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This paper presents the measurement of vibrational properties of sundatang soundboard. Sundatang is
a plucked stringed traditional musical instrument that is popular among the Kadazandusun communities
in Sabah, Malaysia. The vibrational properties of the soundboard are measured using CADA-X impact
hammering system in a condition where the instrument is without any string. There are two types of
sundatang used in this study; one made from acacia and the other from vitex wood. In this measurement,
frequency response functions (FRFs) and modal parameters of the top plate and back plate of this
instrument are obtained. It is found that in free edge, fundamental frequency of both plates of acacia
sundatang is greater than the vitex sundatang in a range of 112 Hz to 230 Hz. However, in clamped edge
(attached to its ribs), it was modified to a lower frequency and closer to each other in the range of 55 Hz
to 59 Hz. Another finding is the detection of the excitation of similar mode shape at different resonance
frequencies. This phenomenon is termed as Different State of Mode (DSM) which is observed may be
because the number of testing points is not enough. Findings of this study provide important information
to the study of quality development of this instrument.
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1. Introduction

Sundatang is one of the traditional musical her-
itages in Sabah, Malaysia. It is popular especially
among the Rungus ethnic in the district of Kudat and
Pitas, and generally among the Kadazandusun com-
munities in Sabah. Thus, quite a number of papers
have been published on this instrument relating to the
culture of the Kadazandusun communities (Alman,
1961; Liew, 1962; Frame, 1975; 1982; Department of
Museum and State Archive of Sabah, 1992; Kating,
1996; Pugh-Kitingan, 1992; 2004). However, most of
the previous researches focused on the significance of
this instrument to the culture of the Kadazandusun
communities. Although there are a few researches that
have been conducted on local musical instruments such
as by Ismail et al. (2006) on kompang, Ong and
Dayou (2009) and Tee Hao et al. (2013) on som-

poton, to this point, there is no known research pub-
lication related to the acoustics or vibration property
of the instrument.
Sundatang falls in the group of plucked string in-

struments and has the basics shape of a guitar, but
has only two strings. This instrument is usually made
of acacia wood and vitex wood (also called the bogil
among the Rungus ethnic), which are widely available
in Sabah. Photo of sundatang is shown in Fig. 1 and its
anatomy is shown in Fig. 2. The sundatang in Fig. 1
was made by a well-known sundatang maker in the
district of Kudat, Sabah.
The sundatang can be divided into four major parts

namely the tail, body, neck and head. The body of sun-
datang consists of the top plate, back plate, ribs and
the bridge. The top plate and back plate, which are
called the soundboard, are attached to the ribs and
an air cavity is formed between them. Similar to other
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Fig. 1. Original Sundatang musical instrument.

Fig. 2. Anatomy of the original sundatang.

stringed instruments, the function of bridge is to hold
the strings of the instrument. There are also four or
five small sound holes on the top plate. On the neck
of sundatang, there are six fitted frets whose functions
are to vary the vibrating length of the string while
the instrument is played. The strings of sundatang
are stretched between the bridge and the tuning peg
on the head that is used to adjust the tension. The
tail, top plate, bridge, neck and head of the sundatang
are usually made of a single piece of wood, whereas
the back plate and tuning peg are made of a different
piece. The sundatang is played by plucking its strings
with fingers or wooden plectrum. Traditionally, sun-
datang is used to play a melancholy music (music of
expressing sadness) of the Rungus by the sundatang
player.
The purpose of this research is to study the vi-

brational properties of the soundboard (top plate
and back plate) of acacia and vitex sundatang, both
in a free edge and clamped edge condition with-
out the string attached. Measurements of the vibra-
tional modes of stringed musical instruments such
as interference holographic technique and Chaldni
powder patterns technique are widely discussed in
detail by many researchers (Fletcher, Rossing,
1998; Firth, 1977; Cladersmith, 1978; McIntyre,
Woodhouse, 1978; Talbot, Woodhouse, 1997;
Jansson, 1969). In this paper, the vibrational proper-
ties of sundatang are studied by measuring the modal
parameter of the instrument using CADA-X impact

hammering system. FRFs of both plates are calculated
and displayed, and the vibrational modes of the plates
are animated to determine the shapes.
This paper is arranged in 5 sections. Following this

introduction there is a brief review on the measurement
of modal parameter from a set of FRF measurements in
Sec. 2. The experimental method to measure the modal
parameter using CADA-X impact hammering system
is described in Sec. 3, and the experimental results are
discussed in Sec. 4, which highlights several important
findings. The paper ends with a brief conclusion in
Sec. 5. This study provides an understanding of the
significance vibrational properties of the instrument.

