The Lehmann music cabinet
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In 1757, the ambitious cabinetmaker Christian
Friedrich Lehmann made a cabinet for the Danish
king Frederik V that was like nothing the world had
ever seen. It could play fourteen tunes for flutes and
harpsichord as well as seven fanfares for trumpet.
The music emerged as if by magic from the interior of the cabinet, created by intricate mechanical systems and superb instruments hidden inside
the voluptuous Rococo cabinet. Roughly 250 years
later an almost equally extravagant conservation
project began in order to conserve the cabinet itself
as well as its music. This article describes the process of reconstructing the music.
Short biography of Christian Friedrich Lehmann
Lehmann was born around 1726 in Germany. In
1748, he emigrated to Copenhagen, like many other
European craftsmen in the early- to mid-eighteenth
century, to work on the many big construction works
in the capital. Most prominent among these works
was the new royal Christiansborg Castle, which

Figure 1 The small Lehmann cabinet. Finished in 1755.

was finished in 1740 and had its many rooms subsequently decorated. Several strong indications tell
us that Lehmann worked for Dietrich Schäffer, by
then royal cabinetmaker (ébéniste du roi). Lehmann’s
star was rising fast at the royal Danish court and
in 1753 he was appointed master of cabinetmaking by royal resolution. This was highly unusual as
one would normally have to serve a ‘master year’ at
another master cabinetmaker’s workshop. His first
major work, known as the small Lehmann cabinet (figure 1), was commissioned shortly after his
appointment to master cabinetmaker. It was delivered to Frederick V in 1755. Lehmann took over
the royal cabinetmaker’s workshop from Schäffer
in 1754. That same year Lehmann sold a musical
flute book to the king, indicating that Lehmann
himself was in fact the initiator and producer of
the music cabinet (figure 2). In any case the music
cabinet was commissioned the same year by king
Frederick V and delivered in 1757. Its price was
roughly the same as that of Sorgenfri Castle north

Figure 2 The Lehmann music cabinet. Finished in 1757.
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Figure 3 Sorgenfri Castle, built by the French architect Dieussart in 1705 at the cost of 5,000 rigsdaler. Architect Laurits de Thurah built a new
castle on the grounds in 1756-1757. This entire estate, with a previously added cavalier wing and stables, was traded in 1789 for 8,000 rigsdaler.
The Lehmann music cabinet cost 6,560 rigsdaler.
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of Copenhagen which was traded in those years
(figure 3), making it probably the most expensive
piece of furniture ever in Danish history. The music
cabinet was placed in the Golden Hall of the newly
built Christiansborg Castle.
In the following years Lehmann’s luck turned when
his patron Frederick V fell from his horse during a
hunt in 1760 and withdrew to Fredensborg Castle,
where he died in 1766. Shortly after, Lehmann fell
out of favour out with the newly appointed royal
architect Nicolas Henri Jardin (1760). He had arrogantly changed Jardin’s designs for the prestigious building project of the Frederik’s Church (also
called the Marble Church) on the scale model (1:50)

that he had been commissioned to make from
Jardin’s drawings (figure 4). From then on, it was
almost impossible for Lehmann to get any work
through the court. Simultaneously (in the years
1761-1763), Lehmann lost most of his savings in
some real estate investments. Lehmann was forced
to make ordinary furniture for the lower middle
classes and died penniless as a lodger in a small
apartment between 1787 and 1801.
Presentation of the cabinet
The Lehmann music cabinet is named after the
ingenious and groundbreaking mechanically
played music, hidden in its interior. This object is

Figure 4 Frederik’s Church in Copenhagen. Lehmann made a model of the church for N.H. Jardin. The design was later modified for
financial reasons.

the first known example in the world of a mechanical musical system in which two different instrument groups play simultaneously.
At the top, behind the flute-playing putto, the
smaller group consists of a clock, bell, drivetrain
(the ‘motor’), and a trumpet register (twelve trumpets, two bellows and one pinned barrel) (figure 5).
This register can play seven different tunes (fanfares) for trumpet.
The larger group, at the lower part of the cabinet,
consists of four bellows, one drivetrain, two pinned
barrels, and two synchronically played instrument
groups of twenty-four traverse flutes and one harpsichord (figure 6). The harpsichord and the drivFigure 5 The trumpet register.

Figure 7 A schematic representation of the mechanics of the
cabinet.

