Teknomekanik
Vol.3, No.1, May 2020, pp. 22 ~ 27
e-ISSN: 2621 — 8720 p-1SSN: 2621-9980 a 22

Hardness Analysis of Stone Breaker Chisel Made of Medium
Carbon Steel as a Result of Hardening Using
Water Cooling Media
Alan Novendra?, Refdinal? and Sai Kham Le®

2Jurusan Teknik Mesin, Fakultas Teknik, Universitas Negeri Padang, Indonesia
3Mechanical Department, Faculty of Engineering, King Mongkut's Institute of Technology Ladkrabang, Thailand

Article Info ABSTRACT

Article history: Stone chisels produced by blacksmiths which are made using leaf spring

Recei h steel are often too brittle or fragile so that when they are used, they often
eceived January 09, 2020 X . . ?

Revised March 100 2020 occur in the form of cracks and breaks. This study aims to determine the

Accepted April 251 2020 appropriate hardness level for stone chisels. The process is carried out by

comparing the hardness level of stone chisels that have been used but still

in good condition and those that have been damaged. Broken stone chisels

Keywords: have a high adequate hardness compared to good stone chisels so that
Stone chisels damaged stone chisels can be reconditioned to get the right rock chisel
Hardening hardness. Heat treatment is given to damaged stone chisels to improve the
Leaf spring hardness level by normalizing the process to restore the initial mechanical
Brinell properties of the steel and increasing the hardness of the chisel by heating

the steel and then quenching it using water cooling media. Based on the
experimental process carried out that the hardness level of a good stone
chisel is between 228 HB to 320 HB by heating the duan spring steel to a
temperature of 780°C with a hold time of 10 minutes then cooling it
quickly using water and stone chisels can break when it is used because it
has a very high hardness.

Copyright © 2020 Universitas Negeri Padang.
All rights reserved.

Corresponding Author:

Alan Novendra,

Mechanical Engineering, Engineering Faculty,
Universitas Negeri Padang,

Jin. Prof. Dr. Hamka Air Tawar, Padang (25131)
Sumatera Barat, Indonesia

Email: alansingkuang@gmail.com

1. INTRODUCTION

Andesite or lavastone is a rock composed of fine-grained minerals dominated by gray or red [1]. One of
the andesite stone quarries is in Nagari Pandam Gadang, Gunuang Omeh District, Lima Puluh Kota Regency,
West Sumatera. In addition, andesite is produced into sharpening stones and marketed to Sumatra, Java, and
Kalimantan. Tools being used to mine the rock are chisels, crowbar, and hammers. The stone chisels used
were produced by blacksmiths by using Duan spring steel. Unfortunately, the stone chisels being produced
do not have a good quality. Stone chisels break easily when they are used because they are too brittle. The
stone chisel is made of car leaf spring steel that consists of several thin, curved plates [2]. Leaf springs are a
component that absorbs shocks on vehicles caused by uneven road surfaces [3]. Leaf springs are a type of
spring that can accept heavy loads compared to other types of springs and are often used in car rear
suspension [4]. Leaf spring steel consists of the elements iron (Fe), carbon (C), manganese (Mn) [5]. The
carbon content of car leaf springs is 0.4% C [6]. The carbon content determines the hardness level [7]. Steel
is divided into three types based on its carbon content, namely low, medium carbon steel and high carbon
steel [8]. Based on the carbon content, leaf spring steel is classified as medium carbon steel and can be heat
treated [9].

As a matter of fact, heat treatment is an essential process in the manufacturing process because it has a
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direct effect on the product quality [10]. Heat treatment is a process carried out on steel to improve
mechanical properties [11]. Heat treatment can also occur accidentally as a result of the process being carried
out on steel. The heat treatment process is to heat the metal to a certain temperature with a certain holding
time and then cool it to various levels [12]. One of the mechanical properties that can be changed by heat
treatment is the hardness [13].

Furthermore, the good qtuality stone chisels are hard and ductile. So the stone chisels used will be more
resistant to wear and not easily cracked or broken. The right hardening process will produce good quality
stone chisels. Hardening process is heating the steel to austenite temperature with a holding time [14].
Holding Time aims to get homogeneous heating so that the austenite is also homogeneous [15]. Then, it is
followed by rapid cooling to produce a microstructure that increases the hardness of the steel [16]. The
microstructure formation process can be affected by the cooling rate [17]. The microstructure formed due to
the cooling rate will affect the hardness and toughness of the steel [18]. With the right rock chisel hardness,
the stone cutting process is not hampered by lack of chisels due to fractures.

To increase the hardness value, the specimens are heated and followed by a quenching process [19].
This process is widely used because its cost is inexpensive[20]. To determine the quenching temperature, it
can be seen in the Continuous Cooling Transformation (CCT) diagram. The CCT diagram is a depiction of
the relationship between the continuous cooling rate and the phase or structure formed by phase
transformation [21]. The structure formed during the cooling process will affect the resulting hardness [22].
Because each structure has a different hardness [23]. The cooling medium used in the quinching process is
water.

