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In the landscape of industrial process automation, the transition toward higher
frequency radar technology has redefined the standards for accuracy and
reliability in level measurement. The FMR60 represents a significant advancement
in this field, utilizing the 80GHz frequency band to address the complexities of
liquid level monitoring in diverse industrial environments. As a professional
manufacturer, Welk provides high-performance level measurement solutions, and
understanding the technical nuances of 80GHz radar is essential for engineers
seeking to optimize their process control systems.

This article provides a technical deep dive into the FMR60 technology, covering its
operational principles, selection criteria, installation requirements, and practical
limitations. For those seeking specific product configurations or technical support,
the Main Page of our product catalog offers a comprehensive overview of available
industrial instrumentation.

Understanding the 80GHz Radar Measurement
Principle

The FMR60 operates on the Frequency Modulated Continuous Wave (FMCW)
principle. Unlike pulse radar, which measures the time of flight of a single
microwave pulse, FMCW radar transmits a continuous high-frequency signal with a
linear frequency modulation. The frequency of the transmitted signal changes over
time, creating a "sweep."

When the signal is reflected by the medium surface and received by the antenna,
there is a frequency difference between the transmitted signal and the received
signal. This frequency shift is directly proportional to the distance between the
sensor and the liquid surface. Advanced digital sighal processing (DSP) algorithms
then convert this frequency difference into a precise distance measurement.

| The Advantage of 80GHz

The shift from the traditional 26GHz or 6GHz bands to the 80GHz (W-band) offers
several distinct advantages:
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1. Narrow Beam Angle: The beam angle of a radar sensor is inversely proportional
to its frequency and the antenna diameter. At 80GHz, the FMR60 can achieve a
beam angle as narrow as 3° with a relatively small antenna. This allows the signal
to avoid internal tank obstructions such as agitators, heating coils, and baffles.

2. Higher Resolution: The wider bandwidth available at 80GHz allows for much
finer range resolution. This results in a measurement accuracy of 1 mm, even in
short-range applications where traditional radar might struggle with signal overlap.

3. Smaller Antenna Sizes: High-frequency signals require smaller physical antennas
to achieve high gain, making the FMR60 suitable for installation in small process
connections (e.g., 1.5-inch or 2-inch nozzles).

| Key Technical Specifications and Selection Criteria

Selecting the correct radar level meter requires a thorough analysis of the process
conditions. The FMR60 is designed for liquid applications, ranging from simple
water storage to aggressive chemical processing. The following table outlines the
typical performance envelope for an 80GHz radar sensor in this class.

| Selection Table: Technical Parameters
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Measuring Range Up to 50 meters (Standard)

Measurement Accuracy =1 mm (0.04 inches)

Frequency Band 80 GHz (W-band)

Beam Angle 3° to 8° (depending on antenna size)

Process Temperature -40°C to +200°C (-40°F to +392°F)

Process Pressure Vacuum to 160 bar (2320 psi)

Dielectric Constant ($\\epsilonr$) $\\epsilonr$ = 1.9 (lower with stilling wells)

Output Signals 4-20mA HART, PROFIBUS PA, FOUNDATION
Fieldbus

When evaluating the FMR60 for a specific project, engineers must confirm the
minimum dielectric constant of the medium. Materials with low dielectric
constants, such as hydrocarbons or liquefied gases, reflect less microwave energy,
which may require specialized antenna configurations or the use of a stilling well to
concentrate the signal.

Industrial Application Scenarios for High-Frequency
Radar

The versatility of the FMR60 makes it a preferred choice across several key
industries. Its ability to provide non-contact measurement ensures that the sensor
is not subjected to corrosion or coating from the process medium.

| water and Wastewater Treatment

In water treatment facilities, the FMR60 is used for monitoring levels in chemical
dosing tanks, open channels, and storage basins. Its high accuracy is particularly
valuable for inventory management of expensive treatment chemicals like ferric
chloride or sodium hypochlorite.
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| Chemical and Petrochemical Processing

The chemical industry often involves narrow tanks with complex internal
structures. The narrow beam of the 80GHz radar allows the FMR60 to "see" past
agitator blades and support brackets that would cause false echoes in
lower-frequency sensors. Additionally, the availability of PTFE-clad antennas
provides excellent resistance to aggressive acids and bases.

| Food and Beverage

For hygienic applications, the small antenna size of the FMR60 allows for mounting
on standard tri-clamp fittings. The non-contact nature of the measurement
complies with strict sanitary requirements, as there are no probes or floats that
could harbor bacterial growth.

