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In the demanding landscape of bulk solids level measurement, the FMR57
represents a specialized category of radar sensors designed to handle the
complexities of silos, bunkers, and stockpiles. As industrial processes become
increasingly automated, the need for precise, non-contact measurement in harsh
environments has led to the widespread adoption of 26 GHz pulse radar
technology. This article provides a technical overview of the FMR57, its operational
principles, and the engineering considerations necessary for successful
deployment in industrial automation.

For engineers and procurement professionals evaluating high-end radar solutions,
understanding the nuances of sighal processing and mechanical configuration is
essential. While the FMR57 is a benchmark in the industry, it is part of a broader
ecosystem of industrial level measurement instruments. For a comprehensive
overview of available technologies, including radar, ultrasonic, and hydrostatic
sensors, you may visit the Main Page of our product catalog.

Understanding the Role of the FMR57 in Industrial
Level Measurement

The FMR57 is a high-end radar level sensor specifically engineered for the
measurement of bulk solids. Unlike liquid level measurement, where the surface is
typically flat and reflective, solids present unique challenges such as uneven
surfaces (cones and craters), high dust concentrations, and varying dielectric
constants.

This sensor is primarily utilized in industries such as mining, cement, power
generation, and grain processing. Its design focuses on high-frequency stability
and signal sensitivity, allowing it to penetrate heavy dust clouds and provide
reliable data even when the material surface is steeply angled. The device
typically operates within the 26 GHz K-band frequency range, which offers a
balance between beam focus and signal robustness.
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Measurement Principles: Time-of-Flight Radar
Technology

The fundamental operating principle of the FMR57 is Time-of-Flight (ToF). This
non-contact measurement method relies on the propagation of electromagnetic
pulses.

| The ToF Calculation

The sensor's antenna emits a short radar pulse toward the material surface. When
the pulse hits the material, a portion of the energy is reflected back to the sensor.
The device measures the time interval ($t$) between the emission and the
reception of the pulse. Since the speed of light ($c$) is a known constant, the
distance ($D$) to the material surface can be calculated using the formula:

$$D = \frac{c \cdot t}{2}$%

Once the distance is known, the internal electronics subtract this value from the
total tank height (the calibration parameter) to determine the level of the material.

| Why 26 GHz for Solids?

In solids applications, the frequency of the radar signal is critical. A 26 GHz
frequency allows for a relatively narrow beam angle compared to lower frequency
6 GHz sensors. A narrower beam is essential for avoiding internal obstructions like
ladders, tie rods, or structural beams inside a silo. While 80 GHz sensors have
become popular for their even tighter beam angles, the 26 GHz FMR57 remains a
preferred choice for many heavy industrial applications where the antenna must
be large enough to resist clogging or where specific process temperatures and
pressures exceed the limits of higher-frequency compact units.
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| Technical Specifications and Antenna Configurations

The versatility of the fmr57 is largely due to its antenna options. The choice of
antenna directly impacts the gain of the signal and the beam angle, which are the
two most important factors in solids measurement.

| 1. Parabolic Antenna

The parabolic antenna is the flagship configuration for long-range solids
measurement. By using a large dish-shaped reflector, the sensor can focus the
radar energy into a very narrow beam (typically around 1.5° to 4° depending on
the size). This high gain allows for measurement ranges up to 70 meters (approx.
230 feet). It is particularly effective for materials with low dielectric constants, such
as plastic pellets or dry wood chips.

| 2. Horn Antenna

The horn antenna is a more compact option suitable for smaller silos or bunkers. It
is often equipped with a built-in purging connection to prevent dust buildup on the
antenna lens. Horn antennas for the fmr57 are typically available in sizes ranging
from 80 mm (3 inches) to 100 mm (4 inches).

Max Range Up to 70m Up to 30m

Beam Angle Very Narrow (approx. 3-4°) Medium (approx. 8-10°)

Dust Resistance High (with integrated air Moderate (requires frequent
purge) purging)

Application Tall silos, low dielectric Small to medium bunkers,
materials high dust

Mounting Flange (typically DN200/8") Flange or Threaded
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| Selection Criteria for Solids Level Measurement

When selecting a radar sensor like the fmr57, engineers must evaluate several
environmental and material factors to ensure long-term reliability.

| Dielectric Constant ($&r$)

The dielectric constant of the material determines how much energy is reflected
back to the radar. Materials with high $er$ (like moist coal or metallic ores) reflect
signals strongly. Materials with low $er$ (like dry lime or plastic powders) absorb
more energy, resulting in a weaker echo. The fmr57 is designed with
high-sensitivity electronics to track these weak echoes, but the minimum $er$
must be confirmed during the design phase.

| Particle Size and Surface Geometry

Bulk solids do not form a level surface. During filling, a "cone" forms, and during
emptying, a "crater" or "funnel" appears. This geometry can deflect radar signals
away from the sensor. The fmr57 utilizes advanced software algorithms, such as
Multi-Echo Tracking, to distinguish between the true material level and false
echoes caused by tank walls or internal structures.

| Process Conditions

Temperature: Solids processing often involves high temperatures (e.qg., clinker in
cement plants). The fmr57 can be equipped with high-temperature spacers to
protect the electronics.

