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METHODS AND SYSTEMS FOR PRODUCTION OF HANDPANS

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] The present patent application claims the benefit of U.S. Provisional Patent
Application No. 63/089,902, entitled “Methods and Systems for Production of Handpans,” filed
on October 9, 2020, which application is incorporated herein by reference in its entirety for all
purposes.

BACKGROUND

[0002] A handpan is a parabolic musical instrument capable of emitting musical tones
when struck with the hands. Typically, a handpan is fabricated by manually forming a first sheet
of steel into a top shell and a second sheet of steel into a bottom shell and joining the top shell to
the bottom shell to form a hollow chamber between the top and bottom shell used to amplify the
musical tones created when the handpan is played.
[0003] The manual process of forming metal into the desired shapes for creation of
desired musical tones is extremely time- and labor-intensive. Fabrication of handpans requires
significant physical strength and endurance, excluding some individuals from practicing the art.
In many cases, repeated manual fabrication can lead to an artisan developing overuse and
repetitive motion injuries. A handpan can take from several weeks to months to fabricate by
hand, which increases both the lag between the placing of an order and the receipt of the
finished handpan and the total cost of the handpan to consumers. In many cases, the consumer
cost of handpans produced using existing methods and systems is prohibitively high for all but
the most committed musicians. Handpans are also very difficult to tune, often requiring a highly
skilled musician to manually shape the surfaces of the handpan to achieve the desired tone
combinations and scales.
[0004] New methods and systems are needed to reduce the cost, time, and skill required

to produce a handpan, to enable scaling in production of handpans.

SUMMARY
[0005] The present disclosure provides a fast and reproducible method for hydroforming
a handpan with minimal manual labor. The quality, performance and appearance of the
handpans of the present disclosure are highly consistent and reproducible. Additionally,
handpans produced according to the subject methods exhibit superior hardness compared to
handpans produced by other methods, which may improve the durability, tuneability, timbre,

and other physical and musical qualities of the instruments at a lower production cost.
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[0006] In certain aspects, the present disclosure provides a method for forming a top
shell of a handpan, comprising: (a) providing a mold having a mold shape complementary to an
intended shape of the top shell of the handpan; (b) providing a plate in proximity to the mold;
(c) applying a pressurized fluid to a surface of the plate, thereby causing the plate to deform into
the mold, until the plate has deformed into the intended shape, thereby forming the top shell of
the handpan; and (d) removing the top shell of the handpan from the mold. Also provided herein
is a method for forming a handpan, comprising joining a top shell formed according to a method
described herein to a bottom shell, thereby forming the handpan. The bottom shell may
comprise a port. In some embodiments, the method further comprises, prior to the joining,
forming the port using a lathe or hydraulic press. In some embodiments, the method further
comprises, prior to the joining, forming a bottom shell of a handpan, comprising: (a2) providing
a mold having a mold shape complementary to an intended shape of the bottom shell of the
handpan; (b2) providing a plate in proximity to the mold; (c2) applying a pressurized fluid to a
surface of the plate, thereby causing the plate to deform into the mold, until the plate has
deformed into the intended shape, thereby forming the bottom shell of the handpan; (d2)
removing the bottom shell of the handpan from the mold; and (e2) cutting a hole in the bottom
shell, optionally with a drill, lathe or laser. The intended shape may comprise one or more
members selected from the group consisting of: dimples, domes, notes, and logos. The intended
shape may comprise one or more members selected from the group consisting of: dimples,
domes, notes, logos, and ports. The plate may comprise a metal or metal alloy, such as titanium,
steel, bronze, brass, or zinc, optionally wherein the steel comprises 0.02 to 0.2% carbon. In
some embodiments, the plate comprises one or more members selected from the group
consisting of: 1008 cold rolled steel, 1018 cold rolled steel, and stainless steel 430. In some
embodiments, the plate comprises one or more members selected from the group consisting of:
18-gauge steel, 19-gauge steel, and 20-gauge steel. The thickness of the plate is optionally
between 0.8 mm and 1.3 mm.

[0007] In practicing any of the subject methods, the pressurized fluid may comprise
water, such as at least 95% w/w water. In some embodiments, the pressurized fluid has a
pressure within a range from 20 bars to 4,000 bars, such as 20 bars to 225 bars. The intended
shape may have a diameter within a range from 40 centimeters (cm) to 60 ¢m, such as 48 ¢cm to
55 cm. In some embodiments, the top shell has a depth within a range from 10 cm to 15 cm. In
some embodiments, the top shell comprises a hardness within a range from 300 megapascals
(MPa) to 500 MPa. Optionally, the maximum hardness of the top shell is at least 450 MPa. The

minimum hardness of the top shell may be at least 300 MPa. In some embodiments, the bottom
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shell comprises a hardness within a range from 300 megapascals (MPa) to 500 MPa. Optionally,
the maximum hardness of the bottom shell is at least 450 MPa. The minimum hardness of the
bottom shell may be at least 300 MPa. In some embodiments, the handpan comprises seven to
ten notes.

[0008] A method of the present disclosure may further comprise performing (a)-(d) in
less than ten minutes, such as less than two minutes. In some embodiments, the method further
comprises repeating (b) to (d) at least five times within one hour, such as at least 50 times within
one hour. A method of the present disclosure may further comprise performing (a2)-(d2) in less
than ten minutes, such as less than two minutes. In some embodiments, the method further
comprises repeating (b2) to (d2) at least five times within one hour, such as at least 50 times
within one hour. In some embodiments, the method further comprises trimming the top shell,
optionally with a laser. In some embodiments, the method further comprises trimming the
bottom shell, optionally with a laser. The method may further comprise nitriding the top shell,
optionally wherein the nitriding is gas nitriding. The maximum hardness of the top shell after
the nitriding may be at least 700 MPa. In some embodiments, the minimum hardness of the top
shell after the nitriding is at least 550 MPa. The method may further comprise nitriding the
bottom shell, optionally wherein the nitriding is gas nitriding. The maximum hardness of the
bottom shell after the nitriding may be at least 700 MPa. In some embodiments, the minimum
hardness of the bottom shell after the nitriding is at least 550 MPa. In some embodiments, the
method further comprises tuning one or more notes on the top shell after removing the top shell
from the mold or after nitriding the top shell.

[0009] In certain aspects, the present disclosure provides a handpan comprising a top
shell and a bottom shell, wherein the top shell comprises a hardness within a range from 300
MPa to 900 MPa. In some embodiments, the maximum hardness of the top shell is at least 450
MPa. The minimum hardness of the top shell may be at least 300 MPa. In some embodiments,
the bottom shell comprises a hardness within a range from 260 MPa to 420 MPa, optionally
wherein the minimum hardness of the bottom shell is less than 300 MPa. The bottom shell may
comprise a hardness within a range from 300 MPa to 900 MPa. In some embodiments, the
maximum hardness of the bottom shell is at least 450 MPa. The minimum hardness of the
bottom shell may be at least 300 MPa.

[0010] The top shell of a handpan of the present disclosure may comprise a first metal or
first metal alloy and the bottom shell of the handpan may comprise a second metal or second
metal alloy, wherein the first metal or first metal alloy is the same or different than as the second

metal or second metal alloy. In some embodiments, a surface of the top shell or the bottom shell
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comprises nitride. In some embodiments, the surface of the top shell comprises nitride and the
maximum hardness of the top shell is at least 700 MPa, optionally wherein the minimum
hardness of the top shell is at least 550 MPa. In some embodiments, the surface of the bottom
shell comprises nitride and the bottom shell comprises a hardness within a range from 400 MPa
to 700 MPa, optionally wherein the minimum hardness of the bottom shell is less than 650 MPa.
In some embodiments, the surface of the bottom shell comprises nitride and the maximum
hardness of the bottom shell is at least 700 MPa, optionally wherein the minimum hardness of
the bottom shell is at least 550 MPa.

[0011] The surface of the top shell of a handpan of the present disclosure may be free
from tooling marks. In some embodiments, the handpan comprises titanium, steel, bronze, brass,
or zing, such as steel, optionally wherein the steel comprises 0.02 to 0.2% carbon. In some
embodiments, the thickness of the top shell of the handpan is between 0.7 mm and 1.3 mm. In
some embodiments, the handpan has a diameter within a range from 40 cm to 60 cm, such as 48
cm to 55 cm. The top shell may have a depth within a range from 10 cm to 15 cm. In some
embodiments, the handpan comprises seven to ten notes.

[0012] In certain aspects, the present disclosure provides a top shell of a handpan 100
comprising a hardness within a range from 300 MPa to 500 MPa, optionally wherein the
maximum hardness of the top shell is at least 450 MPa. In certain aspects, the present disclosure
provides a nitride-hardened top shell of a handpan comprising a hardness within a range of 550
MPa to 900 MPa, optionally wherein the maximum hardness of the top shell is at least 700 MPa.
The top shell may be formed using a method described herein. In some embodiments, the
surface of the top shell is free from tooling marks. The top shell may comprise titanium, steel,
bronze, brass, or zinc, such as steel, optionally wherein the steel comprises 0.02 to 0.2% carbon.
The thickness of the top shell may be between 0.7 mm and 1.3 mm. In some embodiments, the
top shell has a diameter within a range from 40 cm to 60 cm, such as 48 ¢cm to 55 cm. The top
shell may have a depth within a range from 10 cm to 15 cm. In some embodiments, the top shell
comprises seven to ten notes.

[0013] In certain aspects, the present disclosure provides a mold for a top shell of a
handpan, comprising one or more members selected from the group consisting of: dimples,
domes, notes, and logos. The surface of the mold may comprise nitride. In some embodiments,
the mold comprises breathing holes. In some embodiments, the mold is complementary to a top
shell of a handpan having a diameter within a range from 40 cm to 60 c¢m, such as 48 cm to 55

cm. In some embodiments, the mold is complementary to a top shell of a handpan having a
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depth within a range from 10 cm to 15 cm. The mold may be complementary to a top shell of a
handpan comprising seven to ten notes.

[0014] In certain aspects, the present disclosure provides a bottom shell of a handpan
100 comprising a hardness within a range from 300 MPa to 500 MPa, optionally wherein the
maximum hardness of the bottom shell is at least 450 MPa. In certain aspects, the present
disclosure provides a nitride-hardened bottom shell of a handpan comprising a hardness within a
range of 550 MPa to 900 MPa, optionally wherein the maximum hardness of the bottom shell is
at least 700 MPa. The bottom shell may be formed using a method described herein. In some
embodiments, the surface of the bottom shell is free from tooling marks. The bottom shell may
comprise titanium, steel, bronze, brass, or zinc, such as steel, optionally wherein the steel
comprises 0.02% to 0.2% carbon. The thickness of the bottom shell may be between 0.7 mm
and 1.3 mm. In some embodiments, the bottom shell has a diameter within a range from 40 cm
to 60 cm, such as 48 cm to 55 cm. The bottom shell may have a depth within a range from 10
cm to 15 cm. In some embodiments, the bottom shell comprises a port.

[0015] In certain aspects, the present disclosure provides a mold for a bottom shell of a
handpan, comprising one or more members selected from the group consisting of’ ports and
logos. The surface of the mold may comprise nitride. In some embodiments, the mold comprises
breathing holes. In some embodiments, the mold is complementary to a bottom shell of a
handpan having a diameter within a range from 40 cm to 60 cm, such as 48 cm to 55 cm. In
some embodiments, the mold is complementary to a bottom shell of a handpan having a depth
within a range from 10 cm to 15 cm. The mold may be complementary to a bottom shell of a

handpan comprising a port.

INCORPORATION BY REFERENCE
[0016] All publications, patents, and patent applications mentioned in this specification
are herein incorporated by reference to the same extent as if each individual publication, patent,

or patent application was specifically and individually indicated to be incorporated by reference.

BRIEF DESCRIPTION OF THE DRAWINGS
[0017] The novel features of the invention are set forth with particularity in the
appended claims. A better understanding of the features and advantages of the present invention
will be obtained by reference to the following detailed description that sets forth illustrative
embodiments, in which the principles of the invention are utilized, and the accompanying
drawings of which:

[0018] FIG. 1A shows a handpan, according to embodiments herein.
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[0019] FIG. 1B shows a schematic of a top shell of a handpan, according to
embodiments herein.

[0020] FIG. 1C shows a photograph of a top shell of a handpan, according to
embodiments herein.

[0021] FIG. 1D shows a schematic of a bottom shell of a handpan, according to
embodiments herein.

[0022] FIG. 1E shows a photograph of a bottom shell of a handpan, according to
embodiments herein.

[0023] FIG. 2 illustrates a perspective view of a hydroforming mold, according to
embodiments herein.

[0024] FIG. 3A is a schematic of a top view of a hydroforming mold, according to
embodiments herein.

[0025] FIG. 3B is a photograph of a top shell of a handpan in a hydroforming mold,
according to embodiments herein.

[0026] FIG. 4 shows data from simulations predicting formability of a top shell formed
by hydroforming with a mold, according to embodiments herein.

[0027] FIG. 5 shows data from simulations predicting material thickness of a top shell
after hydroforming with a mold, according to embodiments herein.

[0028] FIG. 6 shows data from a second simulation predicting material thickness of a
top shell after hydroforming with a mold, according to embodiments herein.

[0029] FIG. 7 shows contact distance measurements from simulations of a top shell
hydroformed with a mold, according to embodiments herein.

[0030] FIG. 8 shows data from simulations predicting hardening stresses after
hydroforming with a mold, according to embodiments herein.

[0031] FIG. 9 shows data from simulations predicting springback after trimming of a top
shell hydroformed with a mold, according to embodiments herein.

[0032] FIG. 10 shows hardness values of a handpan shell without impacting a mold,
according to embodiments herein.

[0033] FIG. 11 shows hardness values of a handpan shell with impacting a mold,
according to embodiments herein.

[0034] FIG. 12 shows a process for forming a top shell of a handpan, according to
embodiments herein.

[0035] FIG. 13 shows a schematic of a handpan mold comprising eight notes in a note

ring and lacking a central note, according to embodiments herein.
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[0036] FIG. 14 shows a schematic of a top shell of a handpan comprising eight notes in a
note ring and lacking a central note, according to embodiments herein.

[0037] FIG. 15 shows an image of a top shell of a handpan comprising eight notes in
note ring and a central note, according to embodiments herein.

[0038] FIG. 16 shows an image of a top shell of a handpan comprising eight notes in
note ring and a central note, according to embodiments herein.

[0039] FIG. 17A shows a table of examples of musical scales easily achieved in a
handpan from a single handpan mold using 1.00 mm thick 1008 cold rolled steel, according to
embodiments herein.

[0040] FIG. 17B shows a table of examples of musical scales easily achieved in a
handpan from the handpan mold of FIG. 17A, using 1.00 mm thick stainless steel 430,
according to embodiments herein.

[0041] FIG. 17C shows a table of examples of musical scales easily achieved in a
handpan from the handpan mold of FIG. 17A, using 1.15 mm thick stainless steel 430,
according to embodiments herein.

[0042] FIG. 17D shows a table of examples of musical scales easily achieved in a
handpan from the handpan mold of FIG. 17A, using 1.25 mm thick stainless steel 430,
according to embodiments herein.

[0043] FIG. 18 shows a table of examples of musical scales easily achieved in a handpan
using 1.00 mm thick 1008 cold rolled steel using a single handpan mold, according to

embodiments herein.

DETAILED DESCRIPTION
[0044] Provided herein are handpan instruments and systems and methods of producing
handpan instruments. A handpan 100 typically comprises a top shell 110 and a bottom shell 120.
As described herein, a hydroforming process can be used to form (e.g., “sink”) the rough shape
of a handpan shell (e.g., top shell 110 and/or bottom shell 120) rather than time- and labor-
intensive manual methods making use of hammers, such as pneumatic air hammers and/or
sledge hammers. As further described herein, hydroforming a handpan shell (e.g., top shell 110
and/or bottom shell 120) with a system comprising a mold 200 can significantly decrease the
time, cost, and skill required to produce a handpan 100. Hydroforming handpans using methods
disclosed herein (e.g., hydroforming with a mold 200) can also significantly improve the
precision and accuracy of the sizes and shapes of the handpan shells and/or features (e.g.,
intonation features) of the shells (e.g., relative to a desired target value or shape). For example,

methods described herein (e.g., hydroforming with a mold 200) can reduce the tolerance of a
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dimension or shape of a handpan shell or portion thereof described herein to less than 10%, less
than 5%, less than 4%, less than 3%, less than 2%, or less than 1%. In many cases, average
variation in a given dimension of a handpan 100 or a portion thereof is less than 0.5%.

[0045] In general, a handpan 100 is a single-walled, hollow-bodied musical instrument
(e.g., as shown in FIG. 1A) that produces musical tones when a portion of the shell of the
handpan 100 is struck or otherwise caused to vibrate. The hollow body of the handpan 100 can
be formed by joining two approximately bowl-shaped pieces of metal, called the top shell 110
(e.g., as shown in FIG. 1B and FIG. 1C) and the bottom shell 120 (e.g., as shown in FIG. 1D and
FIG. 1E) at their rims 130 (e.g., the rim 130 of the top shell 110 and the rim 130 of the bottom
shell 120). The size and shape of the handpan 100, as well as the location and method of striking
the shell of the handpan 100, determines the musical qualities (e.g., pitch, timbre, and loudness)

of the sounds produced by the handpan 100.

Methods of Fabrication

[0046] Provided herein are methods for fabrication of handpans 100 using
hydroforming. In many cases, fabrication of handpans 100 described herein can comprise the
use of a mold 200, e.g., to improve the speed and reproducibility of handpan 100 fabrication
while reducing the cost and technical difficulty associated with handpan 100 fabrication
compared to existing technologies. In some cases, improvements to speed, reproducibility, cost,
and ease of use can result from processes of molded hydroforming disclosed herein and can
allow an artisan to form intonation features in the shell of the handpan 100 during initial
formation (e.g., “sinking”) of the shell, e.g., as opposed to requiring an additional series of steps
to manually form the intonation features after the blank shell has been formed or “sunk.” In
many cases, a plurality of intonation features can be formed simultaneously in a handpan shell
(e.g., a top shell) using the methods and systems disclosed herein. In many cases, a handpan
shell produced by hydroforming with a mold 200 can be free from tooling marks.

