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Abstract— Sustainable Marine Energy and SCHOTTEL Hydro
have developed a floating surface platform that hosts four
turbines, with a combined platform rated power of up to 280kW.
The PLAT-I platform has been tank tested at FloWave to
determine the performance in operating and parked conditions.
The results show that the load exerted on the upstream mooring
lines by the rotors and the platform are equal within the
operating regime. The motion in the X, Z, and Ry directions are
affected by wave excitation, but motion in the Y and Rz
directions are more representative of a vessel on a mooring.
Wave angle affects motion in the Rx and Ry directions only,
though motion remains low. These changes in motion affect the
loading on the mooring lines, but minimally, and load remains
within the design limitations for the mooring lines. The platform
is therefore stable, in both operating and parked conditions. The
platform performs well in flow speeds up to 2.5m/s and waves up
to 1m (operating) and in parked, survival conditions. The
platform is not affected by incoming flow or waves at angles up
to 20°, due to the pivoting nature of the mooring system. The
system is therefore suitable for a variety of sites, without the
constraint of uni- or bi-directional flow, provided the wave
climate is minimal. This provides the basis for site selection
criteria for the PLAT-I system.
Keywords— Tidal; Floating Platform; Turbines; Tank Testing

I. INTRODUCTION
Tidal platforms have traditionally focussed on highly
energetic sites with extreme environmental conditions. This is
not restricted to high flow speed sites only, but also sites with
large wave conditions, for example at EMEC [1]. This results
in either large surface platforms, such as Scotrenewables
SR2000 [2], or subsurface platforms e.g. Sustainable Marine
Energy’s (SME) PLAT-O platform [3]. As focus in the
industry starts to move away from UK waters, due to policy
changes, then sites with less extreme flow conditions must be
considered. This has resulted in new turbine designs and
different platform types.
SCHOTTEL HYDRO (SHY) have developed smaller scale
rotors, that generate up to 70kW, as opposed to their large
~1MW competitors ([4][5][6][5][7][8][9]). The ethos of these
designs is that they are used in multiple configurations on
single/array platforms, so that the mass/kW and the cost/kW is
minimised. The additional benefit of multiple small devices is
that in the instance of a rotor failure the power output is only

reduced by a small percentage, as opposed to 100% in the
instance of a single large rotor, and the marine operations can
be strategically planned without the necessity to repair the unit
immediately due to loss of revenue.
Sustainable Marine Energy work in partnership with
SCHOTTEL HYDRO to provide the platform systems to
support the turbines; platforms are dependent on the site,
power requirements and rotor selection. With the advent of
lower flow speed, more benign sites (particularly in lesser
developed economic regions), the engineering focus has been
in harnessing these low flow speeds at a reasonable cost for
the market.
To address this requirement SHY have developed a larger
rotor turbine, 6.3m as opposed to their current commercial 4m
SCHOTTEL Instream Turbines (SIT) model, which uses the
same SIT250 drivetrain. The different rotors can be
interchanged to target different flow speed sites, thus ensuring
maximum energy capture. The current power curves for each
rotor are shown below in Fig. 1; this shows that 6.3m rotors
are best suited to sites up to 2.7m/s and the 4m rotors for sites
from 2.7 to 4.4m/s (N.B. the rotors are under continual
development).

