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Dead Band in Radar Level
Transmitter

A practical guide to dead band in radar level transmitter, covering the reader
intent, the relationship to dead band in radar level transmitter, key evaluation
criteria, common risks, and the information the intended project audience should
confirm before taking the next step.
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In industrial process automation, the accuracy of level measurement is paramount
for safety, inventory management, and process efficiency. Among the various
technologies available, Radar Level Meters have emerged as a preferred solution
due to their non-contact nature and ability to perform in challenging environments.
However, one of the most critical technical parameters that engineers and
technicians must account for during the design and installation phase is the dead
band.

Understanding the dead band in radar level transmitter systems is essential for
preventing tank overflows, ensuring pump protection, and maximizing the usable
volume of a vessel. This guide provides a detailed technical analysis of why dead
bands exist, how they vary across different radar technologies, and how to
manage them in practical industrial applications.

| Understanding Radar Measurement Principles

Before addressing the dead band, it is necessary to understand how radar
technology calculates level. Most industrial radar transmitters operate based on
one of two primary principles: Pulse Radar (Time of Flight) or Frequency Modulated
Continuous Wave (FMCW).

| Pulse Radar (Time of Flight)

Pulse radar transmitters emit a short microwave pulse toward the product surface.
The pulse reflects off the surface and returns to the sensor. The device measures
the time elapsed between transmission and reception. Since the speed of light
(and electromagnetic waves) is constant, the distance is calculated using the
formula:

Distance = (Speed of Light x Travel Time) / 2.
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| FMCW Radar

FMCW (Frequency Modulated Continuous Wave) radar transmits a continuous
signal with a constantly changing frequency. When the reflected signal is received,
it is compared to the signal being transmitted at that exact moment. The
difference in frequency (the "beat frequency") is directly proportional to the
distance. FMCW is generally considered more accurate and is common in
high-frequency Radar Level Meters.

In both methods, there is a physical and electronic limitation at the very top of the
measurement range, near the antenna, where the device cannot accurately
process the return signal. This region is known as the dead band.

| Defining the Dead Band in Radar Level Transmitter

The dead band, often referred to as the "blanking distance" or "near-zone," is the
area immediately below the radar antenna where the transmitter cannot provide a
reliable level reading. If the material surface enters this zone, the transmitter may
output an error signal, hold the last valid reading, or jump to a maximum value,
potentially leading to dangerous overfill situations.

| Why Does the Dead Band Exist?

There are three primary technical reasons for the dead band in radar level
transmitter units:

1. Antenna Ringing: After a pulse is transmitted, the antenna continues to vibrate
or "ring" for a few nanoseconds. If a reflection returns during this ringing period,
the electronics cannot distinguish the true reflection from the residual energy of
the transmission.

2. Switching Time: In pulse radar, the device must switch from "transmit mode" to
"receive mode." This physical switching takes a finite amount of time, during which
the receiver is essentially blind.

Welk Reference Guide 3



WELK REFERENCE GUIDE Dead Band in Radar Level Transmitter

3. Near-Field Interference: Close to the antenna, the electromagnetic field is not
yet a well-defined beam. Multiple internal reflections within the nozzle or the
antenna assembly itself can create "noise" that masks the actual surface signal.

| Factors Influencing Dead Band Size

Not all radar transmitters have the same dead band. Several factors dictate the
depth of this blind spot, ranging from frequency to antenna design.

| Operating Frequency
The frequency of the radar signal is the most significant factor.

6GHz to 26GHz Radars: These lower-frequency devices typically have larger dead
bands, often ranging from 300mm to 600mm. The longer wavelengths and larger
antenna structures require more time for signal stabilization.

80GHz Radars: Modern high-frequency radars have significantly smaller dead
bands, sometimes as low as 50mm or even zero in specialized FMCW
configurations. The shorter wavelength allows for much faster signal processing
and smaller antenna components.

| Antenna Type

Horn Antennas: These are robust but can have a larger dead band due to the
length of the horn itself and the potential for internal reflections.

Lens Antennas: Often used in 80GHz systems, these are flush-mounted and
minimize internal reflections, allowing for a much smaller dead band.