2. Modal parameter

Modes or resonances are inherent properties of a
structure, which are independent to the forces or loads
acting on the structure. Modes are determined by
the material properties (mass, stiffness, and damp-
ing properties), and also boundary conditions of the
structure. Each mode is defined by a natural fre-
quency, modal damping and a mode shape, which
is called modal parameters. The modal parameters
are obtained from a set of FRF measurement. The
FRF describes the input-output relationship between
two points on a structure as a function of frequency
as discussed in detail by Schwarz, Richardson
(1999a; 1999b), Richardson (1997), McHargue,
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Richardson (1993),Gade, Herlufsen (1992),Ahn
et al. (2004), Kromulski, Hojan (1996), Bae et al.
(2011), Devriendt, Guillaume (2007), Pandey
et al. (1991), Skrodzka et al. (2006; 2011; 2013), Lee,
Shin (2002), Schoukens et al. (2006). The FRF is
a measurement of how much displacement, velocity,
or acceleration response of a structure at an output
point, per unit excitation force at an input point, as il-
lustrated in Fig. 3. This figure also indicates that FRF
is defined as the ratio of the Fourier transform of an
output response (X(ω)) divided by the Fourier trans-
form of the input force (F (ω)) that caused the out-
put.

Fig. 3. Block diagram of an FRF (Schwarz, Richardson,
1999b).

The FRF is computed by dividing the cross power
spectrum estimate between input and output with the
input power spectrum estimate. Mathematically, it is
written as

FRF = H(jω) = Sx,f (jω)/Sf,f(jω) (1)

where Sx,f(jω) – average cross power spectrum be-
tween output and input, Sf,f (jω) – average auto power
spectrum of input, and jω – frequency variable.
Depending on whether the response motion is

measured as displacement, velocity, or acceleration,
the FRF and its inverse can have a variety of
names such as compliance (displacement/force), mo-
bility (velocity/force), inertance or receptance (accel-
eration/force), and dynamic stiffness (1/compliance).
Each FRF measurement is computed between a sam-
pled input signal and a sampled output signal. To
obtain the mode shapes for a structure, a mini-
mum set of FRF measurements must be taken ei-
ther as a single (fixed) input and many outputs, or
between a single (fixed) output and many inputs.
The modal parameters of a structure can be obtained
by curve fitting a set of FRFs as discussed in de-
tail by Schwarz, Richardson (1999a; 1999b) and
Richardson (1997).

3. Experiment setup

In this study, two sundatangs were used which
were made of acacia wood and vitex wood. The sun-
datangs were specially made by the sundatang maker
(the maker of the sundatang in Fig. 1) to accommo-
date the purpose of this experiment. These sundatangs
have similar shape and dimensions with the original

sundatang as shown in Fig. 1. However, they have a
special characteristic, that is their top plate and back
plate are detachable from the ribs as shown in Fig. 4.
Originally, only the back plate is detachable, whereas
the top plate is fixed to the ribs of the sundatang (as
shown in Fig. 1 and Fig. 2). The bridge of the sun-
datang was glued to the top plate and a rectangular
space on the top plate where the bridge was located
was cut off. At another end of the plate, smaller rect-
angular shape was cut for the installation of the neck
of the sundatang (Fig. 4). The bridge was screwed to
the body of the instrument to allow the strings (which
were connected from the bridge to the neck) to be
undisturbed when the top plate is detached from its
ribs. This characteristic enables the measurement of
modal parameter of the sundatang top plate and back
plate to be carried out in a free edge condition (de-
tached from its ribs) and clamp edge condition (at-
tached to its ribs). Both plates were attached to the
sundatang body by screwing them to its ribs. For the
acacia sundatang, the top plate mass is 230 g, the back
plate mass is 260 g and the total mass of the instru-
ment is 1080 g. Whereas, for the vitex sundatang, the
top plate mass is 360 g, the back plate mass is 320 g
and the total mass of the instrument is 1550 g. Den-
sity of the both type woods was measured, and the
result obtained is that density of the acacia wood is
0.51 gcm−3 and the vitex wood is 0.72 gcm−3. Other
important physical dimensions of the instruments are
as shown in Table 1.

a) Acacia sundatang

b) Vitex sundatang

Fig. 4. Photo of the modified sundatang that were used
in the experiment.
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Table 1. Physical dimensions of sundatang musical
instrument used in the experiment.

