WELK | REFERENCE GUIDE

Radar Level Sensor
Calibration

A practical guide to radar level sensor calibration, covering the reader intent, the
relationship to radar level sensor calibration, key evaluation criteria, common
risks, and the information the intended project audience should confirm before
taking the next step.

level-measurement
Main topic: Radar Level Meters
https://www.level-meters.com/products/radar-level-meters/
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In industrial process automation, the accuracy of level measurement is
fundamental to safety, inventory management, and process efficiency. Among the
various technologies available, Radar Level Meters have become the industry
standard for non-contact measurement in challenging environments. However, the
reliability of these instruments depends heavily on precise setup and periodic
verification. Understanding the nuances of radar level sensor calibration is
essential for engineers and technicians tasked with maintaining system integrity in
water treatment, chemical processing, and oil and gas applications.

| Measurement Principles of Radar Level Meters

Before addressing the specifics of calibration, it is necessary to understand how
these instruments function. Radar level sensors primarily utilize two technologies:
Pulse Radar (Time of Flight) and Frequency Modulated Continuous Wave (FMCW).

| Time of Flight (ToF)

Pulse radar instruments emit short microwave pulses toward the medium. These
pulses reflect off the surface of the liquid or solid and return to the sensor antenna.
The instrument measures the time elapsed between emission and reception. Since
the speed of microwaves is constant (the speed of light), the distance ($D$) is
calculated as:

$$D = \frac{c \times t}{2}$%

Where $c$ is the speed of light and $t$ is the measured time. The level ($L$) is
then determined by subtracting the distance from the known tank height ($H$).

|Frequency Modulated Continuous Wave (FMCW)

FMCW radar emits a continuous signal with a constantly changing frequency. The
reflection from the product surface is received and mixed with the emitted signal.
The frequency difference between the transmitted and received signals is
proportional to the distance. FMCW is generally preferred for high-precision
applications and long-range measurements due to its superior signal-to-noise ratio.
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In both methods, the dielectric constant ($er$) of the medium plays a critical role.
A higher dielectric constant results in a stronger reflected signal, while materials
with low dielectric constants (such as hydrocarbons) reflect less energy, requiring
more sensitive electronics and precise calibration.

| Defining Radar Level Sensor Calibration

In a B2B engineering context, "calibration" often refers to two distinct but related
processes:

1. Factory/Laboratory Calibration: The verification of the sensor's accuracy against
a traceable standard in a controlled environment.

2. Field Configuration (Parameterization): Adjusting the sensor settings to match
the specific geometry and conditions of the installation site.

For most industrial users, radar level sensor calibration in the field involves setting
the zero point (empty tank), the span (full tank), and performing echo mapping to
ignore internal tank obstructions.

| The Calibration and Configuration Process

To ensure accurate readings from Radar Level Meters, a systematic approach to
calibration must be followed.

| 1. Physical Inspection and Zero-Point Setting

Before applying power, ensure the sensor is mounted level and perpendicular to
the product surface. The "Zero Point" is typically the bottom of the tank or the
lowest point the sensor is expected to measure. In the sensor software, this is
defined as the distance from the sensor reference plane (usually the flange face or
the bottom of the antenna) to the tank bottom.
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| 2. Span (Full Point) Adjustment

The span represents the 100% level mark. It is critical to account for the "Dead
Zone" or "Blocking Distance" of the radar. This is the area immediately below the
antenna where the sensor cannot accurately measure. Setting the 100% mark
within the dead zone will lead to measurement errors or signal loss.

|3. Echo Mapping (False Echo Suppression)

One of the most important steps in radar level sensor calibration is the creation of
an echo map. Industrial tanks often contain internal structures such as agitators,
heating coils, ladders, or baffles. These objects reflect radar waves, potentially
creating "false levels."

