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Abstract

Objectives


The Hang Drum is a relatively new instrument in the percussive family but with its unique sound and artful appearance it stands out as a musical bridge between the worlds of art and science.  Originally, this instrument is created through a process of fast form pressing, followed by a careful fine-tuning process. The purpose of this study was to see how different manufacturing procedures and materials affected the production of the drum and its sound quality. The first attempt at creating the drum will use a manual pressing method and the notes pressed into the drum will be drawn into elliptical shapes instead of circular ones. The second attempt at creating the drum will use a hand forming depression technique using a wooded mold to form the sheet into the desired shape. Finally, a third drum head will be made using brass instead of the traditional steel.

Findings


 It was discovered that slow manual pressing of the large sheet metal disk did not conform to the desired shape but rather crinkled and warped the metal as tensions in the steel sought release. Manual depression forming, however, produced acceptable results depending upon the accuracy of the form used to mold the material. 

1. Introduction


Humans have always found musical enjoyment in the myriad of noise and sound created when two objects collide into one another. In fact, drums and 'percussion' instruments have been found to have existed in human civilization since roughly 6000 B.C.! Finally, 8000 years later, the employees of PanART studios, Switzerland, produced their percussive miracle; The Hang Drum. Pronounced 'Haung' or Hung drum, this latest percussion marvel uses the properties of material and Helmholtz resonance to produce a bright, melodic, and surreal sound [3]. Through a manufacturing process similar to that of a steel drum, the original Hang is formed from two steel sheets that are drawn out into shells and then tuned appropriately. Because of the massive variance within this process, and the different tuning that any drum can have, each Hang is made differently from the next and no two are exactly alike. Every Hang, however, possesses the vibrant tone that has captured thousands of percussionist's ears around the globe. 


In this study, an attempt to not only recreate, but change the sound of the Hang drum will be made. Changes in the sound of the Hang will result from the use of different materials, procedures, and instrumental shapes.   


To accomplish the goals of this study, two drums will be constructed, one of steel, and another of both steel and brass. The steel drum will be used to test changes to the shape of the drum and its note fields. The steel/brass drum will be constructed in the traditional fashion to test how the material changes the sound. The sounds of both drums will then be compared to the sounds produced by the original.  

2. Broader Impact


As a long standing tradition within the scientific community, art and music have been given a backseat to more 'applicable' sciences like metallurgy, electronics, and engineering and so at first glance, the development and study of the Hang Drum seems frivolous and unimportant. However, in today's modern and technical world, the need for scientifically motivated students to become professionals in the field is greater than ever. According to CSA editor Carolyn Scearce, “There is substantial agreement in the academic community that levels of national and international scientific literacy among the general public are undesirably low for our technologically driven society” (http://www.csa.com/discoveryguides/scilit/review2.php). The Hang Drum provides yet another bridge to the world of science by showing that it isn't all beakers, test tubes, and log books. By studying and creating music and art with science, the young students of the world can be shown the other half of science and technology that will inspire them to pursue their mathematical and logical fields of study in the future. 


When nothing but the manufacture of this simply complex instrument is taken into account, this study seems meaningless, but when the inspiration of the scientists and engineers of the future is involved the modification and science connection to music becomes important and useful to people. 

3. Procedures
3.1 Materials

· .059-.0625” 16 Gauge standard sheet metal

· 16 Gauge 260 Brass sheet metal

· 5' x 5' x 1/2” hardwood sheet

· Wood Glue

· Water Putty

· [image: image13.jpg]


Metal Polymer adhesive
Figure 1: 16 Gauge Sheet
3.2 Equipment

· Manual Press

· Deep Drawn Harrow Blades

· Pneumatic Hammer, w/smoothing hammer attachment

· Basic Blacksmith/metalworking tools

· Swage or Doming block

· Table & Ban Saw

· Sanding equipment

· Thin, Flexible straight edge

· Chromatic Tuning Device
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Figure 2: Pneumatic Hammer and Compressor
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Figure 3: Swage Block
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Figure 4: Harrow Blades

3.3 Properties


The following section will briefly describe the two main acoustical properties used within the Hang Drum that were the focus of this study.

3.3.1 Helmholtz Resonance


This acoustical phenomenon occurs when a large cavity of air has only a small tunnel by which air may enter or exit. It is the effect observed when air is blown across the top of a bottle or jug to produce a low hum. Figure 5 shows the equation that describes this effect. The Hang Drum incorporates this phenomenon in the size of the instrument as well as the shaping of the Gu hole. As the player strikes the Hang air exits the hole and the resulting loss in pressure forces air back into the drum. This causes a pitch to be heard from the drum that diminishes in intensity over time, effectively creating a reverb, until equilibrium is again achieved. This effect will be produced automatically within the body of the drum.
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Figure 5: The equation for Helmholtz resonance.