Fig. 1: Power curve for 4m and 6.3m rotors

SME have also developed a surface platform variant to
support these third-party tidal turbines, called PLAT-I PLATform for Inshore applications. The surface platform is
better suited to calmer wave conditions than its sub-surface
sister PLAT-O [9]. The platform is designed to operate in
waves up to 1m significant wave height and survive up to 3m
waves.
The combination of these technologies, using rotor and
platform variants depending on the site conditions, leads to
more available deployment sites, both in the UK and
internationally.
Initial deployment opportunities have been investigated by
SME and SHY for a surface platform using either the 4m or
6.3m rotor. The platform has therefore been designed to house
either rotor diameter. The platform has been developed to
operate in flow speeds up to 2.5m/s with 6.3m rotors and
3.5m/s with 4m rotors, and wave conditions up to 1m. The
platform can also withstand harsher loading conditions.
A scale model of SME’s floating tidal platform PLAT-I,
with SCHOTTEL Instream Turbines (SITs), was designed and
tested in the FloWave testing tank. The model was used to
simulate and assess the loads and motions of the platform with
four counter-rotating SIT250s with 6.3 and 4m rotor diameter
configurations.
Conceptual testing was conducted under a variety of
conditions. The motion of the platform, resultant line loading
and the effect of different environmental conditions on
platform operation were analysed. The platform was tested
with combined waves and current, from 0 to 3.5m/s flow
speed and 0 to 3m wave height.
This paper presents the mooring load, which is normalised
against thrust loading to give mooring efficiency, for the
forward connection point to the platform and the forward
anchors. The performance of the platform and loading
conditions are given for both scaled 6.3m rotors and 4m rotors,
in both operating and parked configurations, for comparison
in different sea states and flow speeds.
Additionally, the platform orientation and motion - in terms
of static and dynamic surge, draft and heave, and trim and
pitch – is presented to demonstrate the stability of the platform.

performance compared to upstream mounted rotors. The
rotors are freely rotating and are designed such that the thrust
generated at each flow speed equates the scaled thrust of the
full-scale turbine. This gives a good approximation of the
lateral loads exerted on the system, though not the torque or
power.

II. METHOD
A. Model
The PLAT-I model is 1/17 scale. The platform consists of
two outer hulls and a longer central hull, as shown in Fig. 2.
This shows the main dimensions of the model in plan view, in
mm, and the system both in and out of the water with the
turbines attached.
The SCHOTTEL Instream Turbines (SITs) are suspended
from the aft support beam using SIT Deployment Modules
(SDMs). The model scale SITs are mounted to the bottom of
the SDMs, with the rotors mounted downstream; this is shown
in Fig. 2, where flow runs from right to left, with the turbines
mounted on the downstream end of the platform. The
downstream configuration means that the turbines can be
more easily accessed when in maintenance mode, with the
SDMs raised above the water, but with no detriment to

Fig. 2: 1/17 PLAT-I model with 6.3m scaled SIT rotors installed along the
deck beam using SIT Deployment Module, top) primary model dimensions,
middle) PLAT-I with SITs, bottom) PLAT-I installed with mooring system,
showing turret connection with fore/aft secondary mooring lines

Fig. 3: Mooring spread and instrumentation for testing: Load cells at anchors and connection to PLAT-I (orange), wave gauges (red), Vectrino (blue) and
mooring lines (grey)

The mooring is connected to the platform via the bow
mooring turret in the centre hull; this is designed to be
geostationary and remain in line with the mooring system,
whilst the platform pivots about it to align with the flow
and/or waves. The platform is therefore suited to multidirectional flows, dependent on mooring configuration,
making it more adaptable to a variety of sites (rather than
constrained to bi-directional flows such as channel flow).
The mooring system is split into primaries and secondaries,
as shown in Fig. 3. This results in a mooring spread of 9.64m
by 3.508m, for the depths tested in the tank. The primary
mooring lines attach to the four-point anchor system; these
were constructed of chain and wire in the tested design to
provide a catenary effect. The two forward primary anchor
lines, as shown in Fig. 3, join to a single secondary line which
attaches to the platform. The same configuration is used
downstream. This gives a two-point connection to the
mooring turret making installation and O&M operations
simplified.
This system is useful for approximating loads on the
platform, loads exerted on the moorings lines, and
performance of the platform due to flow speed and wave
height.
B. Test Set-Up
The PLAT-I platform, with SITs and mooring system, was
installed at the FloWave testing tank. The model was tested
using several instruments to record the loads and motions at
various points in the system (Fig. 3).
Qualysis motion tracking was used to record the orientation
and positions of: the mooring turret, PLAT-I, and the Port
Outer Rotor nacelle (at the rotor plane). The absolute positions
of each of these bodies was recorded, and the body velocities
and accelerations were postprocessed from these data sets.