Rod Antennas: Common in chemical applications, these may have a moderate
dead band depending on the dielectric constant of the material and the length of
the rod.
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|Impact on Industrial Applications

Ignoring the dead band in radar level transmitter selection can lead to significant
operational risks. Engineers must consider the "Total Measured Distance" vs. the
"Effective Measuring Range."

| Tank Capacity Utilization

In small process vessels or high-value chemical storage, every centimeter of space
matters. If a tank is 2 meters tall and the radar has a 500mm dead band, 25% of
the tank's height is effectively unmeasurable. This forces operators to keep the
maximum fill level below the dead band, reducing the total storage capacity of the
facility.

| Safety and Overfill Prevention

If the level rises into the dead band, the sensor may fail to report the increase. In a
B2B environment, such as a chemical plant or water treatment facility, this can
lead to environmental spills or equipment damage. High-level alarms must always
be set below the start of the dead band to ensure the sensor is still in its linear,
accurate operating zone when the alarm triggers.

| Technical Selection and Comparison

When selecting a transmitter from a professional manufacturer like Welk, it is vital
to compare the dead band specifications against the tank geometry. The following
table provides a general comparison of typical dead band characteristics across
different radar technologies.
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C-Band Pulse 6 GHz 400mm - 600mm Large silos, heavy
steam, or foam

K-Band Pulse 26 GHz 200mm - 400mm General purpose
liquid storage

W-Band FMCW 80 GHz 50mm - 100mm Small tanks, high
precision, narrow
nozzles

Guided Wave Radar N/A 100mm - 300mm Low dielectric
liquids, bypass
chambers

Note: These values are indicative. Always consult the specific Welk product
datasheet for exact dimensions.

| Installation Strategies to Manage Dead Band

If the process requires measurement up to the very top of the tank, there are
several engineering strategies to move the dead band out of the way.

| 1. Use of Mounting Nozzles

By installing the radar on a tall nozzle (standpipe), the antenna is physically moved
upward, away from the tank's interior. If the nozzle is taller than the dead band of
the radar, the "blind spot" remains inside the nozzle, allowing the sensor to
measure the liquid level all the way to the top of the tank shell.

Caution: The nozzle must be smooth and have a diameter compatible with the
radar's beam angle to avoid false reflections from the nozzle walls.
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| 2. Standpipes and Stillwells

For turbulent liquids or tanks with internal obstructions, a stillwell can be used. This
pipe acts as a waveguide. While it doesn't eliminate the dead band, it allows for
more stable measurements near the top of the tank by focusing the radar energy
and eliminating surface ripples that might confuse the sensor near its minimum
range.

|3. Parameter Adjustment (Blanking)

Most modern digital radar transmitters allow users to set a "Near-end Blanking"
distance via software. This tells the transmitter to ignore all signals within a certain
distance from the antenna. While this doesn't allow you to measure within the
dead band, it prevents the device from reporting false high levels caused by nozzle
reflections.

| Limitations and Considerations

While high-frequency 80GHz Radar Level Meters have minimized the dead band
issue, they are not a universal cure. Engineers must still consider:

Dielectric Constant (er): Materials with a low dielectric constant (like oils or plastic
pellets) reflect weaker signals. A weak signal returning from a surface near the
dead band is even harder for the transmitter to distinguish from noise.

Condensation and Buildup: If the antenna becomes coated with product or heavy
condensation, the "ringing" effect is amplified, effectively increasing the dead band
or causing the sensor to lock at 100% level.

Beam Angle: A wider beam angle is more likely to hit the sides of a mounting
nozzle, creating interference that necessitates a larger blanking distance.

| Frequently Asked Questions (FAQ)

Q: Can | reduce the dead band by changing the software settings?
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A: No. The dead band is a physical and electronic limitation of the hardware. You
can increase the blanking distance to ignore noise, but you cannot decrease the
minimum distance the radar is physically capable of measuring.

Q: What happens if the liquid level enters the dead band?

A: Depending on the device configuration, the output will usually either go to "High
Error" (e.g., 22mA), stay at the last known good value, or report the distance of the
dead band itself (showing the tank as fuller than it actually is).

Q: Is the dead band the same as the blocking distance?

A: Yes, in most industrial contexts, these terms are used interchangeably to
describe the zone where measurement is not possible.

Q: Does Guided Wave Radar (GWR) have a dead band?

A: Yes. GWR has an "Upper Dead Band" where the signal transitions from the
transmitter housing to the probe, and a "Lower Dead Band" at the end of the probe
where the signal reflects off the probe tip.

| Conclusion

Selecting the right dead band in radar level transmitter applications is a balance
between tank geometry, required accuracy, and budget. For small vessels where
every millimeter of product counts, investing in high-frequency 80GHz radar
technology is often the most cost-effective choice due to its minimal dead band.
For larger storage tanks, a standard 26GHz radar mounted on a proper nozzle can
provide reliable service at a lower price point.

When designing your level measurement system, always verify the dead band
specifications against your high-level alarm setpoints. By understanding the
physics of radar measurement and following proper installation guidelines, you can
ensure a safe, accurate, and reliable level control process. For more information
on selecting the right instrument for your specific industrial environment, explore
our range of professional Radar Level Meters.
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