3.3.2 Standing Wave Generation



A standing wave is any type of frequency pattern repeated in the same localized area for a duration of time. They are waves in space that do not move along a medium and are thus rooted or 'standing' in place. Each time a new wave is generated, it builds upon the previous waves   with constructive interference. The Hang drum uses this acoustical trick to amplify the notes stamped into it to make them louder, clearer, and more resonant. This is accomplished by reducing and removing stresses within the circular flattened area around each of the notes called the tonal field. When stress has been removed from this area, the note has the ability to act in a piston-like fashion when struck by the player. This type of motion is translated into either the   (0, 1) or (1, 1) modes of circular membrane vibration (Fig 6). These two types of vibration produce different standing waves depending upon where the player hits the drum. To produce these standing waves, focus will be given in the tuning process to the stress reduction of the tonal fields.
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Figure 6: (0, 1) and (1, 1) modes of

circular membrane vibration
3.4 Production


After receiving the 16 gauge steel sheet, approx. 2' x 2' for each half of a drum, the material was cut into 20” diameter circles. In order to form the sheet metal into the deeply drawn shell shape required, two separate methods were used for this study; form pressing the sheet into shape using 20” drawn harrow blades (Fig 4), and manual depression forming of the sheet using a hardwood mold. (Fig 8)

3.4.1 Pressing


To manually press the shells, the two deeply drawn harrow blades were placed upon the press to be used as dies to shape the metal. A circular section of 16 gauge mild steel was placed between these blades and pressing began. With each pump of the press the material was jacked down into the dies until the desired shape was retained.
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Figure 7: Manual Press

3.4.2 Depression


Depression of the material into the desired shape required more prep work. 9 squares from the 5' x 5' hardwood sheet, approx. 20” x 20” each, were cut using a standard table saw. Circles were drawn in the center of 8 pieces approximating the parabolic curve defined by the equation y = 0.04938x2. After cutting each of the 8 pieces in half, the circles were cut from each piece with a ban saw. The outer pieces with fresh hole in them were glued together using a wood glue to form the rough shape of the bowl like mold. Following this, the internal now semi-circle pieces were planed down 3 times at 1/16” intervals. At each interval a thin semi-circle strip was cut from the piece and glued into the mold. This added more 'points' to the curve of the mold and a smoother approximation of the curve's equation. After everything was glued together and dried, wood filling water putty was applied with a straight edge to fill in the groves between the wood and produce the nice and even curve desired.  
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Figure 8: Hardwood mold for depression forming

Once everything has dried and cured, the sheet was clamped securely to the mold. Using a 90 psi pneumatic hammer with a smoothing hammer attachment, the metal was depressed into the mold. This was accomplished by applying the hammer round and round the sheet starting from the outer edge of the bowl and moving slowly by depressing circles toward the center.
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Figure 9: Clamped sheet with Hammer
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Figure 10: Depression Progression

3.5 Tuning


Following the forming the two plates, the ding shell section is overlaid with a drawn grid

of lines that section it off into seven equal sectors for accurate layout of the tonal fields in the drum. Seven of these elliptical note fields were stamped into these sections using a rounded ball-peen hammer and a handmade stamp negative (Fig 11).
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Figure 11: Stamp negative
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Figure 12: Stamped and Shaped Ding shell


Using a rounded hammer, the area around each dome is stretched out. At times this stretching will cause a wrinkling effect within the surrounding note field which can be reduced with a few upward strikes to the dome [3]. A wider, deeper, and more oval-like shape was used to produce lower tones, while shallower shapes were used to produce higher ones. At each step of the shaping of these notes, the flattened tone field around each note was also shaped. As notes were shaped, these fields began to warp and so each field was re-flattened and re-formed into a circle continuously.


For the Ding note the shell was placed upon a Swage block and the required dome was pounded into the shell. The tuning of the Gu shell simply required cutting a hole roughly 5” across the center of the shell. The neck was stretched and then smoothed with a hammer into a rounded section. Further rounding and shaping of the neck tuned it to the desired lowest fundamental of the drum. 


Finally, the two shells were joined together using a polymer sealant, JBWeld, clamped together and left to cure. After a set number of days, the drum is then re-tuned with a smaller steel hammer entered through the Gu hole at the bottom of the drum. After this point, the drum is considered 'finished' and no more work is required. 

4. Results

                                               4.1 Shaping


The following sections describe the effects and effectiveness of the two formation procedures used in this study: Pressing and Depression

4.1.1 Pressing


Due to the slow and discontinuous nature of the jack-like press used in this study, this method of production proved ineffective and destructive. Too much time was allotted to the material during the process allowing it to warp, bend, and wrinkle as it was forced into shape. As a result, final product was ruined beyond any minor repair. This method of slow pressing was quickly discontinued by this study. 