[0047] For example, most existing technologies first require the sinking of a shell (e.g., a
top shell 110), then sequential and manual introduction of intonation features into the shell (e.g.,
formation of dimples 170 onto the shell followed by formation of notes (e.g., note fields 160),
and then the logo 195). Using the methods and systems disclosed herein, a shell (e.g., a top shell
110) comprising one or more features (e.g., intonation features and/or logos or decorative
embellishments 195) can be formed via a reduced number of steps and in less time (e.g., one
minute or less) by hydroforming the shell into a mold 200 comprising the one or more features

(e.g., intonation features and/or logos or decorative embellishments 195).
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[0048] In some cases, a handpan 100 can be formed by a process comprising (i)
hydroforming a top shell 110 into a first mold 200 comprising a first set of one or more features
(e.g., intonation features and/or logos or decorative embellishments 195), (i1) adjusting the
features of the hydroformed top shell 110 (e.g , to achieve the desired set of musical features, for
example by reshaping the molded intonation features of the top shell 110), (iii) providing a
bottom shell 120 comprising one or more features (e.g., a port 125), (iv) optionally adjusting the
one or more features of the bottom shell 120 (e.g., to achieve a desired shape and/or musical
quality), and (v) joining the top shell 110 to the bottom shell 120 (e.g., by applying an adhesive
to the rim 130 of the bottom shell 120 and pressing the rim 130 of the top shell 110 onto the rim
130 of the bottom shell 120 to form the hollow body of the handpan 100). A similar or identical
hydroforming method can be employed for the formation of both the top shell 110 and the
bottom shell 120 of a handpan 100. An example of a method of fabricating a handpan 100 using
amold, in accordance with embodiments herein, is shown in FIG. 12. In some cases, a handpan
100 of the present disclosure comprises a top shell 110 formed using a hydroforming method
described herein and a bottom shell 120, optionally wherein the bottom shell 120 is formed by
one or more of hydroforming, hammering, pressing, spinning or rolling.

[0049] Hydroforming a handpan shell, such as a top shell 110 of a handpan 100, may
comprise providing a handpan mold 200, as described herein. As shown in FIG. 2 and FIG. 3A,
the mold 200 can comprise a shape 220 complementary to an intended shape of a shell of a
handpan 100 (e.g., a top shell 110 of the handpan 100). The complementary shape 220 of the
mold 200 may be either concave or convex. In many cases, an intended shape of a shell (e.g.,
top shell 110) of a handpan 100 can comprise one or more features, such as one or more dimples
170, one or more domes 180, one or more notes (e.g., 150 or 160), one or more logos 195 and/or
one or more ports 125. As described herein, molds 200 can be created and used to produce a
desired quantity and arrangement of features in the hydroformed shell. For example, a mold 200
can be generally bowl shaped and can comprise protrusions in the inverted shape of desired
features, such as flat areas to produce note fields 160, raised areas to produce dimples and
inpexes 170, and recesses to produce domes and apexes 180. Alternatively, a mold 200 can be
generally an inverted bowl shape and can comprise protrusions in the shape of desired features,
such as flat areas to produce note fields 160, recesses to produce dimples and inpexes 170, and
raised areas to produce domes and apexes 180.

[0050] Hydroforming methods disclosed herein may comprise providing a plate (e.g., a
metal sheet selected from thicknesses and metal types described herein) in proximity to the mold

200. The plate can be placed in proximity to the mold 200, for example, by clamping the plate
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between a pair of ring clamps. In some cases, one of the ring clamps used to secure the metal
sheet can comprise a mold 200, the mold 200 comprising one or more features to be formed in
the shell created from the metal sheet during hydroforming.

[0051] In many cases, a gasket is clamped between the ring clamps, e.g., to reduce
leakage. In some cases, the gasket comprises a bead of handpan sealant glue (e.g., which is
allowed to dry before clamping of the metal sheet between the ring clamps). In some cases, the
clamping system is secured with a series of bolts (e.g., bolts having a diameter of approximately
1.5 inches (3.81 cm), and a length of 6 inches (15.24 cm)), which can be tightened in a star
pattern or approximation thereof to ensure equal loading of the system. In many cases,
establishing the clamping pressure allows forces within the clamped system to equalize before a
forming force is added to deform the metal.

[0052] In many embodiments, a fluid (e.g., a fluid comprising at least 90% water, such
as at least 95% water) is introduced under pressure into the clamped system to establish a
forming pressure. The forming pressure can be established by introducing pressurized water to
the clamped system via high pressure lines and a fluid pressurization source (e.g., a pressure
washer). In many cases, a forming pressure is less than 4,000 bar, less than 3,000 bar, less than
2,000 bar, less than 1,000 bar, less than 500 bar, or less than 100 bar, such as less than 500 bar.
In some embodiments, the fluid is pressurized to 20 bar to 4,000 bar. In some embodiments, the
fluid is pressurized to 20 bar to 50 bar, 20 bar to 100 bar, 20 bar to 150 bar, 20 bar to 200 bar, 20
bar to 225 bar, 20 bar to 250 bar, 20 bar to 300 bar, 20 bar to 400 bar, 20 bar to 500 bar, 20 bar
to 1,000 bar, 20 bar to 2,000 bar, 20 bar to 3,000 bar, 20 bar to 4,000 bar, 50 bar to 100 bar, 50
bar to 150 bar, 50 bar to 200 bar, 50 bar to 225 bar, 50 bar to 250 bar, 50 bar to 300 bar, 50 bar
to 400 bar, 50 bar to 500 bar, 50 bar to 1,000 bar, 50 bar to 2,000 bar, 50 bar to 3,000 bar, 50 bar
to 4,000 bar, 100 bar to 150 bar, 100 bar to 200 bar, 100 bar to 225 bar, 100 bar to 250 bar, 100
bar to 300 bar, 100 bar to 400 bar, 100 bar to 500 bar, 100 bar to 1,000 bar, 100 bar to 2,000 bar,
100 bar to 3,000 bar, 100 bar to 4,000 bar, 150 bar to 200 bar, 150 bar to 225 bar, 150 bar to 250
bar, 150 bar to 300 bar, 150 bar to 400 bar, 150 bar to 500 bar, 150 bar to 1,000 bar, 150 bar to
2,000 bar, 150 bar to 3,000 bar, 150 bar to 4,000 bar, 200 bar to 225 bar, 200 bar to 250 bar, 200
bar to 300 bar, 200 bar to 400 bar, 200 bar to 500 bar, 200 bar to 1,000 bar, 200 bar to 2,000 bar,
200 bar to 3,000 bar, 200 bar to 4,000 bar, 225 bar to 500 bar, 225 bar to 1,000 bar, 225 bar to
2,000 bar, 225 bar to 3,000 bar, 225 bar to 4,000 bar, 500 bar to 1,000 bar, 500 bar to 2,000 bar,
500 bar to 3,000 bar, 500 bar to 4,000 bar, 1,000 bar to 2,000 bar, 1,000 bar to 3,000 bar, 1,000
bar to 4,000 bar, 2,000 bar to 3,000 bar, 2,000 bar to 4,000 bar, or 3,000 bar to 4,000 bar, such
as 20 bar to 225 bar. In some embodiments, the fluid is pressurized to about 20 bar, 50 bar, 100
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bar, 150 bar, 200 bar, 225 bar, 250 bar, 300 bar, 400 bar, 500 bar, 1,000 bar, 2,000 bar, 3,000
bar, or about 4,000 bar. In some embodiments, the fluid is pressurized to at least 20 bar, 50 bar,
100 bar, 150 bar, 200 bar, 225 bar, 250 bar, 300 bar, 400 bar, 500 bar, 1,000 bar, 2,000 bar,
3,000 bar, or at least 4,000 bar, such as at least 20 bar. In some embodiments, the fluid is
pressurized to at most 50 bar, 100 bar, 150 bar, 200 bar, 225 bar, 250 bar, 300 bar, 400 bar, 500
bar, 1,000 bar, 2,000 bar, 3,000 bar, or 4,000 bar, such as at most 225 bar. In some cases, air is
purged from the system after the fluid is introduced to the system and prior to introduction of the
forming pressure.

[0053] Methods and systems disclosed herein achieve a high degree of contact between
the plate used to form a handpan shell and the mold 200 in which the handpan shell is formed
(e.g., during hydroforming). A plate can be in contact with at least 90%, at least 95%, at least
96%, at least 97%, at least 98%, at least 99%, or at least 99.5% of the mold 200 or a portion of
the mold’s (e.g., substantially convex or concave) shaped surface (e.g., the portion of the mold
200 comprising a shape 220 complementary to one or more intonation feature, for example, that
is out-of-plane with a deck 210 of the mold 200. In many cases, the plate is in contact with

100% of the mold’s shaped surface 220 (e.g., the portion of the mold 200 comprising a shape
complementary to one or more intonation feature, for example, that is out-of-plane with the deck
210 of the mold 200).

[0054] After hydroforming the handpan shell (e.g., the handpan top shell 110 or handpan
bottom shell 120) in the mold 200, the handpan shell (e.g., the handpan top shell 110 or handpan
bottom shell 120) can be removed from the mold 200. A handpan shell can be subject to
deformation (e.g., due to material relaxation) after the pressure used to hydroform the handpan
shell has been released. In some cases, a handpan shell can experience a deformation (e.g.,
linear deformation) of no more than 0.1 mm, no more than 0.2 mm, no more than 0.3 mm, no
more than 0.4 mm, no more than 0.5 mm, no more than 0.6 mm, no more than 0.7 mm, no more
than 0.8 mm, no more than 0.9 mm, no more than 1.0 mm, no more than 1.5 mm, or no more
than 2.0 mm. A method of hydroforming a handpan shell can comprise a step for trimming the
shell (e.g., the top shell 110 and/or the bottom shell 120), for example, to remove excess
material. Optionally, the trimming is performed using a laser.

[0055] A method of forming a top shell 110 of a handpan 100 can comprise the steps of
(a) providing a mold 200 having a mold shape 220 complementary to an intended shape of the
top shell 110 of the handpan 100; (b) providing a plate (e.g., a metal plate) in proximity to the
mold 200; (¢) applying a pressurized fluid to a surface of the plate, thereby causing the plate to
deform into the mold 200, until the plate has deformed into the intended shape (e.g., thereby
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forming the top shell 110 of the handpan 100); and, optionally, (d) removing the top shell 110 of
the handpan 100 from the mold 200 (FIG. 12).

[0056] A method of forming a bottom shell 120 of a handpan 100 can comprise the steps
of (a2) providing a mold 200 having a mold shape 220 complementary to an intended shape of
the bottom shell 120 of the handpan 100; (b2) providing a plate (e.g., a metal plate) in proximity
to the mold 200; (c¢2) applying a pressurized fluid to a surface of the plate, thereby causing the
plate to deform into the mold 200, until the plate has deformed into the intended shape (e.g.,
thereby forming the bottom shell 120 of the handpan 100); (d2) removing the bottom shell 120
of the handpan 100 from the mold 200; and (¢2) opening the port 125, optionally with a drill,
lathe or laser.

[0057] A surface of the top shell 110 or the bottom shell 120 of a handpan 100 can
comprise nitride, according to some embodiments. In some cases, methods of hydroforming a
handpan shell (e.g., a top shell 110 and/or a bottom shell 120) can comprise subjecting the shell
to a process for hardening the surface of the hydroformed shell (e.g., nitriding, carburizing, or
austenitizing). In some cases, the process used for nitriding is gas nitriding.

[0058] In some cases, molded hydroforming of a handpan shell (e.g., steps (a) through
(d)) can be completed in less than 1 day, less than 12 hours, less than 6 hours, less than 1 hour,
less than 30 minutes, less than 15 minutes, less than 10 minutes, less than 9 minutes, less than 8
minutes, less than 7 minutes, less than 6 minutes, less than 5 minutes, less than 4 minutes, less
than 3 minutes, less than 2 minutes, or less than 1 minute, to yield the handpan shell (e.g., top
shell 110) having a plurality of intonation features. In some cases, the aforementioned process or
a portion thereof (e.g., steps (b) to (d)) can be completed at least 5 times, at least 10 times, at
least 15 times, at least 20 times, at least 25 times, at least 30 times, at least 40 times, at least 50
times, or at least 60 times within one hour.

[0059] In some cases, molded hydroforming of a handpan shell (e.g., steps (a2) through
(d2)) can be completed in less than 1 day, less than 12 hours, less than 6 hours, less than 1 hour,
less than 30 minutes, less than 15 minutes, less than 10 minutes, less than 9 minutes, less than 8
minutes, less than 7 minutes, less than 6 minutes, less than 5 minutes, less than 4 minutes, less
than 3 minutes, less than 2 minutes, or less than 1 minute, to yield the handpan shell (e.g., top
shell 110) having a plurality of intonation features. In some cases, the aforementioned process or
a portion thereof (e.g., steps (b2) to (d2)) can be completed at least 5 times, at least 10 times, at
least 15 times, at least 20 times, at least 25 times, at least 30 times, at least 40 times, at least 50

times, or at least 60 times within one hour.
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[0060] In many embodiments, a handpan shell can be hydroformed in a mold 200 at
room temperature. In some cases, the temperature of the process can be increased or decreased.
[0061] In some cases, fabricating a handpan shell by hydroforming with a mold 200
comprises tuning the intonation features of the shell after removing the shell from the mold 200.
For example, a method disclosed herein can comprise tuning one or more notes (e.g., notes 150
and/or 160) of a top shell 110 after removing the top shell from the mold 200 or after nitriding
the top shell 110. In some cases, the notes on a handpan 100 are tuned to a musical scale. In
some cases, a single mold 200 can be used to tune a handpan shell to one of a plurality of scales.
For example, a handpan shell formed from 19-gauge 1008 cold rolled steel and having a 19 7/8
inch diameter comprising 7 notes or 8 notes and a central note 150 can be tuned, for example, to

scales that include those shown in Table 1.

Table 1: Exemplary Scales and Corresponding Frequencies Easily Achieved with a Single
Handpan Hydroforming Mold

Musical Notes of Scale Frequencies of Scale

D3/ A3, C4, D4, E4, F4, G4, 146.832 Hz/ 220 Hz, 261.626 Hz, 293.665 Hz, 311.127
A4 Hz, 349.228 Hz, 391.995 Hz, 440 Hz

D3/ A3, C#4, D4, B4, F#4, G4, | 146.832 Hz/ 220 Hz, 271.18 Hz, 293.665 Hz, 311.127 Hz,
A4 369.99Hz, 391.995 Hz, 440 Hz

D3/ A3, C4, D4, Eb4, F#4, G4, | 146.832 Hz/ 220 Hz, 261.626 Hz, 293.665 Hz, 311.127
A4 Hz, 369.99 Hz, 391.995 Hz, 440 Hz

Eb3/Bb3, Db4, Eb4, F4, Gb4, | 155.563 Hz/ 233.08 Hz, 271.18 Hz, 311.127 Hz, 349.228
Ab4, Bb4 Hz, 369.99 Hz, 440 Hz, 466.16 Hz

Eb3/Bb3, D4, Eb4, F4, G4, 155.563 Hz/ 233.08 Hz, 293.665 Hz, 311.127 Hz, 349.228
Ab4, Bb4 Hz, 391.995 Hz, 440 Hz, 466.16 Hz

D3/ A3, C4, D4, E4, F4, G4, 146.832 Hz/ 220 Hz, 261.626 Hz, 293.665 Hz, 311.127
A4, C5 Hz, 349.228 Hz, 391.995 Hz, 523.251 Hz

D3/ A3, Bb3, C4, D4, F4, F4, | 146.832 Hz/ 220 Hz, 233.08 Hz, 261.626 Hz, 293.665 Hz,
G4, A4 311.127 Hz, 349.228 Hz, 391.995 Hz, 440 Hz
[0062] In some cases, a mold can be used to manufacture a handpan having a plurality of

intonation features shaped to produce a plurality of the musical notes of a musical scale listed in
Table 1, Table 2, or Table 3 (Table 2 is reproduced in FIG. 17A, FIG. 17B, FIG. 17C, and FIG.
17D, and Table 3 is reproduced in FIG. 18). Using the molded hydroforming process, it is
possible to achieve any 7, 8, 9, or 10 note scales ranging from B2 (e.g., 123.47 Hz) up to F5
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(739.99 Hz), for example, by varying the diameter of the handpan shell, the material used, the
thickness of the material of the handpan (e.g., the initial thickness of a plate before a handpan
hydroforming process), and/or the shape of the intonation features.

[0063] For example, Table 2 shows examples of different musical scales easily achieved
in a handpan comprising 7 note fields arranged in a note ring (listed as the second, third, fourth,
fifth, sixth, seventh, and eighth notes in each row of Table 2 and separated from one another by
commas) and, optionally, one central note (listed as the first note in each row of Table 2 and
separated from the other notes by a diagonal slash symbol (“/7)), e.g., simply by changing the
material of the handpan shell or the thickness of the material used to form the handpan shell.
Sixteen examples of musical scales easily achieved using 1.00 mm thick 1008 cold rolled steel
are listed first in Table 2, followed by eight examples of musical scales easily achieved using
1.00 mm thick stainless steel 430 hydroformed on the same handpan mold as the 1.00 mm thick
1008 cold rolled steel handpans. This illustrates that methods and systems described herein can
increase the number and/or variety of musical scales that can be achieved using a single handpan
mold, which can reduce the cost and complexity of manufacturing handpans, e.g., by reducing
the number of molds that must be purchased to achieve the same range of musical scales in
handpans and/or reducing the amount of preparation and/or resources needed to switch out a
first mold capable of producing a first set of musical scales for a second mold that can be used to
achieve a second set of musical scales. Also shown in Table 2 are examples of different musical
scales easily achieved in a handpan comprising 7 note fields arranged in a note ring
and,optionally, one central note, simply by changing the thickness of the material used to form
the handpan shell. Eight examples of musical scales easily achieved using 1.00 mm thick
stainless steel 430, three examples of musical scales easily achieved using 1.15 mm thick
stainless steel 430, and four examples of musical scales easily achieved using 1.25 mm thick
stainless steel 430, all of which can be hydroformed on the same handpan mold (e.g., wherein,
in some embodiments, the handpan mold lacks a feature capable of forming a central note in a
shell), are listed in Table 2. This further illustrates methods and systems for increasing the
variety of musical scales easily achieved using a single handpan mold, as described herein,
which can reduce the cost and complexity of manufacturing handpans. Altering the thickness of
the material to achieve different (e.g., additional) musical scales in handpans created from a
single mold and a single material in this manner can yield similar results using other materials
(e.g., 0.90 mm thick 1008 cold rolled steel, 0.95 mm thick 1008 cold rolled steel, 1.00 mm thick
1008 cold rolled steel, 1.05 mm thick 1008 cold rolled steel, 1.10 mm thick 1008 cold rolled
steel, 1.15 mm thick 1008 cold rolled steel, or 1.25 mm thick 1008 cold rolled steel).
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a Single Handpan Hydroforming Mold

