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Abstract — Computational simulations are traditionally used in
accompaniment with tank testing to verify the performance of a
rotor or support structure. Sustainable Marine Energy’s second
generation platform PLAT-O#2 has been tested at 1/17 scale at
FloWave and using ProteusDS software to predict it’s
performance in both operating and line failure conditions. The
mooring line loads and motion of the platform have been analysed
in axial flows up to 4.5m/s full-scale velocities.
The loads predicted by ProteusDS are comparable, but the
simulations slightly over-predict the loads, due to drag effects at
small-scales. This drag discrepancy causes slightly different
platform behaviour, though does improve understanding of the
effects of pitch, heave and surge on mooring line loads. In a line
loss condition these effects are less substantial and the predictions
are very comparable to tank testing results. The loads experienced
in a line failure are at approximately a factor of 3 from normal
operating conditions, which is a typically used factor of safety.
Further understanding of the accuracy of ProteusDS PLAT-O
performance predictions can be conducted with full-scale
assessment of PLAT-O#1.
Keywords—Tidal Turbine; Tank Testing; Hydrodynamics;
Simulations; Performance Analysis
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I. INTRODUCTION
Predicting the performance of full scale tidal turbines and
support systems is critical for effective device development and
deployment. Considerable research and industry study has been
conducted investigating the performance of tidal turbines
themselves, in particular rotors and power-take-off systems [1];
however there has been less investigation into the support
structures, such as platforms, that the turbines are mounted
upon [2], [3]. The fluid dynamics and system response of the
platforms are as critical as the rotor performance itself, as this
will affect the amount of extractable power.
Floating tidal platforms are subjected to significantly
complex loading, due to the dynamic wave interaction and
turbulent tidal flow. The combination of multiple types of
loading lead the motions to be complicated to predict. In turn,
the forces acting on the structure, which drive the load limits
for structural integrity, are highly complex; this is due to
combined effects from external environmental forces and
forces acting on the structure itself, such as the turbine and
foundation behaviour.
One such platform that experiences coupled forces from
environmental conditions and from turbine interaction is
Sustainable Marine Energy’s PLAT-O platform. This is a taut
moored platform, which operates by balancing the buoyancy
and drag forces on the system, using anchors and mooring lines.
The platform hosts SCHOTTEL Hydro Instream Turbines
(SITs), which impart loads to the structure through torque and
thrust. The performance of the platform requires assessment
through: prediction of the motion of the platform, i.e. whether
the system pitches, rolls or yaws, which may affect turbine
operation; and loads on the mooring lines and structure, so that
the anchors and lines are designed to withstand extreme loading.
There are several ways of predicting these motions and loads;
the two methods investigated in this paper are numerical
simulation using ProteusDS software and tank testing.
The paper outlines the system components, the numerical
and experimental set up, and the resulting key results for some
environmental conditions likely to be experienced by the
platform.

II. METHODOLOGY
A. SCHOTTEL Instream Turbine (SIT)
The turbines mounted on the PLAT-O platform are
SCHOTTEL’s commercial SIT 250, a horizontal axis freestream turbine (Fig. 1). SIT is a passive-adaptive, three-bladed
rotor, with a planetary gearbox and asynchronous generator;
which is cooled by ambient water. A modular turbine operating
module (S-TOM) allows for a fully integrated solution of the
power conversion system into the PLAT-O platform. Full
details of a first generation SIT turbine are available in [1]. The
full scale SIT diameters are 3m, 4m or 5m. The turbine can be
used for either upstream or downstream operation.
For the tests presented in this paper a 1/17 scale turbine of
the 4m blade turbine was developed. 3D printed rigid blades,
rather than passive-adaptive blades, were used due to the
limitations of model scale construction. To further simplify the
model, the rotors were free-wheeling and did not use a power
take off system, or similar rotational damping. Therefore a
blade design was specifically developed for the model scale
tests to give the same thrust coefficient at runaway speed as the
full scale device at the optimum operating point.