Load cells were connected at each of the four anchor points,
as well as at the forward and aft connection points to the
mooring turret.
Wave gauges were mounted parallel to the installed
platform, in a configuration aligned with the flow and waves.
The foremost gauge was aligned with the mooring turret, to
give correlation between wave height and turret reaction. A
Vectrino flow meter was also mounted along the gantry, the
record the instantaneous 3-component flow and turbulence
intensity.
The data presented in this paper uses the load cells at the
forward anchor points and the forward turret connection. The
positions presented are those of the Port Outer rotor nacelle, to
show the furthest extent of the rotor motion.
C. Test Plan
The 6.3m and 4m rotors were tested in operating and
parked (in event of storm or similar) configurations. The test
runs in the table below show a summary of the limits of
operation for these tests. All the results presented are with
flow and waves in the same orientation, i.e. both coming from
ahead, or from 20° to Port.
TABLE I
TEST CONFIGURATIONS

Rotor

Flow Speed
(m/s)

6.3m Operating

1.5, 2, 2.5, 3

6.3m Parked

2.5, 3, 3.5

4m Operating

1.5, 2.5, 3.5

4m Parked

2.5, 3, 3.5

Wave
Height Hs
(m)
0, 1, 2
at 2.5m/s
0, 1, 2, 3
at 2.5m/s
0, 1, 2
at 2.5m/s
0, 1, 2, 3
at 2.5m/s

Flow
Direction (°)
0, 20
0
0
0

Fig. 4: Testing under axial flow conditions

Fig. 7: Testing in FloWave test tank

III. RESULTS
The output from the load cells is force (N) in the mooring
line axis. This is converted to full scale line loads (t) using
scale factor and water density. The load is nondimensionalised against the mean cumulative thrust of the
four turbines at each flow speed. This gives the effective load
caused by the platform. The absolute motion of the Port Outer
rotor as recorded by the Qualysis system is also presented.

The results show that the loads vary slightly with the wave
condition, though not as cyclically as the motion. There is a
clear correlation between the X (surge), Z (heave), and Ry
(pitch) motion and the wave period. The platform responds to
the waves in these axes, resulting in the load variation. The
load variation occurs at the same frequency as the wave
excitation, but does not fully follow the dynamic motion trend
due to the catenary effect of the chain mooring lines and the
load distribution between the lines. The mooring lines
therefore absorb some of the cyclical load variation.
The load is also affected by the other degrees of motion,
namely Y (sway), Rx (roll), and Rz (yaw). The motion in the
Y and Rz directions are low frequency, due to the single
mooring connection (turret) and varies irrespective of flow or
wave conditions; this is expected as it is comparable to that
experienced by a vessel on a mooring. The Rx is only affected
by off-axis waves (example given in Section H). When the
platform is swayed or yawed to one side there is some roll
effect caused by the axial waves, but this is minimal, as shown
by the time series graphs.

D. Time Series of Loads and Motion
Fig. 5 shows the time series of the effective load,
normalised using mean thrust, at full-scale (note that time is
also scaled). The case represented is the limit of the 6.3m
operational rotors – 6.3m operating rotors at 2.5m/s and 1m
wave (7s), all axial. The corresponding platform motion is
also shown in Fig. 6.

Fig. 5: Time series of load for Bow Port/Starboard Primary and Secondary

E. Variation with Flow
To assess the impact of flow and waves on the platform
motion and line loads, the maximum and minimum of each of
these values is recorded for each test. The variation of the load
and motion with respect to flow speed and wave height are
presented below. The Y and Rz results are not given, as they
are not predominantly affected by flow speed or wave height.
The results for both rotor diameters are given (6.3m – blue,
4m – magenta) and for both the operating (solid) and parked
(dashed) conditions. The load is normalised using the
combined rotor thrust, however note that the tension is in the
mooring line direction whereas the thrust is axial.
1) Maximum Loads and Load Share: Fig. 8 below shows
the load on the Port Bow (primary chain leg), Starboard Bow
and Secondary Bow (connection to turret) over the rotor thrust
at each flow speed.