Musical Notes of

Example Scale

Frequencies of Example Scale

1.00 mm 1008 Cold Rolled Steel

C#3/ G#3, B3, C#4, DH4,

138.59 Hz/ 207.65 Hz, 246.94 Hz, 277.18 Hz, 311.13 Hz, 329.63

E4, F#4, G#4 Hz, 369.99 Hz, 415.3 Hz
C#3/ G#3, A3, C#4, D#4, | 138.59 Hz/ 207.65 Hz, 220 Hz, 277.18 Hz, 311.13 Hz, 329.63 Hz,
E4, F#4, G#4 369.99 Hz, 415.3 Hz
C#3/ G#3, B3, C#4, D#4, | 138.59 Hz/ 207.65 Hz, 246.94 Hz, 277.18 Hz, 311.13 Hz, 329.63
E4, G#4, A4 Hz, 415.30 Hz, 440 Hz
D3/ A3, C#4, D4, E4, | 146.83 Hz/ 220 Hz, 277.18 Hz, 293.66 Hz, 329.63 Hz, 369.99 Hz,
F#4, G4, A4 392 Hz, 440 Hz
D3/ A3, B3, D4, E4, F#4, | 146.83 Hz/ 220 Hz, 246.94 Hz, 293.66 Hz, 329.63 Hz, 369.99 Hz,
G4, Ad 392 Hz, 440 Hz
D3/ A3, C4, D4, E4, F#4, | 146.83 Hz/ 220 Hz, 261.63 Hz, 293.66 Hz, 329.63 Hz, 369.99 Hz,
G4, Ad 392 Hz, 440 Hz
D3/ A3, B3, C#4, D4, E4, | 146.83 Hz/ 220 Hz, 246.94 Hz, 277.18 Hz, 293.66 Hz, 329.63 Hz,
F#4, A4 369.99 Hz, 440 Hz
D3/ A3, C4, D4, E4, F4, | 146.83 Hz/ 220 Hz, 261.63 Hz, 293.66 Hz, 329.63 Hz, 349.23 Hz,
G4, Ad 392 Hz, 440 Hz
D3/ A3, Bb3, D4, E4, F4, | 146.83 Hz/ 220 Hz, 233.08 Hz, 293.66 Hz, 329.63 Hz, 349.23 Hz,
G4, Ad 392 Hz, 440 Hz
D3/ A3, Bb3, D4, E4, F4, | 146.83 Hz/ 220 Hz, 233.08 Hz, 293.66 Hz, 329.63 Hz, 349.23 Hz,
A4, C5 440 Hz, 52325 Hz
D3/ A3, C4, D4, E4, F4, | 146.83 Hz/ 220 Hz, 261.63 Hz, 293.66 Hz, 329.63 Hz, 349.23 Hz,
A4, Bb4 440 Hz, 466.16 Hz
D3/ A3, C4, D4, E4, F4, | 146.83 Hz/ 220 Hz, 261.63 Hz, 293.66 Hz, 329.63 Hz, 349.23 Hz,
A4, C5 440 Hz, 523.25 Hz
D3/ A3, C4, D4, F4, G4, | 146.83 Hz/ 220 Hz, 261.63 Hz, 293.66 Hz, 349 23 Hz, 392 Hz, 440
A4, C5 Hz, 523.25 Hz
D3/ A3, C4, D4, Eb4, | 146.83 Hz/ 220 Hz, 261.63 Hz, 293.66 Hz, 311.13 Hz, 369.99 Hz,
F#4, G4, A4 392 Hz, 440 Hz
D3/ A3, Bb3, D4, Ebd, | 146.83 Hz/ 220 Hz, 233.08 Hz, 293.66 Hz, 311.13 Hz, 369.99 Hz,
F#4, G4, A4 392 Hz, 440 Hz
Eb3/ Bb3, C4, Ebd, F4, | 155.56 Hz/ 233.08 Hz, 261.63 Hz, 311.13 Hz, 349.23 Hz, 392 Hz,
G4, Ab4, Bb4 415.30 Hz, 466.16 Hz

-15-




WO 2022/076841

PCT/US2021/054205

1.00 mm Thickness Stainless Steel 430

C3/ G3, A3, C4, D4, E4,
F4, G4

130.81 Hz/ 196 Hz, 220 Hz, 261.63 Hz, 293.66 Hz, 329.63 Hz,
349.23 Hz, 392 Hz

C#3/ GH#3, A#3, CH4,
D#4, F4, F#4, G#4

138.59 Hz/ 207.65 Hz, 233.08 Hz, 277.18 Hz, 311.13 Hz, 349.23
Hz, 369.99 Hz, 415.30 Hz

C#3/ G#3, C4, C#4, D#4,

138.59 Hz/ 207.65 Hz, 261.63 Hz, 277.18 Hz, 311.13 Hz, 349.23

F4, F#4, G#4 Hz, 369.99 Hz, 415.30 Hz

C3/G3, B3, C4, D4, E4, | 130.81 Hz/ 196 Hz, 246.94 Hz, 261.63 Hz, 293.66 Hz, 329.63 Hz,

F4, G4 349.23 Hz, 392 Hz

C#3/ G#3, C4, C#4, D#4, | 138.59 Hz/ 207.65 Hz, 261.63 Hz, 277.18 Hz, 311.13 Hz, 349.23
F4, F#4, G#4 Hz, 369.99 Hz, 415.30 Hz

C#3/ G#3, B3, C#4, D#4, | 138.59 Hz/ 207.65 Hz, 246.94 Hz, 277.18 Hz, 311.13 Hz, 329.63
B4, F#4, G#4 Hz, 369.99 Hz, 415.30 Hz

C#3/ G#3, A3, C#4, D#4, | 138.39 Hz/ 207.65 Hz, 220 Hz, 277.18 Hz, 311.13 Hz, 329.63 Hz,
B4, F#4, G#4 369.99 Hz, 415.30 Hz

C#3/ G#3, B3, C#4, D#4, | 138.59 Hz/ 207.65 Hz, 246.94 Hz, 277.18 Hz, 311.13 Hz, 329.63
E4, G#4, Ad Hz, 415.30 Hz, 440 Hz

1.15 mm Thickness Stainless Steel 430

Eb3/ Bb3, C4, D4, Eb4,

155.56 Hz/ 233.08 Hz, 261.63 Hz, 293.66 Hz, 311.13 Hz, 349.23

F4, G4, Bb4 Hz, 392 Hz, 466.16 Hz
Eb3/ Bb3, B3, Dbd, Ebd, | 155.56 Hz/ 233.08 Hz, 246.94 Hz, 277.18 Hz, 311.13 Hz, 349.23
F4, Gb4, Bb4 Hz, 369.99 Hz, 466.16 Hz
Eb3/ Bb3, B3, D4, Eb4, | 155.56 Hz/ 233.08 Hz, 246.94 Hz, 293.66 Hz, 311.13 Hz, 349.23
F4, Gb4, Bb4 Hz, 369.99 Hz, 466.16 Hz

1.25 mm Thickness Stainless Steel 430

F#3/ C#4, D#4, F4, F#4,

185 Hz/277.18 Hz, 311.13 Hz, 349.23 Hz, 369.99 Hz, 415.30 Hz,

G#4, A#4, C#5 466.16 Hz, 554.37 Hz

F#3/ C#4, D4, E4, F#4, | 185 Hz/ 277.18 Hz, 293.66 Hz, 329.63 Hz, 369.99 Hz, 415.30 Hz,
G#4, A4, CH5 440 Hz, 554 37 Hz

F#3/ A3, C#4, E4, F#4, | 185 Hz/ 220 Hz, 277.18 Hz, 329.63 Hz, 369.99 Hz, 415.30 Hz, 440
G#4, A4, CH5 Hz, 55437 Hz

F#3/ C#4, D4, F4, F#4, | 185 Hz/ 277.18 Hz, 293.66 Hz, 349.23 Hz, 369.99 Hz, 415.30 Hz,
G#4, A4, CH5 440 Hz, 554 .37 Hz
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[0064] In some cases, a handpan mold can comprise one or more features (e.g., a
plurality of features) shaped to produce a handpan or portion thereof (e.g., handpan shell) having
one or more notes (e.g., note fields), wherein the one or more notes are shaped to produce one or
more musical notes of a scale listed in Table 1, Table 2, or Table 3. For example, a handpan
comprising 8 notes (e.g., in a note ring of the handpan), optionally including one or more
additional notes (¢.g., a central note and/or one or more additional notes, for example, which
may be outside of a note ring), can be formed in any of the musical scales listed in Table 3 using
methods and systems disclosed herein (e.g., using 1008 cold-rolled steel having a thickness of
1.00 mm). In some embodiments, a handpan can be formed using methods and/or systems
disclosed herein to include the final 8 musical notes of any scale group listed in Table 3, for
example, wherein the handpan comprises 8 note fields in a note ring of the handpan shaped to
produce the final 8 musical notes (e.g., which are separated by commas in Table 3) of a scale
group listed in Table 3. Optionally, the handpan can also comprise one or more additional notes
not in the note ring, e.g., a central note shaped to produce the first musical note listed in the
same scale group listed in Table 3 (e.g., which is shown in Table 3 as separated from the other
notes of the scale group by a diagonal slash symbol (“/”)) as the notes in the note ring.

[0065] For example, a handpan mold can comprise a plurality of features (e.g., arranged
in a note ring), wherein the features are shaped such that a handpan top shell produced from the
mold will comprise intonation features (e.g., arranged in a note ring) according to some or all of
the second, third, fourth, fifth, sixth, seventh, and eighth musical notes listed in a scale group of
Table 3 (e.g., Scale Group 1D of Table 3, in which the second, third, fourth, fifth, sixth, seventh,
and eighth musical notes A3, C4, D4, E4, F4, G4, A4, and Bb4). The handpan mold can also comprise
a feature (e.g., positioned on the handpan mold as a central note) shaped such that the handpan
top shell produced from the mold will comprise an intonation feature (e.g., positioned on the
handpan shell as a central note) according to the first musical note listed in a scale group of
Table 3 (e.g., the same scale group as the notes of the note ring, for example, musical note A2 in

scale 1D of Table 3).

Table 3: Additional Scales and Corresponding Frequencies Easily Achieved with a Single
Handpan Hydroforming Mold

Scale | Musical Notes Musical Notes of Frequencies of Example Scale
Group of General Example Scale
Scale
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1A G#/ G#, A, C#, | G#2/ G#3, A3, C#4, D4, | 103.825 Hz/ 207.65 Hz, 220 Hz,
D, F, F#, G#, C# F4, F#4, G#4, C#5 | 277.18 Hz, 293.66 Hz, 349.23 Hz,
369.99 Hz, 415.30 Hz, 554.37 Hz
1B G#/ G#, B, C#, G#2/ G#3, B3, C#4, | 103.825 Hz/ 207.65 Hz, 246.94 Hz,
D# E, F# G#, | D#4, E4, F#4, G#4, C#5 | 277.18 Hz, 311.13 Hz, 329.63 Hz,
CH 369.99 Hz, 415.30 Hz, 554.37 Hz
1C G#/ G#, C. C#, G#2/ G#3, C4, C#4, | 103.825 Hz/ 207.65 Hz, 261.63 Hz,
D#,F, F4, G#, | D#4, F4, F#4, G#4, C#5 | 277.18 Hz, 311.13 Hz, 349.23 Hz,
CH 369.99 Hz, 415.30 Hz, 554.37 Hz
ID | A/A,C,D,E F, | A2/ A3, C4, D4, E4, F4_ | 110 Hz/ 220 Hz, 261.63 Hz, 293.66
G. A, Bb G4, A4, Bb4 Hz, 329.63 Hz, 349.23 Hz, 392 Hz,
440 Hz, 466.16 Hz
IE | A/A,C,D,E.F, | A2/ A3, C4, D4, E4 F4, | 110 Hz/ 220 Hz, 261 .63 Hz, 293.66
G.A.C G4, A4, C5 Hz, 329.63 Hz, 349.23 Hz, 392 Hz,
440 Hz, 52325 Hz
IF A/A,Bb,D,E. | A2/A3,Bb3, D4, E4, | 110 Hz/ 220 Hz, 233.08 Hz, 293.66
F.G.A.C F4, G4, A4, C5 Hz, 329.63 Hz, 349.23 Hz, 392 Hz,
440 Hz, 52325 Hz
IG | A/A.Bb,D,Eb, | A2/ A3, Bb3, D4, Eb4, | 110 Hz/ 220 Hz, 233.08 Hz, 293.66
F4, G, A, Bb F#4, G4, A4, Bb5 Hz, 311.13 Hz, 369.99 Hz, 392 Hz,
440 Hz, 93233 Hz
IH | A/A,Bb,D, Eb, | A2/ A3, Bb3, D4, Eb4, | 110 Hz/ 220 Hz, 233.08 Hz, 293.66
F.G, A, Bb F4, G4, A4, Bb5 Hz, 311.13 Hz, 349.23 Hz, 392 Hz,
440 Hz, 93233 Hz
1-1 A/,A,C,D,Eb, | A2/,A3,C4, D4 Ebd, | 110 Hz/ 220 Hz, 26163 Hz, 293.66
F# G, A, C F#4, G4, A4, C5 Hz, 311.13 Hz, 369.99 Hz, 392 Hz,
440 Hz, 523.25Hz
1J A/,A,C#£ D, E, | A2/, A3,C#4, D4 E4, | 110 Hz/ 220 Hz, 277.18 Hz, 293.66
F# G, A, C# F#4, G4, A4, CH#5 Hz, 329.63 Hz, 369.99 Hz, 392 Hz,
440 Hz, 55437 Hz
2A CH#/ G#, A, CH#, | C#3/ G#3, A3, CH#4, D4, | 138.59 Hz/ 207.65 Hz, 220 Hz,
D, F, F4, G#, C# F4, F#4, G#4, C#5 | 277.18 Hz, 293.66 Hz, 349.23 Hz,
369.99 Hz, 415.3 Hz, 554.37 Hz
2B C#/ G#. B, C#, C#3/ G#3, B3, C#4, | 138.59 Hz/ 207.65 Hz, 246.94 Hz,
D# E, F# G#, | D#4, E4, F#4, G#4, C#5 | 277.18 Hz, 311.13 Hz, 329.63 Hz,
C# 369.99 Hz, 415.3 Hz, 554.37 Hz
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2C C#/ GH, C, CH, C#3/G#3, C4, C#4, | 138.59 Hz/ 207.65 Hz, 26163 Hz,
D#, F, F#, G#, | D#4, F4, F#4, G#4, C#5 | 277.18 Hz, 311.13 Hz, 349.23 Hz,
CH 369.99 Hz, 415.3 Hz, 554.37 Hz
2D | D/A.C.D,E.F, | D3/ A3, C4, D4, E4, F4, | 146.83 Hz/ 220 Hz, 261.63 Hz,
G. A, Bb G4, A4, Bb4 293.66 Hz, 329.63 Hz, 349.23 Hz,
392 Hz, 440 Hz, 466.16 Hz
2E | D/A,C.D,E.F, | D3/ A3, C4, D4, E4, F4, | 146.83 Hz/ 220 Hz, 261.63 Hz,
G.A.C G4, A4, C5 293.66 Hz, 329.23 Hz, 349.23 Hz,
392 Hz, 440 Hz, 523.25 Hz
2F D/A,Bb,D,E, | D3/A3, Bb3, D4, E4, | 146.83 Hz/ 220 Hz, 233.08 Hz,
F.G.A.C F4, G4, A4, C5 293.66 Hz, 329.63 Hz, 349.23 Hz,
392 Hz, 440 Hz, 523.25 Hz
2G | D/A.Bb,D,Eb, | D3/A3,Bb3, D4, Eb4, | 146.83 Hz/ 220 Hz, 233.08 Hz,
F# G, A, C F#4, G4, A4, C5 293.66 Hz, 311.13 Hz, 369.99 Hz,
392 Hz, 440 Hz, 523.25 Hz
2H | D/A.Bb,D,Eb, | D3/A3,Bb3, D4, Eb4, | 146.83 Hz/ 220 Hz, 233.08 Hz,
F.G.A.C F4, G4, A4, C5 293.66 Hz, 311.13 Hz, 349.23 Hz,
392 Hz, 440 Hz, 523.25 Hz
2-1 D/A,C.D.Eb, | D3/A3,C4 D4, Eb4, | 146.83 Hz/ 220 Hz, 261.63 Hz,
F#, G, A, C F#4, G4, A4, C5 293.66 Hz, 311.13 Hz, 369.99 Hz,
392 Hz, 440 Hz, 523.25 Hz
2] D/A.C.D.E, | D3/A3, C#4 D4 E4, | 14683 Hz/ 220 Hz, 277.18 Hz,
F# G, A, C# F#4, G4, A4, CH#5 293.66 Hz, 329.63 Hz, 369.99 Hz,
392 Hz, 440 Hz, 554.37 Hz
2K Eb/ Bb, Db, Eb, | Eb3/ Bb3, Db4, Ebd, F4, | 15556 Hz/ 233.08 Hz, 277.18 Hz,
F. Gb, Ab, Bb, Gb4, Ab4, Bb4, Db5 | 311.13 Hz, 349.23 Hz, 369.99 Hz,
Db 415.30 Hz, 466.16 Hz, 554.37 Hz
3A Eb/ Ab, Bb, Db, | Eb3/Ab3, Bb3.Db4, | 155.56 Hz/ 207.65 Hz, 233.08 Hz,
Eb, F, Gb, Ab, | Eb4, F4, Gb4, Ab4, Bb4 | 277.18 Hz, 311.13 Hz, 349.23 Hz,
Bb 369.99 Hz, 415.30 Hz, 466.16 Hz
3B Eb/ Ab, Bb, Db, | Eb3/Ab3, Bb3.Db4, | 155.56 Hz/ 207.65 Hz, 233.08 Hz,
Eb. Gb, Ab, Bb, | Eb4. Gb4, Ab4, Bb4, |277.18 Hz, 311.13 Hz, 349.23 Hz,
Db Db 369.99 Hz, 415.30 Hz, 466.16 Hz
3C Eb/Bb, B, Db, | Eb3/ Bb3, B3, Db4, Eb4, | 155.56 Hz/ 233.08 Hz, 246.94 Hz,
Eb, F, Gb, Ab, F4, Gb4, Ab4, Bb4 | 277.18 Hz, 311.13 Hz, 349.23 Hz,
Bb 369.99 Hz, 415.30 Hz, 466.16 Hz
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3D | Eb/Bb, B, D, Eb, | Eb3/Bb3, B3, D4, Eb4, | 15556 Hz/ 233.08 Hz, 246.94 Hz,
F., Gb, Ab, Bb F4, Gb4, Ab4, Bb4 | 293.66 Hz, 311.13 Hz, 349.23 Hz,
369.99 Hz, 415.30 Hz, 466.16 Hz
3E Eb/ Bb, B, Db, | Eb3/ Bb3, B3, Db4, Eb4, | 155.56 Hz/ 233.08 Hz, 246.94 Hz,
Eb, E. G, Ab, Bb E4, G4, Ab4, Bb4 | 277.18 Hz, 311.13 Hz, 329.63 Hz,
392 Hz, 415.30 Hz, 466.16 Hz
3F Eb/ Bb, B, Db, | Eb3/ Bb3, B3, Db4. Eb4, | 155.56 Hz/ 233.08 Hz, 246.94 Hz,
Eb, F, Gb, Bb, F4, Gb4, Bb4, Db5 | 277.18 Hz, 311.13 Hz, 349.23 Hz,
Db 369.99 Hz, 466.16 Hz, 554.37 Hz
3G Eb/ Ab, Bb, B, | Eb3/ Ab3, Bb3, B3, Eb4, | 155.56 Hz/ 207.65 Hz, 233.08 Hz,
Eb, F, Gb, Ab, F4, Gb4, Ab4, Bb4 | 246.94 Hz, 311.13 Hz, 349.23 Hz,
Bb 369.99 Hz, 415.30 Hz, 466.16 Hz
3H F/Bb,C. Db, F, | F3/Bb3,C4, Dbd, F4, | 174.61 Hz/ 233.08 Hz, 261.63 Hz,
G, Ab, Bb, C G4, Ab4, Bb4, C5 277.18 Hz, 349.23 Hz, 392 Hz,
415.30 Hz, 466.16 Hz, 523.25 Hz
3-1 F/Bb,C.Db,F, | F3/Bb3,C4, Db4, F4, | 174.61 Hz/ 233.08 Hz, 261.63 Hz,
Gb, Ab, Bb, C Gb4, Ab4, Bb4, C5 | 277.18 Hz, 349.23 Hz, 369.99 Hz,
415.30 Hz, 466.16 Hz, 523.25 Hz
3] F/Bb, C,Eb F, | F3/Bb3,C4, Eb4 F4, | 174.61 Hz/ 233.08 Hz, 261.63 Hz,
G, Ab, Bb, C G4, Ab4, Bb4, C5 311.13 Hz, 349.23 Hz, 392 Hz,
415.30 Hz, 466.16 Hz, 523.25 Hz
3K | F/Bb,C.E F,G, | F3/Bb3, C4, E4, F4, G4, | 174.61 Hz/ 233.08 Hz, 261.63 Hz,
A, Bb, C A4, Bb4, C5 329.63 Hz, 349.23 Hz, 392 Hz, 440
Hz, 466.16 Hz, 523.25 Hz
4A | Eb/ Ab, Bb, C. D, | Eb3/ Ab3, Bb3, C4, D4, | 155.56 Hz/ 207.65 Hz, 233.08 Hz,
Eb. F. G, Bb Eb4, F4, G4, Bb4 261.63 Hz, 293.66 Hz, 311.13 Hz,
34923 Hz, 392 Hz, 466.16 Hz
4B F/A,C,D.E F. | F3/A3,C4, D4, E4, F4, | 174.61 Hz/ 220 Hz, 261.63 Hz,
G.A.C G4, A4, C5 293.66 Hz, 329.63 Hz, 349.23 Hz,
392 Hz, 440 Hz, 523.25 Hz
4C | F/A.Bb,C. EF, | F3/A3, Bb3, C4, E4, F4, | 174.61 Hz/ 220 Hz, 233.08 Hz,
A, Bb, C A4, Bb4, C53 261.63 Hz, 329.63 Hz, 349.23 Hz,
440 Hz, 466.16 Hz, 523.25 Hz
4D F/Bb,B,D,Eb, | F3/Bb3, B3, D4, Ebd, | 174.61 Hz/ 233.08 Hz, 246.94 Hz,
F, Gb, Ab, Bb F4, Gb4, Ab4, Bb4 | 293.66 Hz, 311.13 Hz, 349.23 Hz,
369.99 Hz, 415.30 Hz, 466.16 Hz
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AE | F/Bb, B, Db, Eb, | F3/Bb3, B3, Db4, Ebd, | 174.61 Hz/ 233.08 Hz, 246.94 Hz,
F., Gb, Ab, Bb F4, Gb4, Ab4, Bb4 | 277.18 Hz, 311.13 Hz, 349.23 Hz,
369.99 Hz, 415.30 Hz, 466.16 Hz
4F | F/Bb, C, Db, Eb, | F3/Bb3, C4, Db4, Eb4, | 174.61 Hz/ 233.08 Hz, 261.63 Hz,
F., Gb, Ab, Bb F4, Gb4, Ab, Bb4 277.18 Hz, 311.13 Hz, 349.23 Hz,
369.99 Hz, 415.30 Hz, 466.16 Hz
4G | F/Bb, C. Db, Eb, | F3/Bb3, C4, Db4, Eb4, | 174.61 Hz/ 233.08 Hz, 261.63 Hz,
F, G, Ab, Bb F4, G4, Ab4, Bb4 277.18 Hz, 311.13 Hz, 349.23 Hz,
392 Hz, 415.3 Hz, 466.16 Hz
4H F/Bb,C,D,Eb, | F3/Bb3,C4, D4, Ebd, | 174.61 Hz/ 233.08 Hz, 26163 Hz,
F. G, Ab, Bb F4, G4, Ab4, Bb4 293.66 Hz, 311.13 Hz, 349.23 Hz,
392 Hz, 415.3 Hz, 466.16 Hz
A1 F/Bb,C,Db E, | F3/Bb3,C4, Dbd, F4, | 174.61 Hz/ 233.08 Hz, 26163 Hz,
F. G, Ab, Bb F4, G4, Ab4, Bb4 277.18 Hz, 329.63 Hz, 349.23 Hz,
392 Hz, 415.3 Hz, 466.16 Hz
4] | F/Bb,C,D,E,F, | F3/Bb3, C4, D4, E4, F4, | 174.61 Hz/ 233.08 Hz, 261.63 Hz,
G.A.C G4, A4, C5 293.66 Hz, 329.63 Hz, 349.23 Hz,
392 Hz, 440 Hz, 523.25 Hz
4K F/Bb, C,Db,E. | F3/Bb3,C4, Db4, E4, | 174.61 Hz/ 233.08 Hz, 261.63 Hz,
F.G, Ab, C F4, G4, Ab4, C5 277.18 Hz, 329.63 Hz, 349.23 Hz,
392 Hz, 415.30 Hz, 523.25 Hz
SA | F/Bb,C, Db, Eb, | F3/Bb3, C4, Db4, Eb4, | 174.61 Hz/ 233.08 Hz, 261.63 Hz,
F.G, Ab, C F4, G4, Ab4, C5 277.18 Hz, 311.13 Hz, 349.23 Hz,
392 Hz, 415.30 Hz, 523.25 Hz
SB | F/Bb, C,Db, Eb, | F3/Bb3, C4, Db4, Eb4, | 174.61 Hz/ 233.08 Hz, 261.63 Hz,
F. Gb, Bb, C F4, Gb4, Bb4, C5 277.18 Hz, 311.13 Hz, 349.23 Hz,
369.99 Hz, 466.16 Hz, 523.25 Hz
SC | F/Ab, C, Db, Eb, | F3/ Ab3, C4, Db4, Eb4, | 174.61 Hz/ 207.65 Hz, 261.63 Hz,
F.G, Ab, C F4, G4, Ab4, C5 277.18 Hz, 311.13 Hz, 349.23 Hz,
392 Hz, 415.30 Hz, 523.25 Hz
5D F/Ab, C,D, Eb, | F3/Ab3, C4, D4, Eb4, | 174.61 Hz/ 207.65 Hz, 261.63 Hz,
F.G, Ab, C F4, G4, Ab4, C5 293.66 Hz, 311.13 Hz, 349.23 Hz,
392 Hz, 415.30 Hz, 523.25 Hz
5E F/Ab,C,Db, E, | F3/Ab3, C4, Db4,E4, | 174.61 Hz/ 207.65 Hz, 261.63 Hz,
F.G, Ab, C F4, G4, Ab4, C5 277.18 Hz, 329.63 Hz, 349.23 Hz,