B. PLAT-O#2
Sustainable Marine Energy Ltd have developed the PLAT-O
platform to support third party turbines, such as the SIT [4]. The
first full scale PLAT-O was deployed at the European Marine
Energy Centre (EMEC) in 2016 (Fig. 2). The platform is tautmoored to the seabed using 4-point moorings and rock anchors
(Fig. 3). The moorings are separated into two sections:
primaries, which are attached to the anchors; and secondaries,
which are attached to the platform.

Fig. 2: Two (first generation) SITs mounted on PLAT-O at full scale

Fig. 3: Artist impression of PLAT-O 4-point taut mooring system with
primaries and secondaries

The platform is buoyant, and so maintains position in the
mid-water column when under dynamic loading, though is able
to be compliant under extreme seas or damaged conditions.
During normal operation, the position of the platform is at the
depth of highest flow speeds but below the typical wave
interaction zone. In the event of extreme conditions, the
platform responds to the waves and flow, to reduce loading on
the structure, and the turbines can be braked to reduce thrust.
The platform is therefore extremely stable under a wide variety
of conditions.
Development of the second-generation device PLAT-O#2
(P#2) has been conducted since 2015. This will use the same
concept as PLAT-O, but will mount four individual turbines.
The 1/17 scale model is shown in Fig. 4; this shows the platform
hulls (in yellow), and cross members, SIT support beam and
SIT models (in white).

Fig. 1: SCHOTTEL SIT a) Full Scale 4m, b) 1/17 Model Scale

Fig. 4: Four SITs mounted on PLAT-O#2 at 1/17 scale

The platform consists of two outer pontoons of variable
ballast, which are fully buoyant during operation. The centre
pontoon houses instrumentation, at both model and full scale.
The turbines are mounted on a support beam, which can rotate
to align with the flow, either forward or aft.
The four turbines are mounted with the nacelle upstream and
the rotor downstream. The rotor orientation was found not to
significantly affect the turbine performance (similarly to other
turbine research of rotor orientation [5]) and so a self-flowaligning system can be used to orientate the rotors for flood and
ebb tides. This reduces system complexity and instrumentation
required, such as rotary actuators.
The performance of the PLAT-O#2 platform has been
assessed using various methods. The two presented here are:
numerical simulations using DSA Ltd software ProteusDS [6];
and using tank testing at FloWave [7], [8].
C. ProteusDS
ProteusDS is a commercial time-domain numerical
modelling software that is designed to assess the dynamics (i.e.
loads and motions) of a variety of ocean engineering
applications, including moored tidal energy platforms and wave
energy converters. The software allows users to construct
virtual prototypes of technologies that respond to wave, wind,
and current loading [9], [10], [11], and visualize the response
with 3D graphics.
The PLAT-O#2 platform is modelled using a 6 DOF rigid
body in ProteusDS, as shown in Fig. 5. The platform is
connected to the seabed via the taut mooring system. The pitch,
roll, and yaw and heave, surge and sway of the platform are
evaluated by assessing the hydrodynamic, inertial, mooring,
and turbine loads on the platform.

Fig. 5: 3D visualization of the PLAT-0#2 Platform and mooring system

The mooring lines are modelled using a finite-element line
model [12]. The cable model applies Morison’s approach to the
calculation of drag and inertia loads along the cable span. A
twisted cubic spline approximation fit through the cable node
points is used to evaluate forces due to cable stretch, bending
and twist at the model node points. By formulating the
dynamics in terms of the cable nodes, one can directly connect
the mooring lines to the structure and anchors.
To evaluate viscous drag loading on the platform, meshbased geometry was developed that approximated the
PLAT-O#2, as shown in Fig. 6.