Fig. 6: Time series of 6 DOF of PLAT-I

Fig. 8: Maximum line loads, for 6.3m and 4m rotors, non-dimensionalised
against rotor thrust

At low flow speeds, up to 3m/s, the primary loads are equal
to the rotor thrust. The combined thrust transfers through the
secondary single line; the secondary line tension is therefore
less than or equal to 2. This shows that the load contribution
from the platform is less than or equal to the rotor thrust
contribution (in the mooring line axis). As flow speed
increases the load contribution from the platform increases, as
friction drag and bow wave effects start to affect the flow
about the hull.
The result at 2m/s, with 6.3m rotors, is a slight anomaly
and would be repeated given time. The main trend of the
results is still apparent. This occurs because the test was
started when the platform was at the extreme Y position,
leading to an asymmetric load share between the mooring
lines.
The results are the same for the operational cases regardless
of rotor diameter. In the parked cases the platform
contribution is higher, due to the low thrust/drag of the parked
rotors compared to the hull drag. The overall line tension is
substantially lower than in the operating condition, though this
is not shown in these figures. The effective load is higher in
the smaller rotor, 4m, case, because the rotor drag is directly
proportional to area, which has reduced from the 6.3m rotor,
thus giving a greater load contribution from the platform itself.

The rotor can be seen to drop back as the speed increases,
thus creating higher line loads as the mooring line angle
becomes shallower.
The platform can be seen to pitch aft at low flows and
forward at high flows, as the horizontal and vertical load
imparted by the mooring lines increases. The Z displacement
of the rotor increases (positive up) with flow speed as the
platform pitches forward, thus lifting the stern.
The displacement in the Ry and Z directions are highest for
the 6.3m operating rotors, as they impart the greatest amount
of thrust, then the 4m rotors with lower levels of thrust (and
power) at these speeds, followed by the parked rotors with
different projected areas. This displacement is proportional to
the velocity squared, since thrust and drag are proportional to
velocity squared.
The motion is low in all axes, and the highest contribution
is due to pitch, which is within ±2° for all cases. This shows
that the platform is stable and remains so in a variety of flow
and loading conditions.
F. Variation with Waves
The flow speed directly affects the mean motion and loads,
but due to the cyclical nature of the waves the maximum and
minimum loads/motion of the platform are affected by the
wave heights. The following results show the effect of the
variation in wave height on loads and motion. All tests were
conducted close to the maximum speed for the 6.3m rotors, at
2.5m/s. This is the upper limit for combined waves and flow
in the FloWave tank at this scale.
1) Maximum Loads and Load Share: Fig. 10 shows the
variation in the maximum line loads with wave height. When
the rotors are operational the load is not significantly affected
by the wave heights up to 2m, and the mooring load
contribution is equally distributed between the platform and
the turbines, as shown by normalised thrust values of
approximately 2 at the secondary, and 1 at the anchor mooring
lines. This shows that there is no adverse loading from the
waves due to the platform configuration, and so the mooring
line load does not increase.

2) Mean Motion: The mean motion of the Port Outer rotor
from the zero position in the X, Z, Ry and Ry directions is
shown in Fig. 9.

Fig. 10: Maximum line loads with varying wave height at 2.5m/s (full scale),
non-dimensionalised against rotor thrust
Fig. 9: Mean motion in X, Z, Rx and Ry directions, for 6.3m and 4m rotors

When the turbines are parked, the platform is more
significantly affected by waves, as the thrust has less of an
aligning (or drogue) effect. The resulting loads increase with
wave height as the platform becomes more affected by waves,
particularly at high wave heights, e.g. 3m. The loads, though
not shown, are still much lower than those in the operational
cases.