Pressure: While silos are often atmospheric, some bunkers may be pressurized.
High-pressure seals (e.g., Viton or Kalrez) are required in these instances.
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Engineering Installation Considerations for Silos and
Bunkers

Proper installation is more critical than the sensor's technical specs in determining
performance. Even the most advanced fmr57 will fail if positioned incorrectly.

1. Nozzle Height and Diameter: The antenna should extend slightly below the
mounting nozzle to prevent "ringing" or internal reflections within the nozzle itself.
If the nozzle is long, a larger diameter is required to prevent the beam from hitting
the nozzle walls.

2. Positioning Relative to Feed: Never install the sensor directly in the path of the
incoming material stream. This will cause signal interference and can physically
damage the antenna.

3. The 1/6th Rule: For cylindrical silos, a common rule of thumb is to install the
sensor at approximately 1/6th of the diameter from the silo wall. This position
typically provides a representative average of the material cone while staying far
enough away from the wall to avoid interference.

4. Aiming/Alignment: For parabolic antennas, an alignment device (swivel flange)
is often used. This allows the engineer to tilt the sensor toward the discharge
outlet, which is usually the point where the lowest level needs to be measured
accurately.

| Overcoming Environmental Challenges in Bulk Solids

| Heavy Dust and Condensation

In applications like flour milling or cement storage, dust is constant. While radar
signals can penetrate dust, physical buildup on the antenna lens can eventually
attenuate the signal. To mitigate this, the fmr57 should be used with an Air Purge
System. A continuous or pulsed flow of compressed air keeps the antenna face
clean and dry.

Welk Reference Guide 6



WELK REFERENCE GUIDE Fmr57

| Noise and Vibration

Industrial silos are often equipped with vibrators or air cannons to prevent material
bridging. The fmr57 is designed with robust mechanical housings, but the
electronics should be isolated from extreme vibration where possible. Using a
remote-mounted transmitter (where the display and electronics are separate from
the antenna) can be a practical solution in high-vibration zones.

| Maintenance, Calibration, and Troubleshooting

One of the primary advantages of non-contact radar is the low maintenance
requirement. However, periodic checks are necessary to ensure accuracy.

Envelope Curve Analysis: Modern radar sensors allow technicians to view the
"envelope curve"—a visual representation of the echoes the sensor is receiving. By
analyzing this curve, one can identify if a false echo (from a structural beam) is
interfering with the material signal.

Mapping: If a permanent obstruction exists in the silo, the sensor can be
programmed to "map out" that specific distance. The software will then ignore any
echoes at that distance, focusing only on the moving material level.

Verification: Periodic manual sounding (using a weighted tape) is recommended to
verify the electronic readings, especially during the first few weeks of operation.

| Frequently Asked Questions (FAQ)

Q: Can the fmr57 measure through plastic or fiberglass tank roofs?

A: Yes, if the roof is made of a hon-conductive material with a low dielectric
constant and contains no metallic reinforcement, the radar signal can penetrate
the roof to measure the level inside. However, signal loss will occur, and the range
will be reduced.

Q: How does the fmr57 handle "bridging" or "rat-holing" in solids?
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A: Radar measures the distance to the first surface it encounters. If material
bridges at the top of the silo while the bottom is empty, the radar will report the
silo as full. This is a limitation of all top-down level sensors and should be managed
with proper silo design or secondary safety switches.

Q: Is the fmr57 suitable for explosive environments?

A: Yes, it is typically available with ATEX, IECEX, and FM approvals for use in
hazardous areas involving combustible dusts (Class Il) or flammable gases (Class

).
Q: What is the difference between the fmr57 and an ultrasonic sensor?

A: Ultrasonic sensors rely on sound waves, which are heavily affected by air
temperature, pressure, and dust. Radar uses electromagnetic waves, which are
unaffected by these factors, making the fmr57 far superior for high-dust solids
applications.

For more information on selecting the right technology for your specific
application, or to explore our full range of industrial level measurement solutions,
please refer to our Main Page. Our technical team provides support for custom
OEM/ODM requirements and complex industrial automation projects worldwide.
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