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 This research was carried out to investigate the acoustics and mechanical properties 

feasibility of using silicon-bronze (Cu-5Si) alloy to replace tin-bronze (Cu-20Sn) alloy 
for Balinese traditional musical instruments. The commercial pure copper (99.99 wt. %) 

and commercial pure silicon (99.99 wt. %) were casted by sand casting at temperature 

of 1100⁰C. The billet materials were processed to manufacture gamelan Bali 

instruments (gangsa). The acoustic testing performed were damping capacity and 

gamelan sound spectrum. The tin bronze of gamelan testing was also employed. Its 
results were then compared to the results of silicon bronze gamelan testing. The results 

showed that both tin bronze and silicon bronze performed the same spectrum and sound 

color. However, silicon bronze had a relative larger damping capacity than that of tin 
bronze. The silicon bronze alloys have impact toughness of 6 times greater than the tin 

bronze alloys, and have greater sound radiation coefficient compared with tin bronze 

20%Sn.  
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INTRODUCTION 

 

 The high tin bronze is generally used as the musical instruments This alloy has good acoustical properties 

which is capable of producing long-lasting sound due to low damping vibration (Hosford, 2005). Some alloys 

are used as a musical instrument are tin bronze by composition of 18-22 wt% (Scotts, 1991), bronze 

composition of 20-24% wt. Sn (Tyler and Black, 1992), bronze alloy with a composition of 21-23% wt. Sn 

(Favstov, et al., 2003), bronze composition of 22.5 wt%. Sn (Balinese Gamelan). 

 Unfortunately, this composition still has some weaknesses. One of them is its brittleness which leads to the 

product failure and fracture. This can cause cracking on the forging process and after the gamelan is used. 

Figure 1 show one example of factrure on paece of gamelan Bali. It is shown in figure 1. Besides, tin (Sn) as the 

main materials used have a very high price (Lisovskii, et al, 2007). As a result, the price of gamelan is 

expensive. The effort done by the craftsmen to overcome this problem is by mixing tin (Sn) and lead (Pb) as an 

additional alloy. However, this mixing will decrease the strength of the alloy. 

 The selection of musical materials must consider the mechanical and acoustic properties of the materials. 

The mechanical properties of materials is more dominant in considering its impact strength properties, because 

the material used in the musical instruments, particularly gamelan, have more impact treatment than the other 

mechanical loads. The impact strength and damping capacity becomes a contradictory consideration in 

determining the musical instruments materials (Sugita, et al, 2011). 

 The study on bronze silicon alloy as an alternative gamelan material is an ongoing research project. In this 

sstudy on the both mechanical characteristics involved the Vickers hardness (VHN) and the impact strength. 

Acoustical characteristic which were studied are the fundamental frequencies, speed of sound, impedance, 

sound radiation coefficient and damping capacity of gamelan pieces.  

 This study is expected to get new alloys that have good quality in acoustical and mechanical characteristic 

through certain process. 

 

2. Experimental procedure: 

 The bronze material used was tin bronze (Cu-20Sn and silicon bronze (Cu-Si).  Table 1 shows the 

composition of the alloy that used in the study. 
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Fig. 1: The failure of gamelan pieces. 
 

Table 1: Composition of the gamelan alloys. 

 
 

The research procedures were as follows on figure 2 

1. The process of making gamelan made from two alloys started at   casting the alloys to assembling the 

gamelan. Gamelan-making mechanism is shown in Figure 2. 

2. Forging was not applied for silicon bronze alloy. Bboth alloys were casted in sand molds. 

3. The testing acoustic step was performed on the gamelan pieces that had been assembled- had been equipped 

with a resonator. 

4. The calculation of damping capacity used the method of logarithmic decrement.  The set-up of damping 

capacity measurement according to standard ASTM E 1876-01, 

 

 
 

Fig. 2: a. Gamelan-making mechanism b. Example product of gamelan Bali. 

 

3. Results: 

3.1 Acoustical properties: 

 The damping capacity is the magnitude of a material’s ability to dissipate elastic energy during mechanical 

vibration or wave propagation. Internal damping of material results from mechanical-energy dissipation within 

the material due to various microscopic and macroscopic processes.  Figure 3 shows the average of damping 

capacity of each piece of gamelan. Damping capacity of tin bronze (Cu-20Sn) gamelan was lower than that of 

silicon bronze (Cu-5si) gamelan. Low damping capacity means the ability of a gamelan piece to release 

mechanical energy / low vibration characterized by the length of its vibration. It vibrated longer than the 

material that has a higher damping capacity. 