Physical dimension
Acacia
sundatang
[cm]

Vitex
sundatang
[cm]

Total length 106.0 110.1

Length of body 45.8 47.8

Length of neck 41.0 38.8

Width 1 10.0 13.0

Width 2 13.0 15.4

Width 3 8.1 10.2

Length of top plate 42.2 44.0

Length of back plate 45.8 47.8

Thickness of top plate 0.97 0.95

Thickness of back plate 0.94 0.85

Thickness of ribs 1.04 1.36

Height of ribs 2.8 2.8

Modal testing on sundatang using CADA-X impact
hammering system was carried out at the Intelligent
System Design Laboratory (ISD), Gwangju Institute
of Science and Technology, South Korea. Mode shapes
of sundatang which are determined by this system were
calculated using the Eq. (1). The CADA-X system con-
sists of several major components; they are a hammer,
accelerometer, amplifier or signal conditioner, data ac-
quisition system (VXI), and a computer installed with
CADA-X software. The arrangement of the system
is shown in Fig. 5. The accelerometer that was used
in this experiment is B&K charge accelerometer type
4393 with 2.3 g (0.085oz) mass and 0.3159 pC/ms−2

or 3.098 pC/g sensitivity. The mass of the accelerom-
eter was less than 10% of the mass of the top plate

a) Experiment arrangement

b) Schematic diagram of CADA-X system

Fig. 5. Modal testing using CADA-X impact hammering experiment set up.

or the back plate of the both sundatangs. The ratio
value enhances the assumption that the accelerometer
is acceptable to be used in this measurement without
major interruption to the vibrational excitation.
The number of test points on the top plate of acacia

sundatang is 59 points, and the back plate is 63 points,
the distance between each point is 2 cm (parallel direc-
tion to the length of the sundatang) and 4 cm (paral-
lel direction to the width direction of the sundatang).
Whereas, for the vitex sundatang, the number of test
points on the top plate is 61 points and the back plate
is 60 points, the distance between each point is 3 cm
(parallel direction to the length of the sundatang) and
4 cm (parallel direction to the width of the sundatang).
The test points or hammering points on the top plate
and back plate of the sundatang were marked evenly
as shown in Fig. 6 as an example for the back plate of
acacia sundatang. The geometry that was created in
the CADA-X software as shown in Fig. 7 was approx-
imately to the shapes of the back plate (the example
in Fig. 6). A few points on the square geometry (1,
2, 3, 5, 10, 11, 67, 68, 70, 76 and 77) were deleted to
obtain the shapes of the back plate (Fig. 7). Number
of nodes in the CADA-X software were made to equal
to the number of hammering points on the plate of
the sundatang. One point on each of the top plate and
back plate was chosen as a response point, where an ac-
celerometer was mounted on it. This point was chosen
by assuming that it is out of nodal point and measure-
ment at this point gives the best repeatable frequencies
of peaks in FRFs. For example in Fig. 7, the accelerom-
eter was positioned at point between points 49 and 50
which was fulfilled the assumption. The accelerometer
was attached using heavy duty glue to ensure that the
accelerometer responses optimally to the vibration of
the plate.
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Fig. 6. Hammering points on the back plate of acacia sun-
datang are marked evenly.

Fig. 7. The corresponding geometry to back plate created
in the CADA-X system.

In this experiment, two active channels were used,
the 1st channel is for input signals (signal from the
hammering points) and the 2nd channel is for the re-
sponse signals (signal from the response point). Fre-
quency resolution of the FRF measurement is 1 Hz and

Fig. 8. FRF of top plate (free edge) of acacia sundatang.

