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Measure Silo Level

A practical guide to measure silo level, covering the reader intent, the relationship
to measure silo level, 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, the ability to accurately measure silo level is
a fundamental requirement for operational efficiency, safety, and inventory
control. Silos, which store everything from fine powders like cement and flour to
coarse aggregates and grains, present one of the most challenging environments
for level instrumentation. Factors such as heavy dust, steep angles of repose, low
dielectric constants, and internal structural obstructions can significantly interfere
with measurement accuracy.

Selecting the appropriate technology requires a deep understanding of the
physical properties of the stored material and the mechanical constraints of the
vessel. This guide examines the primary measurement principles, selection
criteria, and installation strategies necessary to implement a reliable level
monitoring system.

Understanding the Challenges of Silo Level
Measurement

Unlike liquid level measurement, where the surface is typically flat and reflective,
bulk solids behave unpredictably. To measure silo level effectively, engineers must
account for the following variables:

1. Angle of Repose: When solid material is discharged or filled, it forms a cone. The
angle of this cone, known as the angle of repose, determines how a non-contact
signal (like radar or ultrasonic) reflects off the surface. If the angle is too steep, the
signal may reflect away from the sensor rather than back to the receiver.

2. Dust and Vapor: Filling processes often generate significant dust clouds. Some
technologies, such as ultrasonic sensors, are heavily attenuated by airborne
particles, while others, like high-frequency radar, can penetrate dust with minimal
signal loss.

3. Material Characteristics: The dielectric constant (er) of the material influences
how well a radar signal is reflected. Low-dielectric materials, such as plastic pellets
or dry wood chips, absorb more energy, resulting in a weaker return signal.

4. Internal Obstructions: Silos often contain ladders, braces, and agitators. A
measurement beam that is too wide will detect these structures as the material
level, leading to false readings.
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| Core Measurement Principles for Solids

To address these challenges, several distinct measurement principles are utilized.
These are generally categorized into non-contacting and contacting methods.

| Non-Contacting Radar (FMCW)

Frequency Modulated Continuous Wave (FMCW) radar is the gold standard for silo
level measurement. The sensor emits a continuous signal with a constantly
changing frequency. The difference between the emitted frequency and the
received frequency is proportional to the distance. Modern 80 GHz radar
transmitters offer a very narrow beam angle (often as low as 3°), which allows the
sensor to avoid internal obstructions and focus on the material surface even in tall,
narrow silos.

| Ultrasonic Measurement

Ultrasonic sensors emit high-frequency sound pulses that reflect off the material
surface. The time-of-flight (ToF) is used to calculate the distance. While
cost-effective, ultrasonic technology is limited in silos because sound waves are
easily absorbed by soft powders and scattered by heavy dust. Furthermore,
changes in air temperature and pressure within the silo can affect the speed of
sound, requiring temperature compensation.

| Guided Wave Radar (GWR)

Guided Wave Radar uses a probe (usually a stainless steel cable) that extends to
the bottom of the silo. Low-power microwave pulses are sent along the probe.
When the pulse hits the material, the change in the dielectric constant causes a
reflection. GWR is highly reliable because the signal is concentrated along the
cable, making it immune to dust and surface turbulence. However, the cable is
subject to significant tensile forces (pull-down forces) as the material settles or is
discharged.
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| Point Level Detection (Switches)

While the above methods provide continuous measurement, point level switches
are used for overfill protection or empty-state detection. Common types include:

Rotary Paddle Switches: A motor rotates a paddle; when material covers the
paddle, the rotation stops, triggering a switch.

Tuning Fork (Vibrating) Switches: The fork vibrates at its resonant frequency.
Contact with the material damps the vibration, signaling the level has been
reached.

| Technology Selection Guide for Silo Applications

Choosing the right instrument depends on the specific application requirements.
The following table provides a comparison of the most common technologies used
to measure silo level.

80 GHz Radar Guided Wave Rotary Paddle
Radar

Measurement Continuous Continuous Continuous Point Level
Type

Dust Tolerance Excellent Excellent Poor to Fair Excellent
Max Range 120m 75m 30m N/A
Contact with No Yes No Yes

Media

Dielectric Moderate High None None
Sensitivity

Maintenance Very Low Moderate Low Moderate

(Probe wear)

Internal Easily avoided Immune (if High N/A
Obstacles clear) interference
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For complex industrial environments, reviewing the full range of sensor capabilities
is essential. Engineers can find detailed technical specifications and
application-specific models on the Main Page of the Welk product catalog.