Installation Best Practices and Engineering
Considerations

To achieve the specified +1 mm accuracy, the physical installation of the FMR60
must adhere to specific engineering guidelines. Improper mounting is the most
common cause of sighal degradation and measurement errors.

| Nozzle Geometry and Placement

Nozzle Height: The antenna should ideally emerge from the nozzle. If the nozzle is
too long, internal reflections (ringing) can interfere with the signal, particularly in
the "near-field" range close to the sensor face.

Tank Wall Distance: While the 80GHz beam is narrow, the sensor should still be
mounted at a distance from the tank wall of at least 1/10 of the total tank height to
prevent side-lobe interference.

Avoid Center Mounting: In tanks with a torispherical or conical roof, mounting the
sensor in the exact center can lead to multiple echoes as the signal bounces off
the curved surfaces and converges back at the antenna.
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| Obstruction Management

The narrow 3° beam angle significantly reduces the risk of interference from
internal structures. However, if an obstruction is unavoidable, many FMR60 units
include "mapping" or "false echo suppression" features. During commissioning, the
sensor records the echoes from static internal structures and subtracts them from
the live signal, allowing the device to focus solely on the liquid surface.

| Environmental Protection

In outdoor installations or processes with high humidity, condensation can form on
the antenna lens. While 80GHz radar is relatively tolerant of thin films of moisture,
heavy droplets can attenuate the signal. Utilizing a sensor with a drip-off lens
design or a PTFE weather shield can mitigate these effects.

Limitations and Mitigation Strategies in Process
Environments

While the FMR60 is a robust instrument, certain process conditions present
challenges that require specific mitigation strategies.

1. Heavy Foam Formation: Microwave signals are often absorbed or scattered by
dense, thick foam (e.g., in fermentation or surfactant mixing). If the foam is light

and airy, the radar may see through it to the liquid. For heavy foam, a hydrostatic
level transmitter or a guided wave radar (GWR) might be more appropriate.

2. Extremely Low Dielectric Media: If the medium has a dielectric constant
($\\epsilonr$) below 1.6, the reflected signal may be too weak for reliable
detection. In these cases, installing the FMR60 inside a bypass pipe or a stilling
well acts as a coaxial waveguide, significantly increasing the signal strength.

3. Dust and Vapor: While 80GHz radar penetrates most vapors, extremely dense
steam or heavy dust (in the case of solids measurement, though the FMR60 is
optimized for liquids) can cause signal attenuation. High-pressure air purging via a
dedicated port on the flange can keep the antenna lens clear of buildup.
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| Comparison: 80GHz vs. Traditional 26GHz Radar

Many legacy systems still utilize 26GHz radar technology. Understanding the
differences is crucial for upgrade planning.

Beam Spread: A 26GHz radar with a 3-inch antenna typically has a beam angle of
approximately 10°. An 80GHz FMR60 with the same antenna size reduces this to
3°. This allows for much more flexible placement in crowded tanks.

Dead Zone: High-frequency radar generally has a smaller "blocking distance" or
dead zone at the top of the tank. This allows the FMR60 to measure levels much
closer to the process connection, maximizing the usable volume of the vessel.

Sensitivity: 80GHz signhals have a shorter wavelength, making them more sensitive
to small ripples on the liquid surface. This can be a benefit for accuracy but may
require additional software filtering in highly turbulent tanks.

| Frequently Asked Questions (FAQ)

Q: Can the FMR60 measure through a plastic tank wall?

A: Yes, 80GHz radar can penetrate non-conductive materials like plastic (PE, PP) or
glass. This allows for "tank-side" measurement where the sensor is mounted above
a plastic tank without a process penetration, provided the material is not too thick

or reinforced with conductive fibers.

Q: How does the FMR60 handle agitators?

A: Due to the narrow beam angle, the FMR60 can often be positioned to avoid
agitator blades entirely. If the beam does hit the blades, the high update rate and
false echo suppression software can usually filter out the intermittent signals from
the moving parts.

Q: Is periodic recalibration required?

Welk Reference Guide 7



WELK REFERENCE GUIDE Fmre0

A: Because radar is a non-contact time-of-flight technology, it does not suffer from
mechanical wear or drift in the same way as pressure or float-based systems.
While annual verification is recommended for critical safety loops, the fundamental
measurement remains stable over the life of the device.

Q: What is the impact of heavy turbulence on the measurement?

A: Turbulence causes the liquid surface to scatter the radar signal. The FMR60
compensates for this using signal averaging and damping functions. In extreme
cases, a stilling well is the best engineering solution to provide a calm surface for
the radar to track.

For engineers and procurement professionals looking to integrate these advanced
sensors into their operations, reviewing the technical documentation and product
variants on our Main Page is the first step toward achieving precision level control.
Welk continues to support global industries with reliable, cost-effective, and
technologically advanced level measurement solutions tailored to the most
demanding process requirements.
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