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The questions to be stated at this point are both of a theoretical and a more practical 
nature. The theoretical questions are: 

What makes up the typical timbre of a steelpan, i.e., what are the physical char- 
acteristics of the steelpan tone? 
Which physical properties make the steelpan produce such tones? 

The practical questions relating to applied technology are: 

How do the design and the various manufacturing steps affect pitch and timbre? 
How can a tuner control the pitch and the timbre during the tuning process? 
Is it possible to develop the steelpan further without loosing its special timbre? 

To be able to answer these questions, the first step is to find appropriate measuring 
methods suitable both for laboratory investigations and for field studies of the manu- 
facturing and tuning. 

This paper represents the beginning of an investigation of the acoustics of the steel- 
pan. We shall here search for and evaluate methods for measuring the different aspects 
of the steelpan tone and take a first step towards presenting a theory for its sound gener- 
ation mechanism. 

The steelpan 

First, a brief explanation of some specific terms. The often used term "steel dnun" 
refers mainly to the raw material of the instrument, but it could also give associations to 
a musical drum. We prefer to use the term steelpan, used by the Caribbean players and 
tuners. It is often called just pan for short. The convex parts producing the tones in a 
steelpan will be referred to as dents. 

The steelpan is made of an ordinary 250 litres (55 gallon) steel barrel. The manufac- 
turing begins by turning the barrel upside down and lowering the bottom into a concave 
spherical shape with a sledge hammer. The main purposes of this spherical shape are 
presumably to enlarge and stabilize the surface, and to increase its resonance frequency. 
A sufficiently high resonance frequency of the sphere will not interfere with the reso- 
nances of the dents. 

Thereafter, the pattern separating the future tone-dents is marked on the concave 
bottom, cf., Fig. 1 for an example a modem steelpan layout. Grooves or lines of small 
holes are made in the metal along the markings. The function of these grooves or holes 
is presumably to separate the dents mechanically and acoustically from each other, but 
this function still remains to be proved. 

The lowered bottom is again smoothed, i.e., grooves and other unevennesses are re- 
moved. The bottom of the barrel is cut off with varying lengths of the side. The pre- 
ferred length of the resulting resonance "chamber" is short for high-pitched and long for 
low-pitched steelpans. The barrel is heated over a fire, which presumably removes the 
hardening done by the hammering. Finally it is cleaned and ready to be tuned. 

The coarse tuning of the steelpan is done with a big hammer, which is used to make a 
convex dent within each cell of the earlier marked patterns. First the steelpan turned up- 
side down, with the convex side up, and the dent is hammered down some millimeters. 
Thereafter, the concave side is turned upwards again, and the dent is lowered with the 
hammer while listening to the pitch. As the dent becomes more flat, the conceived pitch 
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will fall until a certain point, after which it will start to raise again. The best steelpan 
tone is often achieved around the point where the pitch is the lowest. The hammering of 
the dent is often repeated several times to "loosen up" the metal and to give the dent a 
tone, which is fairly independent of the surrounding dents. A cross-section of a steelpan 
with the convex tone-dents in the concave surface is sketched in Fig. 2. 

Fig. 1. Example of note layout on a modern steelpan. 

Fig. 2 .  Cross-section of a steelpan. Tone-dents with exaggerated convexity. 

The fine tuning of the upper partials is supposedly done by balancing the tension of 
the metal in the dent against the shape and size of its curvature in an ingenious way. It is 
done by hammering the dents while the steelpan is hanging in its playing position (in 
two strings). The tuning of each note affects the surrounding ones, and therefore the fine 



tuning has to be made in a circular manner, working around the steelpan several times. 
For further information about the making and tuning methods, see Seeger (1964); 
Alexis, O'Connor, & Rossing (1986). 

The finished steelpan is often covered with a layer of zinc or chromium to protect it 
from rusting. It is played with sticks covered with rubber while it is hanging freely in 
strings attached to the rim. 

