WELK | REFERENCE GUIDE

Fmcw Radar Level
Transmitter

A practical guide to fmcw radar level transmitter, covering the reader intent, the
relationship to fmcw radar level transmitter, 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 the landscape of industrial automation, the demand for non-contact,
high-precision level measurement has led to the rapid adoption of advanced Radar
Level Meters. Among the various technologies available, the fmcw radar level
transmitter (Frequency Modulated Continuous Wave) has emerged as the gold
standard for complex process environments. Unlike traditional pulse radar, FMCW
technology offers superior resolution, better signal-to-noise ratios, and the ability
to handle challenging conditions such as turbulence, steam, and low-dielectric
media.

This guide provides a comprehensive technical overview of FMCW radar
technology, its operational principles, selection criteria, and practical installation
strategies for process engineers and plant managers.

| 1. Understanding the FMCW Measurement Principle

To appreciate the capabilities of an fmcw radar level transmitter, one must first
understand how it differs from standard Pulse Radar (Time of Flight).

| The Frequency Sweep

Pulse radar systems measure the time it takes for a short microwave pulse to
travel to the product surface and back. In contrast, an FMCW radar emits a
continuous high-frequency signal whose frequency varies linearly over time—a
process known as a "sweep" or "chirp."

1. Transmission: The transmitter sends out a signal that gradually increases in
frequency (e.g., from 76 GHz to 81 GHz).

2. Reflection: The signal hits the material surface and reflects back to the sensor.

3. Mixing: Because the transmitter is continuously sweeping, by the time the
reflected signal returns, the transmitter is already emitting a new, higher
frequency.

4. Beat Frequency: The electronics mix the received signal with the current
transmitted signal. The difference between these two frequencies is called the
"beat frequency."
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| Why Frequency Matters

The beat frequency is directly proportional to the distance of the material. Because
it is much easier to measure small shifts in frequency accurately than it is to
measure incredibly short time intervals (nanoseconds), FMCW technology provides
significantly higher resolution and accuracy, often down to £1 mm or 2 mm.

| 2. Key Advantages of FMCW Technology

When evaluating Radar Level Meters, the choice of FMCW over pulse radar is often
driven by the following technical benefits:

Higher Signal-to-Noise Ratio (SNR): Continuous wave emission means more energy
is reflected back to the sensor over time compared to a single pulse. This allows
the transmitter to detect weak echoes from materials with low dielectric constants

($ers).

Narrow Beam Angles: Modern FMCW transmitters, particularly those operating in
the 80 GHz band, utilize small antennas that produce very narrow beams (as small
as 3°). This minimizes interference from tank walls, agitators, and internal pipes.

Dynamic Range: FMCW can process a wider range of signal strengths, making it
effective for both liquid levels and solid silos where the surface may be uneven or
sloped.

Real-time Processing: The continuous nature of the signal allows for faster update
rates, which is critical in processes with rapidly changing levels.

3. Selection Criteria for FMCW Radar Level
Transmitters

Choosing the right instrument requires a balance between process conditions and
hardware specifications. The following table outlines the primary considerations for
selecting a Welk-grade fmcw radar level transmitter.
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| Selection Comparison Table

26 GHz FMCW 80 GHz FMCW Guided Wave
HELETS LHELETY Radar (GWR)
Best Use Case Large tanks, Small tanks, solids, Low dielectric
corrosive liquids high precision liquids, bypass pipes
Accuracy +3 mmto £5 mm 1l mmto £2 mm +2 mm to £5 mm
Beam Angle 8° to 20° 3°to 6° N/A (Contact)
Max Range Up to 30m Up to 120m Up to 75m
Process Temp -40°C to +250°C -40°C to +200°C -200°C to +450°C
(Standard)
Process Pressure Up to 40 bar Up to 25 bar Up to 400 bar
(Standard)
Obstruction Handling Moderate Excellent N/A

| Frequency Considerations

80 GHz: Ideal for most modern applications. The high frequency allows for smaller
process connections (e.d., 1-inch NPT) and avoids internal obstructions easily.

