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Introduction

Wind turbines can suffer damage from lightning
strikes. Regular maintenance and inspections of
the Lightning Protection System (LPS) are vital to
ensure it continues to protect turbines effectively.

The LPS Pro tester runs 2 methods in 1 single
solution: ® Low Voltage (LV) resistance measure-
ments give a precise resistance value of the LPS
path. ® High Voltage (HV) inspections verify
continuity and provide a breakthrough voltage
measurement.

You can inspect Enercon and Vestas without
bridging spark gaps using the HV measurement
method as well as take measurements on
coated receptors.
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Why Voliro

Efficient LPS inspection data collection
with minimal turbine downtime

While eliminating the need for human access to difficult-to-reach areas, Voliro drones make
inspections safer, faster and more cost-effective.

Advantages of Voliro's drone-enabled LPS inspections:

Inspect every turbine

Low Voltage (LV) + High Voltage (HV) together cover 100% of turbines, including Enercon,
thick-coated Nordex and Vestas LCTU units. A tool set that complies with all manufacturer
requirements.

Confidence no one else has
HV breakthrough-voltage measurement confirms real defects and rules out false positives on
open-circuit readings.

10x faster inspections
Drone inspections typically take 20 to 30 minutes per turbine, reducing downtime and
operational costs.

No manual bridging
HV bridges LPS spark gaps electrically, so turbines that once required a technician in the nacelle
can now be inspected without anyone climbing.

Auto LV-to-HV switching
The Voliro T takes the LV reading first. If it isn’t valid, the drone switches to HV at the same
receptor on its own. The mode can be turned off to prioritize one inspection type.

Small crew operation
A single pilot can run the workflow, with optional technician support.

Manufacturer and standards-compliant
Follows IEC/EN 61400-24 and meets the HV testing that manufacturers like Enercon require.
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Why Voliro
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Method

Voliro LPS inspection solution

e LV 4-wire resistance measurement and HV breakthrough-voltage measurement.
* One-person operation with optional technician support.
« Single and multi rotor stop supported.*

* No access to the hub or nacelle required with LPS Pro. Including turbines that previously
needed manual spark-gap / LCTU bridging, can now be bridged electrically by HV.**

« Two methods, one system. LV and HV run from the same ground station. HV is part of
the LPS Pro upgrade any Voliro T operator can unlock when they need it.

* Depending on wind speed the most efficient method is chosen — see "LPS inspection
mission variables" on page 24.

** Requirements must be discussed with the asset owner. Spark gap bridging might still
be required.
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Method

Low voltage (LV) vs high voltage (HV)

The LV measurement is the 4-wire resistance inspection. The ground station's

microohmmeter pushes 300 mA through the LPS and measures resistance down to milliohms —
a direct, precise reading of the conductor's health. Take LV whenever possible; it gives the
clearest quantitative result.

Not all LPS have a continuous path by design. That's why Voliro provides HV. Instead of
measuring resistance, the system ramps voltage (from ~50 V up to a target of ~15 kV) until
spark gaps or discontinuities are bridged and current flows. The result is a breakthrough
voltage, not a resistance. High voltage can also be used, when agreed with the asset owner,
to avoid spark gap bridging — this makes missions drastically more efficient.

® Low Voltage (LV) ® High Voltage (HV)

Question answered How good is the path? Is the path there, and at what
voltage does it conduct?

Result type Resistance (Q) Breakthrough voltage (V)

Tool 4-wire microohmmeter High-voltage continuity tester

Best for Coating-pierceable receptors, Thick coatings, spark gaps,
continuous LPS designs discontinuous LPS designs

LV tells you how good the path is. HV tells you whether the path is there, and at what voltage it
starts conducting.
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Modes

The three inspection modes

® Low Voltage only (LV)

A 4-wire resistance measurement at every receptor, so the reading reflects only the LPS path.

®® Auto LPS mode (LV + HV)

The drone takes an LV measurement first. If the LV result isn’t valid, the Voliro T automatically
switches to HV at the same receptor.

® High Voltage only (HV)

The whole mission runs on high voltage. Choose this when the turbine has discontinuities
in its LPS, or when a spark gap must be bridged and running HV throughout is faster than
bridging manually.

Note: Agree with the customer upfront
Whether HV continuity measurements are satisfactory for all receptors, or whether HV
should only be used where LV measurements are not satisfactory.
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Coverage

Wind turbines and conditions unlocked by HV LPS

HV unlocks turbines that LV alone cannot serve.

