTuk Mrd-
ness testers. For rognd specimens. aho
specitl anvis should be zsed {se Fgure
24) 2nd comection actars for coves
sutaces

When cheosing 3 sultable type of Sass-
ness jext B 5 impoctant that e indent
area covers 3l @erent struchuny el
ments present I e esisd materisl n
order 3 obXan 3 néeThdion I np-
resanis e whole structsre of e rate-
rial. For example. or 2 cast structare
hartness teting ks arefenably performen

The measasement factors a7 foend In
Tatde 0. i 2 hardness tester & wsed for
periarming several dfterert hardness
lesis, €1 necessary o verfy each jest
sepyately Bebre verticgion tiees
place. 2 shoukd be checked ut the Sl
mration does not Fiect the radings

For handness testers hased on oot

cf readings. as high Joads 25 possibe
Should be used 1 mintmoe smors. The
capoukdameter lengtn of the indentx
fon shoid de lrger T 20 gm. For
Wickers, the dfierece n Sagonyl esgl
for the same ndent shauld de less than
+2% For optimal recuits, when possible,
he dagonal shoukd be detween 23-75%
of the Neis of view of the ens Whes de-
fermiming Large hadhess gradents, fsr
exuTpie 12 case LarsenNg. this regaie-
ment can be Aot to fuml

1t b5 impertant Mt e ngerder s ree
from fasts sartace gefects In orer to
gt retlatie resus. B can pexferadly
be checked on 2 caly Sass by visul
Inspecsian of an iIndestation I 2 refer-
ence ok, 1o ensure there are no flaes.

S N S ew i ot s

ks el on the indenter surbce
{Wickers 150 8307, As sson 25 3 orfect
s presest on De ndentec no refabie
7254 2an be obtaines
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Appendix 2. Material Safety Data Sheet (MSDS) for Nital

READGENTS, INC --MSDS—NITAL ETCHANT PAGE | OF 4
Ay
( Reagents NITAL ETCHANT

Company Information
Compawy's Nawe: & escenrs
Compawy's Address: r.o o 30745, Chankette. 8C 2823 L5
(‘u-,p-;;!.-jn!'hl‘- Tl ad- S, MNTT I RRY
E- call CENTREC: soo424. %500
Prepared Bevised Reviewed: 25 fane 2000

1. Product Identification

Synompme: Aviric Ackd in Benaiuned Eibanol Catarlag Number: w040
2. Composition/Information on Ingredients
Ingrezwrt CAS Ro Fercant Flarsmow L
ETHYL ALCOWOL, ARSTFINOUS, D6 RATURED L1
Ethyl Alkeohel B4-175 (YT Yan
Mathyl Aicahol 67-56-1 e o]
Inz Propyl Alcohal &T-£3-0 LIl fan
Miath gl Isskutyl Matara Lol 0-E i Fan
NITRIC ACID, 7%, A.C.5 L
Wirie iz 847-17-2 ] Yo
Wb TTAT-im-5 W L)

i H'u:mi's Tdentification
rgeny Dhermiew: Corronive. Vigor harofod. Mo be fobed  nvallosed. Sarmyfd o inboaled or abonbed firoesh
.lh'n Flasmurble Hquid and vapor. &fecis ceniral nervous sysiem amd Suer. Moy cone burss o even, sk and eepiraiers
traci
OSHA Hagardy: Targe organ iffect. Tosic by mbafation, Cormemse
Targer (hrpaws: fuugr. Teeth, Cardiovasoular Srfes, Ceniral Sormoes S

H.ll'i!'[‘h.q!mu NFPA Eating

Mealih Mazard: Health Hazard: 2

ﬂ'I-tHd.Ih‘q.i. Fire: 1

Reactivity Huazard: |
m 2 Special Hzand: vone

Lab Eqmig: choggies. Faor Shicld, Lab Coal. Aprow, @leves, Vint Moo By e & E A
w Coler Code: wed i Flammablc
Poiewtiand Health Effects:

Twbadarion: vapors can prodace CNF depreaion. e s Wener srapirabery fract e fadion. SRIE my b covrosine o oo
mrmbraner Songsieme man s luale burwag senranion. deadocse. dissnens, iremovn. amuses anad soher svmproner rimilar o
Ingvrikon

Imgestion: Tovic. Cisercwive. Sunystome pavadil isholstion. Moy be fdd. Way couse blimdnes i reaffousd. Centrod

A rron mortem depnernion ocourr, rangig frem daebviadion A aoesthesls narcons, e, esplnarors foiluee aned dear o
sipmificani cgawnes. Cormonie io muscoss mesbranes. Seapioes oclude eadocher. iresors. faitgue., balfuciations,
adisferiva pereepiions and conved o,

Skt Contact: tarmful if abrorbed through nkin. &hay couse difaiting of skin aad drridation with redwens.