392 Hz, 415.30 Hz, 52325 Hz
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SF | F#/ G# A, CA E, | F#3/G#3, A3, C#4, B4, | 185 Hz/ 207.65 Hz, 220 Hz, 277.18
F# G# A, C# F#4, G#4, A4, C#5 Hz, 329.63 Hz, 369.99 Hz, 415.30
Hz, 440 Hz, 554.37 Hz
3G F#/ A#, C#, D#, | F#3/ A#3, C#4, D#4, F4, | 185 Hz/ 233.08 Hz, 277.18 Hz,
F, F#, G#, A#, F#4, G#4, A#4, C#5 311.13 Hz, 349.23 Hz, 369.99 Hz,
C# 41530 Hz, 466.16 Hz, 554.37 Hz
SH F# A, C# D, E, F#3/ A3, C#4, D4, E4, | 185 Hz/ 220 Hz, 277.18 Hz, 293.66
F#, G#, A, C# F#4, G#4, A4, C#5 Hz, 329.63 Hz, 369.99 Hz, 415.30
Hz, 440 Hz, 554.37 Hz
5.1 | F#/ A, C# D# E. | F43/A3, C#4, D#4, FE4, | 185 Hz/ 220 Hz, 277.18 Hz, 311.13
F# G# A, C# F#4, G#4, A4, C#5 Hz, 329.63 Hz, 369.99 Hz, 415.30
Hz, 440 Hz, 554.37 Hz
5] F#/ A, C# D, F, | F#3/A3,C#4, D4, F4, | 185 Hz/ 220 Hz, 277.18 Hz, 293.66
F# G# A, C# F#4, G#4, A4, C#5 Hz, 349.23 Hz, 369.99 Hz, 415.30
Hz, 440 Hz, 554.37 Hz
6 F#/ G#, A#, C#, F#3/ G#3, A#3, C#4, 185 Hz, 207.65 Hz, 233.08 Hz,
D#, F, F#, A#, D#4, FA, F#4, A#4, C#5 | 277.18 Hz, 311.13 Hz, 349.23 Hz,
C# 349.23 Hz, 466.16 Hz, 554.37 Hz
[0066] In some cases, one or more intonation features of a handpan produced from a

mold (e.g., using a method or system described herein) can be tuned up 1 musical half-step, 2
musical half-steps, or more than 2 musical half-steps or can be tuned down 1 musical half-step,
2 musical half-steps, or more than 2 musical half-steps (e.g., manually tuned, for example, using
an air hammer, mallet, or similar technique) after the handpan shell has been hydroformed using
the mold. In doing so, the range and variety of musical scales for handpans created with a given
handpan mold can be greatly increased. For instance, a handpan mold comprising features
shaped to produce a first set of intonation features in a first handpan shell created therefrom
(e.g., a set of intonation features that are shaped to produce the musical notes of scale group SA
of Table 3) can also be used to produce a handpan shell comprising a second set of intonation
features in a second handpan shell created from the same mold, for instance, by manually tuning
one or more intonation features of the second handpan shell after hydroforming (e.g., wherein
the final set of intonation features of the second handpan shell after manual tuning are shaped to
produce the musical notes of scale group 5B of Table 3, which comprises the same musical
notes of group SA except for the third-to-last and second-to-last notes listed in Table 3 (Gb and
Bb, respectively, in group 5B), which may be tuned one half-step down and two half-steps up,
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respectively, from the shapes of the intonation features produced from hydroforming the shell in
the mold). As such, some embodiments of the present disclosure do not require a different
handpan mold be used to produce handpans shaped to produce each individual desired musical
scale. Rather, in some cases, one or more intonation features of a handpan shell produced using
methods and system described herein can be adjusted after hydroforming (e.g., via manual
tuning) to produce a different set of musical notes or a different musical scale, which can reduce
production costs and technical complexity associated with switching from a first production run
(e.g., which may involve the use of a first mold to produce a handpan shell capable of producing
a first set of musical notes) to another production run (e.g., which may involve the use of a
different, second mold to produce a handpan shell capable of producing a second set of musical
notes).

[0067] In some cases, the features of a handpan mold can be shaped to produce
intonation features in a hydroformed handpan shell that do not correspond to a cohesive musical
scale (e.g., the cohesive scales shown in Table 1, Table 2, or Table 3). For instance, features of a
handpan mold may be shaped to produce intonation features in a hydroformed handpan shell
that are convenient to be manually tuned into one or more final musical scales, in some
embodiments. For example, a handpan mold may comprise features shaped to produce
intonation features in a handpan shell that correspond to a “nonsense” scale (e.g., wherein the
hydroformed handpan shell comprises 8 intonation features positioned in a note ring and shaped
to produce the musical notes: A3, B3, C#4, D#4, F4, G4, Ab4, and B4). Such a “nonsense” scale
can be tuned (e.g., by manual tuning one or more of the intonation features of the handpan shell
after hydroforming the shell using the mold) to a first musical scale (e.g., comprising the
musical notes A3, C4, D4, Eb4, F#4, G4, A4, and CS, which are each within two half-steps of
the “nonsense” scale musical notes), a second musical scale (e.g., comprising the musical notes
A3, Bb3, C4, E4, F4, A4, Bb4, and C5, which are each within two half-steps of the “nonsense”
scale musical notes), or optionally one or more additional musical scales. In some cases, this can
preserve benefits of reduced effort to tune the handpan (e.g., relative to non-hydroformed shells)
while avoiding the need to utilize individual molds to produce handpans having each desired
musical scale.

[0068] In some cases, the set of musical scales easily achieved in a handpan (e.g., by
manual tuning after hydroforming) can depend on the musical note that the central note of the
handpan is shaped to produce, which can serve as a root note for a musical scale or family of
related musical scales. In some cases, including a feature in a handpan mold shaped to form a

central note (and, optionally a dome, e.g., concentric with the central note) can save time and
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effort needed to form the central note (and, optionally, an associated dome) after hydroforming.
In some cases, handpan molds lacking a feature capable of forming a central note in a handpan
shell (e.g., during hydroforming) can offer advantages as well. For example, providing and/or
utilizing a handpan mold 200 lacking a feature capable of forming a central note in a handpan
shell (e.g., during hydroforming), for example as shown in FIG. 13, can increase the breadth of
musical scales conveniently achieved in handpans produced from the mold. In some cases, a
handpan shell produced from a mold lacking a feature capable of forming a central note in the
handpan shell can be further deformed (e.g., manually “worked,” for instance, using an air
hammer) after hydroforming to include a preferred central note. Since the central note can serve
as a root note or defining note of a musical scale of a handpan and since additional note fields
(e.g., one or more note fields of a note ring of the handpan) can be adjusted with relatively
minor effort (e.g., by manually tuning, for instance up or down one or two half-note steps) to
conform to a variety of musical scale structures, molds lacking a feature capable of forming a
central note can be useful in producing handpan shells with “flexible” musical scales. In some
cases, a practitioner can produce one or more handpan shells lacking a central note (e.g., as
shown in FIG. 14) from a single mold (e.g., such as the one shown in FIG. 13) using
hydroforming methods described herein and select individual central note shapes for subsequent
addition to each of the produced handpan shells, for instance to bestow a different central note
on each of produced handpan shells, thereby allowing a single handpan mold to produce a wider
variety of musical scales (e.g., based on which central note(s) are selected) while still reducing
overall time and effort required to form the handpan shell. Before, during, or after addition of
the central note (e.g., and after hydroforming), other note fields of the handpan can be tuned
(e.g., in accordance with the selected central note) to form the complete musical scale in the
handpan.

[0069] For example, a handpan mold with features shaped to form a note ring having
eight note fields: A3, B3, C#4, D#4, F4, G4, Ab4, and B4 and lacking feature(s) capable of
forming a central note in the handpan shell can be used to produce a wide variety of musical
scales in a plurality of handpan shells formed from the mold. For instance, D3 may be chosen as
a central note for a first handpan shell of a plurality of handpan shells produced from the
handpan mold, e.g., to create a D minor scale in the handpan shell. Tuning adjustments can be
made to this first A3, B3, C#4, D#4, F4, G4, Ab4, B4 handpan shell to complete a preferred
musical scale, for instance, wherein the B3 note is tuned to C4, the C#4 note is tuned to D4, the
D#4 note is tuned to E4, the Ab4 note is tuned to A4, and the B4 note is tuned to C5 (e.g, to
form the scale D3/ A3, C4, D4, E4, F4, G4, A4, C5). A second handpan shell hydroformed from
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the same mold may have an A2 central note added after hydroforming, e.g., to create an A minor
scale. Tuning adjustments can be made to this second A3, B3, C#4, D#4, F4, G4, Ab4, B4
handpan shell to complete a preferred musical scale, for instance, wherein the B3 note is tuned
to C4, the C#4 note is tuned to D4, the D#4 note is tuned to E4, the Ab4 note is tuned to A4, and
the B4 note is tuned to C5 (e.g., to form the scale A2/ A3, C4, D4, E4, F4, G4, A4, C5). A third
handpan shell hydroformed from the same mold may have an F3 central note added after
hydroforming, e.g, to create an F major scale. Tuning adjustments can be made to this third A3,
B3, C#4, D#4, F4, G4, Ab4, B4 handpan shell to complete a preferred musical scale, for
instance, wherein the A3 note is tuned to Bb3, the B3 note is tuned to C4, the B4 note is tuned to
C5 (e.g., to form the scale F3/ Bb3, C4, Db4, Eb4, F4, G4, Ab4, C5,). In some cases, the choice
may be made after fabrication of the initial hydroformed handpan shell to include one or more
additional note fields other than those of the note ring and the central note. In such cases, it may
be advantageous or necessary that the central note be disposed on the handpan shell in off-center
position, for example to ensure sufficient space for the one or more additional note fields
between the central note and the note fields of the note ring (e.g., as shown in FIG. 15 and FIG.
16). A fourth handpan shell hydroformed from the same mold may have an F3 central note
added after hydroforming, e.g., to create an F minor scale, in addition to an additional EbS5 high
note. Tuning adjustments can be made to this fourth A3, B3, C#4, D#4, F4, G4, Ab4, B4
handpan shell to complete a preferred musical scale, for instance, wherein the A3 note is tuned
to Bb3, the B3 note is tuned to C4, the B4 note is tuned to C5, and an additional Eb5 note is
added to the interstitial (e.g., interstitial space) of the shell (e.g., to form the scale F3/ Bb3, C4,
Db4, Eb4, F4, G4, Ab4, C5, EbS5, for instance wherein the central note is positioned off-center to
make space for the EbS note field on the interstitial). A fifth handpan shell may be hydroformed
from the same mold and selected to have an F3 central note added after hydroforming, e.g., to
create an F minor scale, in addition to two additional notes (e.g., wherein the central note is
positioned off-center and the two additional notes are positioned on the interstitial, for example,
as shown in FIG. 16). Tuning adjustments can be made to this fifth A3, B3, C#4, D#4, F4, G4,
Ab4, B4 handpan shell to complete a preferred musical scale, for instance, wherein the A3 note
is tuned to Bb3, the B3 note is tuned to C4, the B4 note is tuned to C5, and additional Eb5 and
F5 note fields may be added to the interstitial of the shell (e.g., to form the scale F3/ Bb3, C4,
Db4, Eb4, F4, G4, Ab4, C5, EbS, F5, for instance wherein the central note is positioned off-
center to make space for the Eb5 and F5 note fields on the interstitial).

[0070] Advantageously, the same system can be used to hydroform the bottom shell 120
of the handpan 100 as is used to form the top shell 110 of the handpan 100 (e.g., after

5.



