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95% of power losses generate heat inside of machines [3]

Compact design limits natural air-cooling systems inside of machine and
lacks conduction path [1]

Copper and eddy-current losses dominate loss mechanisms in air-cored
machines [2]

Thermal risks can cause demagnetisation, insulation faults, and lower
generator’s efficiency [3]
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Thermal Modelling: Analyse thermal behaviours and estimate the
temperature gradients in different parts of machine designs

Localised Hotspots: Predict potential localised hotspots in machine
components

Heat Flows: Analyse heat transfer mechanisms within machine
components across different mechanical structures

Cooling Strategies: Provide data-driven guidance for developing cooling
systems to minimise thermal risks for different applications
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o The stator winding is the heat source in  ° The thermal parameters from KPI| enable consistent thermal

the

machines

o The heat can be dissipated through
Conduction, Convection, and

properties
o The KPI helps to achieve the same thermal performance standards
across different machine designs

/_\ Radiation eyt KPIs Analytical Model
o The conduction pathway is dominated in | wW kW 1MW TRE - 25kl LMW
the machines due to the compact desian Temperature Rise 67.5 67.5 67.5 18.5 70.28 72.07
P 9N Winding Temperature 875 875 875 985 9028  92.07
Heat Pathways: Thermal Resfstance per Coil 2.69 3.03 0.7 2.93 331 0.728
WG| |SieEsa o ClETT (Steel Band) i Thermal Resistance 0.13 0.126 0.005 0.14 0.129 0.005
2 tlinieliig) = 1521y g Thermal Conductance 1012 1024 24404  7.16 771 181.14
wae  Aluminium Disc - Ambient
> Winding - Epoxy - Airgap - Permanent Copper Losses 682.79 691.54 16473.24  716.2  729.49 18023.55
Srmeritine ——>1 et Magnet - Rotor Limb - Ambient Heat Transfer Coefficient 2082 468 559 19.81 1171 582
: o Winding - Epoxy - Airgap - Airflow / or - Generator Efficiency 90.50% 91.68%  92.51 90.23% 91.63% 92.43%
, N Rotor Limb (Bottom) Ambient
ThermallModel Thermal Margin 50% 50% 50% 25.72% 33% 32%
= ~
o The Lumped Parameter Thermal Network (LPTN) is a thermal (\ Conclusions J
analysis with a detailed and lower computational model
o The LPTN includes all major components and heat transfer within o Predictive Assessment: provide predictive algorithms to predict
machines and analyse thermal performance across different machine
o Current represents power losses inside of the machine designs
v T T o Benchmark Targets: Set consistent thermal parameter
1 N I N I standards for further development and upscaling machine
i | designs
s R S B o Design Cooling Strategies: Apply thermal references to select
2 N : or develop suitable cooling systems
= 2z o Thermal Properties: Establish thermal properties standards for
(e 1 s . ? o Lam 2T, ws g designing mechanical structures and insulation materials
H m:g ] *:g;* T e I:;;'Li{fr‘nﬁ* g _— o -~
= il roccom) 2 roicom) < mE g ( References J
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giu.;c:mm _ . Rj “ = §£an h 1.Mcdonald, A.S., Al-Khayat, N., Belshaw, D., Ravilious, M., Kumaraperumal, A., Benatamane, A.M., Galbraith, M.,
Tame ME_ Femume L Staton, D., Benoit, K., Mueller, & M., 2012. MW MULTI-STAGE AIR-CORED PERMANENT MAGNET GENERATOR FOR
T R : WIND TURBINES.

Temperature Rise Comparison
100

Temperature (oC)

7 kW 25 kW 1MW
Machine Types

| mPrediction

m Measuremen

o The thermal prediction has

2.McDonald, A.S., Mueller, M.A., Polinder, H., 2008. Structural mass in direct-drive permanent magnet electrical
generators, in: IET Renewable Power Generation. pp. 3-15. https://doi.org/10.1049/iet-rpg:20070071

3.Mueller, M.A., Burchell, J., Chong, Y.C., Keysan, O., McDonald, A., Galbraith, M., Echenique Subiabre, E.J.P., 2019.
Improving the thermal performance of rotary and linear air-cored permanent magnet machines for direct drive wind
and wave energy applications. IEEE Transactions on Energy https://doi.org/10.1109/TEC.2018.2881340 Conversion
34, 773-781.