G. Variation with Flow Angle
The inflow and wave angle were altered such that they both
travelled along a single leg of the mooring system (the wave
angle was still axial with respect to the flow). The Port Bow
line acts at 20° to the axial direction and so the flow and
waves were oriented at this angle, to give the highest load case
with all lines intact.

2) Mean Motion: The mean motion can be seen in Fig. 11
to not be affected by the wave height. There is some variation
in the X displacement, but only to the limits of the
experimental accuracy. The mean motion is therefore entirely
driven by thrust/drag and flow speed, as expected.

1) Maximum Loads and Load Share: Fig. 13 shows the
variation of the effective load with velocity, wave and angle.

Fig. 13: Maximum line loads for operating 6.3m rotors, with flow only and
with 1m waves at 0° and 20°, non-dimensionalised against rotor thrust
Fig. 11: Mean motion in X, Z, Rx and Ry directions, with varying wave
height at 2.5m/s

3) Max/Min Motion: The maximum and minimum motion
is directly affected by the wave height. As the wave passes the
platform moves over the wave, resulting in X, Z, Rx and Ry
displacement.
The design limit of the platform is 1m wave height. In
regular waves of 1m the maximum excursion for the platform
in the X, Z, Rx and Ry directions are ±0.5m, ±1m (since the
rotors are mounted on the stern), ±0.3° and ±2° respectively.
This shows that the platform is stable, with little motion, and
is predominantly affected by flow speed. The results also
show that the dynamic pitch is unaffected by the operational
mode and swept area of the turbines; only the static (surge,
draft, heel, trim) are affected by the turbine size and mode.

Fig. 12: Max and min motion in X, Z, Rx and Ry directions, with varying
wave height at 2.5m/s

The maximum loads on the Port Bow line can be seen to be
higher for the off-axis case; however, the Starboard Bow line
load is lower. This shows that the load distribution changes
with angle. The absolute load on the platform mooring turret
however remains the same regardless of flow/wave direction.
This is because the platform pivots about the mooring turret
resulting in the same thrust/drag loading exerted on the
mooring line from the platform and rotors. The effective load
again increases proportional to velocity squared, as drag on
the platform increases. The addition of 1m waves (dashed
lines) in the same direction as the flow has no effect on the
mooring line loads or load share (except when compared to
the anomalous result at 2m/s); this is consistent with the
results in the previous section.
2) Mean Motion: The greatest differences in the mean
motion are the Y and Rx displacements as the platform pivots
about the mooring turret, shown in Fig. 14. The values of
these are highly dependent on the position of the platform
when the test was run (due to the low frequency oscillation
observed in Fig. 6), but the general trend of 20° displacement
can be seen. This shows that the platform pivots about the
turret mooring system, but with off axis flow; higher flow
speeds aid this pivoting, as seen by an angle closer to 20° at
flow speeds of 2m/s and above. The friction in the mooring
turret was not scaled, so this may not be representative of the
results at full-scale; this will be investigated with field testing
of the PLAT-I system.
The Z and Ry displacement are not affected by the flow
angle, as expected, only by flow speed.

Fig. 14: Mean motion in Y, Z, Ry and Rz directions, for operating 6.3m rotors,
with flow only and with 1m waves at 0° and 20°

H. Variation with Wave Angle
The wave angle was altered to give incoming waves at the
bow quarter angle and on the beam; this is 30° and 90° to the
flow direction respectively. The flow was axial with respect
to the mooring system and platform.

roll angle increases as there is a side element to the wave
action, but this in turn reduces the Ry pitch motion. The time
varying motion of the platform starts to corkscrew as the
motion over the waves becomes more three-dimensional. This
will result in more strain on the cross members between hulls,
though this was not recorded in the model scale. It will be
analysed on the full-scale platform.
As the waves start to come on the beam, at 90° to the flow,
the roll reaches its maximum motion, but the pitch is reduced
closer to the values observed when there is no wave action
acting on the platform. This sideways motion caused the
higher line loads observed in Fig. 15.
The motion is still minimal and the loads with cross-waves
are no higher than those observed at higher flow speeds. The
wave angle does not therefore significantly affect the platform
or the platform design. The mean motion is still the same
regardless of wave direction or magnitude, as previously
observed in Fig. 11.

