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An experimental study focusing on the influence of characteristic motion path deviations on sloshing-induced impact loads
is presented. Predefined motion path deviations were added to single-impact-wave motion paths known from the experimental
sloshing model test benchmark in 2013. For each test condition, multiple test repetitions were run. The processing of the
measurement data involved a pressure time-series comparison as well as statistical analyses. Moreover, high-speed video
recording data were used to compare the free surface shape during the impact. The effects of motion path deviations on
impact loads and free surface perturbations and shapes are discussed.

INTRODUCTION

In the past, the influence of pressure sensor type and model
as well as data acquisition rates had been under intense investi-
gation in the field of impact load–related topics such as sloshing
and slamming (see Kaminski and Bogaert, 2009; van de Bunt and
Kaminski, 2009; Repalle et al., 2010; van Nuffel et al., 2011).
However, investigations dealing with the influence of motion devi-
ations are far less common.

In 2012 and 2013, two experimental sloshing model test bench-
mark campaigns were held, aimed at comparing sloshing impact
loads for a specified test setup and test conditions between inter-
national test facilities (Loysel et al., 2012, 2013). In the latter
campaign, increased efforts were made to arrange the tank pre-
cisely on the motion platforms as well as to perform motion accu-
racy investigations and implement a motion correction iteration
to reduce path deviations. Despite the efforts taken to iteratively
improve the motion path (Neugebauer et al., 2014), the driving
source of impact pressure deviations between the facilities was not
identified, nor was the absolute gain in impact pressure accuracy
fully assessed. However, an influence on free surface perturba-
tions was observed for sensitive flat impacts (Loysel et al., 2013).

Mehl et al. (2013) presented a study of the influence of the
motion amplitude and period on impact pressure characteristics
for single-impact-waves (SIWs). They further investigated the
influence of a change in the SIW motion envelope function on the
impact loads.

In our study, SIW conditions of the 2013 sloshing model test
benchmark campaign were used. SIWs are understood to be waves
impacting on the tank roof with a defined shape but without any
prior impact during the excitation phase. They aim at producing
highly repeatable free surface elevations prior to the impact. The
tank motions were superimposed with typical motion path devi-
ations of a hexapod-type motion platform. Thus, the approach is
different from that during the benchmark campaign: the motion
path was artificially and systematically perturbed to assess the
influence on impact pressure readings. The fundamental assump-
tion inducing this investigation was that different motion platform
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systems of the same working principle have similar characteris-
tics of motion deviation but may have individual absolute devia-
tions. On the basis of this assumption, the question arose whether
deviations of experimental results may originate from motion path
deviations between the machines. The model tests were carried
out in the scope of a bachelor’s thesis by Liu (2017) at the Uni-
versity of Duisburg-Essen.

EXPERIMENTAL SETUP

The motion platform used was a Symétrie Mistral hexapod with
a 1,200 kg payload (see Neugebauer, 2015, for further informa-
tion about the system). A Plexiglas tank with inner dimensions
according to the benchmark test specification (Loysel et al., 2012)
was fixed on the motion platform. Tank dimensions are shown in
Table 1.

Figure 1 shows a sketch of the tank. The tank contained four
sensor module openings. Two square openings, arrays 1 and 2,
were located at the roof, and two rectangular openings were
located at the bottom of the transverse walls. Kulite XTM-190
pressure sensors were placed in the roof modules, and readings
were acquired at a sampling rate of 50 kHz. The diameter of
the flat sensor front membranes is 3.8 mm. A high-speed video
camera, Phantom v9.1, captured a field of view (FoV) of at least
200 mm2 ×200 mm2 below the impacting array with a frame rate
of 1 kHz. The tank had an opening in the roof (not shown in the
sketch) allowing ullage pressure to compensate for atmospheric
pressure. The tank coordinate system was located at the center of
the tank bottom. The relevant motion used during the tests was
surge-translation along the x axis.

Figure 2 shows a drawing of the available pressure sensor loca-
tions in reference to the inner tank walls. The distance between
the transverse tank walls and the center of the closest sensor col-
umn is 6 mm. The distance between two sensor rows and columns,
measured center to center, is 11 mm. The sensor map as well as
sensor, row, and column notations are shown in Fig. 3. Columns

Variable Symbol Value

Length LT 946 mm
Width BT 118 mm
Height HT 670 mm
Volume VT 0.0748 m3

Table 1 Tank dimensions