WO 2022/076841 PCT/US2021/054205

substituting a mold 200 for the top shell 110 in place of a mold 200 for the bottom shell 120, or
vice versa). In some cases, a bottom shell 120 comprising a port 125 is hydroformed in a mold
200. Optionally, material can be removed from the port to create an opening using one or more
of a drill, lathe or laser. In some cases, a blank bottom shell 120 is hydroformed in the absence
of a mold 200. In some cases, a lathe is used to form the port 125 in a handpan shell (e.g., a
blank handpan bottom shell 120) after hydroforming (e.g., prior to joining with a top shell 110).
In some cases, a hydraulic press is used to form the port 125 in a handpan shell (e.g., a blank
handpan bottom shell 120) after hydroforming (e.g., prior to joining with a top shell 110).

Systems for hydroforming handpans and top and bottom shells thereof are provided herein.

Handpans

[0071] In transverse cross-sections of a handpan 100 wherein the cross-section does not
comprise a feature (e.g., portions of the shell of the handpan 100 not comprising an intonation
feature, such as the rim 130 of the handpan 100), handpans are typically circular or
approximately circular. In most cases, the diameter 105 of the handpan 100 is largest at its rim
130 (e.g., flange). Handpans 100 typically have a maximum diameter (e.g., diameter 105 at the
rim 130) of from about 18 inches to about 22 inches (e.g., about 48 ¢cm to about 56 cm). In some
embodiments, the maximum diameter of a handpan 100 is 40 centimeters (cm) to 60 cm. In
some embodiments, the maximum diameter of a handpan 100 is 45 ¢cm to 56 cm. In some
embodiments, the maximum diameter of a handpan 100 is 45 ¢cm to 46 cm, 45 cm to 47 cm, 45
cm to 48 cm, 45 cm to 49 cm, 45 cm to 50 cm, 45 cm to 51 cm, 45 cm to 52 cm, 45 cm to 53
cm, 45 cm to 54 ¢m, 45 cm to 55 cm, 45 cm to 56 cm, 45 cm to 57 cm, 45 ¢cm to 58 cm, 45 cm
t0 59 ¢cm, 46 cm to 47 ¢m, 46 ¢cm to 48 cm, 46 ¢cm to 49 cm, 46 ¢m to 50 ¢cm, 46 cm to 51 ¢m, 46
cm to 52 cm, 46 ¢cm to 53 cm, 46 cm to 54 cm, 46 cm to 55 ¢cm, 46 cm to 56 ¢m, 46 cm to 57
cm, 46 cm to 58 ¢cm, 46 cm to 59 cm, 47 cm to 48 cm, 47 cm to 49 cm, 47 ¢cm to 50 cm, 47 cm
to 51 ¢cm, 47 cm to 52 ¢m, 47 ¢cm to 53 ¢cm, 47 ¢cm to 54 cm, 47 ¢m to 55 ¢cm, 47 ¢cm to 56 ¢cm, 47
cmto 57 cm, 47 cm to 58 cm, 47 cm to 59 cm, 48 cm to 49 cm, 48 cm to 50 ¢cm, 48 cm to 51
cm, 48 cm to 52 ¢m, 48 cm to 53 cm, 48 cm to 54 ¢cm, 48 cm to 55 cm, 48 c¢cm to 56 cm, 48 cm
t0o 57 ¢cm, 48 cm to 58 ¢cm, 48 ¢cm to 59 cm, 49 ¢cm to 50 cm, 49 ¢m to 51 ¢cm, 49 cm to 52 ¢cm, 49
cm to 53 cm, 49 cm to 54 cm, 49 cm to 55 cm, 49 ¢cm to 56 ¢cm, 49 cm to 57 ¢m, 49 cm to 58
cm, 49 cm to 59 cm, 50 cm to 51 em, 50 cm to 52 cm, 50 c¢m to 53 cm, 50 cm to 54 cm, 50 cm
to 55 ¢m, 50 cm to 56 ¢m, 50 ¢cm to 57 ¢cm, 50 ¢cm to 58 cm, 50 ¢cm to 59 ¢cm, 51 cm to 52 ¢m, 51
cmto 53 cm, 51 ecmto 54 cm, 51 cm to 55 cm, 51 cm to 56 em, 51 cm to 57 cm, 51 cm to 58
cm, 51 cm to 59 cm, 52 cm to 53 c¢m, 52 cm to 54 cm, 52 cm to 55 cm, 52 cm to 56 cm, 52 cm

to 57 ¢cm, 52 cm to 58 ¢m, 52 ¢cm to 59 cm, 53 ¢cm to 54 cm, 53 ¢m to 55 ¢cm, 53 ¢cm to 56 ¢cm, 53
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cm to 57 cm, 53 ¢cm to 58 cm, 53 c¢m to 59 cm, 54 c¢cm to 55 ¢m, 54 ¢cm to 56 ¢m, 54 cm to 57
cm, 54 cm to 58 ¢m, 54 cm to 59 cm, 55 cm to 56 cm, 55 ¢m to 57 cm, 55 ¢cm to 58 cm, or 55
cm to 59 cm, such as 50 cm to 54 cm. In some embodiments, the maximum diameter of a
handpan 100 is about 45 cm, 46 cm, 47 cm, 48 cm, 49 cm, 50 cm, 51 cm, 52 cm, 53 cm, 54 cm,
55 cm, or about 56 cm. In some embodiments, the maximum diameter of a handpan 100 is at
least 45 cm, 46 cm, 47 cm, 48 ¢cm, 49 cm, 50 cm, 51 ¢m, 52 cm, 53 ¢m, 54 cm, or at least 55 cm.
In some embodiments, the maximum diameter of a handpan 100 is at most 46 cm, 47 cm, 48
cm, 49 cm, 50 cm, 51 cm, 52 ¢m, 53 cm, 54 ¢cm, 55 cm, 56 cm, 57 ¢cm, 58 cm, 59 cm, or at most
60 cm. In some cases, a handpan 100 has a maximum diameter of about 18.0 inches (45.72 cm),
18.5 inches (46.99 cm), 19.0 inches (48.26 cm), 19.5 inches (49.53 cm), 20.0 inches (50.80 cm),
20.5 inches (52.07 cm), 21.0 inches (53.34 cm), 21.5 inches (54.61 cm), or about 22.0 inches
(55.88 cm).

[0072] Typically, a top shell 110 and a bottom shell 120 are sunk to approximately the
same depth (e.g., “depth”), resulting in a handpan 100 having a height approximately equal to
twice the depth of the top shell 110 (or the depth of the bottom shell 120). In some alternative
embodiments, a top shell 110 and a bottom shell 120 may be sunk to different depths to achieve
a variety of acoustic effects and aesthetic appearances.

[0073] In some embodiments, the depth of a top shell 110 of a handpan 100 is 10 ¢m to
15 cm. In some embodiments, the depth of a top shell 110 of a handpan 100 is 10 cm to 10.5 cm,
10cmto 11 cm, 10cm to 11.5 cm, 10 cm to 12 cm, 10 cm to 12.5 ¢cm, 10 cm to 13 ¢m, 10 cm to
13.5cm, 10cmto 14 cm, 10 cmto 145 cm, 10cmto 15 ¢cm, 10.5cmto 11 cm, 10.5ecmto 11.5
cm, 105 cmto 12 cm, 10.5cmto 12.5 cm, 10.5 cm to 13 cm, 10.5 cm to 13.5 ¢m, 10.5 cm to 14
cm, 10.5cmto 145 cm, 105Scmto 1S cm, 11 ecmto11.5¢cm, 11 cmto 12 cm, 11 cm to 12.5
cm, llecmtol3cm, 11cmto13.5cm, I1cmtol4cm, 11 cmto14.5¢cm, 11 ecmto 15¢m, 11.5
cmto12cm, 11.5cmto12.5cm, 11.5cmto 13 em, 11.5cmto 13.5cm, 11.5 cmto 14 cm, 11.5
cmto145cm, 11.5ecmto15cm, 12cmto 12.5 ¢cm, 12 cm to 13 ¢cm, 12 cm to 13.5 cm, 12 cm
toldcm, 12cmto14.5¢cm, 12cmto 15 cm, 125 cmto 13 ¢cm, 12.5 cm to 13.5 cm, 12.5 ¢cm to
14cm, 12.5cmto 14.5cm, 12.5cm to 15 cm, 13 ecmto 13.5 cm, 13 cm to 14 cm, 13 cm to 14.5
cm, 13 cmto 15 ¢m, 13.5cmto 14 cm, 13.5cm to 14.5 cm, 13.5 cm to 15 cm, 14 cm to 14.5
cm, 14 cm to 15 cm, or 14.5 cm to 15 cm. In some embodiments, the depth of a top shell 110 of
a handpan 100 is about 10 cm, 10.5¢cm, 11 ¢cm, 11.5 cm, 12 ¢cm, 12.5 ¢cm, 13 cm, 13.5 ¢cm, 14
cm, 14.5 cm, or about 15 cm. In some embodiments, the depth of a top shell 110 of a handpan
100is atleast 10 cm, 10.5 c¢cm, 11 cm, 11.5 cm, 12 ¢cm, 12.5 ¢m, 13 cm, 13.5 cm, 14 cm, or at

least 14.5 cm. In some embodiments, the depth of a top shell 110 of a handpan 100 is at most
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105cm, 11 cm, 11.5 ¢cm, 12 cm, 12.5 ¢m, 13 ¢cm, 13.5 cm, 14 ¢cm, 14.5 cm, or at most 15 cm. In
some cases, a top shell 110 of a handpan 100 has a maximum depth of about 4.0 inches (10.16
cm), 4.5 inches, (11.43 cm), or about 5.0 inches (12.7 cm).

[0074] In some embodiments, the depth of a bottom shell 120 of a handpan 100 is 10 cm
to 15 cm. In some embodiments, the depth of a bottom shell 120 of a handpan 100 is 10 cm to
105cm, 10cmto 1l cm, 10 cmto 11.5 cm, 10 cm to 12 cm, 10 cm to 12.5 cm, 10 cm to 13 cm,
10cmto 13.5cm, 10 cmto 14 cm, 10cm to 14.5¢cm, 10 cmto 15 ecm, 10.5¢cm to 11 em, 10.5
cmto 11.5cm, 105 ecmto12 cm, 105 cm to 12.5 ¢cm, 10.5 cm to 13 ¢cm, 10.5 cm to 13.5 cm,
105cmto 14cm, 10.5cmto 145 ¢cm, 105ecmto 15cem, 11 ecmto 11.5cm, 11 emto 12 cm, 11
cmtol125cm, Ilcmtol3cm, 11 ecmto135cm, 11 cmtol4cm, 11 cmto 14.5cm, 11 cm to
15cm, 11.5cmto12cm, 11.5cmto12.5¢cm, 11.5cmto 13 cm, 11.5 cmto 13.5 ¢cm, 11.5 cm to
14cm, 11.5cmto14.5cm, 11.5cmto 15cm, 12emto 12.5cm, 12cecmto 13 cm, 12 cm to 13.5
cm, 12cmtol4cm, 12cmto 145 cm, 12cmto 15 cm, 125 cecmto 13 cm, 12.5 cm to 13.5 cm,
125cmto 14 cm, 125 cmto 145 cm, 12.5 cmto 15 ecm, 13 cm to 13.5 cm, 13 ¢cm to 14 cm, 13
cmto 14.5cm, 13 ecmto 15cm, 13.5cmto 14 cm, 13.5 cm to 14.5 cm, 13.5 cm to 15 cm, 14 cm
to 14.5 cm, 14 cm to 15 ¢cm, or 14.5 cm to 15 cm. In some embodiments, the depth of a bottom
shell 120 of a handpan 100 is about 10 cm, 10.5 cm, 11 ¢cm, 11.5 cm, 12 cm, 12.5 ¢cm, 13 cm,
13.5 cm, 14 cm, 14.5 cm, or about 15 cm. In some embodiments, the depth of a bottom shell 120
of a handpan 100 is at least 10 cm, 10.5 cm, 11 ¢cm, 11.5 cm, 12 cm, 12.5 cm, 13 cm, 13.5 cm,
14 cm, or at least 14.5 cm. In some embodiments, the depth of a bottom shell 120 of a handpan
1001s at most 10.5cm, 11 ecm, 11.5em, 12 ecm, 12.5 cm, 13 ¢cm, 13.5 cm, 14 ¢cm, 14.5 ¢cm, or at
most 15 cm. In some cases, the depth of the top shell 110 of a handpan 100 is from about 4.5
inches to about 5.0 inches and the depth of the bottom shell 120 of the handpan 100 is from 4.0
inches to about 4.5 inches.

[0075] In some cases, the diameter 205 of a mold 200 (e.g., the diameter of the shape
220 of the mold 200 that is complementary to the shape of a top shell 110) may be about 2.54
cm (1 inch) smaller than the desired maximum diameter 105 of the handpan shell (e.g.,
including the rim/flange 130).

[0076] In many cases, a handpan 100 comprises features (e.g., intonation features) as
part of its surface defining regions of specific acoustical outputs when contacted (e.g., by the
user’s hand) during use of the handpan 100. Features of a handpan 100 can include dimples 170,
domes 180, notes (e.g., note fields 160), and logos 195. One or more portions of the shell of a
handpan 100 can be configured to have a precise size, shape, and thickness for generating a

specific and reproducible musical sound or set of musical sounds. In some cases, fabrication of a
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top shell 110 of a handpan 100 comprises forming a plurality of features (concurrently in a
single step, or sequentially in a rapid series of connected steps) into the metal of the top shell
110 of the handpan 100. Handpans 100 can also comprise an opening (e.g., a port 125)in a
portion of the shell of the handpan 100, e.g., to allow better resonance of the instrument during
use and to allow a musician to modulate Helmholtz resonance (e.g., by cupping or partially
covering the opening). In many cases, fabrication of a bottom shell 120 of a handpan 100
comprises forming an opening (e.g., a port 125) into the bottom shell 120 of a handpan 100.
[0077] In most embodiments, the top shell 110 and the bottom shell 120 of a handpan
100 are fabricated as separate pieces and joined together to form a handpan 100. A top shell 110
or a bottom shell 120 can be formed by one or more of hydroforming into a mold 200,
hydroforming into a void or gas medium, spinning, repeatedly striking a sheet of metal (e.g.,
with a sledge hammer and/or an air hammer) or by using a mechanical press or roller to deform
the metal.

[0078] In some cases, the top shell 110 and the bottom shell 120 of a handpan 100 are
circular or approximately circular (e.g., when viewed perpendicular to the surface of the
handpan 100 or, e.g., when viewed perpendicular to a plane defined by the rim 130 or
circumference of the handpan shell). In some cases, the top shell 110 and the bottom shell 120
are non-circular. For example, a top shell 110 and a bottom shell 120 can be elliptical.

[0079] The top shell 110 of a handpan 100 may comprise one or more intonation
features. In many cases, an intonation feature of a handpan 100 is a surface of a handpan 100
(e.g., aportion of a top shell 110 of a handpan 100) shaped to produce a musical tone or series
of tones when struck (e.g., with a hand of a performer playing the handpan 100).

[0080] In many cases, a top shell 110 of a handpan 100 comprises a plurality of
intonation features, e.g., to allow a broader range of different musical notes to be played using a
single handpan 100 instrument. For example, a top shell 110 of a handpan 100 can comprise 2,
3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15 or more than 15 intonation features.

[0081] In some cases, an intonation feature is a note 160 (or note field). A note 160 (or
note field) can be a flattened portion of the shell (e.g., top shell 110) of a handpan 100 capable
of producing a specific musical note (e.g., when struck by a user’s hand). In many cases, a
flattened portion of a handpan shell comprising a note is circular in shape. In some cases, the
flattened portion is oval-shaped. In some cases, the major axis of an (e.g., oval-shaped)
intonation feature (e.g., a note) is oriented within 15 degrees, within 10 degrees, or within 5
degrees of a circumferential direction of a handpan shell. In some cases, the major axis of an

(e.g., oval-shaped) intonation feature (e.g., a dimple 170) is oriented in a direction within 15
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degrees, within 10 degrees, or within 5 degrees of a line perpendicular to a circumferential
direction of a handpan shell. In many cases, a handpan comprises seven to ten notes. In some
embodiments, the handpan shell has 1 note to 10 notes. In some embodiments, the handpan shell
has 1 note to 2 notes, 1 note to 3 notes, 1 note to 4 notes, 1 note to 5 notes, 1 note to 6 notes, 1
note to 7 notes, 1 note to 8 notes, 1 note to 9 notes, 1 note to 10 notes, 2 notes to 3 notes, 2 notes
to 4 notes, 2 notes to 5 notes, 2 notes to 6 notes, 2 notes to 7 notes, 2 notes to 8§ notes, 2 notes to
9 notes, 2 notes to 10 notes, 3 notes to 4 notes, 3 notes to 5 notes, 3 notes to 6 notes, 3 notes to 7
notes, 3 notes to 8 notes, 3 notes to 9 notes, 3 notes to 10 notes, 4 notes to 5 notes, 4 notes to 6
notes, 4 notes to 7 notes, 4 notes to 8 notes, 4 notes to 9 notes, 4 notes to 10 notes, 5 notes to 6
notes, 5 notes to 7 notes, 5 notes to 8 notes, 5 notes to 9 notes, 5 notes to 10 notes, 6 notes to 7
notes, 6 notes to 8 notes, 6 notes to 9 notes, 6 notes to 10 notes, 7 notes to 8 notes, 7 notes to 9
notes, 7 notes to 10 notes, 8 notes to 9 notes, 8 notes to 10 notes, or 9 notes to 10 notes. In some
embodiments, the handpan shell has 1 note, 2 notes, 3 notes, 4 notes, 5 notes, 6 notes, 7 notes, 8
notes, 9 notes, or 10 notes, such as 7 notes. In some embodiments, the handpan shell has at least
1 note, 2 notes, 3 notes, 4 notes, 5 notes, 6 notes, 7 notes, 8 notes, or at least 9 notes. In some
embodiments, the handpan shell has at most 2 notes, 3 notes, 4 notes, 5 notes, 6 notes, 7 notes, 8
notes, 9 notes, or at most 10 notes.

