International Journal of Mechanical Engineering and Technology (IJMET)
Volume 9, Issue 6, June 2018, pp. 1233–1240, Article ID: IJMET_09_06_135
Available online at http://www.iaeme.com/IJMET/issues.asp?JType=IJMET&VType=9&IType=6
ISSN Print: 0976-6340 and ISSN Online: 0976-6359
© IAEME Publication

Scopus Indexed

EFFECT OF HUMIDITY ON THE MEMBRANE
VIBRATION OF MUSICAL INSTRUMENT
KOMPANG
Waluyo Adi Siswanto*
Department of Mechanical Engineering,
Universitas Muhammadiyah Surakarta,Kartasura 57102, Indonesia
Muhammad Syiddiq Abdullah
Department of Engineering Mechanics,
Universiti Tun Hussein Onn Malaysia, Parit Raja 86400, Johor, Malaysia
Agung Setyo Darmawan
Department of Mechanical Engineering,
Universitas Muhammadiyah Surakarta, Kartasura 57102, Indonesia
*
Corresponding Author: waluyo@ums.ac.id
ABSTRACT
This paper presents the effect of humidity on the goat skin membrane of traditional
musical instrument kompang. Three kompang samples with similar size of 25 cm
diameter were exposed to three different relative humidity (RH) conditions (50% RH,
70% RH and 90% RH) under the Climate Chamber. The tension and the vibration
frequency were measured every 8 hours in anechoic enclosure. It is found that after 48
hours of humidity exposure, the tension of the membrane reduced by 6.2% for 50%
RH, 13.1% for 70% RH and 21.5% for 90% RH. The frequency of the sound produced
by the membrane also lowered by 4.6% for 50% RH, 18.7% for 70% RH and 26.4%
for 90% RH. The goatskin membrane is sensitive to the humidity so that the sound
changes to lower frequency as the humidity increases. The lowering frequency is due
to the tension lost of the goatskin membrane.
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1. INTRODUCTION
Traditional musical instruments are one of a kind and unique which can represent a cultural
value of specific continent [1]. Some studies for the others traditional musical instruments
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have been done before, for example, tampani [2], wadaiko [3], angklung [4], kantele [5],
additionally gong and gymbals [6]. Those musical instruments have been explored in different
viewpoints by researchers, as some determined the scientific models to represent the vibration
attributes. Research regarding kettledrums has been reported by Rhaouti [7]. For snare drums
are found in Rossing [8] and Avanzini [9]. There is also a research about sound reproduction
of traditional instruments such as generation of new kompang sound by utilizing electronic
musical instrument [10].
In this study, musical instrument kompang with goatskin membrane was investigated to
see the change in tension and sound frequency represented by its membrane vibration
frequency under different relative humidity.
The kompang defined in this research is the traditional percussion instrument found in
Johor, Malaysia. This instrument contains two main parts: membrane and rigid shell made of
wood to hold the membrane (See Figure 1). The membrane of the kompang is tightly attached
to the frame of the shell. Since the shell is manually fabricated, the shape is not completely
round. There is a slightly inconsistent round shape of the goat skin membrane to the end of
shell [1]. There are many type of kompang according the size. It varies but the diameter of the
membrane around 22 cm to 35 cm. The height variation of the shell in the range 4 cm to 6 cm
[1]. Larger types of kompang is normally called tom-toms [11].
Hitting on percussion musical instrument kompang membrane displaces the membrane.
The displacement can be various modes attributed to the characteristics of membrane [12].
The musical instruments are generally classified by the type whether string, drum or
woodwind, with respect of its physical structures. Every musical instrument has unique sound
attributed to type of the instrument and becomes the trademark [13]. Some researchers even
disassemble the segment of the musical instrument to collect more data about that musical
instrument styles and trademark, for better musical instrument information and data for
documentation [14].

Figure 1 Traditional Kompang found in Johor Malaysia

By looking at the parts, the physical structure of the traditional musical instrument
kompang is almost similar to the snare drum [6] and the timpani drum [15], having rigid shell
and round membrane. The sound produced however is different with unique characteristic
depending the material and the size of the shell and the membrane.
The musical instrument characteristic is important, as it is a profound representative the
cultural values in some region as stated by Karjalainen [5] who studied traditional musical
instrument Kantele from Finland.
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There are some investigations have been conducted to see the effect of the materials to the
sound produced by traditional instruments [16-18]
This research presents the investigation of humidity to sound produced by the membrane
of kompang under various humidity conditions.

2. EXPERIMENTAL METHOD
There are two types of experiments involved in this study. Exposing kompang samples to the
different relative humidity (50% RH, 70% RH, 90% RH), and measuring the membrane
tension and frequencies every 8 hours until 48 hours in total.
The humidity was controlled inside Memmert Climate Chamber HPP 750 as shown in
Figure 2. This was to ensure each kompang was exposed to different humidity for a specific
period of time to see the effect of humidity on the tension and frequencies of kompang.
This study was conducted on three samples of kompang with same size of 25 cm
diameter. The experiment was monitored in 48 hours. Every 8 hours the tension and the
frequency are tested and recorded.