FFT size is 1024 Hz. Number of averaging of the mea-
surement is a maximum of 5 and frequency interval
of the measurements is 0–1024 Hz. The measurements
were carried in frequency domain because it is quicker
to obtain the convergence of averaging.
Main assumption of this modal analysis is the sys-

tem is linear. As discussed by Skrodzka et al. (2013),
in terms of the modal analysis, linearity means that
interchanging the positions of the accelerometer and
the impact hammer does not change the course of fre-
quency response functions (FRFs) obtained at these
two positions. The input signals and the response
signals were measured perpendicularly to the plate
surfaces. Calculation of frequency response functions
(FRF)s were made in the CADA-X software and FRF
graphs and animations were produced which are im-
portant in determining the modal parameter of the
sundatang sounboard.

4. Result and discussion

In order to set out the top plate and back plate
in a free edge condition, they were detached from
the sundatang body and hung on a high beam with
thread as shown on the right most in Fig. 5a. On
the other hand, to set out the top plate and the
back plate in a clamped edge condition, they were
reattached (screwed) to the sundatang body. Then,
the sundatang was hung on the high beam again with
thread, allowing it vibrate freely as a system when
it was knocked with impact hammer tester. In this
experiment, FRFs of the top plate and back plate of
the acacia and vitex sundatang, set out in a free edge
and clamped edge condition are obtained. Figure 8
and Fig. 9 are examples of the obtained FRFs and
modal parameter of the top plate of acacia sundatang
in free edge, and Fig. 10 and Fig. 11 are examples
of the obtained FRFs and modal parameters of the
back plate of vitex sundatang in free edge. The FRFs in
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N.F:133 Hz, Damp: 0.65% N.F:240 Hz, Damp: 0.42% N.F:415 Hz, Damp: 0.72% N.F:453 Hz, Damp: 0.90%

N.F:585 Hz, Damp: 0.60% N.F:600 Hz, Damp: 0.57% N.F:655 Hz, Damp: 0.21% N.F:756 Hz, Damp: 0.61%

Fig. 9. Mode shapes, natural frequencies (N.F) and percentage of critical damping (Damp) of top plate (free edge)
of acacia sundatang.

Fig. 10. FRF of back plate (free edge) of vitex sundatang.

N.F:186 Hz, Damp: 0.62% N.F:207 Hz, Damp: 0.63% N.F:406 Hz, Damp: 0.88% N.F: 479 Hz, Damp: 1.15%

N.F:502 Hz, Damp: 0.46% N.F:655 Hz, Damp: 1.11% N.F:747 Hz, Damp: 0.71%

Fig. 11. Mode shapes, natural frequencies (N.F) and percentage of critical damping (Damp) of back plate (free edge)
of vitex sundatang.
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Fig. 8 and Fig. 10 were measured from a combina-
tion of all testing points on the surface of the top
plate and back plate, respectively. The FRFs were cal-
culated between all input signals (at the excitation
points) and response signals (at the response point).
Mode number of the top plate and back plate of the
sundatang were identified approximately to the rect-
angular plate by (m, n), where m and n are the num-
bers of nodal lines in the y and x directions, respec-
tively (Fletcher, Rossing, 1998). The mode shapes
of the sundatang were determined by scrutinizing the
dominant nodal lines on the animated mode shapes

Fig. 12. Mode shapes of the top plate of acacia sundatang in free edge.

Fig. 13. Mode shapes of the top plate of vitex sundatang in free edge.

Fig. 14. Mode shapes of the top plate of acacia sundatang in clamped edge.

Fig. 15. Mode shapes of top plate of vitex sundatang in clamped edge.

of the top plate and back plate. Modal parameters
(60 natural frequencies, modal damping, mode shapes)
of the top plate and back plate of the acacia and
vitex sundatang were identified both for free edge
and clamped edge condition as shown in Fig. 12 to
Fig. 19. Fifty eight of the modal parameters, except
two modal parameters of the back plate of vitex sun-
datang in clamped edge in Fig. 19 are having the crit-
ical modal damping less than 10%. This means, the
sundatang system can be treated as a linear system
(Skrodzka et al., 2009; Ewins, 1995 in Skrodzka
et al., 2013).
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Fig. 16. Mode shapes of back plate of acacia sundatang in free edge.