Figure 6 The boxes containing most of the larger register bellows, flutes and barrels.
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etrain of the larger system are now missing. The
larger system can play fourteen different tunes for
flute and harpsichord.
Those two groups or systems are driven by individual sets of weights and are connected in such manner
that the small system with the clock and trumpets

at the top of the cabinet activates the larger system,
but only on the whole hour.
How the music was actually played is slightly uncertain as the physical and the written sources are
not entirely consistent, but a qualified guess could
be that the bell strikes every hour (one to twelve
times), after which the small trumpet register is
activated and plays one of the seven fanfares. This
(on the whole hour) activates the big drivetrain
which plays one of the fourteen melodies for flute
and harpsichord (two of those are melodies only
for flutes). The drivetrains are driven by weights,
as in a longcase clock. The drivetrain also lifts the
bellows (they have weights mounted on top, so
that they only need to be lifted, moving downwards
again as they are emptied) and turning the cylindrical barrels by means of a worm drive, driving both
of the barrels at the same time. As the barrels are
turned, the keys in the keyframes are lifted when
they pass the pins, each key corresponding with
one note of one melody. In the harpsichord barrel
the vertically placed keys have a simple peg in the
middle, making the key work as a lever, as it pulls
the jack that plucks the strings of the harpsichord
frame. When the flute barrel is turned, the horizontally placed keys are lifted and pushed down
on a sticker, which opens a valve sending air from
the wind chest to the flute, which then plays the
corresponding note (figure 7).
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Figure 8 Close up of the pins, showing how some of the pins
are bent as a later adjustment of the execution of the music.
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Figure 11 G. Crone
stamped on the flutes.

Figure 9 The pinned barrels (left) with the coding for the flutes
(right) for the harpsichord.

Figure 12 The carved lips giving different airflow and angle to
the individual flutes.

Each instrument group is coded with pins of varying
lengths on three individual cylindrical barrels. The
pins are about 4 mm high. The difference in thickness (or the length of the 90° angled bends) of the
pins equals the length of a note on the corresponding instrument (figure 8). The resolution of the difference in thickness is as slight as 0.2-0.3 mm. Each
row of pins corresponds to one note: twenty-four
for the flutes, thirty-eight for the harpsichord, and
twelve for the trumpets. There are seven melodies
on the trumpet barrel (Ø 10.2 cm by 28.8 cm long)
and fourteen melodies on the flute and harpsichord
barrels (Ø 20,7 cm by 114,5 cm long) (figure 9).
Thorough inspection revealed that some of the pins
had been bent on purpose after they had been driven
into the barrel, in order to adjust the music’s rhythmical flow as the barrels were turned (figure 8).

In the cabinet there are twenty-four identical traverse flutes, each flute only playing one note (figure
10). The flutes are made of boxwood by the flute
maker Gottlieb Crone in Leipzig. They are marked
‘G. Crone’ and are the largest known group of eighteenth-century flutes made by the same maker, at
the same time, for the samwe purpose (figure 11).
When a human musician plays the traverse flute, he
or she uses different pressure of airflow for different notes, as well as different positions of the lips:
softer force for the deeper notes, and harder for
the higher notes. In order to make the twenty-four
flutes play their individual notes correctly, there are
four bellows, making two different air pressures, as
well as twenty-four individually carved lips, which
blow into the flutes from the wind chest (figure 12).
The melodies of the flute register (flute and harpsi-

Figure 10 The 24 flutes.

Figure 14 The Golden Hall of the first Christiansborg Castle. The castle burned down in 1794. The present castle is the third Christiansborg
and houses the Danish parliament.

Figure 13 The rack that shows how it was possible to change
melodies with a lever from the front of the cabinet.