Eye Comlaci: vipers irsitate the eyer. Splaxher coune burming and stinging sensation with wairring of e oo and’ neile
clomare of thar licks
Cheromic T Chrowic eyporsrs mar affect e crnird memross aaiem dree Blondd and reprodisciine s £ ammples
o chromic affncts include pieacad depmdencr, salstndon. mreelopica! offrcds (eor., asnonin. drmmibio. peelong ed
slerpinea i Chronic inpestion hay bres asociated s canores of e oophogee asd’ s, Repraicd e prodenped stin
oot many renalt by dodng of the skin owd dormatiin. Combsned cgeoaane de rihoosd ond cerisd obber chosdosln moey nesd
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in dvervaaed fovic offects. Prodonged cxpoaunr say affecd she By
Aggravation of Pre-existing Conditions: Fersons with pre-cointing skin diserders. eyve prodies. liver discase. coniral
e matem dinorders. v inymined et func o my be mere suscepble o i difecis of de b,

4. First Aid Measures

Trehalarion: Remore io fresh air. § nasd breathing. gie arifickd rrapiraton. § roibag o d§fcul pve onvaen. et medhoal
TRA RN

w v 2-2 gloases of watrr o dideie. Do aol deer womiting. Sooer pivr aavibiag by mosrh io an sscenarious
mrrzen. £t mwabicad ardrndhon imnedhrae iy,

Shiw Contacy: rawsvatiaici e skin sk pleniy of waber for af beast 19 sminede. Bemorr conismingded dorbing and rhors
Ot mrglbend atrndion. Wank chething baforr mousr. Pendrony ool omminated sioer.

Ef[_tmfvﬂulhnn with peare of waier for ar feaar 13 mimurer, ffing dewer and spper evelids oceas iy,
et sl ardtendion ey,

3. Fire Fighting Measires

Fire: Flash point (TCCL: 16 fci6lrF) Autoiguifion demperniare: vo inivmation aailabic for e

Flammabile livtr in air % by volusee: rrrc 5.9 Lived vabees are for pure ethaned. Flammable Ligaid and Vapor?
Explosisw: touled combminers sy ryptorer wien heated Above she faxh poin. eqlosive vapor-alr minfares say e formea.
Vagwer mury eepdaade of (gnited’ i an enclosed area. Vapoor can fTowe afiag sunfaces do aVefasd dgnition sounce o ok boeck
Fire Exitmgueriimg Media: snosi approprioic cciimguishers are cortas diocide sed slookol-nesisons foom. e water i
Sooding guasniities ax for. Wairr speary mary by savd fo kg fire expeaval contaimers cool. B mef allos saior rend o onder
IOWETT o walrrua

Special Iaformation: In ibe oveat of @ fire. sear full proteciive clothing and NIOSH-approved self-contained brratking
apparars wilh fal-facrpieee eperaied i dhe pereane deoand or other g presne misde,

6. Accidemtal Release Measures

vinnikate avra of hak e apill. Bemore all e of ipaiden. Wear appropriaie peesosal g fecine cquipenear an specified s
Fection £ tmlair hacord arma. Keep snoceasary anad nnpretrcind prrsense] from estering, okt amd rrcene Sgquid s
mraiblr, Lar now-sparkiag dosls ava’ rguipmami. Coltect ligakd in ey appropniare con fainer ov abrorb wdth an dent materia!
ir. g vermicade. dry sond, sorih L aed’ pheor im o chemekoal waie . Fho ol ane i by masterimdy, mach ax s
. o oot Tush fo sreee? I o deak or apill e nod dgmiteal, wne saicr gpray do disperse e voper, io proin? prrromn!
aitempiing dx tiay feak. and fo Tusk apills aeeay from cgromures