Fig. 6: ProteusDS model of PLAT-O#2 showing sub-geometries, which are
used to approximate drag and added mass loading on the platform

The hydrodynamic forces are evaluated by estimating drag
and added mass components for each of the sub-geometries that
make up the platform, as shown by the variety of cuboids,
cylinders and the central ellipsoid. The hydrodynamic forces
are evaluated independently for each sub-geometry, such that
no hydrodynamic shielding or wake effects are automatically
accounted for. This simplified approach makes it
straightforward to get an approximate model of the system for
front end engineering design based on drag coefficients taken
from literature [13], determined in tank tests, or through
computational fluid dynamics (CFD). For the PLAT-O#2
modelling, coefficients were selected based on geometry aspect
ratios and Reynolds numbers using data from literature for
similar shapes.
For each sub-geometry in the model, the fluid force follows
Morison’s hypothesis that the forces acting on a submerged
body moving relative to a fluid can be reasonably represented
as the sum of drag and fluid inertial forces. The drag and added
mass forces are based on coefficients for surge, sway and heave
directions. Each Cartesian direction is considered
independently, and the total drag force is estimated by knowing
the relative normal fluid velocity at each polygon centroid, and
the polygon area. The total added mass effect is similarly
estimated using the relative normal fluid acceleration at the
polygon centroid and associating a volume of fluid with that
polygon. For both added mass and drag, the contributions of
each polygon on each sub-geometry is determine independently,
then summed to estimate the total effect on the platform. This
approach has been validated for a variety of cases, and is
described in the ProteusDS manual [14].
The buoyancy and incident wave excitation forces are
modelled using a non-linear method where the undisturbed
fluid pressure field is integrated over the float hull surface. The
pressure field is a superposition of the hydrostatic pressure field
(buoyancy) as well as the pressure field from the waves
(incident wave force). The integration of the undisturbed fluid
pressure field over the surface of the body, the Froude-Krylov
force, is completed by using the computational mesh shown in
Fig. 6; the method is described in [16].
For this study, wave radiation damping was not modelled
since the body is taut moored which restricts heave motion.
Likewise, the added mass can be approximated to be constant
at this depth with a large ratio (>2) of water depth to

characteristic radius (the radius of the large pontoon is 0.6m,
PLATO-2# depth is 18m) [17], [18].
In addition, the platform may be considered to be deeply
submerged to a region where wave diffraction effects are
minimized, since the characteristic diameter of the large
pontoon is 1.2m, which is much less than the submergence
depth of 18m [19]. In addition, the cross section of the platform
is always slender and in typical extreme waves the wavelength
will be >50m; this means the ratio of wavelength to
characteristic diameter will be much larger than 5 in these
critical load cases which are used for design purposes. This
indicates that the wave diffraction forces will not be as
significant as the added mass, drag, and turbine loads on the
platform [17].
In the simulation, the turbines were modelled using the
turbine feature option in the software. This option allows for
specification of a look-up table of thrust and torque coefficients
for the turbines for different relative inlet fluid velocities at the
turbine hub. In this way, the net effect of the turbine power
control system, which maintains an optimal tip speed ratio at
different relative inlet fluid velocities at the turbine hub, can be
modelled. The thrust and torque is applied to the PLAT-O#2
rigid body at the defined connection locations. Rotor inertia and
gyroscopic effects were ignored, as these effects are minimal
due to the limited pitch motion of the platform. Furthermore,
although modelling of turbine rotation and determination of
coupled body dynamics is possible with the software; this
additional complexity was omitted, as it requires detailed
knowledge of the turbine power system.
The PLAT-O#2 model was simulated at full scale. The
platform has 27t installed net buoyancy and maximum mooring
spread of 67m by 92m. The mean water depth of the model was
34m, equivalent to LAT at site, which would give the highest
loading on the structure.
D. Tank Testing Set-Up
The 1/17 scale model of PLAT-O#2 was tested in FloWave
in April 2016. Full details of the tank and its capabilities can be
found in [8]. The flume uses a recirculating water channel,
which allows a shear layer to develop in the flow. This
approximates realistic conditions at site. There is also an
inherent 8% turbulence intensity, which is comparable to full
scale site data at EMEC at flow speeds above 1.5m/s. The wave
makers are operated in unison such that the wave height, period
and regularity can be adjusted. The two systems, flow and
waves, can be operated at any angle independently of one
another. For the tests presented here flow only is used, operated
at 0°, axially to the installed PLAT-O#2 model. The flow speed
was varied from full-scale values of 1.5m/s to 4.5m/s, which
exceed the predicted velocities at the full scale EMEC tidal site.
The model was scaled using Froude scaling laws. The model
and entire scaled mooring system was installed to replicate the
conditions at SME’s berth at EMEC. The resulting scaled net
buoyancy was 5.5kg and the mooring spread spanned 3.9m by
5.4m. The scaled water depth was 2m.
The four anchors were pinned to the tank bed, with primary
load cells connected to the mooring lines. Springs were added