2. METHOD

This research method is carried out by the experimental research method, the specimen that will be the
object of research is the traditional blacksmith-made stone chisel. Stone chisels being used as research
specimens are stone chisels that have been used or used by stone miners. The experimental process performs
reconditioning of damaged or broken chisels so that they have the same hardness level as good condition
tools. Chisels that have been used and still in good condition have hardness at the base of the tool 228 HB
and at the point of the tool has hardness of 320 HB. The process of reconditioning damaged chisels can be
seen in Figure 1.

4 Damaged | Brinell
stone chisels - Test
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(Damaged stone chisels )
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Figure 1. the processes
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Figure 2. Specimen Measurement Points

Damaged stone chisels will be undertaken to a shape reconditioning process. After that, a heat treatment
process is carried out to obtain the same hardness value with a good quality chisel. Heat treatment is given by
normalizing process and quenching process. In fact, the normalizing process aims to restore the original
properties of the steel. This process is carried out using a temperature of 720°C and a holding time of 20
minutes and then being cooled using the room temperature. The results of the normalizing process will be
tested again with the same technique with 3 measurement points for each specimen. To increase the hardness
value of the tool, it needs a hardening process using a temperature of 780°C and a holding time of 10 minutes
and being cooled quickly using water cooling media. The results of the hardening process were performed
using brineel test for 5 measurement points.

In the hardness test using the brinell method, the loading is given through an indenter (steel ball) which
is touched to the surface of the object so that it causes indentation [24]. The amount of loading (P) can be
determined by the constant of the material to be tested (C) multiplied by the diameter of the indenter used(D)
(Equation 1). To determine the brinell hardness value (HBN), the load size (P) is divided by the indenter
diameter (D) minus the trace diameter on the surface of the specimen (d) (Equation 2). The brinell test uses a
load of 750 kg with an indenter of 5mm in diameter and a press holding time of 10 seconds.

2P

HB = m ..................................................................................................................... (2)

3. RESULTS AND DISCUSSION

The results of initial specimen testing can be seen in Table 1. The high level of hardness value of the
rock chisel specimen is compared to a good rock chisel which has a hardening value of 320 HB. Broken
stone chisel specimens have high level of hardness in the damaged chisel part. The average hardness value of
damaged stone chisels is above 550 HB. The higher the hardness of steel, the more brittle the steel will be
[25]

Table 1. Initial Hardness Testing

Hardness Brinell

Condition  Specimens

No 1 2 3 4 5
1 Damagaed 1 363.39 477.7 414.84 477.70 555.61
2 206.62 206.62 254.73 471.7 653.78
3 284.99 254.73 320.74 254.73 555.61
4 254.73 254.73 284.99 320.74 653.78
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Based on the initial test data, it can be seen that the stone chisels do not have an even level of hardness.
Stone chisels have a higher level of hardness at the cutting edge of the chisel. To carry out the reconditioning
process of damaged chisels, a normalizing process is needed. The normalizing process aims to restore the
initial mechanical properties of the steel so that the hardness of the tool becomes even. [26]. The brinell test
results of damaged stone chisel specimens after being reconditioned and given normalizing heat treatment
can be seen in table 2.

Table 2. Normalizing Result Hardness Testing

Hardness Brinell

No Condition  Specimens 1 > 3
1 Recondition 1 228.88 228.88 228.88
2 228.88 206.62 228.88
3 228.88 228.88 228.88
4 228.88 228.88 228.88

The hardness of specimens that have finished the normalizing process is increased by being treated with
the hardening process with water cooling media. The results of the brinell specimen test can be seen in table
3.

Table 3. Quenching Hardness Testing Results

Hardness Brinell

No Condition Specimens
1 2 3 4 5
1 Recondition 3 228.88 228.88 254.73 254.73 320.74
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Figure 3. Violence Change Diagram

From the graph above, the comparison of the hardness of the stone chiselscan be seen. Stone chisels
break easily when it is used because the hardness is too high. In fact, tt can be seen from Figure 3 that the
broken part of the chisel has a hardness level above 500 HB. The brittleness of steel is directly proportional
to the hardness of the steel. The normalization process of steel serves to restore the initial mechanical
properties of the steel. In addition, the chisel hardness value after normalizing process is 228 HB. So that the
process of increasing the hardness of steel is easierbecause the steel returns to its initial properties with the
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even hardness. By possessing the same hardness level, it becomes more effortless to get the desired hardness.
To increase the hardness level of the tool aims to make the tools become more wear-resistant and ductile
[27]. From the graph, it can be seen that a good stone chisel has a hardness between 228 HB and 320 HB.

4. CONCLUSION

Based on the results of the study, it can be concluded that the damaged stone chisels occurred because
the hardness level was excessive. As a result, the stone chisel becomes brittle so that it is easy to break or
crack when it is used. From the test results, it is obtained the correct hardness value for a stone chisel is
between 228 HB to 320 HB. The hardness value is obtained by increasing the hardness of the stone chisel by
heating the chisel to 780°C with a holding time of 10 minutes and then cooling it quickly using water cooling
media. Stone chisels also bend easily if they have a hardness value below 228 HB. The process of
reconditioning stone chisels is by normalizing heat treatment to restore the initial mechanical properties and
hardening to increase the hardness of the stone chisel. Increasing the hardness of stone chisels can only be
done on the cutting edge of the chisel or only partially hardening. In short, stone chisels which have the right
hardness value will withstand the timeworn, thus the usage duration of the chisels will be in a longer period.
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