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View of the exhibition in the
Landesmuseum Hannover
with front and back views
of the Golden Panel, one
of the most precious works
in the museum’s renowned
medieval collection.

The vibration-isolated pedestal of the
Golden Panel in the Landesmuseum Hannover
Kerstin Kracht, Kerstin Tegeler

The Golden Panel of Lüneburg is considered to be a major example of European Gothic art from around 1400. The
object has been extensively restored in recent years. On commission from the Landesmuseum Hannover (the Lower
Saxony State Museum), the expert Dr Kerstin Kracht , together with the architect Kerstin Tegeler and the company
Museumstechnik GmbH, designed and carried out calculations for a vibration-optimized pedestal specifically for
the object. This work of art is on display in the exhibition Zeitenwende 1400 – Die Goldene Tafel als europäisches
Meisterwerk [Turn of the 15th Century – The Golden Panel as a European Masterpiece], in the Landesmuseum
Hannover, which runs until the end of February 2020.has shown.
In the period around 1400, major carpenters, carvers
and painters created a high altar reredos of outstanding
importance: the Golden Panel for the Benedictine abbey
church of St. Michael in Lüneburg. This is now one of the
most precious works in the renowned medieval collection
of the Landesmuseum Hannover.
With financial support from the Volkswagen Foundation,
the Hannover Monastery Chamber and the FAMA Art
Foundation, the reredos was investigated intensively
from 2012 to 2016 by historians, art historians and art
technologists in a large-scale interdisciplinary research
project. The unique history, style and construction
in particular were analysed, as well as the material
composition of the double altarpiece.
The reredos was then restored in another large-scale
project involving up to six restorers from early 2016 to
March 2019. The restoration project was funded by
the Lower Saxony Ministry of Science and Culture, the
Hannover Church Heritage Office and the “Kunst auf

Lager” Alliance, along with the Ernst von Siemens Art
Foundation, the Rudolf-August Oetker Foundation, the
Cultural Foundation of the German Federal States and
the VGH Foundation.
With the utmost care and conscientiousness, layers of dirt
and brown coatings were stripped away, old retouching
removed and imperfections closed. The Landesmuseum
Hannover attached great importance to transparency
during the restoration: visitors could follow the progress of
the work in an open workshop. During the public guided
tours, interested people were able to obtain information
about the work of the restorers. A sponsorship model was
also developed, letting private sponsors participate in one
of the most extensive contemporary restoration measures
in the German museum world. Since 27 September 2019,
the Golden Panel has been shining with new splendour
and it can be admired in the special exhibition Turn of
the 15th Century – The Golden Panel as a European
Masterpiece at the Landesmuseum Hannover (see info
box 1).

The project included the planning and realization of a
vibration-isolated base for the new presentation of the
Golden Panel. This subproject was funded by the Ernst
von Siemens Art Foundation. The background to this
was the insights gained 25 years earlier. Because of its
fragile mountings and the damaged wood and delicate
gilding, this richly elaborate work needed to be protected
from shocks and vibrations from the surroundings.
Prof. Waldemar Stühler and Prof. Hans Günther Natke,
renowned professors of vibration engineering at the
Technical University of Berlin and the Gottfried Wilhelm
Leibniz University of Hannover respectively, investigated
the vibrations of the floor in the Landesmuseum Hanover
exhibition room at the time. Their finding was that the
floor’s vibrations would be amplified by the object itself.
These dynamic loads could have caused damage to
the sensitive areas of the reredos. An installation for the
work of art was accordingly recommended that would
isolate it from vibrations. The Golden Panel was installed
in a wall niche in 2000. Isolation from vibrations was
achieved using elastomer components placed under the
object. The effectiveness of this method needed to be
checked again based on recent technical developments
in vibration reduction when the Golden Panel was being
reinstalled after completion of the restoration.
The requirements were to preserve the original condition
of the Golden Panel (which was fragile in parts) and to
present the object in a new way: free-standing in the
room. This needed it to be installed on a vibrationisolated base. This task proved to be quite an engineering
challenge, as the Golden Panel ,which has a span of more
than 7 metres and weighs more than 620 kg, was to be
displayed on a spring-mounted pedestal 1.20 m high
but only 35 cm deep. A further condition was that the
pedestal should be designed as a transportable base,
given that the Golden Panel would have to be moved
several times for special exhibitions, conversion work and
(finally) the redesign of the permanent exhibition.