A steelband ensemble consists of several types of steelpans. The most common types 
are (from treble to bass): sopranos, altos, tenors, guitar pans, baritones, and basses. On 
Trinidad, a common denomination for the same instruments is: tenors, double tenors, 
double seconds, guitar pans, cellos, and basses. A soprano covers a range of over two 
octaves in one single barrel. As the notes gets lower, the tone-dents must be larger and 
more barrels are needed per instrument to cover a reasonable range. Altos, tenors, and 
guitar pans consist of two barrels, baritones of three and different basses of four to nine 
whole barrels. Together, the steelband covers a fundamental frequency range corre- 
sponding to the piano. 

The soprano is unique among the steelband instruments. The small sizes of the tone- 
dents make it possible to lay them out according to the circle of f i s .  In this way sym- 
pathetic tones to the right and left of the hit dent will influence its timbre in a positive 
way. A common design is to lay out the notes of the lover octave just inside the rim and 
the corresponding octave notes next to them along an inner circle. Thereby the har- 
monic spectra of all adjacent notes may support each other by coinciding upper partials. 

The way of striking a steelpan has a crucial effect on the sound. The tips of the 
playing sticks have to be covered with an amount of softer material, often rubber, ad- 
justed so that the right timbre is obtained. A larger dent needs a softer stick. The 
strength of the stroke also influences the timbre. The striking point ought to be of im- 
portance, too. The experience is though that the striking point is not crucial as long as 
the stroke is in the middle third of the dent. 

Introduction to the mechanism for tone generation 

A classification of the steelpan according to the sound generation mechanism places 
it in a category named idiophones, among xylophones and marimbas. This means that 
its pitches are fixed by the geometrical measures and the material properties. This class 
of instruments does not need tuning mechanisms. The tones are generated by striking 
the steelpan with a rubber-covered playing stick. Thus, the factors to be considered are 
the geometry and the material of the steelpan itself, and the mechanical properties of the 
playing stick. 

The steelpan consists of a number of dents, cf., Figs. 1 and 2, each dent having its 
own pitch. The vibrations of a struck dent and its pitch can be assumed to be set by its 
normal modes. The dent can be approximated geometrically by a rectangle or a circle, 
each approximation suggesting a different set of normal modes. For the rectangular 
shape, the normal modes are described by nodal lines that run parallel to the sides. The 
nodal lines are lines of no motion and marking 1800 phase shift of vibrations. For the 
circular shape, the modes are described by concentric and diametric nodal lines (cf., 
Fig. 8). When the dent is struck, it will produce partials, each one corresponding to a 
normal mode and its resonance frequency. Thus the partials of the played note should 
correspond to the normal modes of the dent. 



For the ideal membrane, the stretching forces provide spring forces (Rossing & al., 
1982). Thus the vibratory properties, such as the normal mode frequencies, are deter- 
mined by the mass per unit area and the stretching forces (cf., Rossing & Sykes, 1982). 
For an ideal plate, the spring forces are provided by the plate stiffness and thus the res- 
onance frequency is set by the stiffness and the mass per unit area. Elementary mathe- 
matics proves that normal mode frequencies of the plate are proportional to the thick- 
ness (for no change in size or material). The geometrical description of a dent must also 
contain information on the curvature of the dent. Such a curved plate as the dent is gen- 
erally called a shell. 

Increasing the area lowers the normal mode frequencies for the membrane, the plate, 
and the shell. Increasing the height of a shell increases its normal mode frequencies. 
When the height of the dent in a steelpan is increased by hammering, there will be ten- 
sion forces as well as plastic deformation. When the dent is hammered down during the 
tuning there will be compression forces which are likely to remain. 

As a first approximation, the curvature of the dent can be assumed to be evenly 
spherical. Then the relation between the dent radius (r), its height (h), and the resulting 
curvature radius (C) is described by the following formula, see Fig. 3: 

Fig. 3.  Relation between radius (r ) ,  curvature apex ( h )  and resulting curvature ra- 
dius (C). 

The relation between the height (h) (approx. 1.2 mm) of a dent in a soprano pan and 
the radius (r) (approx. 60 mm) is about 150. This implies that the optimal relation be- 
tween the radius of the dent (r) and the radius of the curvature (C) is about 1:25, which 
for this soprano dent gives a curvature radius of about 1.5 meter. 



