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In the landscape of industrial automation, non-contact level measurement has
become the gold standard for accuracy and reliability. Among the various
technologies available, radar level measurement—often associated with industry
leaders and specific high-performance solutions like Vega radar—stands out for its
ability to operate under extreme process conditions. This guide provides a
comprehensive technical overview of radar level measurement principles,
selection criteria, and installation best practices for engineering professionals.

| Understanding Radar Level Measurement Principles

Radar level sensors operate on the principle of Time of Flight (ToF). The device
emits electromagnetic pulses or a continuous wave from an antenna toward the
medium being measured. These waves travel at the speed of light, reflect off the
surface of the product, and return to the sensor. The distance is calculated based
on the time elapsed between transmission and reception.

| Pulse Radar Technology

Pulse radar systems emit short microwave signals with a defined pause between
pulses. The sensor measures the time it takes for a single pulse to travel to the
surface and back. This method is energy-efficient and suitable for many standard
applications, but it may struggle with very low dielectric constants or highly
turbulent surfaces where signal clarity is compromised.

|FMCW (Frequency Modulated Continuous Wave)

Modern high-end sensors, including many configurations of Vega radar, utilize
FMCW technology. Instead of sending individual pulses, the sensor emits a
continuous signal with a constantly changing frequency. The distance is
determined by the frequency difference between the currently transmitted signal
and the reflected signal received. FMCW offers a significantly higher signal-to-noise
ratio, allowing for more precise measurements even in the presence of dust,
steam, or surface agitation.
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The Evolution of High-Frequency Radar: 80 GHz
Technology

The shift from lower frequencies (such as 6 GHz or 26 GHz) to 80 GHz has
revolutionized radar level measurement. Frequency directly impacts the beam
angle and the size of the antenna required.

1. Beam Focusing: An 80 GHz radar produces a much narrower beam compared to
a 26 GHz unit of the same antenna size. For example, an 80 GHz sensor might
have a beam angle of only 3 degrees, whereas a 26 GHz sensor might have an
angle of 10 degrees or more. A narrower beam avoids internal obstructions like
agitators, heating coils, or ladders.

2. Signal Sensitivity: Higher frequency waves have shorter wavelengths, which
reflect more effectively off uneven surfaces, such as turbulent liquids or bulk solids
with steep angles of repose.

3. Antenna Miniaturization: High-frequency technology allows for very small
process connections. Sensors can now be mounted on 1-inch (25 mm) nozzles
while maintaining high accuracy, which was previously impossible with
low-frequency horn antennas.

| Key Selection Criteria for Radar Level Sensors

When evaluating radar technology for a specific application, several technical
factors must be considered to ensure long-term stability.

| Dielectric Constant (er)

The dielectric constant of the medium is the most critical factor in radar
measurement. It determines how much of the electromagnetic energy is reflected
back to the sensor.

- High €r (>10): Water-based liquids provide strong reflections and are easy to
measure.
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- Low er (1.4 to 4): Solvents, oils, and some bulk solids reflect very little energy.
In these cases, high-sensitivity FMCW sensors or guided wave radar (GWR) may
be required.

| Process Atmosphere

While radar is generally unaffected by pressure and temperature, the presence of
heavy foam, dense dust, or thick steam can attenuate the signal. 80 GHz sensors
are particularly adept at "seeing through" dust in silos, but heavy foam on a liquid
surface can sometimes absorb the radar signal entirely, leading to signal loss.

| Measurement Range

Standard radar sensors can cover ranges from 0.1 meters (4 inches) up to 120
meters (393 feet). It is essential to select a sensor where the "dead zone" (the area

directly below the antenna where measurement is impossible) does not interfere
with the maximum fill level of the vessel.

| Comparative Selection Table for Industrial Radar

The following table provides a general guideline for selecting radar technology
based on common industrial scenarios.
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Application 26 GHz 80 GHz FMCW Guided Wave

Feature Pulse/FMCW Radar (GWR)

Accuracy +2 mm to £5 mm +1 mm +2 mm

Beam Angle Wide (approx. Narrow (approx. N/A (Contact)

10°-20°) 3°-8°)

Vessel with Moderate Excellent Excellent (if probe is

Obstacles Performance Performance clear)

Bulk Solids/Dust Good Excellent Good

Heavy Foam Fair Fair Excellent (with
bypass)