the music play properly. Slight variations in the
relative humidity may easily bring the flutes or the
harpsichord out of tune and can also make the
cylindrical wooden barrels warp, making the music
uncoordinated.
The pin coded barrels are in fact illustrating how
music was performed in the mid-eighteenth century. In written music of the time the trills of the
flutes are only marked with a symbol; similarly,
the right hand on the harpsichord is not written
out, but only marked with chords. The musician
would have improvised the performance. Coded on
the pin barrels, we have a sort of recording of that
performance. Because of the obvious importance of
both the music coded on the barrels and the value of
the preserved instruments as a historical source, a
collaboration with music historian Ture Bergstrøm
from the Danish Music Museum was established
very early in the project.
Beginning the conservation project
When the conservation project began in 2004,
the idea was to try to restore the original mechanics, using the preserved barrels and instruments.
Considering the importance of the information
encoded in the positions of the pins on the barrels, it was evident that the barrels needed to be
documented extremely thoroughly, in order not to
jeopardize any of the music historical sources on
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chord barrels) can be changed with a lever from the
front of the cabinet, lifting the key frame and sliding
both of the barrels horizontally. The lever itself and
the drive train is unfortunately no longer present but
a rack with fourteen teeth is preserved at the bottom
of the box holding the barrels (figure 13).
The cabinet was originally placed in the Golden
Hall of Christiansborg Castle, where it was meant
to impress and enchant the king’s distinguished
guests (figure 14). We know that the cabinet was
moved to the Royal Kunstkammer only two years
after its installation in Christiansborg Castle. It
is not known why this extravagant and extremely
costly piece of furniture was removed so shortly
after its installation, but the most obvious theory
is that the mechanics of the synchronically played
flutes and harpsichord were too complex to make
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them. The first attempt to document the position
of the pins with sufficient precision was to photograph the smaller barrel from the trumpet register
in one-centimeter strips and then pasting those
photos together in one big file (figure 15). In spite
of its meticulousness, this method did not meet the
demands of the resolution in documenting the positions of the pins. The photos could not capture the
angles of the pins (caused by the cylindrical barrel)
sufficiently precise. Furthermore, the pasted file of
96 photographs for the small barrel alone (which
would have been 1200 for the big barrels) resulted in
a very heavy file to work with, especially considering
the computer capacity of fifteen years ago.
The idea arose to try to make a 3D scan of the
three barrels, but back in 2004-2005, this was still
a fairly novel technique, making it a challenge to
find equipment that could scan cylindrical shapes.
During our search for such equipment, we read
about a building restoration project in the United
States where columns had been scanned. On further research, the company delivering the equipment for that scan turned out to be situated in
Denmark. Scan Tech, as the company is called,
made a test scan to see if the technique would be
applicable to the project. It turned out very promising (figure 16). In close collaboration with the
Royal Danish Collection, The Danish Music History
Museum and Scan Tech, the idea was developed to
use these 3D scans to digitally recreate the original music instead of restoring and reconstructing
the original mechanical and instrument parts. This
approach made it possible to recreate the original
music coded on the barrels without disturbing the
primary music historical resources of the mechanics, instruments, pins and barrels, resulting in a far
more ethical approach.
The scans
The actual scans were executed in 2009. The chosen
barrel was mounted in a V-shaped piece of teflon,
tightly fitted with no horizontal movement, and
was at one end connected to a step motor. The step
motor was controlling the turning of the barrel
and was connected to a computer (figure 17). The
scanner, which was connected to the same computer, was placed on an aluminium rail, where it
could slide along the length of the barrel. The step
motor measured the rotation angle and the scanner
measured the distance from the scanner head, so
that it measured both the bottom of the barrel and
the positions of the pins (in collaboration with the
step motor). It was not necessary to scan each and
every millimeter of the barrels as it is merely the

Figure 15 The first attempt of photographically documenting
the positions of the pins.

Figure 16 The first test scan from Scan Tech that was so promising that it was chosen as the method for documenting the barrels.

Figure 17 Set-up of the scanning equipment with the barrel in
teflon bearings.

individual pin row that holds the information, creating a linear output (figure 18). This output derived
in reality from a measured rotation angle of the step
motor at each starting point of a pin and its length/
thickness. The scanner was manually moved from
pin row to pin row along the length of the barrel.
At each scan visual observations were noted in a
spreadsheet for future adjustments, for example,
if a pin seemed to be bent on purpose (originally)
or by accident (damage during transportation or
handling). Notes were also made on whether an
indentation was an insect hole or a crack in the
wood of the barrel. Since the pins in the original

Figure 18 Linear output from the scans. The thin light blue line
represents the reading points. Where the line passes a ‘tooth’,
that is, a pin, it will turn the corresponding note on and when it
passes again, it will turn it off.

Figure 19 The lengthwise warping of the barrel makes some of
the notes play too early and others too late. This effect is worst at
the middle of the barrel and less at the ends.

mechanism actually work as a binary on/off function, these values could later be translated into
starting times and lengths in milliseconds of one
note in one instrument in one melody. As it can be
observed on the graphic representation of the scan,
the barrels had warped horizontally so they were
now hanging in the middle, making the barrels
rotate eccentrically. It was therefore necessary to
have a reference line that could be visually adjusted
to hit the pins (figure 18). Where the light blue
line passes the red line, the corresponding note
will start, and where it passes again, it will stop.
All the values from the scans were exported to an
Excel spreadsheet.