to the mooring lines to accurately scale the stiffness of the lines.
These allowed more accurate results of the time varying loads
on the anchors and removed the risk of snatch loading, which
would be negated by line stretching at full scale. The primary
mooring lines were connected to the load cells, with the
secondary moorings running from the primaries to the platform.
Load cells were also connected between the secondary mooring
lines and the platform to measure the loads applied to the
structure itself.
PLAT-O#2 and the tank were installed with a large array of
instrumentation to give high quantity and quality information
about the loads on the system, as well as the system behaviour
under different conditions. The main instruments are outlined
in Table 1. The results from the primary load cells and Qualysis
are presented in the paper.
The test runs were conducted for 180s for each run with no
waves, and the maximum, minimum, and mean results for these
runs were used. The upstream line loads presented represent the
maximum loads that will be exerted on the primary mooring
lines. The downstream line loads represent the minimum loads
exerted, and so can be used to determine at what point the
mooring lines go slack. The mean motion (pitch, roll, yaw;
heave, surge, sway) of the platform will be used to present the
average attitude that the platform settles in for each test.
Table 1: Tank testing model instrumentation
Instrument
Gyrometer

Accelerometer

Location
Centre
pontoon

Centre
pontoon

Measurement

Output

Pitch rate

Frequency: 100Hz

Roll rate

Range: ±50°/sec

Yaw rate

Nonlinearity: ±0.1%

Pitch acc.

Frequency: 200Hz

Roll acc.

Range: 0-2g

Yaw acc.

Nonlinearity: ±0.5%

Motion tracking
Qualysis

Primary Load
Cells

Various
markers on
P#2

Anchor
points

Pitch Roll Yaw

Frequency: 128Hz

Heave Surge
Sway
Tension in
mooring lines to
anchors

Frequency: 256Hz

Frequency: 256Hz

Secondary
Load Cells

Mooring
connection
to P#2

Tension in
mooring lines to
pontoons

Video
Cameras

Above and
below P#2

Video footage
of response

Range: 0-500N
Nonlinearity: ±0.05%
Range: 0-45kg
Nonlinearity: ±0.02%
N/A

III. RESULTS
A. Normal Operation
1) Test Conditions
The model was set up in the centre of the tank with the four
point mooring spread intact. The flow speeds tested were up to
1.1m/s tank scale, which scales to 4.5m/s full scale. These
exceed the expected flow speeds at spring tide at the full scale
berth at EMEC.

