WELK | REFERENCE GUIDE

Partial Discharge Detection
in Offshore Wind Turbines

A practical guide to partial discharge detection in offshore wind turbines, covering
the reader intent, the relationship to partial discharge detection in offshore wind
turbines, key evaluation criteria, common risks, and the information the intended
project audience should confirm before taking the next step.
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In the rapidly expanding sector of offshore renewable energy, the reliability of
high-voltage (HV) electrical infrastructure is paramount. Offshore wind turbines
operate in some of the most demanding environments on Earth, where salt spray,
extreme humidity, and constant mechanical vibrations accelerate the aging of
electrical insulation. Partial discharge (PD) detection has emerged as a critical
diagnostic tool for identifying insulation degradation before it leads to catastrophic
failure. For asset managers and maintenance engineers, understanding the
nuances of partial discharge detection in offshore wind turbines is essential for
transitioning from reactive to predictive maintenance strategies.

| Understanding the Principles of Partial Discharge

Partial discharge is a localized electrical discharge that only partially bridges the
insulation between conductors. It occurs when the local electric field strength
exceeds the breakdown strength of the insulating material, leading to small sparks
within voids, cracks, or on the surface of the insulation. While these individual
events are microscopic, their cumulative effect is highly destructive, eventually
leading to a complete dielectric breakdown.

| The Physics of Detection

When a PD event occurs, it releases energy in several forms, each of which can be
measured using specific sensor technologies:

1. Electromagnetic Pulses: PD events generate high-frequency electromagnetic
waves. In the Ultra-High Frequency (UHF) range (300 MHz to 3 GHz), these pulses
can be detected using antennas placed inside or near electrical enclosures.

2. Acoustic Emissions: The rapid expansion of gas during a discharge creates
pressure waves. Acoustic sensors (20 kHz to 300 kHz) can detect these ultrasonic
signals, which is particularly useful for localizing the source of the discharge.

3. Transient Earth Voltages (TEV): PD pulses induce small voltage transients on the
metal cladding of switchgear and enclosures. TEV sensors measure these pulses to
identify internal discharge activity.

4. Current Pulses: Using High-Frequency Current Transformers (HFCT), engineers
can detect PD-induced current pulses traveling along ground leads or cable shields.
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In the context of offshore wind, these signals must be filtered from the significant
background noise generated by power electronics, such as the pulse-width
modulation (PWM) frequencies of the turbine’s power converters.

The Critical Role of PD Detection in Offshore
Environments

Offshore wind turbines are significantly more expensive to maintain than their
onshore counterparts. A single transformer or cable failure can result in weeks of
downtime, requiring specialized jack-up vessels and favorable weather windows
for repair. Partial discharge detection in offshore wind turbines provides the early
warning necessary to plan interventions during scheduled maintenance cycles.

| Risks Specific to Offshore Assets

Thermal Cycling: Turbines frequently cycle between full load and standstill based
on wind conditions. This causes thermal expansion and contraction in cable
terminations and transformer windings, potentially creating voids where PD can
initiate.

Corrosive Atmosphere: The C5-M marine environment promotes the ingress of
moisture and salt into electrical cabinets if seals are compromised. Surface
tracking—a form of PD—is highly prevalent in these conditions.

Mechanical Stress: Constant vibration from the rotor and nacelle can lead to
mechanical loosening of components, creating points of high electrical stress.

While electrical health is the focus of PD monitoring, the overall integrity of the
turbine also relies on auxiliary systems. For instance, maintaining proper levels of
insulating oils in transformers and coolants in converters is vital. Engineers often
integrate PD data with other industrial sensors. For those seeking reliable
instrumentation for fluid management, reviewing the Main Page of specialized
manufacturers can provide insights into the level measurement technologies that
support these critical cooling and insulation systems.
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| Selection Criteria for PD Monitoring Systems

Choosing the right detection technology depends on the specific component being
monitored. The following table outlines the primary applications for different
sensor types within an offshore wind turbine.