Installation Best Practices and Engineering
Considerations

Correct installation is as critical as selecting the right technology. Even the most
advanced radar sensor will fail if it is poorly positioned.

| Positioning and Mounting

The sensor should typically be mounted at 1/6th to 1/3rd of the silo diameter from
the wall. Mounting too close to the wall can cause interference from side-wall
reflections, while mounting in the center may place the sensor directly in the path
of the filling stream.

| Beam Angle and Obstructions

When using non-contacting sensors, the "keep-out zone" (the area covered by the
signhal beam) must be free of ladders, pipes, or reinforcements. A narrower beam
angle, such as that found in 80 GHz radar units, significantly reduces the size of
this zone, allowing for easier installation in crowded silos.

| Aiming Flanges
Because solids form cones, the sighal often reflects at an angle. Using an
adjustable aiming flange (swivel holder) allows the technician to tilt the sensor

toward the center of the material cone, maximizing the strength of the return
signal. This is particularly important in silos with a diameter larger than 5 meters.

Welk Reference Guide 5



WELK REFERENCE GUIDE Measure Silo Level

| Nozzle Design

The mounting nozzle should be as short as possible. If the nozzle is too long or
narrow, the signal can reflect off the inside of the nozzle (ringing), creating a "dead
zone" at the top of the silo where measurement is impossible.

| Limitations and Environmental Factors

While modern instrumentation is robust, certain environmental factors can still
limit performance:

Tensile Loads on GWR: In silos taller than 20 meters, the downward pull of heavy
solids (like grain or cement) on a GWR cable can exceed several tons. If GWR is
chosen, the silo roof must be reinforced, and the cable must be rated for the
specific tensile load.

Acoustic Noise: Heavy machinery, such as pneumatic conveyers or crushers
located near the silo, can create acoustic noise that interferes with ultrasonic
sensors.

Condensation and Buildup: In high-moisture environments, condensation can form
on the sensor face. While many radar sensors feature PTFE lenses that shed
moisture, extreme buildup of sticky materials may require the use of a compressed
air purging system to keep the antenna clear.

| Integration with Industrial Control Systems

Modern level meters are rarely standalone devices. To effectively measure silo
level, the data must be integrated into a broader PLC (Programmable Logic
Controller) or SCADA system.

4-20mA HART: The standard analog output for most industrial sensors, allowing for
easy calibration and diagnostics over the loop.

Modbus RTU / RS485: Useful for daisy-chaining multiple silos back to a single
controller, reducing wiring costs.
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Wireless Solutions: In large tank farms where cabling is prohibitively expensive,
wireless transmitters can relay level data to a central gateway.

|Frequent|y Asked Questions (FAQs)

Q: Can | use an ultrasonic sensor for a cement silo?

A: It is generally not recommended. The heavy dust generated during pneumatic
filling of cement will absorb the ultrasonic signal, leading to frequent loss of echo.
A high-frequency radar is a much more reliable choice for this application.

Q: How do | handle measurement if the material has a very low dielectric
constant?

A: For materials like plastic pellets (dielectric constant < 2.0), Guided Wave Radar
is often the best choice because the probe concentrates the energy. If non-contact
is required, an 80 GHz radar with high sensitivity and a large antenna is necessary.

Q: Is it necessary to empty the silo for installation?

A: For non-contacting radar and ultrasonic sensors, installation can typically be
done from the top of the silo without emptying it, provided safety protocols for
confined spaces and heights are followed. For Guided Wave Radar, it is often
easier to install the probe when the silo is empty or near-empty to ensure the
cable is weighted and positioned correctly.

Q: How often do silo level sensors require calibration?

A: Most digital radar and ultrasonic sensors do not "drift" in the traditional sense.
Calibration is typically performed once during commissioning. However, periodic
verification is recommended to ensure that material buildup or mechanical shifts
haven't affected the accuracy.
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| Conclusion

To accurately measure silo level, engineers must balance the physical properties
of the bulk solids with the technical capabilities of the instrumentation. While
ultrasonic sensors remain a viable option for simple, dust-free applications, the
industry is increasingly moving toward 80 GHz radar and Guided Wave Radar for
their superior reliability in harsh conditions. By following proper installation
guidelines and selecting the right measurement principle, facilities can ensure
consistent inventory data and safer operations. For further assistance in selecting
the correct instrument for your specific industrial application, please refer to the
Main Page for expert guidance and product support.
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