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Abstract 

Sprockets are spare parts on motorbikes that work by transmitting power to the rear tire of the motorbike. 

Various sprocket products are sold on the market, ranging from standard original products from Japanese 

manufacturers which are quite expensive to locally made ones with relatively cheap prices. In order to 

compete with Japanese manufactured sprocket products, it is necessary to improve the mechanical properties 

of localsprockets so that the quality of local sprockets approaches or exceeds Japanese manufactured 

sprockets, but at a low price. This research aims to produce locally made sprockets so that the quality can 

approach or exceed original Japanese manufactured sprockets at a relatively cheap price. The method used for 

surface hardening is pack carburizing, the carburizing temperature is at 920oC with holding times varying to 

15, 30, 45 and 60 minutes. The carbon material used is coconut shell charcoal, then the catalyst used is beef 

bone (CaCO3) with a ratio of 85% carbon and 15% catalyst. The results of the tests that have been carried out 

show that there has been an increase in the mechanical properties of the local carburized sprocket as time 

increases. The 15 minute holding time specimen had a layer thickness of 265.77 μm, a hardness value of 

405.84 HV and a wear rate of 360 10-6 gr/minute; the 30 minute holding time specimen had a layer thickness 

of 346.55 μm, a hardness value of 188.81 HV and a wear rate of 257 10
-6

 gr/minute; the 45 minute holding 

time specimen had a layer thickness of 935.47 μm, a hardness value of 277.37 HV and a wear rate of 243 10-

6gr/minute; The most optimal specimen with a holding time of 60 minutes has a layer thickness of 452.42 μm, 

a hardness value of 407.44 HVand a wear rate of 97 10-6gr/minute. These results have shown an increase in 

the mechanical properties of the specimen so that the quality of local sprockets approaches or even exceeds 

the quality of original Japanese manufactured sprockets but at a relatively cheap price. 
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1. Introduction 
 

Technological developments in the automotive motorcycle manufacturing industry continue to grow 

rapidly in line with the needs of the Indonesian market, which is the third largest country in the world in terms 

of the number of motorbike riders [1, 2, 3]. So, on this basis the demand for motorbike spare parts is increasing 

along with the increase in the number of vehicles. The sprocket is an important component on a motorbike 

which must have hardness on the edges of its teeth so that it does not wear out easily due to friction with the 

chain. There are various kinds of sprocket products available on the market, ranging from expensive Japanese 

manufacturers to more affordable local sprockets. To compete with Japanese sprockets, it is necessary to 

improve the mechanical properties of local sprockets so that the quality approaches or exceeds Japanese-made 

sprockets at a relatively cheap price. 

In order to meet this need, the researcher decided to use the pack carburizing method because it is a 

surface hardening treatment technique by adding carbon elements to the surface of the material which is simple 

and cheap to work with [3, 4, 5]. 

Research on 1025 steel to see the effect of holding time for the carburizing process on steel hardness 

with varying holding times, namely 60, 90 and 120 minutes. The highest hardness result was 105.07 HRB, for 

a sample with a holding time of 120 minutes with water cooling media [6, 7, 8] 

Research on S35C steel was carried out pack carburizing using wood charcoal as carbon and then egg 

shells as a source of calcium carbonate (CaCO3) which functions as a catalyst. The variation in this research is 

holding time. The results obtained after carrying out the research process used a mixture ratio of 60% carbon 

(wood charcoal) and 40% catalyst used in this case egg shell (CaCO3) from 1 kg of carburizing media, with 

holding times varying to 15 minutes, 30 minutes, and 45 minutes. There was an increase in the hardness value 

obtained in the 15 minute specimen to 6.6 HRC; 30 minutes 14.33; 45 minutes 28.62 HRC [4, 9, 10]. 

Research carried out on carburized SS400 steel using coconut shell carbon as carbon and BaCO3 as a 

catalyst. The changes made are related to temperature and storage time. The results of this test at a temperature 

of 955°C and holding for 3 hours showed the highest hardness, namely 868.3 HV. It can be stated that hardness 

increases with the length of holding time [11, 12]. 

 

2. METHODOLOGY 

2.1 Research procedure 

In this research, researchers conducted an experimental study which aims to determine changes in the 

mechanical properties of local sprockets after pack carburizing and holding time variations and to produce 

local sprocket products that have quality close to or exceeding Japanese manufactured sprockets at relatively 

cheap prices. [13, 14, 15] 

The materials used are local sprockets and sprockets made in Japan (YGP), the heat treatment method 

used is pack carburizing with a carbon and catalyst ratio of 85% coconut shell charcoal and 15% beef bone 

powder (CaCO3). The heating temperature is 920oC with varying holding times, namely 15, 30, 45 and 60 

minutes as well as a fast cooling method using water as a medium. 
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The local sprocket is fully annealed to remove the properties produced by the previous treatment 

process [2]. Then, the two types of sprockets were cut into 5 pieces for local sprockets and 1 piece for 

Japanese-made sprockets, then the composition was tested on local sprocket specimens to determine the carbon 

content. 

The solid carburizing process for the 4 local sprocket specimens was carried out at a temperature of 

920oC with varying holding times, namely 15, 30, 45 and 60 minutes. After cooling the carburizing process, in 

order to obtain optimum mechanical properties, rapid cooling is carried out using water as a medium. 

 

Fig. 1 Raw material after cutting 

After the specimen is carburized, the installation of tools or mountings is carried out in accordance 

with ASTM E407, then metallographic testing (microstructural testing), hardness testing and wear testing are 

carried out. Metallography was carried out on sprocket specimens made in Japan and local sprockets that had 

been carburized and uncarburized, as well as hard tests but wear tests that did not involve non-treated local 

sprockets. 