[0082] In some cases, a plurality of intonation features (e.g., notes, for instance each
comprising a note field and a dimple, optionally, wherein one or more of the plurality of note
fields and dimples 170 are concentric or substantially concentric) can be arranged around the
center 185 of a handpan 100 in a note ring (e.g., as illustrated in FIG. 1A, FIG. 1C, FIG. 14,
FIG. 15, and FIG. 16). In some cases, a note ring (e.g., which may be referred to as a “note

EE N3

circle,” “tone ring,” or “tone circle”) of a handpan 100 can comprise 2 notes, 3 notes, 4 notes, 5
notes, 6 notes, 7 notes, 8 notes, 9 notes, 10 notes, or more than 10 notes (e.g., comprising a set
of notes disclosed herein, such as in a scale of Table 1, Table 2, or Table 3). In some cases, a
note ring of a handpan can have exactly 7 notes, for instance, as shown in FIG. 1C (e.g., wherein
the note ring comprises 7 note fields 160 and, optionally, 7 dimples 170 concentric with the note
fields) In some cases, a note ring of a handpan can have exactly 8 notes, for instance, as shown
in FIG. 16 (e.g., wherein the note ring comprises 8 note fields 160 and, optionally, 8 dimples
170 concentric with the note fields). In some cases, a note ring of a handpan can have exactly 9
notes, for instance, wherein the note ring comprises 9 notes fields 160 and, optionally, 9 dimples
170 concentric with the note fields. In some cases, a note ring of a handpan can have exactly 10

notes, for instance, wherein the note ring comprises 10 notes fields 160 and, optionally, 10

dimples 170 concentric with the note fields. In some cases, a handpan comprising a note ring
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may lack an intonation feature outside of the note ring. For example, a handpan comprising 7, 8,
9, 10, or more than 10 notes (e.g., arranged in a note ring) may lack a central note and,
optionally, may lack a dome (e.g., at the center of the handpan).

[0083] In some cases, a note field 160 can be circular or approximately circular (e.g.,
when viewed perpendicular to the surface of the note field 160). In some cases, a note field 160
can be non-circular. For example, a note field 160 can be elliptical.

[0084] In some cases, an intonation feature is a dimple 170. A dimple 170 can be a
concave portion of a handpan shell (e.g., a top shell 110). In some cases, a dimple 170 is located
in a note field 160 of a handpan shell (e.g., a dimple 170 can be encircled by a note field 160),
for example, to reduce high frequencies when the note is played. A dimple 170 can be formed
during hydroforming by forming a convex shape complementary to the shape of the desired
dimple 170 at the corresponding location on a mold 200. In some cases, a dimple 170 can be
circular or approximately circular (e.g., when viewed perpendicular to the surface of the dimple
170 or a note field 160 surrounding the dimple 170). In some cases, a dimple 170 can be non-
circular. For example, a dimple 170 can be elliptical.

[0085] In some cases, an intonation feature is a central note 150 (e.g., a top note or
center note). In some cases, the central note 150 comprises a concave indentation into the
surface of the shell. In some cases, a central note 150 comprises a dome 180. A dome 180 can
be formed by shaping a portion of the mold 200 into a concave shape complementary to the
desired shape of the dome 180 (e.g., at the center bottom of the mold 200). In some cases, a
dome 180 can be circular or approximately circular (e.g., when viewed perpendicular to the
surface of the dome 180 or a note field 160 surrounding the dome 180). In some cases, a dome
180 can be non-circular. For example, a dome 180 can be elliptical. In some cases, a central note
150 can be located at the apex of a top shell 110 of a handpan 100. In some cases, the central
note 150 is shaped to produce the lowest note on the handpan 100. In some cases, the central
note 150 is the root note of the scale of the handpan 100. The central note 150 may be centered
or off-centered (e.g., relative to a circumference of the handpan shell or a center point 185 of the
shell). For example, FIG. 15 shows a handpan shell comprising a central note 150 (and dome
180) that is off-center (e.g., wherein the center of the central note 150 is within 3 cm of the
center 185 of the handpan 100). In some cases, positioning a central note 150 in an off-centered
position on a handpan shell (e.g., relative to a circumference of the handpan shell or a center
point 185 of the shell) can allow a larger number of intonation features to be added to the
handpan shell than if the central note 150 is centered on the handpan shell (e.g., relative to a

circumference of the handpan shell or a center point 185 of the shell). In some cases, positioning
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a central note 150 off-center on a handpan shell (e.g., relative to a circumference of the handpan
shell or a center point 185 of the shell) makes the handpan more comfortable or easier for a
musician to play. In some embodiments, the center of the central note 150 is within 5 cm of the
center of the handpan 100, such as within 4 cm, within 3 cm, within 2 cm or within 1 cm of the
center of the handpan 100. In some cases, a central note 150 can be circular or approximately
circular (e.g., when viewed perpendicular to the surface of the central note 150). In some cases,
a central note 150 can be non-circular. For example, a central note 150 can be elliptical (e.g., as
shown in FIG. 15).

[0086] In some cases, a handpan can comprise one or more additional intonation features
(e.g., comprising a note field 160 and, optionally a dimple 170) that are not a central note (e.g.,
center note) and not part of a note ring (e.g., not disposed at the center point 185 of the handpan
shell and not disposed within a note ring). For example, the handpan shell shown in FIG. 15
comprises one central note 150, eight notes in a note ring, and one additional intonation feature
comprising a note field 160 and a dimple 170. FIG. 16 shows a handpan shell comprising one
central note 150, eight notes in a note ring, and two additional intonation features, each
comprising a note field 160 and a dimple 170. In some cases, a handpan can comprise one, two,
three, four, five, six, seven, or more than seven such additional intonation features (e.g., each
comprising a note field 160 and, optionally, a dimple 170).

[0087] In some cases, an intonation feature comprises a portion of the interstitial 190
(e.g., interstitial space) of the handpan 100. An interstitial 190 of a handpan 100 comprises the
curved portion of the handpan 100 shell between the notes (e.g., and, optionally, the rim 130, the
central note 150, and/or other features of the shell). In some cases, the interstitial surface 190 of
the handpan shell is not tuned to a specific musical note. A corresponding curved surface on a
mold 200 can be used to form the interstitial 190 of a handpan 100 during a hydroforming
process.

[0088] In some cases, an intonation feature is a port 125. A handpan shell (e.g., a bottom
shell 120) can comprise one port 125 (see FIG. 1C). In some cases, a handpan shell (e.g., a
bottom shell 120) comprises no more than one port 125. In some cases, a handpan shell (e.g., a
bottom shell 120) comprises a plurality of ports 125. In some cases, a handpan shell (e.g., a
bottom shell 120) comprises no more than two ports 125. In many cases, a port 125 of a
handpan 100 enhances the resonance of the handpan 100. In some cases, a port 125 can be used
to modulate Helmholtz resonance during use of the handpan 100. The port 125 may be centered
or off-centered (e.g., relative to a circumference of the handpan shell). In some cases,

positioning the port 125 off-center on a handpan shell (e.g., relative to a circumference of the
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handpan shell) makes the handpan more comfortable or easier for a musician to play. In some
embodiments, the center of the port 125 is within 5 cm of the center of the handpan 100, such as
within 4 cm, within 3 cm, within 2 cm or within 1 ¢cm of the center of the handpan 100. In some
embodiments, the port 125 is circular or approximately circular (e.g., when viewed
perpendicular to the surface of the port 125). In some cases, the port 125 is non-circular. For
example, a port 125 can be elliptical.

[0089] In some cases, a feature is a marking, such as a logo or decorative embellishment
195. A handpan shell can comprise one or more markings. In some embodiments, the marking is
introduced in a hydroforming process, wherein the mold 200 comprises a feature
complementary to the marking. Any feature described herein, but especially a logo or other
marking 195 that comprises sharp, distinct characteristics, may exhibit a pillowed appearance on
the hydroformed handpan 100. In other words, if the marking were a single letter or character,
the edges of the character that first came into contact with the metal sheet in the mold 200 may
appear sharp and crisp, whereas the opposing edge of the character may not be as sharp, as the
metal may not fully expand into the deepest corners of the character in the mold 200 at typical

pressures used in the present methods.

Materials

[0090] A handpan shell (e.g., a top shell 110 and/or a bottom shell 120) can be formed
from a metal or a metal alloy. For example, a handpan shell can be fabricated from metals and
metal alloys such as steel (e.g., 1008 cold-rolled steel), stainless steel, chrome steel, titanium,
bronze, brass, or zinc. Specific metals can be selected for the production of handpan shells based
on the physical characteristics of the metal, which can affect the musical qualities of the
handpan 100. For example, a metal or metal alloy can be selected based on the malleability of
the material, which can determine the timbre, resonances, and/or range of musical tones that can
be produced from a handpan 100 formed from the metal or metal alloy. Materials from which a
handpan 100 is fabricated can also be selected based on additional considerations, such as
durability (e.g., crack resistance), cost, aesthetics, and/or availability.

[0091] The top shell 110 and the bottom shell 120 of a handpan 100 can comprise the
same metal or metal alloy. In some embodiments, the top shell 110 of a handpan 100 comprises
a first metal or first metal alloy, and the bottom shell 120 of a handpan 100 comprises a second
metal or second metal alloy. In some cases, the first metal or first metal alloy is the same as the
second metal or second metal alloy. In some cases, the first metal or first metal alloy 1s different

from the second metal or second metal alloy.
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[0092] In some cases, the metal comprises an additive. For example, a metal or metal
alloy can comprise carbon, manganese, nickel, chromium, molybdenum, vanadium, silicon,
boron, aluminum, cobalt, copper, cerium, niobium, titanium, tin, zinc, lead, bismuth, and/or
zirconium. In some cases, an additive to a metal or metal alloy improves corrosion resistance of
a metal or metal alloy. For example, a metal or metal alloy comprising copper (e.g., 0.1%-0.4%
copper) can exhibit improved corrosion resistance compared to the same base metal or metal
alloy that does not comprise copper. In some cases, an additive can improve material hardness.
For example, a metal or metal alloy (e.g., steel) comprising carbon (e.g., 0.02% to 0.20%
carbon) can exhibit improved hardness compared to the base metal or a metal alloy that does not
comprise carbon. A metal or metal alloy comprising vanadium (e.g., 0.15% vanadium) can
exhibit improved strength, fracture resistance (e.g., at high temperatures), and/or ductility
compared to the base metal or a metal alloy that does not comprise vanadium.

[0093] In many cases, a handpan shell is fabricated using steel. In some embodiments,
the steel is a cold rolled steel, such as 1008 cold rolled steel, 1010 cold rolled steel, 1018 cold
rolled steel, 1026 cold rolled steel, 1045 cold rolled steel, 1141 cold rolled steel, 1144 cold
rolled steel, or 12114 cold rolled steel. In some preferred embodiments, a handpan 100 is
formed from 1008 cold rolled steel or 1018 cold rolled steel. In some cases, the steel is stainless
steel, such as stainless steel 430. In some cases, stainless steel (e.g., stainless steel 430) does not
need to be nitrided, which can be a significant advantage to a handpan method or system
comprising the use of stainless steel.

[0094] In many embodiments, the metal is formed from a flat sheet of the metal or metal
alloy. Sheet metal can be advantageous for use in methods of hydroforming a handpan shell
because it can have a constant starting thickness that is relatively close to the desired final
thickness (or thicknesses) of the handpan shell, which can reduce the amount of manual
manipulation of the thickness (or thicknesses) of the shell’s surfaces required to achieve the
final shape of the shell needed to produce the desired musical tones. In some cases, a metal or
metal alloy (e.g., steel) used to fabricate a handpan shell (e.g., a top shell 110 and/or a bottom
shell 120) is 16 gauge, 17 gauge, 18 gauge, 19 gauge, 20 gauge, 21 gauge, 22 gauge, or 23
gauge. In some embodiments of hydroforming methods described herein, it is advantageous to
use 18 gauge, 19 gauge, or 20 gauge metal or metal alloy (e.g., steel), for example, to achieve
the desired thicknesses of the final handpan shell formed using the process. In some cases, a
thickness of a metal or metal alloy used to fabricate a handpan shell (e.g., a top shell 110 and/or
a bottom shell 120) is between 0.5 mm and 1.6 mm, such as between 0.6 mm and 1.5 mm,

between 0.7 mm and 1.4 mm, between 0.8 mm and 1.3 mm, or between 0.9 and 1.2 mm.
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[0095] In some embodiments, the thickness of all or a portion of a handpan shell (e.g., a
top shell 110 and/or a bottom shell 120) is 0.5 mm to 1.5 mm. In some embodiments, the
thickness of all or a portion of a handpan shell (e.g., a top shell 110 and/or a bottom shell 120) is
0.5 mm to 0.6 mm, 0.5 mm to 0.7 mm, 0.5 mm to 0.8 mm, 0.5 mm to 0.9 mm, 0.5 mm to 1 mm,
0.5mmto 1.1 mm, 0.5 mm to 1.2 mm, 0.5 mm to 1.3 mm, 0.5 mm to 1.4 mm, 0.5 mmto 1.5
mm, 0.6 mm to 0.7 mm, 0.6 mm to 0.8 mm, 0.6 mm to 0.9 mm, 0.6 mm to 1 mm, 0.6 mmto 1.1
mm, 0.6 mmto 1.2 mm, 0.6 mm to 1.3 mm, 0.6 mm to 1.4 mm, 0.6 mm to 1.5 mm, 0.7 mm to
0.8 mm, 0.7 mm to 0.9 mm, 0.7 mm to 1 mm, 0.7 mm to 1.1 mm, 0.7 mm to 1.2 mm, 0.7 mm to
1.3 mm, 0.7mmto 1.4 mm, 0.7 mm to 1.5 mm, 0.8 mm to 0.9 mm, 0.8 mm to 1 mm, 0.8 mm to
1.1mm, 0.8 mmto 1.2 mm, 0.8 mmto 1.3 mm, 0.8 mmtol4mm,08mmtol.5mm, 09mm
to 1 mm, 0.9 mmto 1.1 mm, 0.9 mm to 1.2 mm, 0.9 mm to 1.3 mm, 0.9 mm to 1.4 mm, 0.9 mm
tol5mm, Immtol.1mm, Immtol2mm, Immtol.3mm, 1 mmtol4mm, ] mmtol.5
mm, .1mmtol2mm,l.1mmtol3mm, l.1mmtol4mm, 1.1 mmtol.5mm, 1.2 mm to
13mm,12mmtol4mm, 12mmto1.5mm, 1.3 mmto 1.4 mm, 1.3 mmto 1.5 mm, or 1.4
mm to 1.5 mm. In some embodiments, the thickness of all or a portion of a handpan shell (e.g., a
top shell 110 and/or a bottom shell 120) is about 0.5 mm, 0.6 mm, 0.7 mm, 0.8 mm, 0.9 mm, 1
mm, 1.1 mm, 1.2 mm, 1.3 mm, 1.4 mm, or about 1.5 mm. In some embodiments, the thickness
of all or a portion of a handpan shell (e.g., a top shell 110 and/or a bottom shell 120)is at least
0.5mm, 0.6 mm, 0.7 mm, 0.8 mm, 0.9 mm, 1 mm, 1.1 mm, 1.2 mm, 1.3 mm, or at least 1.4 mm.
In some embodiments, the thickness of all or a portion of a handpan shell (e.g., a top shell 110
and/or a bottom shell 120)is at most 0.6 mm, 0.7 mm, 0.8 mm, 0.9 mm, 1 mm, 1.1 mm, 1.2 mm,
1.3 mm, 1.4 mm, or at most 1.5 mm. In some embodiments, the thickness of all or a portion of a
handpan shell (e.g., a top shell 110 and/or a bottom shell 120) is 0.50 mm to 0.90 mm, 0.5 mm
t0 0.95 mm, 0.50 mm to 1.00 mm, 0.50 mm to 1.05 mm, 0.50 mm to 1.10 mm, 0.50 mm to 1.15
mm, 0.50 mm to 1.20 mm, 0.50 mm to 1.25 mm, 0.50 mm to 1.30 mm, 0.90 mm to 0.95 mm,
0.90 mm to 1.00 mm, 0.90 mm to 1.05 mm, 0.90 mm to 1.10 mm, 0.90 mm to 1.15 mm, 0.90
mm to 1.20 mm, 0.90 mm to 1.25 mm, 0.90 mm to 1.30 mm, 0.95 mm to 1.00 mm, 0.95 mm to
1.05 mm, 0.95 mm to 1.10 mm, 0.95 mm to 1.15 mm, 0.95 mm to 1.20 mm, 0.95 mm to 1.25
mm, 0.95 mm to 1.30 mm, 1.00 mm to 1.05 mm, 1.00 mm to 1.10 mm, 1.00 mm to 1.15 mm,
1.00 mm to 1.20 mm, 1.00 mm to 1.25 mm, 1.00 mm to 1.30 mm, 1.05 mm to 1.10 mm, 1.05
mm to 1.15 mm, 1.05 mm to 1.20 mm, 1.05 mm to 1.25 mm, 1.05 mm to 1.30 mm, 1.10 mm to
1.15 mm, 1.10 mm to 1.20 mm, 1.10 mm to 1.25 mm, 1.10 mm to 1.30 mm, 1.15 mm to 1.20
mm, 1.15 mm to 1.25 mm, 1.15 mm to 1.30 mm, 1.20 mm to 1.25 mm, 1.20 mm to 1.30 mm, or

1.25 mm to 1.30 mm. In some embodiments, the thickness of all or a portion of a handpan shell
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(e.g., atop shell 110 and/or a bottom shell 120) is about 0.90 mm, about 0.95 mm, about 1.00
mm, about 1.05 mm, about 1.10 mm, about 1.15 mm, about 1.20 mm, about 1.25 mm, or about
1.30 mm. In some embodiments, the thickness of all or a portion of a handpan shell (e.g., a top
shell 110 and/or a bottom shell 120)is at least 0.90 mm, at least 0.95 mm, at least 1.00 mm, at
least 1.10 mm, at least 1.15 mm, at least 1.20 mm, at least 1.25 mm, or at least 1.30 mm. In
some embodiments, the thickness of all or a portion of a handpan shell (e.g., a top shell 110
and/or a bottom shell 120)is at most 0.90 mm, at most 0.95 mm, at most 1.00 mm, at most 1.10
mm, at most 1.15 mm, at most 1.20 mm, at most 1.25 mm, or at most 1.30 mm.