For height/radius ratios (h/r) smaller than 1:10, the dent can be categorized as a 
shallow shell. A theory for the tone generation mechanism in the dent therefore has to 
be based on the concepts of vibrating shallow shells. It might also be necessary to in- 
clude stretching or compressing forces (Rossing & Fletcher, 1983). 

The striking is likely to impose further complications. For large amplitudes, the vi- 
brations cannot be described as a linear sum of the normal modes. Phenomena of non- 
linear vibrations must be included (cf., Fletcher, 1978; 1985; 1986; and Rossing, 
1982a). The vibration amplitudes are set by how hard the dent is struck with the playing 
stick and the duration of the stick-dent contact. A short duration favours high partials 
and a long duration favours low ones. A duration longer than half a period of the normal 
mode frequency is unfavourable for the corresponding frequency. A final remark: 
Striking at a nodal line for a normal mode does not excite that very mode for small am- 
plitudes but may excite them for larger amplitudes. 

Methods for measurements and preliminary findings 

One of the aims of this introductory investigation is to find methods to use in cooper- 
ation with a steelpan tuner while he is working. The main demands on the methods are: 

Applicability - the methods should measure the relevant things 
Reproducibility - the results should be stable 
Simplicity - all parameters must be easy understandable and be under full control 
Flexibility - the methods should be possible to use under making and tuning con- 
ditions 

The question of applicability is classical in musical acoustics. It is important to limit 
the measurements to a few parameters which are crucial to the sound generation. To an- 
swer the question of applicability we need some preliminary results to evaluate. As a 
beginning, we thus have to select among the characteristics we actually can measure 
and test which of these that are important. 

The characteristics that are measurable and can be assumed to be crucial relate both 
to the tone, the pan surface, and the excitation. The study of the tone includes some ba- 
sic physical measures, the average frequency spectrum, and the initial transient and de- 
cay of the different frequency components. The characteristics of the vibrating surface 
can be described by the normal modes of vibration, the eigenmodes, in relation to the 
material properties and the geometrical measures of the dent. The characteristics of the 
excitation mechanism include duration, force, and position. 

The following will be a discussion of some existing methods and a selection of those 
suitable to steelpans in accordance with the demands defined above. Some results 
gained during the evaluation process are also presented. The preli~ninary measurements 
have been conducted on three soprano steelpans. 

a. Basic physical measures 

The sound pressure can be measured with a sound level meter. The overall sound 
pressure from the soprano pan, when hit strongly, was 105 dB SPL at a distance of 50 
cm in the laboratory (6 . 6 - 2.6 m3). Such measurements are easily made under field 
conditions. 



The waveform of the tone, the tone duration, and the decay can be measured with an 
oscilloscope or with the oscilloscope trace display of a Sona-Graph, see Fig. 6, the up- 
per part. The amplitude increases initially and reaches its maximum 25 - 30 ms after the 
excitation. The decay slope of the sound level curve can be calculated and is approxi- 
mately -10 dB1150 ms. This gives a tone reverberation of about 0.9 s, extrapolated 
down to -60 dB of the initial level. Sona-graph measurements can in principle be made 
in a field situation. 

b. Average frequency spectrum 
The average frequency spectrum is easily measured with a commercial FFT-analyzer 

such as an HP 3562. The input to the analyzer can be the signal from a microphone, a 
mechanical velocity-sensing probe, or a magnetic probe. Using a pressure sensitive mi- 
crophone (Sennheiser MD211N) at a distance of 15 cm above the excited dent was 
found to be the most simple, accurate, and non-disturbing method. The influence of the 
room was proved to be small by testing several different microphone positions and get- 
ting closely the same results. 

Excitation of the dent was done by a regular playing technique, i.e., by striking it 
manually with a rubber-covered stick at a medium playing force. A problem with this 
technique is its lack of reproducibility - Fmding a method for a mechanical, reproducible 
excitation is necessary for future, more accurate measurements. Preliminary tests using 
a spring to supply a controlled force to the stick worked well, but a pendulum was un- 
able to produce the right lash. 