Fig. 17. Mode shapes of back plate of vitex sundatang in free edge.

Fig. 18. Mode shapes of back plate of acacia sundatang in clamped edge.

Fig. 19. Mode shapes of back plate of vitex sundatang in clamped edge.

From these figures, it is found that, the number of
modes of the top plate and the back plate in free edge
condition of the acacia sundatang in frequency range
of 0 Hz to 1000 Hz has changed, when they were at-
tached to the body of the sundatang (clamped edge).
It is noted that the number of modes of the top plate
in the free edge condition is eight (Fig. 12) whereas
in the clamped edge is eleven (Fig. 14). Similarly, the
number of modes of the back plate in a free edge condi-
tion is five (Fig. 16) whereas in clamped edge is eight
(Fig. 18). On the contrary, the number of modes of
the top plate and back plate of the vitex sundatang is
equal before (free edge) and after (clamped edge) be-

ing attached to the ribs of the sundatang as shown in
Fig. 13, Fig. 15, Fig. 17 and Fig. 19.
It is also found that the fundamental frequency

of top plate and back plate of the acacia sundatang
is greater than the vitex sundatang in free edge as
shown in the third row of Table 2. The fundamental
frequencies of the top plate and the back plate of the
both sundatangs are in the frequency range of 112 Hz
to 230 Hz. However, when both plates were attached
to the ribs (in clamped edge), their fundamental fre-
quency were modified and became lower and closer to
each other in the range of 55–59 Hz as shown in the
fourth row of Table 2 and Fig. 12 to Fig. 19. Besides
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Table 2. Fundamental resonance frequency of the both
plates of sundatang.

Condition

Acacia Sundatang Vitex sundatang

Top
plate
[Hz]

Back
plate
[Hz]

Top
plate
[Hz]

Back
plate
[Hz]

Free edge 133 230 112 186

Clamped edge 56 59 56 55

that, the number of their mode shape also changed
from higher number to (0,1). For example, the mode
shape of the fundamental frequency of the top plate of
the acacia (1st mode = 133 Hz in Fig. 12) and vitex
sundatang (1st mode = 112 Hz in Fig. 13) in free edge
is (1,1), thus was modified to (0,1) when they were at-
tached to the ribs of this instrument as shown in Fig. 14
(1st mode = 56 Hz for acacia) and Fig. 15 (1st mode
= 56 Hz for vitex). Similarly, the mode shape of the
fundamental frequency of the back plate of the acacia
(1st mode = 230 Hz in Fig. 16) and vitex sundatang
(1st mode = 186 Hz in Fig. 17) in free edge is (0,2),
was modified to (0,1) when they were attached to the
ribs as shown in Fig. 18 (1st mode 59 Hz for acacia)
and Fig. 19 (1st mode = 55 Hz for vitex). The above
findings bring us to the conclusion that the number
of mode, frequency modes, mode shape number and
their sequence are changed after changing the bound-
ary condition of sundatang soundboards which is from
free edge to clamped edge condition.
Another finding in this paper which is the detec-

tion of similar mode shapes at different resonance fre-

Table 3. Different State of Modes (DSMs) of the top and back plates of acacia sundatang that consists
of Fundamental State of Mode (FSM) and Higher State of Mode (HSM).

Condition
Top plate Back plate

FSM 1st HSM 2nd HSM FSM 1st HSM 2nd HSM

Free edge 5th (0,3)
585 Hz

6th (0,3)
600 Hz

– 4th (0,3)
615 Hz

5th (0,3)
650 Hz

–

Clamped edge

1st (0,1)
56 Hz

2nd (0,1)
232 Hz

3rd (0,1)
328 Hz

1st (0,1)
59 Hz

2nd (0,1)
233 Hz

–

5th (1,1)
476 Hz

6th (1,1)
495 Hz

– 3rd (0,2)
333 Hz

4th (0,2)
431 Hz

5th (0,2)
497 Hz

7th (0,3)
536 Hz

11th (0,3)
900 Hz

– 6th (2,2)
545 Hz

7th (2,2)
633 Hz

–

Table 4. The occurrences of DSMs for vitex sundatang.

