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Figure 1: Modified reed chamber for low pitch with added
big bulge.

Introduction

The Styrian Harmonica is a bisonoric diatonic button
accordion typical for the alpine folk music. It is a mem-
ber of the family of bellow-driven free reed aerophones.
For each pitch in a reed block three different reeds are
active, which are tuned to slightly different frequencies.
This so-called 3-voiced reed blocks lead to the desired
acoustic beat which is typical for the sound of the Styrian
Harmonica. Besides the sound of the instrument, a low
air consumption is a major quality criterion for these
instruments. With a lower air consumption the player
is able to play longer with the same amount of air, e.g.
a full compression or expansion of the bellow. The air
consumption depends on the tightness of the instrument
and the quality of the used reed plates as well as on the
shape of the reed chambers [1], [2]. This work investigates
how the shape of the reed chambers influences the air con-
sumption. Therefor measurements of several differently
shaped reed chambers are conducted.

A direct measurement of the volumetric flow rate through
a reed chamber requires a flow meter in the vicinity of the
inlet or outlet of the reed chamber. Such a measurement
setup certainly has an strong impact on the airflow and
hence may bias the results. Therefore, for this work we
decided to determine the air consumption indirectly by
measuring the duration time of the tone produced during
compressing or extending the bellow completely with a
constant force. A detailed description of the measurement
setup is given in the corresponding section.
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Geometry of the modified reed blocks

Four reed blocks with differently shaped reed chambers
have been measured. These reed blocks were equipped
with identical reed plates and tuned to exactly the same
frequencies. The first reed block had conventional box-
shaped reed chambers, similar to a traditionally CNC-
milled wooden reed block. For the remaining three reed
blocks, the shape of the reed chamber was modified: The
largest wall inside the reed chamber, which is opposite to
the reed plate, was changed from a flat to a curved, bulge-
like shape. The three modified reed chambers differed
in the thickness of this bulge, which was varied in three
steps (small, medium, and big bulge). All reed blocks
under test are 3D-printed and made of ABS, whereby
influence of the reed block material is negligible [3].

For each reed block three different pitches (low, medium,
high) were measured in both directions of the air stream,
and for each of the four differently shaped reed blocks.
Figure 1 exemplarily shows one of the modified reed
chambers without the reed plate. The shown reed chamber
corresponds to the low pitch tone in the measurements
and the strongest shape modification (big bulge).

Measurement setup

Figure 2 shows the apparatus used for the measurements,
whereby (a) is the setup for bellow compression and (b)
is the setup for bellow expansion. The wooden horizon-
tal bars are for guiding the bellow movement, and the
wooden box contains a mechanism to open the holes of
the reed chambers for the desired pitch by pushing the
corresponding button. A constant force for compressing
was achieved by applying a weight on top of the bellow.
Similarly a constant force for expanding was achieved by
hanging the weight below the bellow.

For the configuration in fig. 2 (a), air enters the reed
chamber at the hole and exits at the reed plate. For
the configuration in fig. 2 (b), air flows in the reverse
direction. Before each measurement run, the bellow was
moved up to its maximum expansion or compression, re-
spectively. Then the button for the desired pitch was
pushed and the bellow released. The attached weight
compressed /expanded the bellow a sound is produced till
the bellow reached its maximum compression/expansion.
The produced sound was recorded by a microphone lo-
cated at a distance of about 30 cm to the reed block. The
duration time of the produced sound is determined as
described in the following section.
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(a) bellow compression

(b) bellow expansion

Figure 2: Measurement setup for indirect determination of
the air consumption.

Evaluation of the duration time

For a measured sound its duration time is determined
from the smoothed rms-level of the recorded signal. The
level is normalized to the average value for a period of
2 s, starting from the point, where the smoothed rms-
level reached its maximum. The beginning of the tone is
defined by the point where the rms-level exceeds -30 dB
and the ending is defined by the point where the rms-level
falls below -6 dB. The time span between these two points
is the determined duration of the measured tone.

Figure 3 illustrates the evaluation of the duration exem-
plarily for a measurement of the low pitch, in fig. 3 (a)
and of the high pitch, in fig. 3 (b). In each figure, the
lower diagram shows the wave form of the recorded signal
and the upper diagram shows the time-averaged rms-level.
The determined starting and ending point are indicated
by the red dashed lines. The smoothing of the rms-level
was achieved by a moving average filter with a length
of 1 s; this corresponds to the blue line in fig. 3. This
relatively long averaging is required due to the amplitude
modulation caused by the 3-voiced reed blocks. For com-
parison, the light gray line shows the smoothed rms-level
for averaging over 100 ms.