4.1.2 Depression


While none of the shells produced from this process were completely symmetrical shells, the defects proved minimal and results proved excellent. Figure 13 clearly shows two completely formed shells that accurately represent the desired shape of the drum when compared to that shown in Figure 14. In addition, this process proves to be very cost effective as each mold can be reused multiple times before repair is needed and any desired material can be processed in the same fashion. 
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Figure 13: Two fully depressed shells of 

near identical size and shape
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Figure 14: Original Hang

4.2 Tuning


The tuning process in this study produced some interesting results. While it can be seen in Figure 15, an analysis of one of the notes in the drum, that an overtone series is present in the notes, however the level of noise if too high. As a result, the notes sound poly-tonal and muddled together as the level of noise interrupts each note. Additionally, virtually all of the notes are overpowered by the resonant frequency of the body as seen as the large secondary peak in Figures 15 and 16.   
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Figure 15: Frequency analysis of a tuned note. The early and lower 

frequency peaks represent the fundamental note. Peaks father up the 

frequency band show the partials of that fundamental. Note that the peaks 

are well defined
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Figure 16: Frequency analysis of another tuned note. While the fundamental

note is visible by itself, the level of noise in this note has completely

destroyed the partial frequencies in the upper band. 

4.3 Modification


Introduction of brass as a Ding shell instead of steel produced positive and exciting results. The brass, also gauge 16 sheet, molded itself into the shell shape with much more ease than the steel. Additionally, due to the materials lower annealing temperature, we were able to 'soften' the brass with a hand torch during depression to quicken the process even further. 

Figure 17: Fully depressed Brass shell


The brass also performed well during the tuning process, bending and shaping easily when hammered. Figure 18 shows the results of a frequency analysis of a note on the brass shell with promising results. 

Figure 18: Frequency Analysis of brass shell note. Notice that the 

fundamental note of the brass shell is just as high on the dB scale

as the body resonance and the high definition in the overtones.

5. Discussion

5.1 Production Methods


Slow pressing of the Hang Drum shells seems to be out of the question. It allows too much time for the material to warp out of position to be effective. Although this process proved ineffective during this study a fast and powerful press could efficiently 'stamp' the shells out.


Depression of sheet metal into the form of the drum proved effective and favorable in this study. While the precision and accuracy of the shape of each drum formed is dependent upon the accuracy of the worker making the mold, the consistency of each shell created marks this process as promising. Not only are the molds for this process easy to create, but they are also fairly hardy and require little maintenance between uses. With each shell made it is possible to see the defects in the shape and instantly correct them in the mold by adding or removing material from it.  

5.2 Tuning Processing


The results of the steel and brass frequency analyses conclude that further study into the tuning of the Hang in required. While the process of stamping notes into the shell of the drum can produce the fundamental note desired, the fine-tuning of these notes needs re-evaluating. The two problems of amplitude and noise found in the notes can be traced back to problems in standing waves that build upon each other. This alludes to problems in the reduced stresses of the tonal field around each of the notes. Without a stress free zone provided by the field, the piston-like motion of each note is impeded and standing waves are cut short. It is likely that lack of experience in during this study has led to many of these problems and that further practice and study in the art of tuning musical instruments is all that is needed.

5.3 Modifications


The fact that brass has been used in musical instruments for generations for its acoustical properties only slightly detracts from the positive results of this study. The quality and success that brass has shown makes it a quality candidate for use in the ding shell of future Hang Drums. The material is very malleable, highly resonant, and produces a pleasant, if more 'brassy', sound when tuned. In fact, it could be that further research and practice with brass drums will provide answers to problems seen in steel drums and lead to solutions. 

6. Conclusion

6.1 Summary


More study on the Hang Drum is required if we are ever to reproduce and improve upon the wonder created by PanART, however, these initial results are quite promising. The depression technique produces accurate and consistent shells shapes required to make these instruments. It seems that focus on the tuning and shaping process of each of the notes must come next in this research process before that goal is reached. 

6.2 Future Work 


A proper tuning procedure must be developed before anything else can come out of this instrument. Either with more practice or a completely new approach, only when the drum can produce sounds similar to those of the original can real modifications take effect. That being said, some research into augmenting the shape and design of the drum could produce interesting results. How would the sound of the drum change if square-like shapes were stamped into the shell instead of circles? Could plates inside the drum to repel and reflect sound significantly alter the sound and would that be pleasing to the ear? There are hundreds of strange ideas about instrument augmenting that could be applied to the Hang and so for future work some of them may be attempted. 
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fh = Frequency of sound


v = Velocity of air 


a = Cross sectional area of neck


V0 = Volume of air cavity


L = Length of neck
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