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What is Hybrid testing?
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Electric generator failure
• Main aim: Produce a first-of-a-kind practical implementation of the 

novel testing methodology and hybrid platform on the electric generator. 

• This failure mode will be exemplified on IDOM’s OWC device (MARMOK). 

• This technology has been extensively demonstrated at the Mutriku 
shoreline OWC plant (since 2011) and at the BiMEP open-sea testing site 
(2.5 years) within the H2020 OPERA project.
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MARMOK’s unique design provides the following advantages:

• Simplicity: formed by a single structural element, it avoids complex mechanisms
exposed to offshore conditions. The only moving part is the turbine-generator set, which
is placed on the deck and easily accessible.

• Robustness: 'spar buoy' configuration has been widely proved in the offshore industry to
provide good performance and reliability.

• Adaptability: simple modifications permit the optimization of the device for a particular
location and wide range of sea conditions.

• Reduced maintenance: due to the simplicity of the device and based on previous
experience, minimum maintenance is required which supposes a substantial number of
operating hours.

• Potential to achieve a competitive LCOE

The Technology
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MARMOK WEC Technology

• Activities around marine renewables 
started 12 years ago with the 
development of a wave energy 
harvesting technology (Spar type 
OWC)

• Technology with outstanding 
simplicity, robustness and 
maintainability (a single moving part, 
not submerged)

• Viability of the technology 
demonstrated offshore during 2.5+ 
years (3 consecutive winters)
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Mutriku Wave Power Plant
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User Case II
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The electrical 
generator is in 

the critical path 
of the Energy 
Conversion

Performance: loss 
of power 

production
32%

Reliability: increased OPEX 
due to a greater need of 

maintenance
40%

Survivability: 
severe damage 

and/or loss of the 
asset
22%

Other: CAPEX
3%

Not applicable
3%

IN YOUR OPINION/EXPERIENCE, WHAT DOES THE CRITICAL 
SUB-SYSTEM(S) MOSTLY IMPACT ON THE WEC RESPONSE?

Hydrodynamics 
System

14%

PTO
37%

Reaction System
26%

Power Transmission
2%

Instrumentation and 
control

16%

Not applicable
5%

IN YOUR OPINION/EXPERIENCE, WHICH OF THE MAIN 
SUB-SYSTEMS/COMPONENTS OF THE WEC IS THE MOST 

CRITICAL?



Generator Failure

• Stator winding accounts for 65% of all failures.
• Stress factors:

• Thermal degradation – Temperature
• Electrical degradation – Voltage
• External environment – Humidity & salinity  difficult to reproduce in the lab

9

Generator Performance Survivability Reliability
Sea State Ave. to Rated 

Power
Peak to Rated 

Power
Overload 

Time
Mild 17% 1 > 1%
Medium 44% 3.5 6%
Strong 82% 3.5 15%

Generator Sizing



Hybrid Testing Set-Up
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Preprocessing

Raw Data Time Series

Statistic Analysis

Test Data

Peaks Analysis

Peak 
Characterization



Test Bench description 
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Motor Generator
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Temperature
transmitter

R,L instrumentation



14

Generator 1:   variable working conditions
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Thermal fatigue testing of electric generator
Testing, testing, testing

Calibration tests - degradation/accelerated tests - cooling tests - MCSA tests

• Main challenges: 
• Define testing conditions to gradually degrade generator
• Measure / estimate degradation

Region Hours (h)

Constant

Hours (h)

Variable

Total 
(h)

Below thermal limit (155°C) 67,13 73,79 140,93
Above thermal limit and below broke 
limit (155°C-220°C))

9,05 33,65 42,70

Above broke limit (>220°C) 2,88 13,63 16,51
TOTAL 79,06 121,07 200,14

To
ta
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rs

]

Thermal limit

Break limit

Generator 1
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Test plan Generator 2  no time, harder tests

Test P rms P media P peak P low Amplitude Period
32_Peaks 1,328 1,2 2,25 0,75 1,5 2
33_Peaks 1,414 1,3 2,36 0,86 1,5 2
34_Peaks 1,511 1,4 2,46 0,96 1,5 2
35_Peaks 1,612 1,5 2,54 1,04 1,5 2
36_Peaks 1,692 1,6 2,62 1,12 1,5 2
28_Peaks 1,705 1,7 2,05 1,55 0,5 2
29_Peaks 1,735 1,7 2,4 1,4 1 2
30_Peaks 1,792 1,7 2,72 1,22 1,5 2
31_Peaks 1,819 1,7 2,9 1,15 1,75 2



OWC
Model

Efficiency 
model

Thermal 
model

Degradation 
modelTm, w

Losses (W)
Estimated 
Temp (ºC) RUL 

Estimation
Digital 
Models

Models, validation and result analysis

Capacity Factor CF = Torque CF * Speed CF
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OWC
Model

Efficiency 
model

Thermal 
model

Degradation 
modelTm, w

Losses (W)
Estimated 
Temp (ºC) RUL 

Estimation
Digital 
Models

θ = θ ∗ 1 − 𝑒 + θ ∗ 𝑒 + 𝜃

θ = θ ∗
I

I

Where:

 θ – Actual winding temperature.

 θ – Ambient temperature.

 τ – Maximum temperature increased due to actual stator current.

 θ – Previous temperature increase.

 𝑡 – Sample time in seconds.

 τ– Heating time constant

1st Order Thermal Model
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OWC
Model

Efficiency 
model

Thermal 
model

Degradation 
modelTm, w
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Estimated 
Temp (ºC) RUL 

Estimation
Digital 
Models

2nd Order Thermal Model

θ   = θ   ∗
𝐼

𝐼

θ   = θ   ∗
𝐼

𝐼

θ = θ   ∗ 1 − 𝑒 + θ  ∗ 𝑒

θ = θ   ∗ 1 − 𝑒 + θ  ∗ 𝑒

θ = θ + θ + θ

Where:

 θ – Actual winding temperature.

 θ – Ambient temperature.

 θ – Maximum temperature increased due to actual

stator current in case.

 θ – Maximum temperature increased due to actual

stator current in copper.

 θ  – Previous temperature increase in case.

 θ  – Previous temperature increase in copper.

 𝑡 – Sample time in seconds.

 τ – Heating time constant of copper / steel

 τ – Heating time constant of case
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Comparation between models
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𝑙𝑜𝑔 𝑡 = 𝐶 +
𝐶

𝑇

Modified Arrhenius model

𝐿 = 𝐴𝑒

Rule-of-thumb (IEEE Std 117-2015)
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Condition monitoring: Degradation estimation



Failure 
detection

burned 
stator 

winding



Base test(healthy) vs Final test (detected stator winding frequencies)

• Identification is made with the following expresión:

• fsw -> Stator winding failure freq.

• fs -> Supply frequency

• s -> Slip

• p -> pole pair

• k (k=1,2,3…) ->Stator winding constant.

• n (n=1,2,3…) -> Constant

Base test

Final test

Detected
frequency

Final condition

Fsw 1.2665, 23.7274, 
26.2604, 73.7152, 
98.7091, 171.158 
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Main Challenges
• Uncertainties:

• Correlation between instantaneous power peaks and corresponding sea states
• Real doubt if these high temperatures will be achieved in the sea
• Uncertainty in when the generator is going go break 

• Thermal model:
• Accurate thermal model for the whole operation range
• Scalability

• Condition monitoring:
• Difficulties in estimating progressive degradation until real breakage

• Amount of information:
• Information of only 1 generator or maximum 2 generators. Not enough for conclusions
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