a real challenge. First and foremost, the static forces
and a stable balance had to be guaranteed. Dr Kracht
therefore deemed separate consideration of the static
forces to be indispensable right from the planning phase
and entrusted this task to the civil engineer and architect
Kerstin Tegeler, whose main field of activity is preserving
historical monuments. Finally, the State Museum
commissioned both engineers to advise on questions
relating to the static and dynamic aspects during the
construction and installation of the pedestal. In addition,
they had to provide all the necessary mathematical
proofs of structural and mechanical stability.
The construction and planning work for the vibrationinsulated base for the Golden Panel of Lüneburg started
in April 2018 with experimentally determined modal
analysis and operational vibration analysis by Dr Kracht
of the floor of the exhibition room where the Golden
Panel would be permanently displayed (see info box 2)

Positions of the sensors during the vibration measurements and
the planned positioning of the Golden Panel for permanent
display, © Landesmuseum Hannover

Overall, the project management work was similar to
that of a sizeable construction project. Those involved
from the Landesmuseum Hannover were Dr Antje-Fee
Köllermann (the curator), Kirsten Hinderer and Eliza
Reichel (qualified restorers), and Michaela Kuntz (the
Central Services Manager).
The company tasked with constructing the pedestal
was Museumstechnik GmbH of Berlin. They have been
building platforms and display cases for museums for
many years to allow valuable works of art and cultural
assets to be presented in a dignified way. This meant
that Museumstechnik GmbH has extensive experience
with regard to the design aspects. Museumstechnik
GmbH commissioned the engineer Dr Kerstin Kracht
for the technical design of the base. Back in 2009,
Museumstechnik GmbH had already cooperated very
effectively and successfully with Dr Kracht in creating a
vibration-isolated display case for the bust of Nefertiti.
Because of the considerable dimensions and weight of the
Golden Panel, the calculations for the vibration isolation
of the entire system – i.e. the object plus its base – were

Measuring equipment for the vibration measurements,
© Dr Kerstin Kracht

For the operational vibration analysis, the floor was
made to vibrate by four to seven people pacing, walking
or jumping, as well as by a transport cart known as the
Ant being driven past. In all the experiments, vibrations
with frequencies of 11 Hz, 14 Hz and 22 Hz were observed.
The highest amplitudes, with vibration velocities of
approximately 2 mm/s, occurred when driving the
transport cart past and during rapid movements
by seven people. The amplitudes of the continuous
oscillations of the floor led to velocities of 0.7 mm/s.
Due to the lever effect of the tall base and the panels’
own substantial height, these vibration amplitudes were
magnified. In addition, the first eigenfrequency of the
Golden Panel was calculated to be about 21 Hz, meaning
that excitation of the base by the floor vibrations would
have caused the Golden Panel to resonate, which would
have resulted in immense amplification of the recorded
vibrations. The experimentally determined modal
analysis of the floor showed that the characteristic
vibration frequencies seen in the operational vibration
analysis were its eigenfrequencies. This meant that the
results of the operational vibration analysis had to be
applied to the number of visitors generally present or
extrapolated linearly upwards. On the one hand, these
results substantiated the results of obtained by professors
Stühler and Natke. On the other, this allowed the tuning
frequencies for the vibration isolation to be determined.
In addition, modern vibration engineering techniques
made it possible to visualize the vibration modes of the
floor (see info box 2), allowing a suitable positioning of
the artwork to be derived from a vibration engineering
perspective.
On the other hand, the load-bearing capacity of the
ceiling had to be taken into account, as the exhibition
hall for the permanent presentation is located on the
second floor, Specific data and construction blueprints
were needed for calculating the load-bearing capacity.
Based on the calculated value, a free space around the
Golden Panel was defined that had to be observed so
that the load-bearing capacity of the ceiling would not be
exceeded on average. The dimensions of the free space,
i.e. the area with no loading, depended not only on the
permissible loading on the ceiling but also on the weight
of the Golden Panel and the pedestal. The weight of the
pedestal was in turn largely determined by its design.
From a design point of view, it was desirable that the
pedestal should be placed with a bend at a shallow angle,
located if possible only under the two middle sections of
the Golden Panel. In addition, the pedestal had to be 1.20
m high and no more than 35 cm deep. Last but not least,
the pedestal had to be kept as light as possible because
it needed to be transportable. Safety reasons meant that
this design wish-list could only be partially implemented.
Various iterations between design and the static and
dynamic loading did finally allow a very good solution to
be worked out.