Figure 2 Three samples was exposed to humidity in Memmert Climate Chamber HPP 750.

Figure 3 Tension measurement using Tama Tension Watch.
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Figure 4 Experimental setup to measure the frequency of membrane using Polytec PDV-100.

2.1. Tension Measurement
The Tension of membrane was measured by using Tama Tension watch at the center of the
membrane as shown in Figure 3. The recorded results are tabulated to see the tension trends in
different humidity environment.

2.2. Vibration Frequency Measurement
The sound of kompang is represented by the vibration of the membrane. The sound is
produced dominantly by the bending mode of the membrane, the maximum displacement is at
the center [18].
Measuring the frequency was conducted in an anechoic enclosure. The vibration
frequency acquired by non-contact vibration measurement Laser Doppler Vibrometer (LDV) Polytec PDV-100 as shown in Figure 4.
The experimental procedures are the following:


Setting up the apparatus as shown in Figure 4.



Boot up the computer and PDV-100.



Open up the laser cover and modify the laser for focusing.



Calibrate the PDV-100 by utilizing Kistler Portable Shaker Accelerometer Calibrator Type
8921.



With the assistance of Vernier Height Gauge, lift the mallet up to 25 cm and release to hit the
center point of circular membrane and record the frequencies of the membrane.



Determine the frequencies of the membrane from the generated graph in the frequency
domain.



Repeat the step 5 to step 7 for the other sample.



Shut down the PDV-100 and analyze the collected frequency results.

3. RESULTS AND DISCUSSION
Table 1 shows the tension reading taken using Tama Tension Watch for all three kompang
that have been used in this study.
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Table 1 Membrane tension records
Time (hours)
8
16
24
32
40
48

Membrane Tension (N)
50% RH 70% RH 90% RH
80
82
79
79
81
75
78
79
72
77
76
68
76
74
65
75
73
62

The trend of the membrane tensions are shown in Figure 5. It is observed that the tension
of all three kompang experienced different humidity show decreasing tension at a different
rate. It clearly shows that the higher the relative humidity environment of kompang exposure,
the higher the decrease of tension. Abdullah [1] predicted that the sound of kompang can be
influenced by the surrounding moisture and humidity. The current results support the previous
prediction that the tension of membrane is changed under different humidity.

Figure 5 The decrease in tension for all three kompang during experiment.

Figure 6 shows the reduction percentage of tension for three samples after 48 hours of
humidity exposure. From the graph, the reduction of the membrane tension expose to 50%
RH is 6.2%, for 70% RH is 13.1% and for 90% RH is 21.5% reduction of tension from the
initial tension value. The graph indicates that the tension reduction is directly proportional to
the relative humidity exposure.

Figure 6 Percentage of tension different after 48 hours of humidity exposure.
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Figure 7 Frequency reduction of the membrane after 48 hours of exposure
Table 2 Kompang frequency results
Time (hours)
8
16
24
32
40
48

Membrane Frequency (Hz)
50% RH 70% RH 90% RH
280
284
276
274
271
269
272
266
248
270
251
235
269
241
212
267
231
203

Table 2 shows the frequency reading taken using Polytec PDV-100. The graph
representation of the frequency taken from Polytec PDV-100 is shown in Figure 7. It is
observed that the membranes experience decreasing frequency with different rates. The result
show that the membrane produce lower frequency when it is exposed under higher humidity
environment. This fact compliment the prediction from Fletcher [11] that the frequency of
percussion instrument can be affected by the surrounding moisture and humidity.

Frequency reduction

Figure 8 shows percentage of reduction of frequency for all three kompang after 48 hours
of humidity exposure. From the graph, the reduction of frequency for kompang expose to 50%
RH is 4.6%, for 70% RH is 18.7% and for 90% RH is 26.4% reduction of frequency from the
initial frequency values.

Figure 8 Frequency reduction on kompang after 48 hours of exposure to different humidity.

The trend of the graph in Figure 9 shows that the frequency reduction increases as the
relative humidity exposure getting higher.
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4. CONCLUSIONS
Carefully designed methodology in this study has led to a firm conclusion that the musical
instrument kompang can be significantly affected by humidity.
The results reveal that due to the decrease tension on higher humidity, the sound produced
by the membrane also decreases as indicated by vibration frequency of the membrane.
The sound produced by the membrane when the humidity level 90% can be decreased up
to 26.4%. When the humidity maintained in 2 days (48 hours), the sound produced can even
further drop from 276 Hz to 203 Hz. The humidity is found to be very sensitive to the
goatskin membrane.
In the future, it is recommended to find the replacement for goat skin membrane on
kompang to withstand in humid environment. It is therefore maintaining the sound quality in
any condition and standard frequency can be set in kompang to enable paying with other
modern musical instruments.
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