[0096] In some embodiments, the thickness of a plate used to form a handpan shell (e.g.,
a top shell 110 and/or a bottom shell 120) is 0.50 mm to 0.90 mm, 0.5 mm to 0.95 mm, 0.50 mm
to 1.00 mm, 0.50 mm to 1.05 mm, 0.50 mm to 1.10 mm, 0.50 mm to 1.15 mm, 0.50 mm to 1.20
mm, 0.50 mm to 1.25 mm, 0.50 mm to 1.30 mm, 0.90 mm to 0.95 mm, 0.90 mm to 1.00 mm,
0.90 mm to 1.05 mm, 0.90 mm to 1.10 mm, 0.90 mm to 1.15 mm, 0.90 mm to 1.20 mm, 0.90
mm to 1.25 mm, 0.90 mm to 1.30 mm, 0.95 mm to 1.00 mm, 0.95 mm to 1.05 mm, 0.95 mm to
1.10 mm, 0.95 mm to 1.15 mm, 0.95 mm to 1.20 mm, 0.95 mm to 1.25 mm, 0.95 mm to 1.30
mm, 1.00 mm to 1.05 mm, 1.00 mm to 1.10 mm, 1.00 mm to 1.15 mm, 1.00 mm to 1.20 mm,
1.00 mm to 1.25 mm, 1.00 mm to 1.30 mm, 1.05 mm to 1.10 mm, 1.05 mm to 1.15 mm, 1.05
mm to 1.20 mm, 1.05 mm to 1.25 mm, 1.05 mm to 1.30 mm, 1.10 mm to 1.15 mm, 1.10 mm to
120mm, 1.10 mmto 1.25 mm, 1. 10 mm to 1.30 mm, 1.15 mm to 1.20 mm, 1.15 mm to 1.25
mm, 1.15 mm to 1.30 mm, 1.20 mm to 1.25 mm, 1.20 mm to 1.30 mm, or 1.25 mm to 1.30 mm.
In some embodiments, the thickness of a plate used to form a handpan shell (e.g., a top shell 110
and/or a bottom shell 120) is about 0.90 mm, about 0.95 mm, about 1.00 mm, about 1.05 mm,
about 1.10 mm, about 1.15 mm, about 1.20 mm, about 1.25 mm, or about 1.30 mm. In some
embodiments, the thickness of a plate used to form a handpan shell (e.g., a top shell 110 and/or
a bottom shell 120)is at least 0.90 mm, at least 0.95 mm, at least 1.00 mm, at least 1.10 mm, at
least 1.15 mm, at least 1.20 mm, at least 1.25 mm, or at least 1.30 mm. In some embodiments,
the thickness of a plate used to form a handpan shell (e.g., atop shell 110 and/or a bottom shell
120)is at most 0.90 mm, at most 0.95 mm, at most 1.00 mm, at most 1.10 mm, at most 1.15 mm,
at most 1.20 mm, at most 1.25 mm, or at most 1.30 mm.

[0097] In some cases, a portion, e.g., a top shell 110 of a handpan 100 has a hardness
within a range from 260 megapascals (MPa) to 420 MPa. In some embodiments, the hardness of
a handpan top shell 110 is 250 MPa to 500 MPa. In some embodiments, the hardness of a
handpan top shell 110 is 250 MPa to 260 MPa, 250 MPa to 300 MPa, 250 MPa to 325 MPa, 250
MPa to 350 MPa, 250 MPa to 375 MPa, 250 MPa to 400 MPa, 250 MPa to 420 MPa, 250 MPa
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t0 450 MPa, 250 MPa to 475 MPa, 250 MPa to 500 MPa, 260 MPa to 300 MPa, 260 MPa to 325
MPa, 260 MPa to 350 MPa, 260 MPa to 375 MPa, 260 MPa to 400 MPa, 260 MPa to 420 MPa,
260 MPa to 450 MPa, 260 MPa to 475 MPa, 260 MPa to 500 MPa, 300 MPa to 325 MPa, 300
MPa to 350 MPa, 300 MPa to 375 MPa, 300 MPa to 400 MPa, 300 MPa to 420 MPa, 300 MPa
to 450 MPa, 300 MPa to 475 MPa, 300 MPa to S00 MPa, 325 MPa to 350 MPa, 325 MPa to 375
MPa, 325 MPa to 400 MPa, 325 MPa to 420 MPa, 325 MPa to 450 MPa, 325 MPa to 475 MPa,
325 MPa to 500 MPa, 350 MPa to 375 MPa, 350 MPa to 400 MPa, 350 MPa to 420 MPa, 350
MPa to 450 MPa, 350 MPa to 475 MPa, 350 MPa to 500 MPa, 375 MPa to 400 MPa, 375 MPa
to 420 MPa, 375 MPa to 450 MPa, 375 MPa to 475 MPa, 375 MPa to 500 MPa, 400 MPa to 420
MPa, 400 MPa to 450 MPa, 400 MPa to 475 MPa, 400 MPa to 500 MPa, 420 MPa to 450 MPa,
420 MPa to 475 MPa, 420 MPa to 500 MPa, 450 MPa to 475 MPa, 450 MPa to 500 MPa, or
475 MPa to 500 MPa. In some embodiments, the hardness of a handpan top shell 110 is about
250 MPa, 260 MPa, 300 MPa, 325 MPa, 350 MPa, 375 MPa, 400 MPa, 420 MPa, 450 MPa, 475
MPa, or about 500 MPa. In some embodiments, the hardness of a handpan top shell 110 is at
least 250 MPa, 260 MPa, 300 MPa, 325 MPa, 350 MPa, 375 MPa, 400 MPa, 420 MPa, 450
MPa, or at least 475 MPa. In some embodiments, the minimum hardness of a handpan top shell
110 is at least 250 MPa, 260 MPa, 300 MPa, 325 MPa, 350 MPa, 375 MPa, 400 MPa, 420 MPa,
450 MPa, or at least 475 MPa. In some embodiments, the maximum hardness of a handpan top
shell 110 is at least 250 MPa, 260 MPa, 300 MPa, 325 MPa, 350 MPa, 375 MPa, 400 MPa, 420
MPa, 450 MPa, 475 MPa, or at least SO0 MPa. In some embodiments, the hardness of a handpan
top shell 110 is at most 260 MPa, 300 MPa, 325 MPa, 350 MPa, 375 MPa, 400 MPa, 420 MPa,
450 MPa, 475 MPa, or at most 500 MPa. In some embodiments, the hardness of a handpan shell
formed by a hydroforming method described herein is within a range from 300 MPa to 500
MPa, wherein the maximum hardness of the shell is at least 450 MPa. In some embodiments, the
hardness values provided in this paragraph represent the hardness of a hydroformed handpan
shell prior to any post-hydroforming hardening process, such as nitriding. Nitriding a
hydroformed handpan top shell 110 may further increase the hardness of the shell, such as by at
least 250 MPa or more. In some embodiments, the hardness values provided in this paragraph
represent the hardness of a hydroformed handpan shell after a post-hydroforming hardening
process, such as nitriding.

[0098] In some cases, a portion, e.g., a bottom shell 120 of a handpan 100 has a hardness
within a range from 260 MPa to 420 MPa. In some embodiments, the hardness of a handpan
bottom shell 120 is 250 MPa to 500 MPa. In some embodiments, the hardness of a handpan
bottom shell 120 is 300 MPa to 900 MPa. In some embodiments, the hardness of a handpan
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bottom shell 120 is 250 MPa to 260 MPa, 250 MPa to 300 MPa, 250 MPa to 325 MPa, 250 MPa
to 350 MPa, 250 MPa to 375 MPa, 250 MPa to 400 MPa, 250 MPa to 420 MPa, 250 MPa to 450
MPa, 250 MPa to 475 MPa, 250 MPa to 500 MPa, 260 MPa to 300 MPa, 260 MPa to 325 MPa,
260 MPa to 350 MPa, 260 MPa to 375 MPa, 260 MPa to 400 MPa, 260 MPa to 420 MPa, 260
MPa to 450 MPa, 260 MPa to 475 MPa, 260 MPa to 500 MPa, 300 MPa to 325 MPa, 300 MPa
to 350 MPa, 300 MPa to 375 MPa, 300 MPa to 400 MPa, 300 MPa to 420 MPa, 300 MPa to 450
MPa, 300 MPa to 475 MPa, 300 MPa to 500 MPa, 325 MPa to 350 MPa, 325 MPa to 375 MPa,
325 MPa to 400 MPa, 325 MPa to 420 MPa, 325 MPa to 450 MPa, 325 MPa to 475 MPa, 325
MPa to 500 MPa, 350 MPa to 375 MPa, 350 MPa to 400 MPa, 350 MPa to 420 MPa, 350 MPa
to 450 MPa, 350 MPa to 475 MPa, 350 MPa to 500 MPa, 375 MPa to 400 MPa, 375 MPa to 420
MPa, 375 MPa to 450 MPa, 375 MPa to 475 MPa, 375 MPa to 500 MPa, 400 MPa to 420 MPa,
400 MPa to 450 MPa, 400 MPa to 475 MPa, 400 MPa to 500 MPa, 420 MPa to 450 MPa, 420
MPa to 475 MPa, 420 MPa to 500 MPa, 450 MPa to 475 MPa, 450 MPa to 500 MPa, or 475
MPa to 500 MPa. In some embodiments, the hardness of a handpan bottom shell 120 is about
250 MPa, 260 MPa, 300 MPa, 325 MPa, 350 MPa, 375 MPa, 400 MPa, 420 MPa, 450 MPa, 475
MPa, or about 500 MPa. In some embodiments, the hardness of a handpan bottom shell 120 is at
least 250 MPa, 260 MPa, 300 MPa, 325 MPa, 350 MPa, 375 MPa, 400 MPa, 420 MPa, 450
MPa, 475 MPa, or at least SO0 MPa. In some embodiments, the minimum hardness of a handpan
bottom shell 120 is at least 250 MPa, 260 MPa, 300 MPa, 325 MPa, 350 MPa, 375 MPa, 400
MPa, 420 MPa, 450 MPa, or at least 475 MPa. In some embodiments, the maximum hardness of
a handpan bottom shell 120 is at least 250 MPa, 260 MPa, 300 MPa, 325 MPa, 350 MPa, 375
MPa, 400 MPa, 420 MPa, 450 MPa, or at least 475 MPa. In some embodiments, the maximum
hardness of a handpan bottom shell 120 is at most 500 MPa, such as at most 475 MPa, 450 MPa,
425 MPa, 400 MPa, 375 MPa, or 350 MPa. In some embodiments, the minimum hardness of a
handpan bottom shell 120 is at most 260 MPa, 270 MPa, 280 MPa, 290 MPa, 300 MPa, 325
MPa, 350 MPa, 375 MPa, 400 MPa, 420 MPa, 450 MPa, 475 MPa, or at most 500 MPa. In
some embodiments, the hardness of a bottom shell 120 formed by a hydroforming method
described herein is within a range from 300 MPa to 500 MPa, wherein the maximum hardness
of the shell is at least 450 MPa. In some embodiments, the hardness values provided in this
paragraph represent the hardness of a bottom shell 120 prior to any hardening process, such as
nitriding. Nitriding a handpan bottom shell 120 may further increase the hardness of the shell,
such as by at least 250 MPa or more. In some embodiments, the hardness values provided in this
paragraph represent the hardness of a bottom shell 120 after a hardening process, such as

nitriding.
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[0099] The present inventor has found that the hardness of a handpan shell formed into a
mold 200 according to the hydroforming methods of the present disclosure is greater than the
hardness of a handpan 100 formed via alternative methods. For example, a handpan shell
formed from 19-gauge 1008 cold rolled steel (yield strength = 261 MPa) is expected to have a
hardness ranging from about 305 MPa to about 485 MPa after the hydroforming process, where
the maximum hardness can be expected at the top of the central note 150 of the handpan top
shell 110, in some cases. In contrast, a blank handpan shell hydroformed from the same material
into a void may be expected to have a hardness ranging from about 280 MPa to about 400 MPa,
in some cases, where the hardness at the center of the shell is expected to be only about 330
MPa. In this simulation, the maximum hardness of 400 MPa was only observed at the outer rim
130 of the shell at the point where the plate contacts the clamp that secures it in place.
Accordingly, if the hardness at the outer rim 130 of this shell is ignored, the hardness of the
material is expected to be relatively uniform, ranging from about 280 MPa to 330 MPa.
Advantageously, a handpan shell formed into a mold 200 according to the hydroforming
methods of the present disclosure is expected to exhibit a maximum hardness at the central note
150 of the handpan shell of 150 MPa greater than a central note 150 of a handpan 100 formed
from the same material according to alternative methods in the art. The increased hardness may
positively impact the quality and performance of the handpan 100, such as by improving the
timbre relative to a handpan 100 formed by alternative methods.

[0100] Thus, in some embodiments, the hardness of the material comprising the dome
180 of the central note 150 of the top shell 110 of a handpan 100 is at least 100 MPa greater,
such as at least 120 MPa, 140 MPa, 160 MPa, 180 MPa, 200 MPa, 220 MPa, or at least 240
MPa greater than the hardness or yield strength of the material prior to deforming the material
into the top shell 110 of the handpan 100. In some embodiments, the maximum hardness of the
top shell 110 of the handpan 100 is at least 420 MPa, 430 MPa, 440 MPa, 450 MPa, 460 MPa,
470 MPa, 480 MPa, 490 MPa, or at least 500 MPa. In some embodiments, the maximum
hardness of the dome 180 of the central note 150 of the top shell 110 of a handpan 100 is at least
420 MPa, 430 MPa, 440 MPa, 450 MPa, 460 MPa, 470 MPa, 480 MPa, 490 MPa, or at least 500
MPa.

[0101] A handpan shell (e.g., a top shell 110 and/or a bottom shell 120) produced
according to a hydroforming method described herein may be further treated to increase the
hardness of the handpan shell, optionally by a nitriding process. In some embodiments, the
hardening treatment (e.g., nitriding) increases the hardness of the handpan shell by at least 50

MPa, such as at least 75 MPa, at least 100 MPa, at least 125 MPa, at least 150 MPa, at least 175
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MPa, at least 200 MPa, at least 225 MPa, at least 250 MPa, at least 275 MPa, at least 300 MPa,
at least 325 MPa, at least 350 MPa, at least 375 MPa, or at least 400 MPa, such as by at least
250 MPa. Thus, a nitride-hardened (e.g., nitrided) hydroformed handpan 100 may exhibit a
hardness within a range from 300 megapascals (MPa) to 820 MPa. In some cases, a nitride-
hardened handpan 100 may exhibit a hardness within a range from 300 MPa to 900 MPa. In
some embodiments, the hardness of a nitride-hardened handpan top shell 110 is 500 MPa to 900
MPa. In some embodiments, the hardness of a nitride-hardened handpan top shell 110 is at least
500 MPa, 525 MPa, 550 MPa, 575 MPa, 600 MPa, 625 MPa, 650 MPa, 675 MPa, 700 MPa, 725
MPa, 750 MPa, 775 MPa, 800 MPa, 825 MPa, 850 MPa, 875 MPa, or at least 900 MPa. In some
embodiments, the minimum hardness of a nitride-hardened handpan top shell 110 is at least 500
MPa, 525 MPa, 550 MPa, 575 MPa, 600 MPa, 625 MPa, 650 MPa, 675 MPa, 700 MPa, 725
MPa, 750 MPa, 775 MPa, 800 MPa, 825 MPa, 850 MPa, 875 MPa, or at least 900 MPa. In some
embodiments, the maximum hardness of a nitride-hardened handpan top shell 110 is at least 500
MPa, 525 MPa, 550 MPa, 575 MPa, 600 MPa, 625 MPa, 650 MPa, 675 MPa, 700 MPa, 725
MPa, 750 MPa, 775 MPa, 800 MPa, 825 MPa, 850 MPa, 875 MPa, or at least 900 MPa. In some
embodiments, the hardness of a nitride-hardened handpan bottom shell 120 is 500 MPa to 900
MPa. In some embodiments, the hardness of a nitride-hardened handpan bottom shell 120 is at
least 500 MPa, 525 MPa, 550 MPa, 575 MPa, 600 MPa, 625 MPa, 650 MPa, 675 MPa, 700
MPa, 725 MPa, 750 MPa, 775 MPa, 800 MPa, 825 MPa, 850 MPa, 875 MPa, or at least 900
MPa. In some embodiments, the minimum hardness of a nitride-hardened handpan bottom shell
120 is at least 500 MPa, 525 MPa, 550 MPa, 575 MPa, 600 MPa, 625 MPa, 650 MPa, 675 MPa,
700 MPa, 725 MPa, 750 MPa, 775 MPa, 800 MPa, 825 MPa, 850 MPa, 875 MPa, or at least 900
MPa. In some embodiments, the maximum hardness of a nitride-hardened handpan bottom shell
120 is at least 500 MPa, 525 MPa, 550 MPa, 575 MPa, 600 MPa, 625 MPa, 650 MPa, 675 MPa,
700 MPa, 725 MPa, 750 MPa, 775 MPa, 800 MPa, 825 MPa, 850 MPa, 875 MPa, or at least 900
MPa. In some embodiments, the hardness of a nitride-hardened handpan shell formed by a
hydroforming method described herein is within a range from 600 MPa to 900 MPa, wherein the
maximum hardness of the shell is at least 750 MPa.

[0102] In some embodiments, provided herein is a handpan 100 comprising a top shell
110 produced according to a hydroforming method described herein and a bottom shell 120
produced by a method other than hydroforming into a mold 200. The maximum hardness of the
top shell 110 of the handpan 100 may be at least S0 MPa greater than the maximum hardness of
the bottom shell 120, such as at least 75 MPa, at least 100 MPa, at least 125 MPa, or at least 150
MPa. The minimum hardness of the top shell 110 of the handpan 100 may be at least 10 MPa
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greater than the minimum hardness of the bottom shell 120, such as at least 15 MPa, at least 20
MPa, at least 25 MPa, or at least 30 MPa.

Systems

[0103] A system for molded hydroforming can comprise a mold 200, as described
herein. For example, a system for molded hydroforming can comprise a mold 200 having a
shape complementary to or substantially complementary to a shape (e.g., an intended shape) of a
top shell 110 of a handpan 100. In some cases, a system for molded hydroforming can comprise
a mold 200 having a shape complementary to or substantially complementary to a shape (e.g.,

an intended shape, for instance, with the exception of the port 125) of a bottom shell 120 of a
handpan 100. In many cases, the mold 200 comprises one or more (e.g., a plurality) of shapes
220 (e.g., features) complementary to the shapes (e.g., features) intended to be formed in the
handpan shell (e.g., a top shell 110 or a bottom shell 120) during hydroforming, such as dimples
170, domes 180, notes 160, markings 195 and company logos 195. In some embodiments, the
mold is complementary to a top shell 110 of a handpan having a diameter within a range from
40 cm to 60 cm, such as 48 cm to 55 cm. In some embodiments, the mold is complementary to a
top shell 110 of a handpan having a depth within a range from 10 cm to 15 cm. The mold may
be complementary to a top shell 110 of a handpan comprising seven to ten notes. In some cases,
a mold 200 for a bottom shell 120 comprises a shape 220 complementary to a port 125 intended
to be formed in the bottom shell during hydroforming. In some embodiments, the mold is
complementary to a bottom shell 120 of a handpan having a diameter within a range from 40 cm
to 60 cm, such as 48 cm to 55 cm. In some embodiments, the mold is complementary to a
bottom shell 120 of a handpan having a depth within a range from 10 cm to 15 cm.