Iteration for the design, static and dynamic aspects, © Dr Kerstin
Kracht

Priorities had to be set in terms of the design. The height
and depth of the pedestal as well as its transportability
were non-negotiable requirements.
From the point of view of static loading, the durability
of the construction and the stability of the pedestal plus
the object had to be verified in accordance with the
European standards, and the permissible load limits for
the object itself had to be determined. Given the weight
of the Golden Panel, the dimensions and the presentation
height, the pedestal needed to weigh about 900 kg.
Given that it would not be possible to move something
with these dimensions around the museum building, a
pedestal had to be developed that can be dismantled
into four sections with additional weights that can be
removed.
The vibration isolation used passive elements (i.e.
components such as springs, weights and dampers that
do not require any additional energy, e.g. from electric
power) that had the task of converting shocks and
vibrations from the environment into vibrations that are
harmless to the recipient object (in this case the Golden
Panel). This required the eigenfrequencies of the object,
the excitation vibrations and the vibration behaviour
of the entire system (pedestal + Golden Panel) to be
known. In a complex simulation study using finite element
analysis, the suitability of various pedestal variants and
types of bearings was tested in terms of the design and
the static and dynamic characteristics.

,
Simulation of the vibrations of the pedestal with vibration isolation
when excited by visitors: The shallow, low-frequency rocking
movements of the pedestal do not cause any deformation of the
Golden Panel, © Dr Kerstin Kracht

Various pedestal variants studied using the finite element method,
© Dr Kerstin Kracht

The vibration isolation transformed the shocks and
vibrations acting on the system into very low frequency
rocking movements of the pedestal. The equilibrium
position around which this movement occurred had to
be appropriately stable. Furthermore, in accordance with
Isaac Newton (physicist, 1643-1727) “force equals mass
times acceleration” and so the accelerations that occur
have to be minimized in order to keep the mechanical
forces and stresses in the Golden Panel as small as
possible.

The pedestal was put up in the second week of September
2019 by Museumstechnik GmbH and the Golden Panel
was installed on it by an art shipping company (Schenker).
The assembly task, which had been meticulously planned
in advance, turned out to be easily feasible thanks to
the pedestal’s frame being in sections with weights that
could be inserted independently. The stable balance
was achieved by fine adjustments and alignment of the
springs. Thanks to the excellent cooperation between all
the parties involved, the final vibration measurements
were carried out by the end of 12 September and the
vibration-isolated pedestal for the Golden Panel was
show to be highly effective.

A pedestal that stands underneath all four panels and
whose two outer wings are bent inwards at an angle of
30° from the straight line best fulfilled not only these
criteria but also the design and static load specifications.

Figure panel of the Golden Panel on its vibration-isolating
pedestal

Simulation of the vibrations of the pedestal with vibration isolation
when excited by visitors: deformation of the Golden Panel,
© Dr Kerstin Kracht

Understanding small vibrations
Modal analysis is a method for determining the modal
parameters (eigenfrequencies, eigenforms and modal
damping) experimentally or by simulation. These
parameters allow a complete description of the vibration
behaviour of a vibrating system with linear properties.
Eigenforms or eigenmodes are the typical shapes taken
by a system when it oscillates at a particular natural
frequency (eigenfrequency).
Operational vibration analysis is the measurement
of the response vibrations of a system when it is in an
operational state. Physical quantities for describing the
operational state are amplitudes (e.g. of vibration modes,
vibration velocities, vibration accelerations, elongation,
noise levels), characteristic vibration frequencies and
vibration modes.
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Rear view of the Golden Panel on its vibration-isolating pedestal

Special exhibition Zeitenwende 1400 – Die Goldene Tafel als
europäisches Meisterwerk [Turn of the 15th Century – The
Golden Panel as a European Masterpiece] from 27-Sep2019 to 23-Feb-2020 at the Landesmuseum Hannover
The Golden Panel – the high altarpiece from the
Benedictine Church of St. Michael in Lüneburg – was
used for displaying a valuable church treasure and is one
of the most beautiful objects to have survived from the
time around 1400. For the first time since the break-up of
the artwork, the individual components will be presented
in combination again. The exhibition traces the reasons
for creating the artwork, its exceptional, early recognition
as a historical treasure of supra-regional importance and
its outstanding artistic quality. With prominent works on
loan from Germany and abroad, it gives a rich panorama
of art around 1400. After comprehensive restoration, the
Golden Panel can now shine in new-found splendour.
For more information, please go to:
www.landesmuseum-hannover.de
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