Turbine / condition ® Why HV is needed

Enercon Requires HV; LV does not work —
discontinuities are built into the blades

Coated receptors Thick blade coatings make LV readings hard;
HV gets a reading anyway

Vestas (LCTU) The LCTU often needs to be bridged in the
nacelle; HV enables inspection without a
technician in the nacelle

Open circuits When the microohmmeter reads no value,
HV confirms whether the defect is real —
ruling out false positives
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Equipment

Voliro equipment

1. Voliro T

Wind resistance

Temperature
Precipitation
Fog

Payload

2. Needle probe payload

3. LPS Ground Station
Tether length

Grounding cable

Resistance Measurement Unit
Method

Measurement current
Measurement range
Resolution

Voltage range

Compliant with

Continuity Measurement Unit
Method

Use case

Voltage range
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8 m/s / 17 mph for contact,
12 m/s / 26 mph for free flight

-10 to 40 °C / 14 t0 104 °F
Dry weather operation only; no rain, no snowfall
No operation in fog

Needle probe payload

180 m / 590 ft, optionally 250 m / 820 ft

50 m /164 ft

4-wire measurement

0.30 A (for resistances < 20 Q)
0.001 Q to 1000 Q

0.01 mQ

OVto26V

IEC/EN 61400-24 standards

High-voltage breakthrough

Discontinuities, LCTU, Enercon

0V to 15,000 V
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Workflow

Inspection workflow
Step 1. Equipment and wind turbine setup
Step 2: Inspect

Step 3: Report

Step 1: Equipment and wind turbine setup
Equipment setup

o Place the LPS Ground Station 20-30 m (65-98 ft) in front of the turbine tower.
« Connect the grounding cable to a grounded point at the turbine base.
« Connect the grounding cable to the Ground Station.

+ Assemble the Voliro T and attach the LPS payload and cable to the drone.

* The Ground Station runs on Voliro T batteries. One set usually lasts a full day of inspections.

o HVis built into this same ground station; no additional hardware is required when HV is
unlocked.
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Workflow

Above: Complete turbine setup showing grounding and drone connections.
Below: Detail of the LPS Ground Station and cable connections.
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Workflow

Wind turbine setup

A: One-stop inspection:

Rotor in the Y position; blades not in the 6 or
12 o'clock position are pitched to 0°. At low
wind speeds (below 6 m/s) this is the fastest
mode — the drone inspects all blades in a
single flight.

Note: Which mode?

B: Three-stop inspection:

Inspect each blade in the 6 o'clock position,
keeping the rotor facing the wind (keep the
yaw angle). Safer at higher wind speeds;
blades are repositioned twice, no blade
pitching required.

Depending on wind speed the most efficient method is chosen. See "LPS inspection
mission variables" on page 24 for the full complexity picture.
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Workflow

Spark gap bridging

LV inspection requires continuity of the LPS from the blade to the bottom of the tower.
Some turbines have a discontinuity where the hub meets the nacelle.

Manual jumper cable (® Low Voltage - LV)

A technician accesses the hub and installs a jumper cable between an accessible LPS point
on the blade and one in the hub or nacelle, usually one blade at a time. Resistance
measurements are only possible once the gap is bridged this way. Typically each blade is
bridged in the 6 o'clock position; use 3 or 9 o'clock if the turbine design requires it.

Bridged electrically — no climb (® High Voltage - HV)

HV bridges the spark gap electrically, so no technician enters the nacelle. Use it for
turbines that can’t be bridged, or when faster operation is prioritised. Running HV removes
the manual climb entirely.
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Workflow

Step 2: Inspect

Flight and alignment

o Fly in Visual Line of Sight (VLOS) until near the turbine blade.
* The Ground Station automatically reels the tether in and out, keeping it taut.
o Switch to FPV camera for the final approach; built-in sensors assist alignment.

o Use autonomous interaction mode (AIM) to establish and hold contact with the LPS receptor.
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Workflow

AIM - Autonomous Interaction Mode

Autonomous Interaction Mode (AIM) lets the Voliro T automatically detect, track, and make
contact with wind turbine LPS receptors through its computer vision camera — without the
operator manually steering the final approach.The operator flies the drone to the general area of
the target; when they activate AIM, the drone takes over the precision approach and contact.

AIM is designed to make precise receptor contact faster and more repeatable. It lowers the skill
required to reliably hit small LPS targets in challenging conditions (wind, distance, lighting),

reduces re-flights from missed contact points, and produces more consistent inspection data.

The operator always stays in command: AIM only runs while the interaction button is held, and
releasing it or any other pilot stick input immediately stops all autonomous motion.
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Workflow

LV measurement — resistance

Both the grounding cable and drone tether carry 2 phases, enabling a 4-wire resistance
measurement (IEC 61400-24 compliant).

This captures only the resistance from the contact point on the blade to the grounding
clamp at the tower base.

A certified third-party ohmmeter pushes 300 mA and measures the resistance.

Data is sent to the drone and stored on the on-board computer and redundantly on the
ohmmeter; each measurement is linked to the correct receptor through Voliro’s mission plan.

Measurements can be verified in real time on the control tablets.

HV measurement — breakthrough voltage

The Voliro GS ramps the test voltage from ~50 V upward and records the breakthrough voltage,
the point where current begins to flow.

Use HV where LV can’t read: discontinuities, spark gaps, thick coatings, or to confirm an
open circuit.

In Auto LPS mode the drone switches to HV automatically while in contact —
no repositioning. Fully integrated in the Voliro system, fuses in the report together with LV
measurements

The energy released is very low and won't damage turbine electronics.
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