Modern radar sensors allow technicians to record an "empty tank map." The
sensor identifies all static reflections and stores them in its memory. During
operation, the sensor ignores these stored reflections and only tracks the moving
reflection from the actual product surface.

| 4. Dielectric Constant Compensation

If the medium has a very low dielectric constant (e.g., $er < 2.0%), the signal may
pass through the surface and reflect off the tank bottom. Calibration must include
setting the correct dielectric range to ensure the sensor's signal processing
algorithms can distinguish the surface reflection from background noise.

| Selection Criteria for Radar Level Meters

Choosing the right instrument is the first step toward successful calibration. The
following table provides a comparison of common radar configurations used in
industrial automation.
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26 GHz Pulse 80 GHz FMCW Guided Wave
Radar HELETY Radar (GWR)
Primary Application Large tanks, simple Small vessels, high Narrow tanks, low
liquids precision, solids dielectric fluids
Beam Angle Moderate (approx. Narrow (approx. N/A (Contacting)
10°-15°) 3°-8°)
Accuracy +3 mm to £5 mm +1 mm +2 mm
Max Range Up to 30 meters Up to 120 meters Up to 30 meters
Installation High (requires clear Low (narrow beam High (requires probe
Sensitivity path) avoids obstacles) clearance)

| Installation Considerations for Calibration Stability

Calibration is only as good as the installation. To maintain calibration accuracy
over time, consider these factors:

Nozzle Geometry: The nozzle diameter and height can affect the signal. For 26 GHz
radars, the antenna should ideally extend slightly beyond the nozzle. For 80 GHz
radars, the narrow beam allows for installation in taller, narrower nozzles.

Agitators and Turbulence: If the tank has an agitator, calibration should be
performed while the agitator is running to ensure the echo mapping can account
for the moving blades, or the sensor should be mounted in a position where the
beam avoids the blades entirely.

Condensation and Buildup: In applications involving steam or viscous liquids,
buildup on the antenna can attenuate the signal. While many Welk radar sensors
feature advanced signal processing to compensate for minor buildup, significant
accumulation will eventually require physical cleaning and a re-check of the
calibration.

Mounting Location: Never mount the sensor in the center of a domed tank, as this
can create multiple reflections that confuse the signal processor. The ideal location
is usually 1/3 of the diameter from the tank wall.
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| Limitations and Challenges

While radar is highly versatile, certain conditions present challenges for radar level
sensor calibration:

1. Heavy Foam: Dense, thick foam can absorb radar signals entirely. In these
cases, a higher frequency might not help; instead, a Guided Wave Radar (GWR) or
a different frequency band may be required.

2. Extremely Low Dielectrics: Materials like liquid nitrogen or certain dry powders
have very low reflectivity. Calibration in these environments requires precise gain
adjustment and sometimes the use of a stilling well to concentrate the signal.

3. Vacuum and High Pressure: While radar works in a vacuum (unlike ultrasonic
sensors), extreme pressures can change the vapor space density, slightly affecting
the speed of the microwave signal. High-end sensors allow for pressure
compensation in the calibration settings.

|Frequent|y Asked Questions (FAQs)

Q: How often should | perform radar level sensor calibration?

A: For non-critical applications, an annual verification is usually sufficient. In highly
regulated industries like pharmaceuticals or custody transfer, semi-annual or
guarterly calibration may be required. If the process medium changes, the
calibration should be reviewed immediately.

Q: Can | calibrate a radar sensor while the tank is full?

A: While you can adjust parameters like the dielectric constant or span while the
tank is full, a proper echo map (false echo suppression) is best performed when
the tank is empty or at its lowest possible level to identify all internal obstructions.

Q: What is the difference between "Dry" and "Wet" calibration?
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A: "Dry" calibration involves setting parameters based on physical measurements
of the tank. "Wet" calibration involves comparing the sensor's reading to a manual
dip tape measurement or a sight glass at various levels. Wet calibration is
generally more accurate for final commissioning.

Q: Does temperature affect radar calibration?

A: Microwaves are largely unaffected by air temperature, unlike ultrasonic waves.
However, extreme temperatures can cause physical expansion of the tank or the
sensor mounting, which might shift the zero point by a few millimeters.
High-quality sensors include internal temperature compensation for their
electronics.

| Conclusion

Radar level sensor calibration is a critical process that bridges the gap between a
high-tech instrument and a reliable industrial measurement. By understanding the
underlying principles of ToF and FMCW technology, and by meticulously following
field configuration steps—specifically zero/span setting and echo
mapping—operators can ensure long-term accuracy.

For engineers selecting new equipment, prioritizing sensors with narrow beam
angles and robust signal processing software can significantly simplify the
calibration process. Whether dealing with corrosive chemicals in a water treatment
plant or high-temperature bitumen in a refinery, proper calibration ensures that
your level measurement system remains a dependable asset in your process
control toolkit.
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