FREQUENCY, ( k H z )  

Fig. 4 .  Frequency spectrum of a steelpan tone with a fundamental at 531 Hz. Circle 
mark at the fundamental and arrows at harmonic frequencies of the funda- 
mental. 
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A typical frequency spectrum of a steelpan tone shows several evenly spaced par- 
tials, cf., Fig. 4. There are normally about 5 - 6 partials within a -40 dB range of the 
strongest peak, generally the fundamental. The third partial is typically 20 - 30 dB 
weaker than the surrounding second and fourth ones. The sound level of the partials de- 
crease 10 - 15 dB per kHz, less when the note is struck stronger. Average spectra can be 
obtained from field studies via tape recordings, which are analyzed in the laboratory. 

Fig. 5 .  a .  Frequeizcy of lowest four partials as a function of the height of curvature 
apex; b. Frequency of lowest four partials normated relative to the funda- 
mental as a function of the height of curvature apex. 

In a simple experiment, the frequency of different partials was measured while a dent 
was hammered from a height of 4 rnm down to zero. The results are shown in Fig. 5. 

The experience that the fundamental is higher when the dent is flat or high is verified 
here. Ln Fig. 5a, it can be seen that the partial frequencies are lowered when the dent 
height is decreased from 4 rnrn. In the end, when the dent is hammered flat, the fre- 
quencies increase again. The degree of harmonicity between the partials can be studied 
in Fig. 5b. For the 4 mm height, the two highest partials are too low. As the dent is low- 
ered, the partials pass a region where their frequencies are harmonic. With the dent flat, 
all three higher partials are too low. The large variations in the curves, sometimes with 
different values in the same point, indicate that something else than the height of the 
dent affects the partials. It may be tension and compression forces that are involved hut 
the uncertainties of the measurements are also large (the average frequency spectra can 
be difficult to interpret. Future experiments have to be more controlled. 

c. Initial transient and decay of different frequency components 
The amplitude of the different partials during the tone lapse can be studied with the 

Sona-graph. The Sona-graph is a spectrograph for speech analysis. It shows the sound 
spectrum as function of time. In this study, a computerized DSP Sona-graph model 
5500 was used. The sonagrarn of the steelpan tone in Fig. 6 shows that the upper par- 
tials start later then the fundamental. 



Fig. 6. Sonagram, tone curve and sound level of a steelpan tone with a fundamental 
at 531 Hz.  Grid: 10 dBlsection, SO nzslsectior~. 

During the first 5 ms, the fundamental seems to be alone, while the upper partials 
successively are growing until they reach their maxima after 25-30 ms, which coincides 
with the maximum of the sound pressure. Then the partials start to decrease, the highest 
earlier and the lower later, until the fundamental is alone again after half a second. The 
late build-up of the higher partials is contrary to the usual percussion instruments, where 
the higher partials are found at the onset of the tone Rossing, 1976; Rossing, 1982c; 
Rossing & Shepherd, 1982). 



d. Normal modes of vibration 

The normal modes of vibration can be obtained by a so-called modal analysis with 
impulse excitation. The modes can also be measured with continuous excitation. This is 
done by setting the dent into vibration at a known resonance frequency and register the 
response amplitude at several points of the dent. The driving force can be applied by 
acoustical, mechanical, or magnetical means. Registration of the vibration amplitude 
can be done with visual, optical or mechanical methods. Especially the points of zero 
vibration, the nodes, are of interest, because they can be presented in a concise and sirn- 
ple way. 

1. Modal analysis 

This digital method is performed by hitting the dent with an itnpulse hammer at sev- 
eral points of the surface and measure the impulse response at a fixed second point. A 
computer program calculates the different normal modes of vibrations, their amplitudes, 
distribution, and frequencies. 

Rossing, Harnpton, & Boverman (1986) have used this method to measure the dy- 
namic impulse response on an alto steelpan and they preliminary (on a video recording) 
report modes with the following frequency relations: 1, 1.95, 2.98, 3.93, 4.67, 4.95, 
5.19,6.83,7.00,7.26, and 9.40. 

In this study, modal analysis was rejected because it was found to be too elaborate to 
use in a manufacturing situation. Some problems with the placing of the probe to detect 
the vibrations and distortion effects at higher modes were also predicted. 