The level of the sounds is relatively constant over time and
shows only a slight decay. The starting point is detected
relatively precise due to the steep slope of rms-level after
the onset. However, the ending point is not as clearly
defined. On the one hand this is caused by the large time-
averaging required to smooth the amplitude modulation
due to the 3-voiced reed blocks. On the other hand, the
level decay increases for the last 1-2 s before the tone
ends. The -6dB limit for determining the ending point is
a compromise to have a clearly defined criterion.
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Figure 3: Illustration of the evaluation of the duration time
from the recorded audio signal.
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Figure 4: Relation between level difference and duration
difference for different compression forces of the bellow and
three different pitches.
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Figure 5: Level and time duration differences for the different reed chamber shapes and pitches, for bellow compression.

Comparison of different compression forces
In a first series of measurements, the relation between du-
ration and level differences was investigated for the three
different pitches. This series only consists of measure-
ments for one reed chamber shape (big bulge) and only
for the bellow compression setup. For each tone, mea-
surements with three different compression forces were
conducted. The different compression forces are realized
by applying different weights (1 kg, 2 kg, and 5 kg) on
top of the bellow.

The results are shown in fig. 4, whereby the depicted
values represent the average value of two repeated mea-
surements. Both, the duration and the level difference,
are shown relatively to the results for the measurements
with the weight of 2 kg.

As expected, with a higher bellow force the level increases
whereas the duration time decreases for all three pitches.
Except for the low pitch, there is a relatively linear rela-
tion between level difference and duration. This roughly
indicates that for higher pitches the bellow pressure has
more effect on the level and for the lower pitches the
bellow pressure has more effect on the time duration.
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Comparison of reed chamber shapes

In a second series of measurements, the effect of the reed
chamber shape on the duration time was investigated. For
each of the three selected pitches, the four reed blocks were
measured for both airflow directions. Each measurement
was repeated 5 times and both, the difference in level and
time duration, were determined.

Figure 5 shows the results for bellow compression. The
diagrams in the upper row, (a) to (c), show the results for
the duration difference and the diagrams in the lower row,
(d) to (f), show the results for the level difference of the 4
differently shaped reed chambers. The diagrams in the
columns from left to right correspond to the result for the
low pitch, (a) and (d), to the results for the medium pitch,
(b) and (e), and to the results for the high pitch, (c) and
(f). Figure 6 shows the same for bellow expansion. The
boxplots show median values (red line), interquartile range
(box) and the most extreme data points (whiskers) for
the repeated measurements. The variance of the results
for the repeated measurements is quite low. Only, for
bellow compression, low pitch, the duration difference of
standard shaped reed chamber and for bellow expansion,
high pitch, the level difference of the standard shaped
reed chamber show a little higher variability.
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Figure 6: Level and time duration differences for the different reed chamber shapes and pitches, for bellow expansion.

Inspecting the diagrams in fig. 5 shows that for bellow
compression the modified reed chambers do not lead to a
longer duration, i.e. a lower air consumption. Quite the
contrary is the case, especially the small bulge leads to a
considerably lower time duration for the low pitch. For
the medium and high pitch the modified reed chamber
shapes have only a slight effect on the duration, but also
with a tendency mostly going in the wrong direction.

For bellow expansion, as depicted in fig. 6, the duration
time increases for all pitches with the modified reed cham-
bers, especially for the big bulge. However, for the low
pitch, the increased duration comes with a decrease in
level. For the medium pitch, there is an increased dura-
tion time while the level is constant for the reed chambers
with the small and medium bulge. For the high pitch all
modified reed chambers show an increased duration while
the level is constant, whereby the effect is the largest for
the reed chamber with the big bulge.

Conclusion

The results of the measurements show that the modified
shape of the reed chambers is advantageous for medium
and high pitches, but only for one direction of the airflow.
This is the flow direction where the air enters the reed
chamber through the reed plate and the downstream is
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at the hole of the reed chambers. For the reverse air-
flow direction, the modified reed chamber shape shows
no improvements concerning air consumption. Especially
for low pitches, the modified shape performs even worse
than a standard box-shaped reed chambers. These results
indicate, that a reduced air consumption is basically pos-
sible by an appropriate reed chamber design. However,
further investigations are necessary to find a shape that
also shows an improvement for lower pitches and for both
flow directions.
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