26 GHz: Still preferred for applications involving heavy steam or very thick foam,
as lower frequencies can sometimes penetrate these vapors more effectively than
high-frequency waves.

| 4. Engineering and Installation Guidelines

Proper installation is the most critical factor in ensuring the long-term reliability of
Radar Level Meters. Even the most advanced fmcw radar level transmitter will fail
if environmental factors are ighored.
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| Nozzle Design and Placement

Distance from Wall: The transmitter should be installed at a distance of
approximately 1/4 to 1/6 of the tank diameter from the side wall. Installing too
close to the wall can cause parasitic reflections (multipath interference).

Nozzle Height: The antenna should ideally extend slightly below the bottom of the
mounting nozzle. If the nozzle is very long and narrow, the radar signal may reflect
off the nozzle interior, creating a "ringing" effect that masks the true level at the
top of the tank.

Avoid the Center: Never install a radar transmitter in the dead center of a domed
tank. The dome acts as a parabolic reflector, concentrating noise and false echoes
at the center point.

| Managing Obstructions

Internal structures like heating coils, ladders, and agitators are common in
industrial tanks.

1. Beam Mapping: Use the transmitter’s software to perform a "false echo
suppression" or "envelope curve" scan while the tank is empty. This allows the
device to memorize static obstructions and ignore them during operation.

2. Orientation: Rotate the transmitter so that the polarization of the microwave
signal is perpendicular to the largest obstructions.

| Environmental Protection

For outdoor installations or processes with extreme temperatures, consider the
following:

Sun Shields: Protect the electronics from UV radiation and extreme heat gain.

Purge Connections: In dusty environments (like cement or flour silos), use an air
purge connection to keep the antenna lens clean.
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Drip Shields: In heavy condensation scenarios, a PTFE or plastic drip shield can
prevent water droplets from accumulating on the antenna face.

| 5. Limitations and Challenges

While FMCW technology is highly versatile, it is not a universal solution. Engineers
must be aware of certain physical limitations:

Dielectric Constant (er): Materials with very low dielectric constants (e.g., liquid
nitrogen or certain dry powders) reflect very little microwave energy. If the
dielectric constant is below 1.4, a guided wave radar or a specialized
high-sensitivity FMCW unit may be required.

Heavy Foam: Dense, thick foam can absorb the radar signal entirely. While FMCW
handles light foam better than pulse radar, extremely heavy foam may require a
contact-based solution or a lower-frequency radar.

Turbulence: Extreme surface agitation can scatter the radar signal. While software
algorithms can filter some of this noise, a stilling well or bypass pipe is often the
best engineering fix for highly turbulent liquids.

| 6. Frequently Asked Questions (FAQ)

Q: Can an FMCW radar level transmitter measure through a plastic tank lid?

A: Yes. Microwaves can penetrate non-conductive materials like polyethylene,
polypropylene, and fiberglass. This allows for "non-invasive" measurement where
the sensor is mounted outside the tank, looking through a plastic window or the
tank roof itself.

Q: What is the "Dead Zone" or "Blocking Distance"?

A: The dead zone is the area immediately below the antenna where the
transmitter cannot accurately measure. For most FMCW units, this is between 50
mm and 200 mm. Always ensure the maximum fill level of the tank does not enter
this zone.

Q: How does pressure affect radar measurement?
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A: Unlike ultrasonic sensors, which rely on air density to transmit sound, radar uses
electromagnetic waves. Therefore, changes in tank pressure or vacuum have zero
effect on the speed of the radar signal or the accuracy of the measurement.

Q: Is calibration required for FMCW radars?

A: Radar transmitters do not require "calibration" in the traditional sense because
the speed of light is a constant. However, "configuration" is required to define the
0% and 100% points relative to the tank height.

| 7. Conclusion

The fmcw radar level transmitter represents the pinnacle of non-contact level
sensing. By leveraging frequency modulation, these devices provide the precision
and reliability needed for modern industrial automation. Whether managing
corrosive chemicals in a water treatment plant or monitoring bulk solids in a silo,
understanding the principles of Radar Level Meters ensures that you select the
most cost-effective and accurate solution for your specific application.

When specifying a system, always confirm the dielectric constant of your media,
the presence of internal tank obstructions, and the required process connections.
With Welk’s advanced instrumentation, achieving millimeter-precise level control is
more accessible than ever before.
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