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Fmcw Radar Level Sensor

A practical guide to fmcw radar level sensor, covering the reader intent, the
relationship to fmcw radar level sensor, 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 landscape of industrial automation, the precision of level measurement
directly impacts process efficiency, safety, and inventory management. Among the
various technologies available, the Frequency Modulated Continuous Wave
(FMCW) radar level sensor has emerged as a premier choice for challenging
environments. Unlike traditional ultrasonic sensors or mechanical floats, FMCW
radar offers a hon-contact solution that remains largely unaffected by changes in
temperature, pressure, or the presence of dust and vapors. This guide provides a
comprehensive technical overview of FMCW technology, its operational principles,
and practical considerations for engineering selection and installation.

| Understanding the FMCW Measurement Principle

To effectively implement an fmcw radar level sensor, one must first understand
the physics that distinguish it from other radar types, such as Pulse (Time of Flight)
radar. While both use electromagnetic waves, the method of calculating distance
differs significantly.

| The Frequency Sweep

In FMCW technology, the sensor does not emit a short pulse. Instead, it transmits a
continuous high-frequency signal whose frequency increases linearly over a
specific period (the sweep). This is often referred to as a "chirp." The signal travels
at the speed of light to the surface of the medium, reflects, and returns to the
sensor's receiver.

| The Beat Frequency

By the time the reflected signal reaches the receiver, the transmitter is already
emitting a signal at a new, higher frequency. The electronic components of the
sensor compare the frequency of the received signal with the frequency currently
being transmitted. The difference between these two frequencies is known as the
"beat frequency" or intermediate frequency (IF).
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Because the frequency change is linear over time, the beat frequency is directly
proportional to the time it took for the signal to travel to the surface and back.
Advanced digital sighal processing (DSP) then converts this frequency difference
into a precise distance measurement. This method allows for much higher
resolution and accuracy compared to pulse radar, as it is easier to measure small
differences in frequency than extremely short intervals of time.

Key Advantages of FMCW Technology over Pulse
Radar

FMCW radar level sensors offer several distinct advantages that make them
suitable for high-precision industrial applications:

1. Superior Accuracy: Because FMCW measures frequency shifts rather than
time-of-flight pulses, it can achieve accuracies in the range of 1 mm to 5 mm
(approx. 0.04 to 0.2 inches), depending on the frequency band and process
conditions.

2. Higher Signal-to-Noise Ratio (SNR): The continuous nature of the signal allows
the sensor to integrate the reflected energy over a longer period. This results in a
cleaner signal, making it easier to distinguish the true level from background noise
caused by tank internals or surface turbulence.

3. Narrower Beam Angles: Modern FMCW sensors, particularly those operating in
the 80GHz range, produce a very narrow beam. This minimizes reflections from
tank walls, agitators, and heating coils, which are common sources of error in
confined spaces.

4. No Dead Zone Issues: While all radar sensors have a minimum measuring
distance, FMCW processing typically handles near-range reflections more
gracefully than pulse-based systems, allowing for measurements closer to the
antenna.
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Selecting the Right FMCW Radar Level Sensor:
Frequency and Features

Choosing the correct sensor requires an evaluation of the operating frequency and
the physical properties of the medium. Welk provides a range of instruments
tailored to these specific needs. For detailed technical specifications, engineers
can refer to the Main Page for the full product catalog.

| 26GHz vs. 80GHz Radar

The frequency band is perhaps the most critical selection factor:

26GHz Radar: This is the industry standard for many years. It is robust and
effective for large tanks and media with moderate turbulence. It typically features
a beam angle between 10° and 20°. It is well-suited for liquids with a high
dielectric constant and applications where the antenna might be subject to some
buildup.

80GHz Radar: The 80GHz fmcw radar level sensor represents the latest
advancement. With a much higher frequency, the wavelength is shorter, allowing
for a beam angle as narrow as 3°. This is ideal for small vessels, tall nozzles, or
tanks with complex internal structures. The higher frequency also provides better
reflection from low-dielectric materials like plastic pellets or dry powders.

| Dielectric Constant ($&r$)

The dielectric constant of the medium determines how much energy is reflected
back to the sensor. High $er$ materials (like water, $er = 80%) reflect signals
strongly. Low $er$ materials (like oils or solvents, $er < 2.0%) reflect very little
energy. FMCW sensors are generally better at detecting low-dielectric surfaces
than pulse radars because of their superior sighal processing capabilities.
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|App|ication Guide and Selection Table

The following table provides a general guideline for selecting an FMCW radar
sensor based on common industrial scenarios.