 

Fig. 2 Local sprocket after carburizing 

Carbon composition examination using an Optical Emission Spectrometer. The etching solution used 

in metallography was 3% nital, the structure was examined using an optical microscope and the data obtained 

were the microstructure and total case depth calculated vertically from the edge of the coated surface to the 

boundary of the unhardened layer. Hardness test according to ASTM E384 using Vickers Microhardness with 

a load of 100gr and sequential indentation points from the edge area to the core. The wear test was carried out 

using the pin on disk method with the G99 test standard, the pressing load was 3.5 Kg and the disk used 

AISI52100 with a rotation speed of 900 RPM. 
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Fig. 3 The sprocket has been installed on the mounting 

3. RESULTS AND DISCUSSION 

From the composition tests carried out, it was found that the local sprocket used was alloy steel with a 

low carbon content, namely 0.060%. The following is the test table: 

Table 1 OES (Optical Emission Spectrometer) test results 

 

Metallographic (microstructural) testing carried out on sprockets made in Japan showed that they had 

previously undergone special treatment, namely hot rolling, so that the shape of the ferrite and pearlite phase 

grains tended to be elongated and flat with layers that had been hardened quite deeply with an average hardness 

value of 252.38 HV. In contrast to sprockets made in Japan, in the microstructure of non-treated local 

sprockets there is only a ferrite phase and pearlite grain boundaries (lamellar) with a predominance of ferrite 

grains and without any hardened layers and the average hardness value is 126.33 HV. 
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Fig. 4 Microstructure (A) Japanese (B) Local 

In carburized specimens there are also differences in microstructure due to different holding times and 

conditions during the rapid cooling process. The results of this test can be seen in Fig. 5. From Fig. 5 it can be 

seen that the 15 minute specimen not only contains pearlite and ferrite phases, but also carbide and has an 

average hardness value of 405.84 HV. In the 30 minute specimen there was no significant change from the 

specimen before treatment, only the pearlite became thicker with an average hardness value of 188.81 HV. In 

the 45 minute specimen, the structure formed is proeutectoid ferrite along with Widmanstatten morphology [6] 

with an average hardness value of 277.37 HV. In the 60 minute specimen, the base structure formed a closed or 

broken ferrite phase and spheroidized pearlite with an average hardness value of 407.44 HV. 

 

Fig. 5 Microstructure of carburized specimens with variations in holding time 

The results of the microstructure (Metallography) test show that there is an unevenness in the 

carburization results. There are many factors that cause this apart from differences in holding time, namely the 

uneven mixing and distribution of carbon in the area around the specimen and causing a thick layer on one side 

(unbalanced). However, if you look at the trend line in Figure 6, it shows that the average layer thickness is 

higher if the holding time is longer. This is because carbon needs time to diffuse into the specimen and will 

cause the carbon to diffuse deeper into the surface of the specimen. 

 

Fig. 6 Chart of layer thickness of carburized specimen 
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Fig. 7 Graph of Violence Rates against Time 

It can be seen in Figure 7 that the trendline shows that the longer the holding time, the specimen tends 

to have a higher hardness value. This is because the length of holding time affects the amount of carbon 

elements that are diffused, causing an increase in the hardness of the specimen and the formation of carbide 

compounds. The thickness of the carburizing layer and structural density can be formed due to the addition of 

carbon elements so that the hardness of the specimen increases. 

Fig. 8 Wear Test Results 

 

Wear testing is carried out on the tooth edge or tip of the sprocket tooth of each specimen according to 

the actual conditions of use of the sprocket. It can be seen in Table 2 that the local sprocket with a resistance 

time of 60 minutes was tested twice to ensure that the wear value was not wrong because it was very different 

from the wear value of Japanese-made sprockets. From the results of this test, it was found that local sprockets 

that had been carburized experienced a decrease in wear value as the holding time increased, meaning that the 

longer the holding time, the higher the wear resistance value. 

This is because the length of holding time affects the amount of carbon elements that can diffuse on 

the surface of the material and make the layer on the surface of the specimen harder due to a denser 

microstructure due to carbon accumulation and the formation of other compounds such as carbides and carbon 

binding by crystal defects. 
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4. CONCLUSION 

Based on the research results, the conclusions obtained are: 

1. Based on the results of the tests that have been carried out, there has been a change in the 

mechanical properties of the local sprocket which has been carried out by the pack carburizing process and 

holding time variations. The specimen with a holding time of 15 minutes had a layer thickness of 265.77 μm, a 

hardness value of 405.84 HV and a wear rate of 0.000360 gr/minute; the specimen with a holding time of 30 

minutes had a layer thickness of 346.55 μm, a hardness value of 188.81 HV and a wear rate of 0.000257 

gr/minute; the specimen with a holding time of 45 minutes had a layer thickness of 935.47 μm, a hardness 

value of 277.37 HV and a wear rate of 0.000243 gr/minute; the specimen with a holding time of 60 minutes 

had a layer thickness of 452.42 μm, a hardness value of 407.44 HV and a wear rate of 0.000097 gr/minute 

2. From the test results it was found that the local sprocket specimen that was packed carburized with 

a holding time of 60 minutes had the highest mechanical properties with a layer thickness of 452.42 μm, a 

hardness value of 407.44 HV and the lowest wear rate or highest wear resistance, namely 0.000097 gr/minute. 

These results have shown an increase in the mechanical properties of the specimen so that the quality of local 

sprockets approaches or even exceeds the quality of original Japanese manufactured sprockets but at a 

relatively cheap price. 
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