The ProteusDS model was modelled at full scale, therefore
the tank testing results were scaled up for direct comparison.
This was done by applying the Froude scaling laws to the
mooring line tensions. Since the Reynolds numbers differ
between model and full scale, in order to make the measured
and predicted tensions comparable the drag coefficients used
for the full scale ProteusDS model were those associated to the
Reynolds numbers at model scale. The model was created to
represent the ‘as installed’ tank conditions, with measured
static buoyancy/line loads and instrument cable.
2) Line Loads
The primary line loads, which will be exerted on the anchors,
were measured in tank testing using the load cells at the anchor
points. The ProteusDS model outputs the line loads from the
simulation.
Fig. 7 shows the variation of the full scale load with full scale
velocity, for both the tank result and the ProteusDS results. The
line loads have been normalised against the static load, so that
at 0m/s the tension ratio of line tension/static line tension is
equal to 1. The line tensions in the Port and Starboard upstream
lines have been averaged for each run; this is to account for
small differences in the line tensions due to load sharing
shifting from slightly asymmetric lines. This is inherent in tank
testing, because there is limited accuracy in line lay-up and
installation, and in accuracy of mass distribution. The mean
load gives a more accurate representation of the expected load
in the upstream lines when the model is installed axially to the
flow.
The maximum Bow (upstream in this case) mooring line
loads, which will be exerted on the anchors, are therefore
presented. This is critical for anchor and mooring line
development as these are the maximum loads that are required
to be withstood during operation.
The measured tank testing results with non-flexing blades
(blue) are compared directly with the ProteusDS results with
non-flexing blades (red). The tank testing was conducted at
0m/s, 1.5m/s, 2.5m/s, 3.5m/s and 4.5m/s (full scale velocities).
The ProteusDS model was tested at the same intervals.

Note that these loads are higher than those that the PLAT-O
platform will experience in real operation, because the SIT
blades are designed to flex at high flow speeds, thus shedding
thrust loading and reducing platform loads. These results are
used as a tool to understand the accuracy of the ProteusDS
model in predicting loading and behaviour.
It can be seen that the loads measured from tank testing and
those predicted by the ProteusDS model show the same trend;
this is because the drag/thrust is proportional to the velocity
squared. There are some discrepancies between the results as
the velocity increases, as different components of the system
affect the force balance relationship between buoyancy and
drag.
Up to 1.5m/s the loads are highly comparable. At these flow
speeds the performance of the platform is driven by balancing
the buoyancy of the platform and the drag on the bodies. The
turbines are freewheeling and below their rated flow speed, and
so do not exert significant load on the platform. The line
tensions are similar to the static tension, giving a value of 1,
and so the forces can be seen to be dominated by the buoyancy.
Above 1.5m/s the turbines are operating close to their rated
flow speed, and so exert considerable thrust on the system. In
this region the ProteusDS model tends to over-predict the
results.
The downstream mooring line loads (Fig. 8) are also overpredicted. This shows the average minimum tension in the
downstream mooring lines, which is critical for platform
development to identify the point at which the lines go slack.
The tensions in the tank results fall to 0 at 3.5m/s, indicating
slack lines are present, but not in the ProteusDS results. This
suggests that during the fully operational range of the platform
the buoyancy/drag force balance is over-predicted by the
ProteusDS model. The differences in the mooring line loads
will be discussed in Section 4, once the motions of the two
systems are presented, as the loads are directly related to the
platform motion.

Fig. 8: Minimum normalised downstream anchor loads for varying flow
speeds (blue – tank results, red – ProteusDS results)

Fig. 7: Maximum normalised upstream anchor loads for varying flow speeds
(blue – tank results, red – ProteusDS results)

3) Motion
The pitch, roll and yaw of the platform, and heave, surge and
sway were recorded in tank testing using the motion tracking
Qualysis system. This tracks individual markers on the
platform body, then measures how the individual markers move
in unison, and so how the platform behaves as a whole. This
can be compared to the motion of the platform in the ProteusDS
simulations. The angular motion is measured in degrees, as this
is the same at model- and full-scale. The linear motion has been
non-dimensionalised against the rotor diameter, D = 4m, to give
the comparative motion at full-scale: heave/rotor diameter h/D,
surge/rotor diameter s/D, and sway/rotor diameter.
The yaw, roll and sway of the platform in the tank are less
than 0.35°, 0.6° and 0.25D. This shows that lateral movement
is minimal, and the discrepancy between the two (caused by
slight asymmetry in the system) is accounted for through
averaging the Port and Starboard line tensions.
The platform pitch is shown below in Fig. 9; this shows that
the ProteusDS results predict that the platform pitches more
readily than the tank model. At maximum flow speed the
ProteusDS predicted pitch is approximately 8°, whereas in the
tank testing it is only approximately 6.5°. This behaviour may
account for the discrepancy between the line loads, though this
will be discussed further in the next section.