Application Recommended Key Consideration Typical Accuracy
Frequency

Water Treatment 26GHz / 80GHz Foam presence and +2 mm

Tanks humidity

Chemical Storage 80GHz (PTFE Lens) Chemical +1 mm

(Corrosive) compatibility of

wetted parts

Oil & Gas 80GHz Low dielectric +3 mm
(Hydrocarbaons) constant ($&r$)
Solids/Powder Silos 80GHz Dust penetration and =5 mm

surface angle

Small Process 80GHz Narrow beam to +1 mm
Vessels avoid agitators
High-Temperature 26GHz Thermal insulation +5 mm
Bitumen and antenna cooling

Engineering Installation and Commissioning Best
Practices

Even the most advanced fmcw radar level sensor will perform poorly if installed
incorrectly. Engineers should adhere to the following checklist during the design
and installation phases:
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| 1. Nozzle Geometry

The nozzle height and diameter are critical. For 26GHz sensors, the nozzle should
be as short as possible to prevent the beam from hitting the nozzle walls. For
80GHz sensors, the narrow beam allows for longer nozzles, but the antenna should
ideally extend slightly beyond the nozzle bottom to prevent "ringing" or internal
reflections.

| 2. Positioning and Obstructions

Avoid the Center: Never install the sensor in the exact center of a circular tank, as
this can lead to multiple reflections that confuse the signhal processor.

Clearance: Maintain a distance from the tank wall (typically 1/6th of the tank
diameter) to avoid side-lobe interference.

Agitators: Position the sensor so the beam path does not intersect with agitator
blades. If this is unavoidable, use the sensor’s software to "mask"” or "map" the
static reflections from the blades.

| 3. Surface Conditions

Turbulence: If the surface is highly turbulent, a stilling well or bypass pipe may be
required to provide a calm surface for measurement.

Foam: While FMCW is better than ultrasonic in foam, extremely thick, dense foam
(like shaving cream) can absorb the radar signal. In such cases, a low-frequency
radar or a different technology like a magnetic level gauge might be necessary.

| 4. Environmental Protection

For outdoor installations, a sunshade is recommended to prevent extreme
temperature fluctuations from affecting the electronics. In high-pressure or
high-temperature applications, ensure the process seal (O-rings and lens material)
is rated for the specific environment.
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| Limitations and Environmental Factors

While highly versatile, FMCW radar technology has limitations that must be
acknowledged:

Vacuum and Pressure: While the radar signal itself travels fine in a vacuum,
extreme pressures can change the vapor space's density, slightly altering the
speed of light and thus the measurement. Most modern sensors include
compensation for this, but it must be factored into the calibration.

Heavy Buildup: While non-contact, if the antenna lens becomes heavily coated
with conductive or thick material (e.g., wet mud or crystallizing salts), the signal
will be attenuated. Periodic cleaning or the use of an air purge system may be
required.

Extremely Low Dielectric Solids: In some cases, dry powders with very low $&r$
may allow the radar signal to pass through the top layer and reflect off the bottom
of the tank. This requires careful adjustment of the sensitivity and threshold
settings.

| Frequently Asked Questions (FAQ)

Q: Can FMCW radar measure through plastic tank walls?

A: Yes, because plastic has a low dielectric constant, radar signals can often pass
through the top of a plastic tank to measure the liquid inside without a hole being
cut. However, this depends on the thickness and type of plastic.

Q: How does FMCW handle steam or heavy vapor?

A: Unlike ultrasonic sensors, which rely on sound waves that are affected by air
density and temperature, radar uses electromagnetic waves. Steam and vapor
have a negligible effect on the speed of light, making FMCW highly reliable in
boilers and steaming tanks.

Q: What is the maintenance requirement for an FMCW sensor?
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A: Because there are no moving parts and it is a non-contact measurement,
maintenance is minimal. Most issues are related to power supply stability or
physical buildup on the antenna lens in specific applications.

Q: Is 80GHz always better than 26GHz?

A: Not necessarily. While 80GHz offers higher precision and a narrower beam,

26GHz is often more cost-effective and can be more robust in applications with
heavy steam or condensation where the longer wavelength is less affected by

water droplets on the lens.

| Conclusion

The fmcw radar level sensor represents a significant leap forward in industrial level
measurement. By utilizing a continuous frequency sweep, these sensors provide
the high resolution and reliability required for modern process control. Whether
managing water treatment facilities, chemical processing plants, or bulk solids
silos, understanding the nuances of beam angles, frequency bands, and dielectric
constants is essential for a successful implementation. For engineers seeking
reliable, accurate, and cost-effective level measurement solutions, exploring the
specialized range of instruments available at the Main Page is the recommended
next step in optimizing process architecture.
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