underpredicted values Compared to the 4 -Mueller, M.A,, Mcdonald, A.S., 2009. A lightweight low speed permanent magnet electrical generator for direct-drive

real measurements

o The results differ by about 10-30%

from the actual temperature rise

wind turbines.
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Turb Motivation Framework Overview
urbine v Operating a turbine affected by wake deficits from the upstream v Aim: develop an estimation framework that robustly estimates
SENSOIS machines results in: impinging wake properties from operational parameters of the

turbine.
b ) v How: currently, both training and validation carried out in a
Decreased AEP Increased fatigue simulation environment.
. v Wind farm flow control can help, but it requires instantaneous v' Key aspect: only fit the wake properties if a clear wake
e information on the affecting wake conditions as the input. presence was detected.

Blade loads, pitch,
rotational speed

v" Wind field reconstruction is based on a family Simulation —

of localised linear regression models. “ | =

D

v' Average RMSE in U estimation: 0.35 m/s, or ®

Wind 5.23% when normalized with mean ambient | I 3

) . o

Sensmg wind speed value. Estlmate_ S
©

2

v" Overall great estimation quality, with very
limited discrepancies. Capable of producing
wind field reconstructions with accuracy high
enough for the larger flow structures like
wakes to be captured.

50 100 150 200 250 300 350 400 450 500 550
Time [s]

Example wind field

v' The classification used in wake detection is performed

Estimated wind field with a Convolutional Neural Network (CNN).

v' Sample by sample, a front view ‘snapshot’ is assigned to
one of four classes:
o Full wake impingement (A)
Wake Partial wake impingement left (B)

O
Detection o Partial wake impingement right (C)
o No wake impingement (D)

v The plot to the far right shows wake detection
performance for full wind direction spectrum. Blue polar
values indicate the proportion of samples identified as a Examples for each of four classes

wake for each wind direction — higher where there (with rotor outiine indicated) Wake detection performance
are upstream turbines present.

0/e

Wake presence

' CNN-Ibasecll waké detelction
established v A 2D Gaussian or energy centre

function is fitted for every sample
where a wake deficit was
detected, allowing for flexible

Wake not detected
Wake detected

Wake tracking of the wake deficit. 0.5 Tl ...I-:« I I I I I ‘E Char.
- - F : D —-- wake
Characterisation v' Due to applied moving average o . c centre
filtering, characterised properties ~ ) = Ch";‘r-
: : o v = B0 = — wake
experience a minor lag. o Yo . . 5 -
50 100 150 200 250 300 350 400 450 500 550 =
Time [s]
Example wind field
P - ™~ ~ ”
e Conclusion Future Work
Results show a great potential of the generalised wake estimation The models are trained on medium-fidelity simulations. Moving towards
Fitted wake approach. Sub-optimal performance for more severe wind a real-life application requires a more optimal training dataset combining
properties conditions. Models can be trained with different data to low computational cost and high-fidelity data. A solution implementing
address varied flow scenarios. Large Eddie Simulations is currently under development.
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Evaluation of erosion resistance of thermoplastic
polyurethane coating for support structures in
offshore renewable energy infrastructure

Olga Ganilova', Ashlee Espinoza?, Feargal Brennan
'University of Strathclyde, Department of Naval Architecture, Ocean & Marine Engineering,
2University of Strathclyde, Department of Mechanical and Aerospace Engineering

Motivation

-The UK has a large number of the highest-energy tidal current resources - Increasing development and market expansion for [’
in the world allowing it to lead in tidal stream technology development thermoplastic polyurethane (TPU) has resulted inthe ~F
(Figs. 1,2); cost of the material going down and versatility increasing

- The predictability of tides and fully submerged design has an advantage due to their superior wear resistance, strength, durability

- this technology is more predictable and resilient.
- The technology is fully submerged in tidal seawater currents
containing sand and debris, and thus must operate in a harsh

and recyclability.

- TPU is easy to process and it is non-toxic. ¢ 3A
- Arange of biodegradable and self-healing TPU materlals have been
corrosive environment with tidal currents over 3m/s, developed maintaining their high toughness and abrasion resistance.
turbulence, vertical and lateral unsteady loading; = i~ - So far only the TPU aging in seawater has been studied but mechanical
- While structural integrity and load bearing capability of the turblne damage due to the wave, current and slurry erosion are still to be
supports is achieved through steel implementation, its life extension with explored. ’ |
sustainable, non-toxic and recyclable solutions is required.

