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Grain Silo Level
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A practical guide to grain silo level measurement, covering the reader intent, the
relationship to grain silo level measurement, 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 industries, accurate grain silo level
measurement is a fundamental requirement for operational efficiency, inventory
management, and safety. Grain silos—large structures designhed to store bulk
solids such as wheat, corn, barley, and soybeans—present unique challenges for
level instrumentation. Unlike liquid storage, bulk solids involve dust, uneven
surfaces (angles of repose), and low dielectric constants, all of which can interfere
with signal accuracy.

Selecting the correct measurement technology requires a deep understanding of
the physical properties of the grain and the mechanical constraints of the silo. This
guide explores the primary measurement principles, selection criteria, and
installation best practices for industrial grain storage applications.

| Core Principles of Grain Level Measurement

Level measurement in silos can be categorized into continuous level measurement
(tracking the level in real-time) and point level detection (identifying when the
grain reaches a specific high or low threshold). For a comprehensive overview of
available technologies, engineers often consult the Main Page of specialized
manufacturers to compare technical specifications.

| 1. Non-Contact Radar (FMCW)

Frequency Modulated Continuous Wave (FMCW) radar is the current industry
standard for grain silos. These sensors emit a high-frequency signal (typically 80
GHz) that reflects off the grain surface. By measuring the frequency shift of the
returned signal, the device calculates the distance to the material.

Advantages: 80 GHz radar offers a narrow beam angle (often as low as 3 degrees),
which allows it to avoid internal obstructions like ladders or stay-wires. It is highly
resistant to heavy dust during filling cycles.

Limitations: While 80 GHz is robust, extremely low dielectric materials may return
a weak signal, requiring high-sensitivity electronics.
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| 2. Guided Wave Radar (GWR)

Guided Wave Radar uses a probe (usually a flexible cable) that extends the full
height of the silo. A low-energy microwave pulse travels down the cable, reflects
off the grain surface, and returns to the transmitter.

Advantages: The signhal is concentrated around the cable, making it immune to
dust and surface turbulence. It provides a highly reliable reading even in very
narrow silos.

Limitations: The grain exerts significant pull-down forces (tensile load) on the cable
as the silo empties. The silo roof must be structurally reinforced to handle these
loads, which can reach several tons in large silos.

| 3. Ultrasonic Measurement

Ultrasonic sensors emit sound waves that bounce off the surface of the grain. The
time-of-flight between emission and reception determines the level.

Advantages: Cost-effective for smaller bins and short-range applications.

Limitations: Sound waves are easily absorbed by porous grain surfaces and
scattered by heavy dust. Temperature fluctuations within the silo can also affect
the speed of sound, leading to inaccuracies unless compensated for.

|4. Electromechanical (Plumb Bob)

This traditional method involves a weighted sensor attached to a motor-driven
cable. At programmed intervals, the weight is lowered until it touches the grain,
then retracted.

Advantages: Simple, mechanical measurement that is unaffected by dust or
dielectric properties.

Limitations: It provides periodic rather than continuous data. Moving parts are
subject to wear and tear, requiring more frequent maintenance than solid-state
electronic sensors.
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| Evaluation Criteria for Technology Selection

Choosing the right grain silo level measurement system involves balancing
accuracy requirements with environmental conditions. The following table provides
a comparison of the most common technologies used in modern grain facilities.

| Selection Comparison Table

Technology Measurement Dust Typical Dielectric Maintenance
Type Resistance Range Sensitivity Level

80 GHz Continuous Excellent Up to 120m Low Low

Radar

Guided Continuous Excellent Up to 30m Medium Medium

Wave Radar (Cable wear)

Ultrasonic Continuous Low/Moderate Up to 15m N/A Low

Plumb Bob Periodic Excellent Up to 40m N/A High

(Mechanical)

Rotary Point Level High N/A N/A Medium
Paddle
Capacitance Point/ContinucusModerate Up to 20m High Low

| Key Factors to Consider

1. Angle of Repose: Grain does not sit flat; it forms a cone when filling and a crater
when emptying. This angle (typically 20° to 35°) can cause signals to deflect away
from the sensor. Radar sensors with wide dynamic ranges are better suited to
capture these scattered reflections.

