Bin Radar

A practical guide to bin radar, covering the reader intent, the relationship to bin
radar, 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 bulk solids management, maintaining accurate inventory levels is
critical for operational efficiency, safety, and supply chain reliability. Bin radar
technology has emerged as the gold standard for non-contact level measurement
in silos, hoppers, and large storage bins. Unlike traditional mechanical systems or
ultrasonic sensors, bin radar utilizes high-frequency electromagnetic waves to
penetrate dust and ignore atmospheric variations, providing precise data even in
the most challenging environments.

For engineers and plant managers seeking to optimize their process automation,
understanding the nuances of radar technology is the first step toward selecting
the right instrumentation. For a detailed look at specific hardware options, you
may visit the Main Page of our product catalog.

Understanding the Principles of Bin Radar
Technology

Bin radar operates on the principle of "Time of Flight" (ToF). The instrument,
typically mounted at the top of a bin, emits a high-frequency electromagnetic
signal toward the material surface. This signal travels at the speed of light, reflects
off the surface of the bulk solid, and returns to the sensor’s antenna. The device
then calculates the distance based on the time elapsed between emission and
reception.

| FMCW vs. Pulse Radar

Modern bin radar systems primarily utilize two types of signal processing:
Frequency Modulated Continuous Wave (FMCW) and Pulse Radar.

1. FMCW Radar: This technology emits a continuous signal with a constantly
changing frequency. The difference between the frequency of the emitted signal
and the reflected signal is proportional to the distance. FMCW is highly preferred
for solids because it offers a higher signal-to-noise ratio, allowing the sensor to
distinguish the material surface from heavy dust or internal bin obstructions.
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2. Pulse Radar: This method sends out short bursts of energy and measures the
time interval until the echo returns. While simpler and often lower in power
consumption, pulse radar can sometimes struggle with the low-reflectivity surfaces
common in many bulk powders.

Because bulk solids often have uneven surfaces (cones and craters) and low
dielectric constants, the sophisticated signal processing found in FMCW radar is
generally the recommended choice for industrial bins.

| Frequency Selection: 26GHz vs. 80GHz for Solids

The frequency of the radar signal significantly impacts its performance in a bin
environment. In recent years, the industry has shifted toward higher frequencies to
improve accuracy and ease of installation.

| 26GHz Radar

Low-to-medium frequency radar (around 26GHz) has been a workhorse in the
industry for decades. Its longer wavelength allows it to penetrate extremely thick
dust and steam more effectively than higher frequencies. However, it requires a
larger antenna to achieve a narrow beam angle. If the beam is too wide, it may hit
the walls of the bin or internal structures like ladders and braces, creating "false
echoes."

| 80GHz Radar

80GHz technology represents the current state-of-the-art for bin radar. Because of
the higher frequency, the beam angle is much narrower (often as small as 3
degrees). This narrow beam allows the radar to be installed in small nozzles or
close to bin walls without interference. Furthermore, 80GHz signals reflect more
effectively off the sloped and irregular surfaces of solids, providing a more reliable
level reading during filling and emptying cycles.
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| Key Evaluation Criteria for Bin Radar Selection

When specifying a bin radar for a project, several technical factors must be
confirmed to ensure the instrument performs as expected.

| Dielectric Constant (er)

The dielectric constant of the material is the most critical factor in radar
measurement. It determines how much of the radar signal is reflected back to the
sensor. Materials with high dielectric constants (like metallic ores or moist coal)
are easy to measure. Materials with low dielectric constants (like plastic pellets,
dry lime, or wood chips) reflect very little energy, requiring a radar with high
sensitivity and advanced signal processing.

| Angle of Repose

Unlike liquids, which maintain a flat surface, bulk solids form a cone when filled
and a crater when discharged. This "angle of repose" can deflect radar signals
away from the antenna. High-frequency radar with a narrow beam is better
equipped to capture reflections from these angled surfaces.

| Dust and Condensation

Heavy dust is common in bins containing flour, cement, or fly ash. While radar
penetrates dust easily, the accumulation of dust or moisture on the antenna itself
can attenuate the signal. Selecting a radar with a flush-mounted PTFE lens or an
integrated air-purge connection is essential for high-maintenance environments.