¢ 7 I Aim

g o Investigate erosion resistance of TPU material in a simulated harsh environment
o BT through performance of experimental erosion in a saltwater slurry solution
for potential application, and life extension, in tidal stream turbine support
structures which are submerged in ocean water and exposed to tides and waves.
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Methodology
- Corrosion and erosion experimental investigation of two types of TPU, TPU9S3 and
TPU85MD, the latter containing stainless steel particles, have been performed.

- An impingement erosion rig was used to evaluate the material performance in 3.5% NaCl |
agueous solution and 1g/L silica sand slurry at three impingement angles (15°, 30°, 90°) to
simulate an erosive ocean environment.

N 2D profi‘les SEM analysis

- The materials’ erosion resistance was assessed through measurement of mass loss and gain.
- To analyse the extent of damage, the depth of the wear scar was measured using a 2D
profilometer.

- Surface morphology of the eroded area was performed using a scanning electron microscope.

Conclusions

- Through all erosion tests TPU materials have
maintained their high toughness and abrasion resistance,
which would provide protection for the steel sample.

- Evidence was found that salt and sand
particles could be embedded and deposited on the
surface of both TPU materials.

- The performance of TPU85MD was dominated by deeper wear
scars and void formation due to the loosening and removal of the
particle reinforcement, accelerating damage propagation, and
therefore, is not recommended for offshore applications.

-The evaluation of the wear resistance of TPU93 confirmed the behaviour observed for
other polyurethane materials investigated in the literature, demonstrating durability, and
IS @ more appropriate option for application in offshore structures.

Future work

\Xﬁf - 'jggl -Investigation of TPU layer effect on the dynamic
//L - L \\ properties of the support structure and detection of

-Therefore TPU material can be successfully used to provide erosion F

resistance in submerged structures, potentially extending their life L '. damage;
(/ :j\ -Study of application of self-healing TPU materials in

and reducing maintenance.
S support systems;
- = -Application of TPU material in lightweight structures
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Background & Motivation

J. Guichard!, M. Hann!,
I'University of Plymouth, UK

Experimental investigation of flexible riser for hydrogen
transport from FOWT platform to seabed

—
dolphyn!
—~—hydrogen

T. Tosdevin?, D. Greaves?,
2University of Oxford, UK

Virtual image of CSD

« Offshore green hydrogen is projected to reduce energy export costs compared to onshore production for
far-from-shore wind farms.

* Dolphyn Hydrogen plans a 10—-15 MW Commercial Scale Demonstrator (CSD) producing hydrogen directly offshore
by 2030.

« Key challenge: ensuring safe performance of the flexible riser transporting hydrogen from a floating platform to the
seabed.

* The riser must never bend below its minimum allowable radius (1.87 m). Laboratory testing at 1:62 scale is used to
examine hydrodynamic behaviour under realistic sea conditions.

Objectives

* Reproduce the static and dynamic
behaviour of a 6-inch (Inner diameter
with 8.6-inch outer diameter) NOV*
flexible riser at model scale, length 250
m
Assess bending radius under:

- Operational conditions

- 1-in-50-year storm conditions in the
Celtic Sea

- Short Design Waves (MLER**) for
Surge of the platform

Determine whether short design waves

for a riser could be determined which

can replace long (3-hour) irregular

storm runs for predicting extreme

curvature

“formerly National Oilwell Varco **Most likely extreme responseg

Methodology

Static Modelling
* Conducted using MoorDyn (lumped-mass) integrated in WEC-Sim to
identify lazy-wave configurations that maintain acceptable curvature.

Scaled Riser Representation

* Riser material selected: FKM (Viton) rubber cord, matching:

- Outer diameter: 3.44 mm (target 3.54 mm)

- Submerged weight within 1 % of target

- Bending stiffness: 1.78 x target (acceptable based on literature)

 Buoyancy modules represented by fishing poppers weighted
with nylon nuts for correct submerged mass.