1) Maximum Loads and Load Share: The maximum loads
on the Port, Starboard and Secondary Bow connection points
with varying wave angle are shown in Fig. 15. This shows that
the addition of axial waves does not increase the line load (as
previously observed), but that the addition of off axis waves
slightly increases the loads. The load remains low even with
off axis waves, and the load is more affected by flow speed
than wave angle, i.e. an increase in flow speed from 2.5 to
3m/s has a greater impact on load than the addition of 1m
waves at 90°.
Fig. 16: Max and min motion in Rx and Ry directions, with varying wave
angle, for operating 6.3m rotors, with flow only and with 1m waves at 0°, 30°
and 90°

I. Summary Design Limitations
The platform has a fundamental design basis of operating
up to 2.6m/s and 1m significant wave height in full scale.
Here the platform operates up to 2.5m/s and 1m wave height.
The operational (green) and parked (orange) limits for the
platform effective load and Z and Ry motion are shown
below:

Fig. 15: Maximum line loads with varying wave angle, for operating 6.3m
rotors, with flow only and with 1m waves at 0°, 30° and 90°, nondimensionalised against rotor thrust

2) Max/Min Motion: As wave angle increases the loads
taken by a single line varies as the platform moves and
responds to the waves. The motion in the X (surge), Y (sway),
Z (heave), or Rz (yaw) directions did not change with wave
angle, though not shown here. The Rx (roll) and Ry (pitch)
results are shown in Fig. 16.
This shows that axial waves do not affect the roll of the
platform, as expected, but do result in large Ry (pitch) angles.
As the waves move around to the quarter angle (30°) the Rx

Fig. 17: Operational (green) and parked (orange) limits of operation for
Anchors (left), vertical displacement of Port Outer Rotor (right, top) and trim
of PLAT-I (right, bottom)

The secondary turret line loads show that in operating
conditions the contribution by the platform is equal to that of
the combined rotors, and are not affected by wave or
direction; this also shows that the load on each of the
upstream primary mooring lines that are connected to the
anchors is equal to the rotor thrust (Fig. 8, Fig. 10 and Fig.
13).
The parked conditions, up to 3.5m/s and 2m wave, show a
higher load contribution by the platform, due to the low rotor
loads, but a lower total line load (not shown).
The platform motion can be seen to be low in operating
conditions, giving a stable working platform. In extreme
conditions the platform motion is still not excessive and
remains within design limits.
IV. PLAT-I DEPLOYMENT
To validate the results the most effective method is to
deploy a full-scale platform and record the loading conditions.
PLAT-I is intended for deployment in 2017, to verify the
performance of the mooring system and platform. Load cells
will be used on the mooring legs (for comparison with the
secondary turret loads), and load pins in the SDMs. The
performance of the platform can then be directly related to
tank testing results to understand the accuracy for predicting
behaviour at other sites. Sites are selected for the platform
based on the limitations defined from this testing and further
numerical analysis of platform and rotor behaviour.
V. CONCLUSIONS
Tank testing was conducted on a 1/17 scale model of
floating tidal platform PLAT-I with SIT rotors to represent
turbine thrust/drag. The results show the upstream anchor
loads and mooring turret loads. The motion is also shown. The
variation of loads and motion with flow, waves and direction
is presented. The results show that:

•

Motion in Y and Rz directions are not affected by flow
speed or waves, but are low frequency changes due to a
single mooring point connection, similarly to a vessel on
a mooring;

•

Wave excitation contribution to motion in the Rx and Ry
directions are affected by wave angle, but motion remains
low and within design bounds;

•

Within these operational design bounds PLAT-I operates
well and provides a stable and load efficient platform for
generating tidal power.

The results of this work will be used in conjunction with
full-scale data collected for data validation and accuracy for
future deployment performance predictions.
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