Condition
Top plate Back plate

FSM 1st HSM 2nd HSM FSM 1st HSM

Free edge – – – 1st (0,2)
186 Hz

2nd (0,2)
207 Hz

Clamped edge

1st (0,1)
56 Hz

2nd (0,1)
244 Hz

3rd (0,1)
413 Hz

2nd (1,1)
233 Hz

3rd (1,1)
274 Hz

– – – 4th (0,2)
428 Hz

6th (0,2)
642 Hz

quencies. This finding is similar to the finding reported
by Ando (1986), cited by Fletcher and Rossing
(1998), and by Ramakrisna and Sondhi (1954). In
this paper, this phenomenon is termed Different State
of Mode or DSM. In order to describe the phenomenon,
the resonance frequency with perfect mode shapes is
called the Fundamental State of Mode (FSM) and the
resonance frequency after, having similar mode shape
to the FSM is called Higher State of Mode (HSM). The
FSM and HSM in general have similar mode pattern
but different in actual shape.
Figure 18 shows the best example on the occur-

rences of this phenomenon. From this figure, the 3rd
mode of the back plate of the acacia sundatang set
in clamped edge with perfect mode shape of (0,2) is
the FSM. On the other hand, the 4th mode with an
imperfect mode shape of (0,2), which is different in
actual shape, is the 1st HSM, whereas the 5th mode
(also with an imperfect shape of (0,2) also different
from the actual shape) is the 2nd HSM. Further
inspections of the modal parameters in Fig. 12 to
Fig. 19 show that, for the acacia sundatang, its top
plate has one mode with DSM in free edge which
is the (0,3) and three modes with DSM in clamped
edge which are the (0,1), the (1,1) and the (0,3).
The (0,1) mode (in clamped edge of top plate) has
three DSMs that consists of FSM at 55.92 Hz and
two HSMs at 232.21 Hz (1st HSM) and at 328.11 Hz
(2nd HSM). Similar observation can be implied to
the vitex sundatang plate. The occurrences of this
phenomenon are summarized in Table 3 and Table 4
for acacia and vitex sundatang, respectively. The num-



186 Archives of Acoustics – Volume 39, Number 2, 2014

ber of detected DSMs increased when the sundatang
plate is attached to its body. For example, from Ta-
ble 3, there are a maximum of two DSMs for both top
and back plates of acacia sundatang. However, when
the plates are attached to the ribs, which is in clamped
edge condition, three maximum DSMs can be found
from each plate. Similar finding can be seen from Ta-
ble 4 for vitex sundatang. The DSMs was observed may
be because the number of testing points is not enough.

5. Conclusion

The vibrational properties of soundboard (top and
back plates) of acacia and vitex sundatang without
any strings were investigated. This study was car-
ried out to find the vibrational properties of the both
plates of the acacia and vitex sundatang in a free edge
and clamped edge condition. The vibrational proper-
ties of the soundboard were measured using CADA-
X impact hammering system. The obtained FRFs and
mode shape animations of the top plate and back plate
were securitized to determine their modal parameters
(natural frequency, mode shape and modal damping).
Hence, we can conclude that:
1. For the top plate and back plate of the acacia sun-
datang, their number of modes in the frequency
range of 0 Hz to 1000 Hz is changed when they were
clamped to its ribs. However, in this study, this pat-
tern did not happen to the vitex sundatang.

2. Fundamental natural frequency of the top plate and
back plate of the acacia sundatang is greater than
the vitex sundatang in free edge and in the range
of 112 Hz to 230 Hz. However, their fundamental
natural frequency was modified and became lower
and closer to each other in the range of 55 Hz to
59 Hz in a clamped edge (attached to its ribs).

3. Phenomenon of similar mode shapes at different
resonance frequency which is termed as Different
State of Modes (DSMs) was detected in this study.
This phenomenon may be due to mode overlap,
which is observed because the number of testing
points is not enough. Further study of the DSMs
could be carried out by measurement with addition
more of the testing points or using visualizations at
higher resolution than the CADA-X system.
Findings of this study are very significant knowl-

edge of the vibrational properties of sundatang sound-
board, which can be used in the advancement studies
towards a better quality of sundatang musical instru-
ment.
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