Water depth (m)

60
Horizontal distance from Hang-off (m)

80 100 120 140 160 180 200 220

Experimental setup

« Riser attached to semi-submersible floating platform with heave plates,

representative of the future CSD

\

o

a\

* Underwater tracking via 10 Qualisys markers spaced at 0.20 m
« 2 different horizontal distances investigated: 200 and 210 m

« Sea states modelled (without wind) :

- Operational: Hs=1.8 m, Tp=9.1s

- Storm: Hs=12m, Tp=14.4 s

- Short design waves for the platform

Model of the future Commercial Scale Demonstrator at scale

e .62, semi-submersible platform with heave plates ,ﬁ f .
er _~|far mction—

. shape MoorDyn laboratory properties |
= buoyant section (MoorDyn, laboratory properties)
= -20 — = shape determined using Qualisys markers 110 s
B O AQualisys markers ~
2 T ™ target shape full scale 10 2
. 40 - Radius determined from measurements "‘I;
@ i
g 10 o
-60 - 1.20
| | | [ | | | | | |
0 20 40 60 80 100 120 140 160 180 200 220

Horizontal distance from Hang-off (m)

T

Graph showing static shape of riser determined through positions of
Qualisys markers and radius determined from shape, and comparison to
target shape and shape predicted using properties in the lab (210 m)

Underwater camera image of experimental setup
(200 m, slightly lower buoyancy provided by buoyancy modules)

Lowest Bending Radius determined (Full-Scale Equivalent)

|

|

The riser stayed above the minimum allowable 1.87 m in all tests

£
o 9 10F \ : . : :
3 R /A N,.\ M‘i"‘ g “”é,‘\ A A \ \V;\ [ /,,M AN ol JA\\ /M' 21.0 m distance resulted in slightly lower lowest curvature |
= = N %‘w‘ SOy ORI \\ N/ vV ™ Y Mo A%\ POINERN ,,\ XX Slightly lower buoyancy of buoyancy modules leads to higher lowest radius for 200 m
£ -10 ' Lowest bending radius observed for MLER Surge is close to lowest observed during storm
S -100 50 0 50 100
. | : | Sag Bend
& 2r Operational: 7.2 - 9.9 m
< 0F . (A7 ‘l'f’\\l"'llﬂ £ ‘\‘ x"(’ QA / ~ ﬁ A\ / \'\ /;,15??&\.&": I 1\\. .\‘ ‘ ) - |
Q27 ,99 o7 \\@' 7 SN {/f“\"/o\\/v/ \\y ///"4”\{:',,‘\?’\\'« RN uvv... Storm (lowest) : 5.2 - 5.6 m
o -4r | v, ¥ . . : MLER Surge of platform: 5.4 - 5.6 m
-100 -50 0 50 100 Hog Bend (Critical location)
€ 10F N Operational: 6.0 - 7.0 m
~ ’ ’ ~ N y: I
S 5H IA\\:,I;Q&!IA\I/‘\&A’”\\"’ N 2’4\\ /”\\ v, '\\/ //“\'/:\g}}\;ﬁ‘.‘i" X ""“\‘}\4‘ Storm (lowest) : 4.4 - 4.8 m (minimum value observed)
2 ol DAL NS \ AvA\Y B\VA\ e '\‘""V X MLER Surge of platform : 4.6 - 5.0 m
B |
* 100 50 0 50 100 Bend hear Seabed
T20F | | | - Operational: 12.9-14.8 m
= A Storm (lowest): 5.6 - 8.1 m
g’ 0_ "‘\9 ,\,\‘"5..\;«7.\,,,.- 5;\." A ,//{ // V[’M::.\‘}:‘égﬁt‘?//};\\;‘g,@ MLER Surge of platform : 7.5 -8.7m
7p) I > l W SEGRY =
-100 -50 0 50 100 Conclusions
E20 - T . _ . ) |
P ‘, /\_)} A '«A“ o j , \ , } (\ ‘ * For the riser configuration tested, all minimum radii were safely above 1.87, even in storm
21 "‘%A" byt D Vo \\’/* ,'\ AL "i‘:.,";,‘\.‘.‘f! /«i:\.‘;ﬁ%‘ > conditions
Z 0 | | | | « Hog bend consistently produced the lowest radius (~4.4m) but remained within allowable limits.
100 -50 0 50 100 .

Future improvements recommended:

- Determine and test short design waves which could produce lowest radius and could be a
reliable, shorter alternative to 3-hour storm tests

Include wind loading to capture higher surge amplitudes

Add a bend stiffener at the attachment point

Direct measurement of riser tension

Compare against dynamic MoorDyn simulations

Timelines around moments when radius of hog bend is lowest during a storm
for a distance of 210 m. Thin grey lines are each one of a total of 12 timelines. -
Thick red line is the average of the individual timelines. t, is the moment when -
the radius is determined to be lowest. A typical average shape for waves -
producing lowest radius during storms can be observed -
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