2. Visual detection of modes - Chladni-patterns 

The method used by Chladni visually shows the points of zero vibration, the nodes, 
but also the areas of maximum vibration, the antinodes. This is accomplished by stray- 
ing small particles of cork on the surface and study how they are pushed from the vi- 
brating antinodes to the non-vibrating nodal lines, cf., Raman (1934). This method was 
proved to be limited to the lowest two modes, because of the small vibration amplitudes 
of higher modes. 

As the most straightforward way, the method with acoustical driving with a small 
loudspeaker was chosen, although some problems with the width of the sound source 
were found for the higher modes. This problem can be avoided in the future by using 
loudspeakers of different sizes for different modes or magnetic driving in a point. 

3. Mechanical detection 

A simple mechanical method is to use an audio pick-up to supply an oscilloscope 
with an electrical signal proportional to the vibration amplitude. This methot! was 
shown to be efficient for the lowest four to five modes, covering the range below 2 kHz. 
One advantage by using an oscilloscope instead of just a voltage meter is that the fre- 
quency and the vibration phase of the different points can be compared. In this way, 
nodal lines and antinodes at different points as well as vibration phase can be detected. 
The driving force can be applied in the same way as with the Chladni analysis. 

With a loudspeaker and an audio pick-up, four notes in the outermost note-circle of a 
soprano pan were studied. The lowest four modes were found to have the nodal patterns 
in Fig. 7. 
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Fig. 7. Measured nodal patterns of lowest four modes of a soprano steelpan. 

The modes can be designated according to the following: F, where n is the number 
of antinodes counted along the longer radius and m is the antinodes along the shorter 
radius of the oval dent. The relative frequencies normalized against the fundamental and 
the standard deviation of these modes were: 

To get further with this method for modal analysis it has to be done on steelpans with 
bigger dents. 

4. Optical detection 

Holographic interferometry is an optical method to register vibrations. Vibrations 
can also be detected by means of an optical probe, using deflection of a laser beam. 
Both those were considered to be too elaborate to be used at this state. The time-average 
holographic method ought to be an objective method for future investigations to see if it 
may be used instead of the audio pick-up method. 

Geometrical measures and material properties 
The radius of the dents, their height, and curvature as well as material properties are 

important measures that must be included in a future model of the sound generation 
mechanism. The radius of the marking around the dent and the height are easily mea- 
sured. The shape of the curvature is hard to analyze as it is so small. Material properties 
can be measured by cutting up a steelpan, measuring the thickness and the density and 
analyze the material. The radius of the dents in a soprano pan varies from 9 cm for a 
dent with a 300 Hz fundamental to 2.5 cm for a 1300 Hz dent. The thickness of the un- 
worked material is 1 - 1.5 rnm. 



Excitation characteristics 

As steel is a conducting material, the contact time while hitting is easily measured by 
electrical means. The stick is made conducting by covering it with a thin sheet of alu- 
minium. A voltage of 1 V is applied to the pan and the stick. The contact time is regis- 
tered on an oscilloscope. 

For a soprano pan, the contact time varied between approximately 1.2 - 2.2 ms. The 
time was slightly shorter when the force was stronger, which relates well to the fact that 
more partials are produced when the dent is hit harder. The contact time was the same 
for dents with different fundamentals, which implicates that the elasticity in the rubber 
gives the main repelling force, not the vibration. A harder stick has a shorter contact 
time. 

Discussion of findings 

With the preliminary findings in mind we can discuss the tried methods in relation to 
some of the demands we stated above. First the applicability: which data give us the 
best clues to the sound generation mechanism and the tuning of the steelpan? Secondly 
the flexibility: which methods are sufficiently flexible to register these data during tun- 
ing? 

Both regarding the theoretical understanding and the practical questions, the discus- 
sion must focus on the vibrating dent and its characteristics. The most informative data 
in this respect are the average frequency spectrum and the normal modes. 

The first thing to note about the frequency spectrum is that the partials are remark- 
ably harmonic; there seems to be too many harmonic partials for a tuner to control. The 
partials seem to emanate from a physical relation, such as the dent curvature or non-lin- 
earities in the tone generation. The average frequency spectrum has also proved to be a 
good way to study how the instrument evolves during making and tuning. The fre- 
quency spectrum can be obtained from a manufacturing situation if the tones are 
recorded digitally and analyzed afterwards. 