 

 
 

Fig. 3: Damping capacity of gamelan. 
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 Table 2 shows acoustical properties of alloys such as; the speed of sound traveling through material (c), the 

sound radiation coefficient (R) and damping capacity. The data show that, the sound radiation coefficient (R)  of 

the silicon bronze alloy has higher than tin bronze. This means that the silicon bronze has the ability to change 

the vibrational energy into sound energy is higher than tin bronze. 

 Figure 4 a and b, show the frequency response of a piece of gamelan testing result.  The generated natural 

frequency is indicated by the light longest line.  The yellow color in the figure shows the spectrum of each 

frequency in the vibrating function of time. The resulting sound bar tin bronze or silicon bronze is produced by a 

combination of several frequencies produced. The generated combination of the frequency colored sound in 

each piece of gamelan.  

 
Table 2: Acoustical properties of gamelan pieces. 

 
 

 
 

Fig. 4: Frequency spectrum of gamelan piece  a. Tin bronze gamelan piece   b. Silicon bronze gamelan piece. 

 

3.2.  Mechanial properties: 

 Figure 5 shows that the hardness of the alloy Cu-5Si is lower than the hardness strength of Cu-20Sn alloy. 

Instead, It shown in Figure 6 that the impact strength of silicon bronze 5Si alloy is higher than tin bronze 20Sn. 

This indicates that the Cu-20Sn alloy is more brittle than the alloy Cu-5si. The crack resistenne of Cu-5Si better 

than the Cu-20Sn alloy.  

 

 
 

Fig. 5: The VHN of gamelan pieces. 

 

 
 

Fig. 6: Impact strength of gamelan pieces. 
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4 Discussions: 

 The sound produced by gamelan came from the vibration due to the excitation of gamelan hitter when it 

was played. The natural frequency of the resonator was designed to approach the natural frequency of the 

gamelan pieces, which aims to produce a more powerful sound and to produce the phenomenon of resonance 

that made the sound of the gamelan was more powerful and durable. The sound produced was the resultant of 

the two sound waves, which were the original and the reflected waves in the resonator. Frequency appeared on 

the gamelan was dominated by the natural frequency of gamelan pieces, each of which was followed by several 

companion frequency. Resonator served as a voice amplifier without changing the frequency of the sound 

source. The frequency characteristics produced by the tenth gamelan pieces almost similar each other. 

 In the acoustical material, the relationship between density (ρ) and Elastic Modulus Young's of the material 

(E) determine the characteristics of the material (Wegst, 2006). An acoustical characteristic is the speed of 

vibration’s propagation which is emitted by these materials when vibrates. The speed of vibration’s propagation 

has proportional to √(E/ρ). Tin bronze alloy and silicon bronze alloy has relative similar ability to emit 

vibrations. Sound radiation coefficient (R) is the coefficient of the material’s ability to change the vibrations into 

sound energy equals . Silicon bronze alloys have the sound radiation coefficient higher than tin bronze. This 

means that silicon bronze has the ability to change the vibration energy into sound energy is higher than tin 

bronze. The result of frequency response of each gamelan piece shows that each piece of gamelan had the same 

character. All gamelan pieces produced a natural frequency that was followed by several companion 

frequencies. 

 Damping capacity generated by tin bronze gamelan was lower than silicon bronze gamelan bars. Tin bronze 

gamelan pieces had higher hardness than silicon bronze. Damping material was inversely proportional to the 

hardness of the material. Hard material has a finer structure and dense so that the gaps between grains are very 

small. The fine grains formed many grain boundaries that block the movement of dislocations (Askeland, 1984). 

When the gamelan piece gets vibration then the vibration energy is not lost but passed much structure formed by 

bonding between grain boundaries. De Silvia, (1999) mentions that the damping capacity of materials is 

influenced by microstructural defects such as grain boundaries and impurities. A void or porosity could be 

happened in the casted materials The porosity was caused by two sources: shrinkage porosity and trapped gas 

during solidification The effect of grain size structure on damping capacity of alloy has been presented too by 

Xu (2007), Weiguo (2004) and Favstov (2003).  

 

5. Conclusion: 

 The Application of silicon bronze 5 wt. % Si as an alternative material for gamelan gave the same acoustic 

response with the higher tin bronze which is commonly used as gamelan materials. The resulting damping 

capacity was still relatively large, but the bronze silicon had better sound radiation coefficient than the high tin 

bronze. 
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