7. Handling and Storage
Froire aeakar pinascal dmaree. Siore dra ool dee waell-veanifaied Tocatusr, avaey from any area sohere she fire hazara nury
b gewte. Chainide or deiocbed ricvape e praferred. Separare from iacompaiibles. Condaine ey rhouky Ae owded ond’ prounded
_ﬁxhn-qﬁrnhmmd.ruﬂ'r:p-rh .!'lhr-,w-aﬂnrmMﬁrM-Mum Lrer om-aparking frew ool and
imcleding oy v = v aof i | mary b harardoses when cspiy zincr fhey sekain
product nesideer | rapers Mgendy abaene ol warsin g o prerastions lmied for e product. Po ser abiomgs o ofeae crgers
comirinary since revidus dn dificult o remeve. B mol presserize, cut, weld, koo, solder, drill goind or exgpoar such
cosiminary io heat., gparks, fowe. stalic chectriclty or ofher soarces off g Shey may cgpiods ad coune bgfery or sk,

8. Exposure rmwm Pratection

For Eﬂﬂm CURMA Ferminible Egpoare Lo [FEEL | 000 pyen {TWA )
- AL Thueskold Eivit Vieor fTEVE LOO0 e (TWELL AL [8of Clansifiabde ar o Human Corcinoges |
Far Mathyl dleshal:. o5ss Permiible Egpeane i [ PELL: X0 ppm (TWA
- AT Thoerhold it Vidlee [ TRV 0 ppa f Tues L F50 ppes [ 5TEE) o
For Meifyl Iobmiyl Eefone: -c5ia rersiaible Egpesune Lind (STEL - 75 g (TLV] 70 30 ppm
-ACOIN Threshold Liwit Vler (TLV STELL: 7 ppm
For Nuric Acid--cxspra Fermionible Egpome Limil §PEL T pysn § TWA L 4 g [ STEL)
-ACTI Threshold Lt Vador (TLVET ppm (TWA L 4y (5TEL
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For I -OSHA ¥ ble Expemure Liolt (FELL 400 ppen (TWA)

~Acary mmu—n Vishww (TLV)E 200 ppos § TWA L. 400 pywn (STEL). A4 - mot chansflable ar o beowan carvinegen.
Ventilation System: A xysters of lowl swdior gemerad echaust ix rec deud 1o keep e o bl the
Airborne Exgpouare Limits

Personal Respi le 41 1f thv exporare lomit 3 excended wear o spplied air, full-foce pece regriraor,
adr-[oaead hnd WHI-hrrpvrv aeff-contatned brearhivg appvarats.
Skin Protection: wear isguenious protertive dothing. inciuding dowes, ploes. dab coat, aprom or coversalls, us apyrrepriate,
o pewvesst sdkin conbact
E’f Protection: vse chesvicad vafety gogzies andtor a fatl face shicld where spdashing (o peaible. Matskads eye wash
foemtaim and guick-drenc b faclies v work area

9. Physical and Chemical Properties
Appearance: lear. codorlens higuwid Odor: saitdd odor
Seluwbility: Atieiive i water. Gravity @ 6060 (air ) Apyros 0.50
pﬂ:.ww-lm-lﬂ mb]n—r. 208 :
thimg Patont: No duformaation fonmad %MWMM
Vaper ity (Air=1); Mo infovrmastion found Vapor (v Hgl: N infisrmustion fosmd.
10. Stability and Reactivity
Sdrh Stable ander svadinary comdittms of we awl stvagr.
Hazardous Dy itiow Prodocts: Carbvm dietide. cartun monoside. sl fumsrddehrde when beated b devempoition.

Hazardous M-m-u Wl ot ocvmr.

IM &n-r ovidizing apentx. Viekent nesction ocemwrs with strong ouidizing material AMethanw may react with
Jevds per. May form explostye perosides i air.