The normal modes also seem to be a key factor to the control of the sound genera- 
tion. It would be interesting to study how the tuner hits the dent in relation to the nodal 
lines to adjust the frequency of the different partials. Unfortunately, we have not yet 
found a sufficiently flexible method to register the normal modes in the manufacturing 
situation. All the evaluated methods use driving and registering devices that are too 
complex to be used during tuning. The method with acoustical driving and an audio 
pick-up for registration seems to be the best one. The problem with the too large width 
of the driving source can probably be solved by using magnetical driving for the higher 
modes. 

A study of how the shape of the curvature and the size of the dent varies as it is being 
tuned would also be of great interest. Note that the size of the dent is not the same as the 
area inside the marking - the dent is often smaller. Instruments to measure the small 
dent curvature must be found. Possibly Moir6-methods can be used. 

The sonagram, revealing that the upper partials arrive later than the fundamental, 
gives some hints towards a theoretical model of tone generation but presently no clues 
to the practical tuning. The starting transient is presumably nothing a tuner can affect. 
One reason to the delayed arrival of higher partials could be the excitation mechanism, 
where the rubber can be considered to damp out the higher partials while it is in contact 
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with the surface during the first 1.2 - 2.2 ms. Another, more likely, interpretation is that 
the upper partials are induced by non-linearities in the tone generation. These factors 
remain to be exploited in future investigations. 

The measurements on the excitation mechanism indicates that the optimal elasticity, 
i.e., the right amount of rubber, seems to be achieved when the contact time approxi- 
mately equals one whole vibrating period of the fundamental. The period time of the 
fundamental of the measured note was 1/53 1 Hz = 1.9 ms, which supports this hypothe- 
sis. Although the excitation is important to the sound generation, it should have little 
practical relevance to the tuning. 

The preliminary findings have some theoretical implications that are worth noting. 
The four lowest modes found in this study indicate that the oval dents should be 
approximated as being rectangular rather than circular, as no circular modes were 
found. There are some indications on transversal nodal patterns for the harmonic modes 
nos. 5 and 6. The video recording with motion patterns from the modal analysis of 
Rossing, Hampton, & Boveman (1986) supports our findings, at least for the lowest 
two modes. The oval dent thus seems to behave more as a thin shell with a rectangular 
boundary than as a circular one, cf. Fig. 8 for nodal patterns of circular membranes and 
plates. 

Fig. 8. Lowest theoretical normal modes of a circular membrane and a flat circular 
plate with clamped edges. (From Rossing, 1977; 1982) 

Approximations of the steelpan dents as membranes or plates are unsuccessful be- 
cause such models cannot explain the existence of the large number of partials with 
equidistant spaced frequencies. The model used to explain the behaviour of steelpans 
has to take into account both the spherical surface and probably the tensions in the 
metal, too. 

To sum up, the hitherto gathered data seem to specify the characteristics of a good 
steelpan tone as: 

Many partials spaced at equal distance - at least five to six - within -40 dB of the 
level of the fundamental 
Single, strong, marked peaks at each mode frequency 
The spectrogram envelope decreases 10 - 15 dB per kHz 
The third partial is typically 20 - 30 dB weaker than the surrounding second and 
fourth partials 
No non-harmonic peaks are stronger than the harmonic peaks 
The upper partials start 5 - 25 ms later than the fundamental, later with increasing 
frequency. 



Conclusions 

This introductory investigation of suitable methods for measurements on steelpan 
acoustics suggests that the most relevant data to collect to understand the tone genera- 
tion mechanism and to analyze the tuning process are the average frequency spectrum, 
the nonnal modes, and the geometry of the dents. 

From field tape-recordings, laboratory investigations can be made later by various 
spectrographs. We have yet to find a way to measure the normal modes and the geome- 
try of the dents during tuning. 

The questions of how the design and the various manufacturing stages affect the 
sound, and how the tuner can control the pitch of the fundamental as well as the upper 
partials, are left for future investigation and cooperation with a tuner. 

The answer to which physical properties of the steelpan that makes it produce har- 
monic tones still waits for the formulation of a theoretical model. 
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