Grain Bin Level Sensor

A practical guide to grain bin level sensor, covering the reader intent, the
relationship to grain bin level sensor, key evaluation criteria, common risks, and
the information the intended project audience should confirm before taking the
next step.
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In the agricultural and food processing sectors, efficient inventory management
and safety depend heavily on the accuracy of grain storage monitoring. A grain bin
level sensor is a specialized industrial instrument designed to measure the volume
or height of bulk solids—such as corn, wheat, soybeans, or rice—stored within silos
and bins. Given the harsh environments characterized by high dust concentrations,
varying moisture levels, and the steep angle of repose inherent to granular
materials, selecting the correct sensing technology is critical for operational
reliability.

This guide examines the primary measurement principles used in grain level
monitoring, provides technical selection criteria, and outlines installation best
practices for engineering and facility managers.

| Measurement Principles for Grain Level Sensing

Before selecting a grain bin level sensor, it is essential to understand the physics
behind different measurement technologies. Grain behaves differently than liquids;
it creates dust, forms irregular surfaces, and exerts significant mechanical force on
any submerged components.

| 1. Non-Contact Radar (FMCW)

Frequency Modulated Continuous Wave (FMCW) radar is widely considered the
gold standard for grain bin applications. The sensor emits a continuous
high-frequency signal (typically 26GHz or 80GHz). The frequency of this signal
increases over time. When the signal reflects off the grain surface and returns to
the antenna, the difference between the emitted and received frequency is
proportional to the distance.

80GHz Technology: Modern 80GHz radar sensors offer a narrow beam angle (often
as low as 3 degrees), which allows the signal to avoid internal bin structures like
ladders or stay rods. This high frequency also penetrates thick dust clouds more
effectively than lower-frequency alternatives.
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| 2. Guided Wave Radar (GWR)

Guided Wave Radar uses Time Domain Reflectometry (TDR). A high-frequency
electromagnetic pulse is sent along a cable or rod probe. When the pulse hits the
grain, the change in the dielectric constant causes a reflection.

Considerations: While GWR is unaffected by dust or air movement, the grain exerts
a "pull-down" force on the cable as the bin is emptied. For bins taller than 6 meters
(approx. 20 feet), the tensile load on the cable and the bin roof must be carefully
calculated to prevent structural failure.

| 3. Ultrasonic Level Sensors

Ultrasonic sensors work by emitting sound waves that bounce off the material
surface. The sensor measures the time of flight to determine the distance. While
cost-effective, ultrasonic technology is often limited in grain bins because dust
absorbs sound energy, leading to signal loss. They are best suited for smaller,
low-dust applications or processed grains with minimal fines.

|4. Point Level Measurement (Rotary and Vibration)

Unlike continuous sensors that provide a 0-100% reading, point level sensors act
as switches for high-level or low-level alarms.

Rotary Paddle: A motor slowly rotates a paddle. When grain reaches the paddle, it
stalls the motor, triggering a switch.

Vibrating Rod: A rod vibrates at its natural frequency. When covered by grain, the
vibration is dampened, which the electronics detect as a filled state.

| Technical Selection Criteria

Choosing the right grain bin level sensor requires an evaluation of the specific
storage environment. Use the following table to compare the most common
continuous measurement technologies:
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80GHz Guided Wave Ultrasonic Sensor

Non-Contact Radar Radar (GWR)

Dust Tolerance Excellent Excellent Poor to Moderate

Accuracy +2 mm +5 mm +1% of range

Max Range Upto 120 m Up to 30 m (cable) Upto 15 m

Mounting Top-mounted, Top-mounted, Top-mounted,
non-intrusive intrusive non-intrusive

Maintenance Very Low Moderate (cable Moderate (cleaning

wear) face)
Mechanical Load None High tensile force None

| Key Factors to Confirm Before Purchase

1. Angle of Repose: Grain does not sit flat. When filling, it forms a cone; when
emptying, it forms a funnel. The sensor must be positioned to account for this
geometry to avoid false volume calculations.