Figure 20 Cracks in the barrels caused some issues similar to
the effects of the warping. The distortion of the music’s rhythm
was most severe around the crack and less at the opposite side.
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The transformation into music
The next step was to create a computer program
which, based on the values of note starts and note
lengths, could generate a music file in MIDI format for each melody on the barrels. A row of pins
on a barrel gives only information on one note,
on one instrument, in one melody. Therefore, for
every individual melody, there are just as many rows
of pins as there are different notes. That means
twenty-four rows of pins for the flute barrel, thirtyeight rows for the harpsichord barrel and twelve for
the trumpet barrel. Consequently, the computer
program needed to be able to connect and combine
the sixty-two notes to the correct melody, with the
right instrument sound.
Such a program was especially made for this purpose by computer scientist and sound engineer
Simon Thamdrup. We knew that the warping of
the barrels would cause the music to be rhythmically off, since the eccentricity in the rotation would
cause some of the notes to be played too early and
some of them too late (figure 19). The same applies
to the areas of the barrels where cracks occur (figure
20). These errors were corrected mathematically in
the Excel spreadsheets. This correction, however,
was not sufficient, so to achieve an acceptable
result, the melodies were finally corrected by ear.
You can find the different versions of the music of
all the melodies at: http://www.kongernessamling.
dk/en/rosenborg/c-f-lehmanns-musikskab/.
It was considered important that the correction
by ear would not be too perfect, since the original
mechanically played music would not have been
totally organic opposed to when it would have
been played live by musicians. Thus, we put great
emphasis on preserving the mechanical feel, saving
the flaws that seemed to have been original.
For the digital sampling of the music the original instruments were recorded. This applies to the
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Figure 21 Denmark’s best traverse flute player giving sound
to the flutes for the first time in over 200 years was a magical
moment.

Figure 22 Position of the loudspeakers in the cabinet today,
playing each half and whole hour.

flutes and the trumpets. Since the original harpsichord was gone, sounds from a contemporary
German harpsichord were used. The recording of
the trumpets was carried out at a voicing bench at
the organ builders Frobenius in Lyngby, Denmark.
The flutes were played by flautist Winnie Bugge
Frandsen and recorded at a sound studio in the
Danish Music Museum (figure 21). Here we also
recorded the tick-tock sound of the clock, the bell
and the mechanical sounds of the smaller trumpet
drivetrain train. This was later distorted to a lower
frequency in order to make it sound like the lost
bigger train of the flute register.
All the mechanical sounds were sampled into
the music to mimic the sounds that would have
come from the cabinet when it was playing in its
heyday. As the cabinet was put back in its current place at Rosenborg Castle, five loudspeakers
were installed in the cabinet at the spots where the
music came from originally: one at the top, two
facing backwards in the middle, and two facing
forward at the bottom. All the sounds (music and
mechanics) were sampled in to a five-phased hifi
and audio system (figure 22). The sound of the
small drivetrain, the tick-tock of the clock, and the
trumpets come from the top speaker (green on the
photo). The higher notes of the harpsichord to the
left and the deeper notes to the right come from
the middle set of speakers (blue). From the bottom
set the reconstructed sound of the big drivetrain
is played. The higher notes of the flutes to the left
and the lower to the right (red) are also played
from the bottom set.

The cabinet is now on display at Rosenborg Castle,
which is the public museum of the Royal Danish
Collection. It plays its music on every whole and
half hour just like in its glory days in the Golden
Hall of Christiansborg Castle. It has been a great
honour to work with this truly unique example of
eighteenth-century ingenuity and extravagance. It
is spectacular to see how, even in the present day,
the visitors of the museum experience the original
music playing from the cabinet as almost magic.
Bodil Stauning
Furniture conservator
bodil@stauning.net
Tom Feilberg
Furniture conservator, Royal Danish Collection
tf@kosa.dk
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File formats used:
• MIDI (music files)
• WAV (music decoding)

Hardware:
• Step motor: Techno-Ingranaggi Ruttori Italy
BGT 530 Stadi. 2 rap. 20 gioco. 15 6,35. 21.
SK 38,1. 66,6
• Scanner: Model Twocam 3D laser scanner
S/n 08-Range-2-339342
Range 200
• USB interface S201707 (connected step motor,
scanner and computer)
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Software:
• BOS (scans)
• Medalion Showmaster XS (music execution)
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For the execution of the music in the cabinet:
•		 6 channel sound server MULTI DAP-IP
•		 Australian Monitor Zone mixer
•		 2x2x30 Watt effect speakers
•		 5x B&W passive loudspeakers•