2. Dust and Aeration: During filling, silos become extremely dusty. Sensors must be
able to penetrate this dust without signal attenuation. Furthermore, if the silo uses
aeration to prevent spoilage, the air movement can affect ultrasonic readings.
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3. Dielectric Constant (er): Most grains have a low dielectric constant (er 1.5 to
5.0). A lower dielectric constant means the material is less reflective to radar
waves. High-frequency 80 GHz radar is specifically designed to handle these
low-reflectivity surfaces.

| Installation and Engineering Best Practices

Proper installation is as critical as selecting the right technology. Even the most
advanced radar sensor will fail if positioned incorrectly.

| Mounting Location

The sensor should generally be mounted at 1/6th to 1/3rd of the silo diameter from
the wall. This positioning provides an "average" level reading that accounts for the
angle of repose during both filling and discharging cycles.

Avoid the Filling Stream: Never mount a sensor directly in the path of the incoming
grain. This will cause signal noise and potential physical damage to the instrument.

Internal Obstructions: Ensure the signal path is clear of ladders, horizontal braces,
and temperature cables. While modern software can "map out" these echoes, itis
best to avoid them entirely.

| Aiming and Alignment

For radar sensors, using an adjustable aiming flange (swivel mount) is highly
recommended. By angling the sensor toward the center of the discharge cone,
engineers can maximize the returned signal strength, particularly in tall, narrow
silos where the grain surface may be significantly uneven.
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| Safety and Certification

Grain dust is highly combustible. All level measurement instruments installed in
grain silos must carry appropriate hazardous area certifications, such as ATEX or
IECEx (Zone 20, 21, or 22), to prevent dust explosions. Welk provides a range of
certified instruments designed specifically for these volatile environments.

| Limitations and Operational Risks

While modern instrumentation is highly reliable, engineers must be aware of
specific risks that can lead to measurement errors:

Signal Attenuation: In very tall silos (over 30 meters or approx. 100 feet), the
signal must travel a long distance through dust. If the grain is particularly dry and
dusty, the signal may weaken. High-gain antennas are required in these scenarios.

Caking and Build-up: High moisture content in grain can lead to material sticking to
the sensor face or the GWR probe. For non-contact sensors, a PTFE or PP cover
(dust shield) can help, and some units include an air-purge connection to blow dust
off the lens.

Mechanical Stress: In GWR installations, the downward force of grain on the cable
is immense. If the silo is tall and the grain is heavy (like corn), the cable may snap
or the silo roof may buckle if not properly engineered. Always verify the tensile
strength ratings of GWR cables before installation.

| Frequently Asked Questions (FAQs)

Q: Can | use a single sensor to measure multiple types of grain?

A: Yes, but you must ensure the sensor is calibrated for the lowest dielectric
constant among the grains stored. 80 GHz radar is usually versatile enough to
handle different grains without recalibration.

Q: How do | handle measurement during the filling process?
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A: Filling creates the most dust and noise. Non-contact radar with advanced signal
processing is the best choice for maintaining a stable reading during active filling.
Guided wave radar is also effective but may be subject to more physical wear.

Q: What is the benefit of a narrow beam angle?

A: A narrow beam angle (e.g., 3°) focuses the energy on the grain surface and
avoids reflections from the silo walls or internal structures. This is especially
important in tall, narrow corrugated steel silos where wall reflections can create
significant interference.

Q: How often do these sensors require maintenance?

A: Non-contact radar sensors are virtually maintenance-free because they have no
moving parts and do not touch the material. Periodic inspection of the sensor face
for excessive dust build-up is usually all that is required. Mechanical systems like
Plumb Bobs require monthly inspections of the cable and motor.

| Conclusion

Effective grain silo level measurement is a balance of physics and engineering. By
understanding the behavior of bulk solids and the strengths of various sensing
technologies, facility managers can significantly reduce the risk of overfills,
stockouts, and spoilage. For those looking to implement a new system or upgrade
existing infrastructure, reviewing the comprehensive product options and
application support on the Main Page is a recommended next step in the selection
process. Reliable data is the foundation of a modern, automated grain supply
chain.
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