Small Nozzles Not Recommended Highly Recommended

Recommended
Maximum Range Up to 30m (98ft) Up to 120m (393ft) Up to 75m (246ft)

| Installation Guidelines and Best Practices

Correct installation is as vital as selecting the right sensor. Even a
high-performance Vega radar can fail if the physical mounting ignores basic
microwave physics.

| Nozzle Considerations

The antenna should ideally extend slightly beyond the bottom of the mounting

nozzle to prevent "ringing" or internal reflections within the nozzle itself. If the

nozzle is very long and narrow, an 80 GHz sensor is preferred due to its narrow
beam, which minimizes contact with the nozzle walls.

| Positioning and Orientation

- Wall Distance: The sensor should not be mounted too close to the vessel wall.
A general rule is to maintain a distance of at least 200 mm (8 inches) from the
wall to avoid interference from weld seams or build-up.
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- Agitators: If the tank has an agitator, the radar beam should be positioned so
that it does not strike the blades. If this is unavoidable, most modern sensors
allow for "False Signhal Suppression,” where the software learns to ignore the
static reflection from the agitator.

- Inflow: Never mount the sensor directly over the filling stream, as the falling
material will cause erratic readings.

| Mounting for Solids

In silos containing bulk solids, the surface is rarely flat. Using a swiveling holder
(aiming flange) allows the sensor to be pointed toward the discharge outlet or the
area where the most representative level is expected, maximizing the signal return
from the angle of repose.

| Limitations and Mitigation Strategies

Despite its versatility, radar technology has specific limitations that engineers must
address during the design phase.

1. Vacuum and High Pressure: While the vacuum does not affect the speed of
electromagnetic waves, the mechanical seal of the sensor must be rated for the
specific process pressure. Welk offers specialized seals for high-pressure
environments to ensure safety and integrity.

2. Condensation and Build-up: Moisture on the antenna lens can refract the signal.
Selecting a sensor with a PTFE or PEEK encapsulated antenna (lens antenna) helps
shed droplets and prevents material from sticking.

3. Extremely Low Dielectric Media: For liquefied gases or pure hydrocarbons with
an gr below 1.4, the reflection may be too weak for standard air-radar. In these
instances, using a stilling well or a coaxial guided wave radar probe is the standard
engineering solution.
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| Sourcing Reliable Level Measurement Solutions

Selecting the right instrumentation requires a balance between technical capability
and cost-effectiveness. As a professional manufacturer, Welk provides a wide
range of industrial level measurement instruments designed to meet the rigors of
chemical, water treatment, and oil and gas applications. Our product portfolio
includes advanced radar level meters, ultrasonic sensors, and hydrostatic
transmitters that offer comparable performance to high-end market standards.

For engineers looking to optimize their process control systems, we invite you to
explore our comprehensive technical resources and product specifications. You
can find detailed information on our Main Page to assist in your selection process.

| Frequently Asked Questions (FAQ)

Q: Can radar level sensors measure through plastic tank walls?

A: Yes, because plastic has a low dielectric constant, radar waves can pass
through the top of a plastic or fiberglass tank. This allows for non-invasive
measurement where the sensor is mounted outside the vessel, provided the tank
roof is not metallic.

Q: What is the difference between Radar and Ultrasonic sensors?

A: Ultrasonic sensors use sound waves, which require air as a medium and are
affected by temperature, pressure, and vapor composition. Radar uses
electromagnetic waves, which work in a vacuum and are largely unaffected by the
atmosphere, making them more reliable for complex industrial processes.

Q: How does 80 GHz radar handle heavy dust in grain silos?

A: 80 GHz radar is highly effective in dust. The high frequency and narrow beam
allow the signal to penetrate the dust cloud and reflect off the solid surface.
Additionally, the high signal sensitivity helps distinguish the true level from the
"noise" created by airborne particles.

Q: Is maintenance required for radar sensors?
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A: Radar sensors are generally low-maintenance because they have no moving
parts. However, in applications with heavy coating or crystallization, periodic
cleaning of the antenna lens may be necessary unless a sensor with a self-cleaning
design or air purge connection is used.

Q: How do | handle a "Lost Signal" error?

A: A lost signal usually occurs due to heavy foam, an extremely low dielectric
constant, or the sensor being mounted at an angle where the signal reflects away
from the receiver. Troubleshooting involves checking the mounting alignment,
increasing the sensitivity settings, or switching to a guided wave radar if the media
properties are the cause.
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