CWI‘M Meat, flamer. (pritem soarces and (ncompatibles

11. Toxicological Information
Taxicolegical Data: For Etliyl Alcohol: L0, aval rat 2060 wsbs: 1Oy, inmhabotion nt 20,000 pywer 1001 Terisstbon skin
radbit sad Drator, 20 mg/ 2408, musderate; Irvivtihom cyw rati. std Dvaize. SO0 w2400, muld Jevestipeted as @ savovigen,
mutagen. reprovhustive effectnr. For Methyl Isobutyl Ketone: Ol rat 103 2080 sk Skin rabivit > 20 mbks: irrikstion
eve b, Stasdard Drssze, 30 mg sevwre: sovestipated a1 a repuoductive affecior ’"WM{M‘-’WM
LDy 362K mp ik dchalation rat LCw 63000 ppowdts: skin rabbit LD, | 3500 mpis: Irrisation data-shanddard Dvaloe bext.
akin. rabbe: Nhug/24 be. Moderate: eye. robbiz: 100 wmg/24 by, A d ara reprodhuctive effecior.
For Nitric Acid: wwhalstion rat L6 244 ppwe (NO2 30N b daxa o elfector. Oral ( humar)
Loy 430 masks. F‘hm ol rest LDy SO4S wogih: sikiee mabolet L0, 12.8 pig; Inlaclation sat £.C: 16.000
rrS-bour: das a reprodactive offector. IARC cutegory 2 (at clanatfiolle ar oy iy
carcimogemicity to Auwans |

ve Taxicity: zahuned huts beem linkesd oy birth defierts i humans. Etivned crasses fhe plucen i amd co conse acute
leorcicaion of the newhvarn ov feratogenic effects, mchling fetad wlonbol rymifrome.

12. Etologiml ll]ar-lﬁnu

| Fate: No inf foransd foor wntxtoure.

I Toxicity: %o infe fovond foor mistare. Thix material ix exgwecied to be toic b aquatic Tfe
13. Disposal Considerations
Whaterer canwet be saved for recovery or recyeling shonld be bavlled ax hezandeus waate and sent (o @ RCRA approved
wisate Awcility. e or of thix peoduct muy change the warke savagoney aptions. Stats ol locsd
dirpossl regudations mey differ from fodesl & J regad Dpoe of ¢ snd unnsed confests in sccordance
with federal, sate asd locul regearements.
14. Transport Information
Proper Skipping Name: Flammable Liguids, Corrosive, N.O.S. (Ethanol. Nitric Acid)
Hazard Class: 3, § UNINA: UN2924 Packing Growup: 11
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15. Regulatory Information
TSCA: Al compements arv lirted
SARA 302 Compoments: Meric Ackd. CAS Mo 7697.97-2 (g 100G ).
SARA 313 Comipoments: Meshamol CAS Nev. 67-56-1; Methol trobwty] ketome. CAS Nov. 1081001 Propan-2-of. CAS No
S7-65.0: Nuric Ackd. CAS No. 76V 272,
SARA 311/312 Hazards: rire Musard. Acwte Health Mazard, Chrowie Health Hocard
CERCLA Hazardews Si 2 Methanod. CAS No. 67-36-1: Methl tadutyl ketowe. CAS Nes. J08-10-1: Mvsie Acid.

CAS No. 8V 372,

Clean Air Act: This muterial conhains leenardons wir pollimts: Metianol. CAS No 67-56- - Method toburyd kene. CAS
Mo 10X JO-1. Thix suterial doer not contam avy Clax | or Claer 2 Ozowe depledocs

Clean Water Act: This mutersal does no contass any Priovity Fullskents

Californis Prep. 65 Componemts: This product dees nod contain any chemicals kaen b State of Calformin o conse
cancer, birtk defecte. we sy other reproductive laewe (The ethul i mot @ an aleablic beverage. |

DSL Suntus: AN compvments of iz provduct are aw the Cusaduon DSL list,

16. Other Information
Product Use: lAhnmmn luu-m
Disclaimer: the infe imed herein in good faith but makes no representation as fo its
mphnm-rum M“ﬂdnwwal‘ﬂ.trwmmwof
w-vﬂhamhnﬂm.-ﬂhwmlm"wmqwl west exercise their
s apprepriaencss . REAGENTS MAKES NO
REPRESENTA "ﬂ\'S OR WARRANTIES, EITHER E.IPIESS OR IMPLIED, INCLUDING WITHOUT LIMITATION
ANY WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE WITH RESPECT TO
THE INFORMATION SET FORTH HEREIN OR THE PRODUCT TO WHICH THE INFORMATION REFERS.
ACCORDINGLY, REAGENTS WILL NOT BE RESPONSIBLE FOR DAMAGES RESULTING FROM USE OF OR
RELIANCE UPON THIS INFORMATION.
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