Comparison with Alternative Level Measurement
Technologies

To understand why bin radar is often the preferred choice, it is helpful to compare
it against other common technologies used in bulk solids.
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Bin Radar (80GHz) Ultrasonic Sensor Yo-Yo
(Electromechanical)

Measurement Range Up to 120m Up to 30m Up to 50m

Accuracy +1mm to £5mm +10mm to £50mm High (Mechanical)

Dust Sensitivity Low (Excellent) High (Poor) Low

Maintenance Minimal (No moving Low High (Moving parts)

parts)

Obstruction Risk Low (Narrow beam) High (Wide beam) High (Cable
breakage)

Pressure/Temp High tolerance Low tolerance Moderate

While ultrasonic sensors are cost-effective, they rely on sound waves that are
easily absorbed by dust and affected by air temperature changes. Yo-Yo sensors
are reliable but require frequent maintenance due to the mechanical nature of the
weighted cable. Bin radar provides a maintenance-free, high-accuracy alternative
that functions regardless of the internal atmosphere.

| Installation Best Practices and Considerations

Proper installation is the difference between a successful commissioning and a
failed project. Engineers should adhere to the following guidelines when installing a
bin radar:

1. Mounting Position: The sensor should ideally be located at 1/2 to 2/3 of the bin
radius. Mounting it too close to the wall can result in interference, while mounting
it directly over the fill stream will cause the sensor to measure the falling material
rather than the stored level.

2. Nozzle Height: The antenna should extend slightly beyond the mounting nozzle
to prevent the nozzle edge from creating a large parasitic reflection. If using a long
nozzle, an 80GHz radar is preferred due to its narrow beam.

3. Beam Path Clearance: Ensure the radar beam path is clear of internal
obstructions such as cross-braces, ladders, or limit switches. Even if the radar has
"false echo suppression" software, it is always better to have a clear line of sight.
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4. Aiming Flanges: For bins with significant angles of repose, using an adjustable
aiming flange allows the technician to tilt the radar toward the center of the
material cone, maximizing the reflected signal strength.

Common Risks and Limitations in Bulk Solid
Applications

Despite its versatility, bin radar is not a "one-size-fits-all" solution. There are
specific scenarios where additional care must be taken:

Extremely Low Dielectric Materials: For materials with a dielectric constant below
1.5 (such as some plastic powders), the signal may pass straight through the
material and reflect off the bottom of the bin. In these cases, guided wave radar
(GWR) or high-sensitivity FMCW units are required.

Internal Structures: In small, cluttered bins, even a narrow radar beam may hit
obstructions. If the obstruction is larger than the material surface reflection, the
radar may lock onto the wrong target.

Acoustic Noise vs. Electronic Noise: While radar is immune to the acoustic noise of
pneumatic filling, it can be sensitive to heavy electromagnetic interference (EMI) if
not properly shielded and grounded.

| Frequently Asked Questions (FAQ)

Q: Can bin radar measure through plastic or fiberglass bin lids?

A: Yes. Because radar waves are electromagnetic, they can pass through
non-conductive materials like plastic, wood, or fiberglass. This allows for
"non-invasive" measurement where the sensor is mounted outside the bin, looking
through a window or the roof.

Q: Does dust affect the accuracy of the radar?

A: Generally, no. Radar waves have a much longer wavelength than dust particles,
allowing them to pass through without significant attenuation. However, if dust
cakes onto the antenna lens, it may weaken the signal. This is usually managed
with a self-cleaning lens design or an air purge.
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Q: How do | handle a bin with a very steep cone at the bottom?

A: For bins that empty completely, the radar may struggle to get a reflection off a
steep metal cone at the bottom because the signal bounces away at an angle.
Advanced radar units include "Empty Tank Mapping" to ignore the bottom of the
bin and report 0% level correctly.

Q: Is 80GHz always better than 26GHz?

A: In 90% of bulk solids applications, 80GHz is superior due to its narrow beam and
better reflection. However, 26GHz may still be used in applications with extremely
thick foam (in hybrid liquid/solid tanks) or where very long nozzles are already in
place and cannot be modified.

| Conclusion

Bin radar technology has revolutionized how industries monitor bulk solids. By
providing a non-contact, high-accuracy solution that ignores dust and atmospheric
changes, it allows for tighter inventory control and safer operations. When
selecting a system, engineers must prioritize the dielectric properties of the
material and the physical geometry of the bin.

For professional assistance in selecting the correct frequency and antenna type for
your specific industrial application, or to review technical specifications for our full
range of level measurement instruments, please refer to the Main Page of our
engineering resource center. Proper sensor selection today ensures a reliable,
maintenance-free measurement for years to come.