[0104] In some cases, the mold 200 comprises a means of securing the mold 200 to a
clamping system (e.g., a ring clamp). For example, the mold 200 can comprise a plurality of bolt
holes corresponding to the positions of bolt holes in a clamping plate (e.g., a steel plate, which
can be at least 1 inch, at least 1.5 inches, or at least 2 inches thick). In some cases, the mold 200
is bolted directly to the clamping plate. In some cases, a portion of the mold 200 comprising bolt
holes is disposed between the clamping plate and a ring clamp during hydroforming. Bolts (e.g.,
having a diameter of 1.5 inches and a length of 6 inches) can be used to secure the clamping
plate to the mold 200 (e.g., with a metal plate to be formed into a handpan shell between them).
In some cases, the mold 200 has been hardened, optionally by a nitriding process. The surface of
the mold 200 may comprise nitrides. In some cases, the mold 200 comprises breathing holes,
e.g., to allow air to escape as the metal sheet is deformed into the mold 200 by the pressurized

fluid.
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[0105] In some cases, a system for molded hydroforming of a handpan 100 comprises a
gasket or o-ring. In some cases, the gasket is a neoprene gasket (e.g., 0.125 inches thick). The
gasket or o-ring can be placed between the clamping plate and the metal sheet to be formed into
a handpan shell prior to sealing the clamping plate to the ring clamp (e.g., mold 200). In many
cases, the gasket, o-ring and/or the clamping plate comprises an inlet to allow the fluid to enter
between the clamping plate and the sheet of metal to be formed into a handpan shell.

[0106] Systems for molded hydroforming of handpan shells can comprise hydraulic
equipment. For instance, a system for hydroforming handpan shells using a mold 200 can
comprise high pressure tubing. In some cases, a system for molded hydroforming comprises a
means of pressurizing a fluid (e.g., a power washer), connected to the high pressure tubing. A
system can also include a manometer for monitoring fluid pressure within the system. Outlets or

exhausts can be included in the systems to allow fluid (e.g., water and/or air) to be purged from

the system.
EXAMPLES
Example 1: Formation of a handpan mold.
[0107] An exemplary handpan top shell 110 was laser scanned and converted to a 3-

dimensional CAD file. The CAD file was digitally manipulated to smooth surfaces, remove
tooling marks and introduce a logo 195, then resized to account for the material thickness and
inverted to produce a digital representation of a mold 200 complementary to the exemplary
handpan top shell 110. This file was converted to instructions for a 4-axis CNC system.
[0108] An 80 cm x 80 cm x 16 c¢m steel block was placed in the CNC system and milled
in accordance with these instructions to produce a mold 200 complementary to the exemplary
handpan top shell 110. Breathing holes were introduced into the mold 200 and the mold surface
was treated with nitride.

Example 2: Hydroforming a handpan top shell into a mold.
[0109] A blank of 19-gauge 1008 cold rolled steel was clamped by two rings to a mold
200 (e.g., the mold of Example 1), then pressure was applied via a pressure pillow to establish
clamping pressure and closing forces which were uniformly distributed throughout.
Water/forming fluid was then introduced and forming pressures of up to 4,000 bar were
established. The sheet metal stretched evenly into the cavity, then rested against the mold
surface without potentially damaging friction. Pressure was released from the system, the

clamps were removed (e.g., as shown in FIG. 3B) and the fully formed handpan top shell 110
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was removed from the mold 200. Test results of material properties of the handpan top shell
110, as evaluated by computer simulations, are provided in Example 3.

Example 3: Material properties of a hydroformed handpan shell.
[0110] Results of computer simulations summarized below indicate that handpan top
shells 110 formed according to the method described in Example 2 demonstrate improved
mechanical and structural characteristics that are superior to handpans made using conventional
or manual processes.
[0111] FIG. 4 shows formability data from simulations of 1008 steel hydroformed into a
handpan top shell using a mold 200. The results from the simulations show that formability of
all parts of the handpan shell are within the material capabilities.
[0112] FIG. 5 and FIG. 6 show simulation results evaluating expected material thickness
variation and thinning in handpan shells hydroformed from 1008 steel with a mold 200.
Thinning was found to be maximal in the rim 130 of the handpan shells. The apex of the central
note was found to have the least steel thinning during hydroforming with a mold 200.
[0113] FIG. 7 shows simulation results for contact distance over the surface of a
handpan shell hydroformed with a mold 200 from 1008 steel. Results showed a contact distance
of zero at all points on the surface of the handpan shell, indicating that the surface is
substantially uniform and the shell is fully formed after hydroforming with a mold 200.
[0114] FIG. 8 shows simulation results evaluating the hardening of 1008 steel over the
course of the steel being formed into a handpan shell. Results show that the material starts with
a uniform strength of 261 MPa and achieves a hardness range of about 300 MPa to about 480
MPa after hydroforming in a mold 200.
[0115] FIG. 9 shows results of simulations run to the spring-back resulting from laser
trimming of the rim 130 of a handpan shell hydroformed from 1008 steel using a mold 200.
Results showed that spring-back is minimal (between -0.4 mm and +0.6 mm) in a direction
normal to the surface of the handpan 100, and that the spring-back is only expected to be -0.2
mm to +0.2 mm for most of the playing surface of the handpan shell.
[0116] FIG. 10 shows results of simulations run to test the hardness of a handpan shell
hydroformed from 1008 steel without contact with a mold 200. Hardness values ranged from
282.7 MPa to 330.8 MPa within the playing surface of the shell. FIG. 11 shows results of
simulations run to test the hardness of a handpan shell hydroformed from 1008 steel with
contact with a mold 200. Hardness values ranged from 305.3 MPa to 484.5 MPa within the
playing surface of the shell. Simulations show that hydroforming handpan shells with a mold

200 increases the hardness of the hydroformed shell.
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[0117] While preferred embodiments of the present invention have been shown and
described herein, it will be obvious to those skilled in the art that such embodiments are
provided by way of example only. Numerous variations, changes, and substitutions will now
occur to those skilled in the art without departing from the invention. It should be understood
that various alternatives to the embodiments of the invention described herein may be employed
in practicing the invention. It is intended that the following claims define the scope of the
invention and that methods and structures within the scope of these claims and their equivalents

be covered thereby.

-44-



WO 2022/076841 PCT/US2021/054205

CLAIMS
WHAT IS CLAIMED IS:
1. A method for forming a top shell of a handpan, comprising:
a. providing a mold having a mold shape complementary to an

intended shape of the top shell of the handpan;

b. providing a plate in proximity to the mold;

C. applying a pressurized fluid to a surface of the plate, thereby
causing the plate to deform into the mold, until the plate has deformed into the intended shape,
thereby forming the top shell of the handpan; and

d. removing the top shell of the handpan from the mold.

2. A method for forming a handpan, comprising joining the top shell of claim 1 to a

bottom shell, thereby forming the handpan.
3. The method of claim 2, wherein the bottom shell comprises a port.

4, The method of claim 3, further comprising, prior to the joining, forming the port

using a lathe or hydraulic press.

5. The method of any one of claims 1 to 4, wherein the intended shape comprises

one or more members selected from the group consisting of: dimples, domes, notes, and logos.

6. The method of any one of claims 1 to 5, wherein the plate comprises a metal or

metal alloy.

7. The method of claim 6, wherein the plate comprises titanium, steel, bronze, brass,
or zinc.

8. The method of claim 7, wherein the plate comprises steel.

9. The method of claim 8, wherein the steel comprises 0.02 to 0.2% carbon.

10. The method of claim 6, wherein the plate comprises one or more members

selected from the group consisting of: 1008 cold rolled steel, 1018 cold rolled steel, and stainless

steel 430.

11. The method of claim 6, wherein the plate comprises one or more members

selected from the group consisting of: 18 gauge steel, 19 gauge steel, and 20 gauge steel.
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12. The method of any one of claims 1 to 11, wherein the thickness of the plate is

between 0.8 mm and 1.3 mm.

13. The method of any one of claims 1 to 12, wherein the pressurized fluid comprises
water.

14. The method of claim 13, wherein the pressurized fluid comprises at least 95%
w/w water.

15. The method of any one of claims 1 to 14, wherein the pressurized fluid has a

pressure within a range from 20 bars to 4,000 bars.

16. The method of claim 15, wherein the pressure is within a range from 20 bars to
225 bars.
17. The method of any one of claims 1 to 16, wherein the intended shape has a

diameter within a range from 40 centimeters (cm) to 60 cm.

18. The method of claim 17, wherein the diameter is within a range from 48 cm to 55
cm.
19. The method of any one of claims 1 to 18, wherein the top shell has a depth within

arange from 10 cm to 15 cm.

20. The method of any one of claims 1 to 19, wherein the top shell comprises a

hardness within a range from 300 megapascals (MPa) to S00 MPa.

21. The method of claim 20, wherein the maximum hardness of the top shell is at

least 450 MPa.

22, The method of claim 20 or 21, wherein the minimum hardness of the top shell is

at least 300 MPa.

23. The method of any one of claims 1 to 22, wherein the handpan comprises seven

1o ten notes.

24. The method of any one of claims 1 to 23, further comprising performing (a)-(d)

in less than ten minutes.

25. The method of claim 24, comprising performing (a)-(d) in less than two minutes.
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26. The method of any one of claims 1 to 25, further comprising trimming the top

shell, optionally with a laser.

27. The method of any one of claims 1 to 26, further comprising nitriding the top
shell.

28. The method of claim 27, wherein the nitriding is gas nitriding.

29. The method of claim 27 or 28, wherein the maximum hardness of the top shell

after the nitriding is at least 700 MPa.

30. The method of any one of claims 27 to 29, wherein the minimum hardness of the

top shell after the nitriding is at least 550 MPa.

31. The method of any one of claims 1 to 30, further comprising repeating (b) to (d)

at least five times within one hour.

32. The method of claim 31, further comprising repeating (b) to (d) at least 50 times

within one hour.

33. A handpan comprising a top shell and a bottom shell, wherein the top shell

comprises a hardness within a range from 300 MPa to 900 MPa.

34. The handpan of claim 33, wherein the maximum hardness of the top shell is at

least 450 MPa.

35. The handpan of claim 33 or 34, wherein the minimum hardness of the top shell is

at least 300 MPa.

36. The handpan of any one of claims 33 to 35, wherein the bottom shell comprises a

hardness within a range from 260 MPa to 420 MPa.

37. The handpan of claim 36, wherein the minimum hardness of the bottom shell is
less than 300 MPa.
38. The handpan of any one of claims 33 to 37, wherein the top shell comprises a

first metal or first metal alloy and the bottom shell comprises a second metal or second metal

alloy.
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39. The handpan of claim 38, wherein the first metal or first metal alloy is the same

as the second metal or second metal alloy.

40. The handpan of claim 38, wherein the first metal or first metal alloy is different

than the second metal or second metal alloy.

41. The handpan of any one of claims 33 to 40, wherein a surface of the top shell or

the bottom shell comprises nitride.

42, The handpan of claim 41, wherein a surface of the top shell comprises nitride and

wherein the maximum hardness of the top shell is at least 700 MPa.

43. The handpan of claim 41 or 42, wherein the minimum hardness of the top shell is
at least 550 MPa.
44, The handpan of any one of claims 41 to 43, wherein a surface of the bottom shell

comprises nitride and wherein the bottom shell comprises a hardness within a range from 400

MPa to 700 MPa.

45. The handpan of claim 44, wherein the minimum hardness of the bottom shell is
less than 650 MPa.
46. The handpan of any one of claims 33 to 45, wherein the surface of the top shell is

free from tooling marks.

47. The handpan of any one of claims 33 to 46, wherein the handpan comprises

titanium, steel, bronze, brass, or zinc.

48. The handpan of claim 47, wherein the handpan comprises steel.
49. The handpan of claim 48, wherein the steel comprises 0.02 to 0.2% carbon.
50. The handpan of any one of claims 33 to 49, wherein the thickness of the top shell

of the handpan is between 0.7 mm and 1.3 mm.

S1. The handpan of any one of claims 33 to 50, wherein the handpan has a diameter

within a range from 40 cm to 60 cm.

52. The handpan of claim 51, wherein the diameter is within a range from 48 ¢cm to

55 cm.
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53. The handpan of any one of claims 33 to 52, wherein the top shell has a depth

within a range from 10 cm to 15 cm.

54. The handpan of any one of claims 33 to 53, wherein the handpan comprises

seven to ten notes.

55. A top shell of a handpan comprising a hardness within a range from 300 MPa to
500 MPa.

56. The top shell of claim 55, wherein the maximum hardness of the top shell is at
least 450 MPa.

57. A nitride-hardened top shell of a handpan comprising a hardness within a range
of 550 MPa to 900 MPa.

58. The top shell of claim 57, wherein the maximum hardness of the top shell is at
least 700 MPa.

59. The top shell of any one of claims 55 to 58, wherein the top shell is formed using

the method of any one of claims 1 to 32.

60. The top shell of any one of claims 55 to 59, wherein the surface of the top shell is

free from tooling marks.

o1. The top shell of any one of claims 55 to 60, wherein the top shell comprises

titanium, steel, bronze, brass, or zinc.

62. The top shell of claim 61, wherein the top shell comprises steel.
63. The top shell of claim 62, wherein the steel comprises 0.02 to 0.2% carbon.
64. The top shell of any one of claims 55 to 63, wherein the thickness of the top shell

is between 0.7 mm and 1.3 mm.

65. The top shell of any one of claims 55 to 64, wherein the top shell has a diameter

within a range from 40 ¢cm to 60 cm.

66. The top shell of claim 65, wherein the diameter is within a range from 48 ¢cm to

55 cm.
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67. The top shell of any one of claims 55 to 66, wherein the top shell has a depth

within a range from 10 cm to 15 cm.

68. The top shell of any one of claims 55 to 67, wherein the top shell comprises

seven to ten notes.

69. A mold for a top shell of a handpan, comprising one or more members selected

from the group consisting of: dimples, domes, notes, and logos.

70. The mold of claim 69, wherein a surface of the mold comprises nitride.
71. The mold of claim 69 or 70, wherein the mold comprises breathing holes.
72. The mold of any one of claims 69 to 71, wherein the mold is complementary to a

top shell of a handpan having a diameter within a range from 40 ¢m to 60 cm.

73. The mold of claim 72, wherein the diameter is within a range from 48 cm to 55
cm.
74. The mold of any one of claims 69 to 73, wherein the mold is complementary to a

top shell of a handpan having a depth within a range from 10 cm to 15 cm.

75. The mold of any one of claims 69 to 74, wherein the mold is complementary to a

top shell of a handpan comprising seven to ten notes.
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INTERNATIONAL SEARCH REPORT

International application No.

PCT/US 21/54205

A. CLASSIFICATION OF SUBJECT MATTER
IPC - G10D 13/02, B21D 22/22, B21D 26/00, B21D
CPC -

B30B 5/02, G10D 13/24

26/021, B21D 26/025, B21D 26/029 (2022.01)

G10D 13/02, G10D 13/08, B21D 26/021, B21D 26/025, B21D 26/029, B21D 26/031, B21D 53/00,

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

See Search History document

Minimum documentation searched (classification system followed by classification symbols)

See Search History document

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

See Search History document

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y US 10,373,594 B1 (DOE et al.) 6 August 2019 (06.08.2019), entire document 1-4, 5/(1-4)
Y US 2020/0001343 A1 (WAHTUSE) 2 January 2020 (02.01.2020), entire document 1-4, 5/(1-4)
Y US 2015/0269921 A1 (AVEDIS ZILDJIAN CO.) 24 September 2015 (24.09.2015), entire 4, 5/(4)
document
A US 6,212,772 B1 (WHTMYRE et al.) 10 April 2001 (10.04.2001), entire document 1-4, 5/(1-4)

D Further documents are listed in the continuation of Box C.

D See patent family annex.

* Special categories of cited documents:

“A” document defining the general state of the art which is not considered
to be of particular relevance

“D” document cited by the applicant in the international application

“E” earlier application or patent but published on or after the international
filing date

“L” document which may throw doubts on priority claim(s) or which
is cited to establish the publication date of another citation or other
special reason (as specified)

“Q” documentreferring to an oral disclosure, use, exhibition or other means

“P” document published prior to the international filing date but later than

the priority date claimed

“T” later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

“X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive step
when the document is taken alone

“Y” document of particular relevance; the claimed invention cannot
be considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&” document member of the same patent family

Date of the actual completion of the international search

14 FEBRUARY 2022

Date of mailing of the international search report

FEB 28 2022

Name and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571-273-8300

Authorized officer
Kari Rodriquez

Telephone No. PCT Helpdesk: 571-272-4300

Form PCT/ISA/210 (second sheet) (July 2019)




INTERNATIONAL SEARCH REPORT International application No.

PCT/US 21/54205

Box No. 11 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2, l:] Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. D Claims Nos.: 6-32, 36-54, 59-68, 72-75 .
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. II  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees must be paid.
Group I: Claims 1-5, directed to methods of making including applying a pressurized fluid to a surface of a plate.

Group |I: Claims 33-35, and 55-58, directed to a handpan comprising a bottom shell; and a hardness within a range.

Group Ili: Claims 69-71, directed to a mold comprising one or more members selected from the group consisting of: dimples, domes,
notes, and logos.

-*- See Extra Sheet -*-

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. No required additional search fees were timely paid by the applicant. Consequently, this international search report is restricted
to the invention first mentioned in the claims; it is covered by claims Nos.:
1-5

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the

payment of a protest fee.

I___] The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

I:, No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (July 2019)
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PCT/US 21/54205

-—- Continuation of Box No. |l Observations where unity of invention is lacking ---

The inventions listed as Groups I-1ll do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT Rule
13.2, they lack the same or corresponding special technical features for the following reasons:

SPECIAL TECHNICAL FEATURES

The invention of Group | includes the special technical feature of a method including applying a pressurized fluid to a surface of a plate,
not required by the claims of Group II-1il.

The invention of Group Il includes the special technical feature of a handpan comprising a bottom shell; and a hardness within a range,
not required by the claims of Group | and IlI.

The invention of Group Ill includes the special technical feature of a mold comprising one or more members selected from the group
consisting of: dimples, domes, notes, and logos, not required by the claims of Group [-II.

COMMON TECHNICAL FEATURES

Groups |-l share the common technical features of a handpan comprising a top shell.

However, this shared technical feature does not represent a contribution over prior art as being anticipated by US 10,373,594 B1 to DOE
et al. (hereinafter "DOE"), which DOE discloses a handpan (10, Fig. 1, ABSTRACT) comprising a top shell (12, Fig. 1; col 2, In 61-63).

Groups | and Il share the common technical features of a mold and a handpan comprising a top shell.

However, this shared technical feature does not represent a contribution over prior art as being anticipated by DOE, which DOE
discloses a mold (col 4, In 42-50) and a handpan (10, Fig. 1; ABSTRACT) comprising a top shell (12, Fig. 1; col 2, In 61-63).

As the common technical features were known in the art at the time of the invention, these cannot be considered special technical

feature that would otherwise unify the groups.

Therefore, Groups I-IIl lack unity under PCT Rule 13 because they do not share a same or corresponding special technical feature.

*item 4 (contd): Claims 6-32, 36-54, 59-68, and 72-75 were found to be unsearchable because they are dependent claims and are not
drafted in accordance with the second and third sentences of Rule 6.4(a).*

Form PCT/ISA/210 (extra sheet) (July 2019)
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