Fig. 10: Mean heave/rotor diameter of platform with varying flow velocity
(blue – tank results, red – ProteusDS results)

Fig. 11: Mean surge/rotor diameter of platform with varying flow velocity
(blue – tank results, red – ProteusDS results)

4) Discussion
There are four key trends that have been highlighted:

Fig. 9: Mean pitch angle of platform with varying flow velocity
(blue – tank results, red – ProteusDS results)

The platform heave and surge can also be seen to be different
between the two sets of results (Fig. 10 and Fig. 11). Up to
2.5m/s there is no linear motion of the platform, however as the
speed increases the platform begins to heave towards to bed and
surge away from the incoming flow; the platform begins to
‘squat’. This is the compliance mechanism in the system that
allows it to withstand high velocities whilst remaining operable,
and removes the need to design all the system components to
withstand the loads on the platform assuming that it acts as a
rigid structure.
The tank model tends to ‘squat’ more than the ProteusDS
model. At the maximum flow speed the tank model heave is
1.1h/D, whereas the ProteusDS is predicted as 0.1h/D. The
surge is also 0.4s/D for the tank model and only 0h/D for the
ProteusDS model.

1.
2.
3.
4.

Upstream line loads: ProteusDS > tank model
Downstream line loads: ProteusDS > tank model
Pitch: ProteusDS > tank model
Squat: ProteusDS < tank model

This shows that as the velocity increases the ProteusDS
platform pitches more, without moving from its static position,
which leads to higher upstream line loads. The tank model also
pitches, but more significantly moves laterally, causing slack
lines more readily.
The upstream load tension is directly related to the pitch
angle of the platform and the downstream line tension to the
motion of the platform.
If the tank model did not act compliantly and squat then the
pitch, and thus tensions, would be more comparable with the
ProteusDS model. The reason that the model squats is that the
drag/buoyancy ratio is larger in the tank testing than the
ProteusDS model, so the buoyancy cannot overcome the drag
on the system and maintain tensioned lines. This is not due to
inaccurate buoyancy of the platform, which can be seen to be

comparable when there is no flow acting on the platform.
Therefore it must be attributed to the drag on the system.
The differences between the tank and ProteusDS model may
be caused by the following three reasons.
Firstly, the bodies in the ProteusDS model use idealised
values for skin friction and surface roughness, and due to the
small scale the friction drag will have a significant effect on the
loading. This is accounted for to a certain extent by correcting
the drag coefficients in ProteusDS using the Reynolds scaled
values derived from the tank testing, but this is still an idealised
case. This may cause higher drag for the tank model than the
ProtuesDS model.
Secondly, the components on the tank model that are not
idealised will contribute drag to the system that is not accounted
for in the ProteusDS model. For example, the fishplates that
connect the primary lines to the secondary lines are not
modelled, because at full-scale they are considerably smaller
compared to the platform geometry, which cannot be scaled due
to constraints such as shackle size. The load cells are also not
modelled, and though small will contribute to the drag on the
system. Additionally, though the model turbines are scaled to
produce the correct drag to the system, this is the first tests that
have been conducted with them, and they have not been tested
in isolation, so may have some inherent inaccuracies.
Thirdly, in the ProteusDS model there is no body interaction.
Each body acts in solitude, and so each body experiences the
flow as if in isolation. Once there is some pitch in the system
then bodies such as the lower beam and SIT support beam will
cause lift, causing greater pitch and line loads. The buoyancy
can still overcome the drag, so there is no squatting or slack
lines, but the lines loads are higher.
The discrepancies between the tank model and the
ProteusDS can be mostly attributed to problems with scale and
unknown parameters, such as scaled drag of fishplates. These
can be remedied through further testing of the model scale
components, or comparison between ProteusDS predictions
full-scale results, through PLAT-O#1 deployment.
One additional component that was clear through the tank
testing was the working system compliancy. The system is
designed to be compliant at high flow speeds, such that the
platform can align itself to a position in the water column that
allows the forces on the system to be in balance, whilst still
maintaining a stable operating platform. This does not result in
a failure case or constitute a need to recover the platform. The
platform can endure these periods of high speeds with no
negative effects on the system. The turbines are additionally
designed to brake at 4.4m/s, which would also help restore the
force balance and lead to re-establishing taut moorings.
The platform therefore operated well in normal operation
under the conditions tested, and discrepancies between the
model and the predictions may be negated at full-scale and can
be investigated further.