| Practical Selection Table for PD Sensors

Sensor Type Measurement Primary Advantages
Principle Application

HFCT

Inductive
coupling

Export cables,
cable
terminations

Non-intrusive,
high sensitivity

Sensitive to grid
noise

UHF Antenna Electromagnetic = Gas Insulated Excellent Requires
Switchgear signal-to-noise line-of-sight
(GIS), ratio within
Transformers enclosures
Acoustic Ultrasonic Transformer Precise location Signal
pressure tanks, localizing of discharge attenuates
faults quickly in solids
TEV Sensor Capacitive MV Switchgear Easy to install Primarily for
coupling cabinets on exterior internal
panels discharge only

| Installation Considerations for Offshore Turbines

Installation of PD monitoring equipment in offshore environments requires strict
adherence to durability standards. Sensors and data acquisition units must be

housed in IP66 or IP67-rated enclosures to prevent salt-air ingress.

| Sensor Placement

1. Cable Terminations: The junction between the subsea array cables and the
turbine switchgear is a high-risk area. HFCTs should be installed around the earth
braids of the cable terminations.
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2. Step-up Transformers: Sensors should be placed near the HV bushings. For
oil-filled transformers, acoustic sensors can be mounted on the tank wall using
magnetic mounts to detect internal arcing.

3. Nacelle Switchgear: Due to space constraints in the nacelle, compact TEV and
UHF sensors are preferred for monitoring the Medium Voltage (MV) switchgear that
connects the generator to the transformer.

| Data Transmission

Given the remote nature of offshore farms, PD systems must be capable of
automated data analysis and remote transmission. Modern systems use edge
computing to process raw high-frequency data into "PD patterns" (such as
Phase-Resolved Partial Discharge or PRPD patterns) which are then sent via the
wind farm’s fiber optic network to a central SCADA system.

| Practical Limitations and Challenges

While partial discharge detection in offshore wind turbines is a powerful diagnostic
tool, it is not without challenges. The primary hurdle is noise discrimination.
Offshore turbines are electrically "noisy" environments due to the high-frequency
switching of power converters. Advanced algorithms are required to distinguish
between the "noise" of the converter and the "signal" of a genuine PD event.

Another limitation is signal attenuation. In subsea export cables, PD signals can
only travel a few kilometers before they become too weak to detect. This means
that while PD monitoring is excellent for the turbine-end and substation-end
terminations, it may not detect a fault in the middle of a 30 km subsea cable.
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| Integration with Level and Temperature Monitoring

Comprehensive asset health monitoring involves correlating PD data with other
physical parameters. For example, a rise in PD activity in a transformer often
correlates with a drop in oil level or an increase in moisture content. Ensuring that
level transmitters for insulating oil are functioning correctly is a prerequisite for
accurate PD interpretation. Reliable level measurement ensures that the active
parts of the transformer remain fully submerged, preventing the very conditions
that lead to surface discharge. For technical specifications on industrial-grade level
sensors suitable for offshore applications, visit the Main Page of professional
measurement providers.

| Frequently Asked Questions (FAQ)

Q1: Can PD detection predict exactly when a component will fail?

No. PD detection identifies the presence and severity of insulation degradation. It
provides a trend that indicates the risk of failure, allowing for planned
maintenance, but it cannot provide a precise "countdown" to breakdown.

Q2: Is it necessary to monitor PD continuously?

For offshore assets, continuous online monitoring is highly recommended. Periodic
spot checks are difficult to schedule due to weather and may miss intermittent PD
activity that only occurs during specific thermal or load conditions.

Q3: How does humidity affect PD readings?

High humidity increases the likelihood of surface tracking on insulators. A PD
system might show increased activity during humid days; this is a genuine
reflection of the stress on the insulation rather than a sensor error.

Q4: Can PD sensors be retrofitted to existing turbines?

Yes, most HFCT and TEV sensors are split-core or surface-mounted, meaning they
can be installed without disconnecting the high-voltage circuits, making them ideal
for retrofitting during a standard service visit.
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| Conclusion

Implementing partial discharge detection in offshore wind turbines is a strategic
necessity for the modern energy grid. By understanding the measurement
principles—ranging from UHF electromagnetic pulses to acoustic emissions—and
selecting the appropriate sensors for cable and transformer monitoring, operators
can significantly reduce the risk of unplanned outages. When combined with robust
auxiliary monitoring, such as accurate fluid level sensing and temperature
tracking, PD detection forms the backbone of a resilient offshore maintenance
program. As the industry moves toward larger turbines and higher voltages, the
sophistication of these diagnostic tools will continue to be the primary defense
against the harsh realities of the marine environment.

Welk Reference Guide 7