2. Dielectric Constant (er): Radar signals rely on the dielectric difference between
air and the material. Most grains have a dielectric constant between 2.0 and 5.0.
Lower dielectric materials require more sensitive radar electronics.

3. Dust and Dielectric Fluctuations: High moisture content in grain increases its
dielectric constant, making it easier to detect but potentially causing "clumping" on
intrusive probes.

| Installation and Engineering Considerations

Proper installation is as important as the technology itself. Even the most
advanced grain bin level sensor will fail if placed incorrectly.
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| Mounting Position

For most cylindrical grain bins, the sensor should not be mounted in the exact
center or too close to the side wall.

Rule of Thumb: Mount the sensor approximately 1/6th to 1/3rd of the diameter
away from the side wall. This provides a representative average height between
the peak and the valley of the grain cone.

Avoid the Fill Stream: Never mount a sensor directly in the path of the incoming
grain. The physical impact can damage the sensor, and the falling material will
interfere with the signal return.

| Managing Internal Obstructions

In many industrial silos, internal reinforcements or ladders can create "false
echoes." When using 80GHz radar, the narrow beam usually bypasses these.
However, if using older 26GHz radar or ultrasonic units, software "false echo
suppression” must be used to tell the sensor to ignore reflections from fixed
objects.

| Hazardous Area Classifications

Grain dust is highly combustible. In many jurisdictions, grain bin level sensors must
meet specific explosion-proof or intrinsically safe certifications (such as
ATEX/IECEX Zone 20, 21, or 22). Ensure the selected device is rated for Class Il,
Division 1 or 2 environments as required by local safety codes.

| Limitations and Common Risks

While modern sensors are highly reliable, engineers should be aware of the
following risks:
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Signal Absorption: Extremely dry, light powders (like flour or fine grain dust) can
sometimes absorb radar signals rather than reflecting them. In these rare cases, a
high-sensitivity GWR or a specialized high-power radar is required.

Structural Stress: As mentioned, GWR cables in tall bins can experience several
tons of downward force during the "draw-down" phase of emptying. If the bin roof
is not reinforced, the sensor can literally pull the roof inward.

Condensation: In metal bins, temperature swings lead to condensation on the
sensor face. While radar can usually see through thin films of water, heavy
droplets can cause signal scattering. Selecting a sensor with a PTFE or
plastic-encapsulated antenna helps shed moisture.

| Frequently Asked Questions (FAQ)

Q: Can one sensor measure multiple types of grain?

A: Yes. Most radar and ultrasonic sensors are programmed with the bin height. As
long as the dielectric constant of the grain is above the sensor's minimum
threshold, the same unit can measure corn, wheat, or barley without recalibration.

Q: How do | handle the dust generated during filling?

A: Non-contact 80GHz radar is the most effective solution for filling periods.
Because the wavelength is optimized to pass through small particles, it can
maintain a lock on the grain surface even when the bin is being filled at high
capacities.

Q: Is wireless connectivity an option for remote bins?

A: Many modern sensors support WirelessHART or LoRaWAN protocols. This is
particularly useful for large cooperatives or farms where running signal cables over
long distances is cost-prohibitive.

Q: How often does a grain bin level sensor need calibration?

A: Radar sensors are generally "set and forget." Once the empty and full distances
are mapped during commissioning, they do not drift. Annual visual inspections are
recommended to ensure no significant dust buildup has occurred on the lens.



Grain Bin Level Sensor

| Conclusion

Selecting a grain bin level sensor is a balance between accuracy requirements, bin
geometry, and budget. For large-scale industrial operations where precision is
paramount, 80GHz non-contact radar offers the highest reliability and lowest
maintenance. For simple overfill protection, mechanical point-level switches
remain a robust and economical choice.

To explore specific hardware configurations and technical specifications for your
facility, Review product options and application support to ensure your
measurement system meets the rigorous demands of the grain industry. By
following established engineering principles and considering the unique behavior
of bulk solids, facility managers can significantly reduce waste and improve the
safety of their storage operations.