B. Line Loss Condition
1) Test Conditions
One of the most extreme failure modes for a floating
platform is the loss of a single upstream line. When a line is lost
the platform orientates itself to be more aligned with the flow,
as there is no line restraining it from yawing. This causes the
platform to pitch, roll and yaw significantly. From a design
perspective it is critical that the loads exerted on the single
remaining line do not exceed the safety limits of the system,
and that the platform is stable and does not behave in a way that
will cause damage, to itself or the surrounding environment.
The platform was tested in two different tests to simulate this
line loss condition. Firstly, a line was released through an
eyebolt at the anchor point, to simulate the time variation of a
line loss. Secondly, the platform was tested with only three
lines attached for varying flow speeds.
2) Line Loads
The instantaneous line loss was tested by releasing a single
line by letting the mooring stream through the anchor point.
The test was conducted at various flow speeds and with repeats,
but the test shown here is at 4.5m/s.
The time series in Fig. 12 shows the load on the primary
mooring line for the first 40s of the test is the same as the result
in Fig. 7 at 2.7 times the static tension. When the line is released
at 540s, the load increases to 9 times the static line tension.
There is an initial peak in the line tensions, but then the
platform settles into its new orientation. This peak is no greater
than the semi-stable loads when the platform is only restrained
by 3 lines.
This result was also observed when the line was released by
a pin mechanism, to represent an instantaneous point break, for
example the anchor connection. The line release mechanism
was therefore employed for more rapid reset between tests.

Fig. 12: Time series of maximum Port upstream anchor loads in an
instantaneous line loss condition

The results in Fig. 14 show the maximum loads measured in
tank testing and the predicted results from ProteusDS for
varying flow speeds with only a single Port upstream line. The
static line load is almost double that than when there are two
upstream lines, as would be expected since the load is now
shared between the 3 remaining lines. The opposite mooring
line, Starboard downstream, also takes a large proportion of the
load share, whilst the Port downstream line reduces
significantly. This is due to the extreme orientation of the
platform in the line loss condition, which will be assessed.

The loads are comparable between the two methods, with
both the tank and ProteusDS upstream line increasing with the
square of flow speed. At flow speeds higher than 3.5m/s the
tank results show high loads, most likely due to the greater drag
on the platform discussed previously.
The maximum upstream loads increase from the normal
operating four lines condition to the failure three lines condition
by an approximate factor of 3, as shown in the table below:
Table 2: Load Factor from four lines to three lines
Flow Speed

Method

4 Lines

3 Lines

Factor

Tank

1.2

3.5

2.9

ProteusDS

1.4

3.6

2.6

Tank

1.6

5.5

3.4

ProteusDS

2.0

5.6

2.8

Tank

2.7

8.8

3.3

ProteusDS

2.9

7.9

2.7

2.5

3.5

4.5

Fig. 13: Maximum Port upstream anchor loads in a line loss condition
(blue – tank results, red – ProteusDS results)

A factor of three is typically used as a factor of safety in
engineering applications to allow for failure. It can be seen that
in this instance this is a reasonable assumption based on the
upstream maximum mooring loads.
The downstream lines load sharing is considerably different
from the four line case, with the majority of the load taken by
the opposite line to the remaining upstream line. In this case the
downstream Starboard line tension increases with flow speed
as the line takes more tension and the platform continues to
rotate, whilst the Port downstream line tends towards 0.
3) Motion
When the platform loses an upstream line (in this case the
Starboard mooring line) the platform rotates. At 4.5m/s this
rotation is approximately as follows, with the fluctuations
causing the fluctuations seen in the load in Fig. 12:
•
•
•

Roll 61.2° ±27°
Pitch 28.6° ±21°
Yaw -50.6° ±11°

The platform is significantly off axis, and the motion is as
great as 27° about the mean position. The trends of motion are
not as clear, due to the large angles of rotation causing inability
of the Qualysis system to detect the changing orientation, but
the extreme condition at 4.5m/s could be detected.
The heave, surge and sway also had the same issue with the
motion tracking, but an example of the plan view change in
attitude is shown in Fig. 15; this shows the platform operating
in 4.5m/s with four lines, and then three lines.
Fig. 14: Minimum downstream anchor loads in a line loss condition:
top) Port, bottom) Starboard
(blue – tank results, red – ProteusDS results)

change in the loads exerted on the mooring lines. The flow
coming in to the turbines is at such an angle that the turbines
can no longer effectively operate, even though they are free
wheeling, leading to smaller turbine drag effects.

Fig. 15: Platform orientation in a line loss condition at 4.5m/s:
top) 4 lines, bottom) 3 lines

4) Discussion
When the platform is significantly rotated then the bodies of
the platform are less streamlined, leading to more form drag
than friction drag, which is less sensitive to scaling effects. The
resulting form drag of the numerical model and the physical
tank model are comparable. The coefficients of drag for the
bodies when off-axis are also significantly higher, leading to
increased loads. The loads increased by an approximate factor
of 3 from the intact condition. The factor of 3 was even more
apparent when assessing the mean line load (not shown here),
as the large fluctuations in the orientation angles also cause the
loads to fluctuate, creating large peak loads.
Even with a line loss condition the platform and system act
compliantly, such that the platform can orientate itself to align
with the flow and sit in the mid-column of the water. There is
not significant loading, angular or linear motion that would
cause damage to the platform and the system can easily be
recovered when the weather permits.
Also noted from simulations was that using flexing blades
for the turbines, as per commercial design, resulted in no

IV. CONCLUSIONS
The PLAT-O#2 1/17 scale model was tested in tank tests at
FloWave in April 2016. The model was tested in axially flow
up to full-scale flow speeds of 4.5m/s. The platform was tested
in both normal operating conditions and in line loss conditions.
The model was simulated using ProteusDS software at fullscale. The scaled results were directly compared to determine
the accuracy of ProteusDS in simulating the model behaviour
and mooring line tensions.
The upstream mooring line loads in normal operating
conditions were found to be comparable with slight overprediction by the ProteusDS simulation. The downstream lines
were also slightly over-predicted by this software. The
orientation of the platform varied between the two methods
causing these discrepancies. This is most likely due to the
scalability of system components, such as fishplates, and the
additional drag they exert on the tank model; the system
components not modelled in ProteusDS, such as load cells, and
their additional drag; and the hydrodynamic effects from
treating components in isolation. These discrepancies will
become less significant at larger scales, as they are mostly
driven by friction and Reynolds effects. The loads predicted can
be verified by comparing a full-scale system, such as
PLAT-O#1 to ProteusDS predictions. The loads predicted give
a good indication of the loads expected from a full-scale system,
and the system performance.
In the case of a line failure the simulations accurately predict
the loads exerted on the anchor and the extreme orientation that
the platform adopts. The line loads increase by an approximate
factor of 3, in line with guidelines for factors of safety. Even
in the extreme attitude of the platform the system is stable and
does not move enough for damage to be a consideration, to the
platform or the local environment. The compliancy of the
system means that in extreme conditions, whether that is with
four lines in tact or three, the platform adopts an attitude that
balances the forces acting on the system, and is able to either
continue operating (with 4 lines) or s table enough not to cause
damage until l recovery is possible (3 lines).
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