Bin Level Sensors

A practical guide to bin level sensors, covering the reader intent, the relationship
to bin level sensors, 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 handling and liquid storage, bin level sensors are critical
components for inventory management, process efficiency, and safety. These
devices provide the data necessary to prevent bin overflows, ensure a continuous
supply of raw materials to production lines, and optimize logistics. Whether
managing grain silos, cement bins, or chemical tanks, selecting the correct sensor
requires a deep understanding of measurement principles and the specific
characteristics of the material being measured.

As a professional manufacturer of industrial level measurement instruments, Welk
provides a comprehensive range of solutions, including radar level meters and
ultrasonic sensors, desighed to meet the rigorous demands of modern industrial
automation. This guide explores the technical foundations of bin level sensors to
assist engineers and facility managers in making informed procurement decisions.

| Measurement Principles for Bin Level Detection

Before selecting a sensor, it is essential to understand the underlying physics of
how these devices detect material levels. Bin level sensors generally fall into two
categories: continuous level measurement and point level detection.

| Non-Contact Radar (ToF)

Radar level sensors operate on the Time-of-Flight (ToF) principle. The sensor emits
a high-frequency electromagnetic pulse (typically in the 26 GHz or 80 GHz range)
toward the material surface. The pulse reflects off the material and returns to the
sensor. By measuring the time interval between emission and reception, the
device calculates the distance to the material.

Radar is particularly effective for bin level sensors because electromagnetic waves
are largely unaffected by dust, pressure, or temperature fluctuations within the
bin. High-frequency 80 GHz radar offers a narrow beam angle, which is
advantageous in tall, narrow bins where internal obstructions like ladders or
agitators might otherwise cause false echoes.
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| Ultrasonic Measurement

Ultrasonic sensors also use the ToF principle but utilize mechanical sound waves
instead of electromagnetic pulses. The transducer emits an ultrasonic pulse that
bounces off the product surface. The time taken for the echo to return is
proportional to the distance.

While cost-effective, ultrasonic sensors have limitations in bins with heavy dust or
foam, as these conditions can attenuate or scatter the sound waves. They are
most commonly used in liquid bins or applications where the atmosphere remains
relatively clear.

| Mechanical and Point Level Principles

Point level sensors, such as rotary paddle switches or vibrating rod sensors, rely on
physical contact with the material.

Rotary Paddle: A small motor drives a paddle. When the material reaches the
paddle, it stalls the motor, triggering an electrical switch.

Vibrating Rod/Fork: The sensor vibrates at its resonant frequency. When covered
by material, the vibration is damped, which is detected by the electronics to signal
a high or low level.

| Continuous vs. Point Level Sensors

Choosing between continuous and point level measurement depends on the
operational requirements of the facility.
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| Continuous Level Sensors

Continuous sensors provide real-time tracking of the material level from 0% to
100%. This is essential for inventory management and trend analysis. For instance,
a radar sensor can provide a constant 4-20mA or digital signal (HART, Modbus) to a
PLC, allowing operators to see exactly how much material remains in a silo at any
given moment. For high-precision requirements, you can Review product options
and application support to find the appropriate continuous transmitter for your
specific bin geometry.

| Point Level Sensors

Point level sensors are used for "state" detection—identifying when a material has
reached a specific height. These are typically installed at the top of a bin as a
high-level alarm to prevent overfilling, or at the bottom as a low-level alarm to
prevent a process from running dry. They are often used as redundant safety
backups for continuous sensors.

| Practical Selection Table

The following table compares common bin level sensor technologies based on
typical industrial criteria.
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Technology Material Dust Accuracy Typical Best Use
Type Tolerance Range Case
80 GHz Solids & Excellent *2 mm Up to 120m Tall silos,
Radar Liquids (393 ft) heavy dust,
high
precision
Ultrasonic Liquids & Poor/Moderate +0.25% of Up to 30m Open tanks,
Slurries range (98 ft) water
treatment
Rotary Heavy Solids Good N/A (Point) N/A High/Low
Paddle alarm for
grain, sand
Vibrating Powders/Grantldsxcellent N/A (Point) N/A Fine
Rod powders,
light bulk
density
Hydrostatic Liquids N/A +0.5% Up to 200m Deep wells,
(656 ft) vented liquid
tanks

| Installation Considerations for Bin Level Sensors

Proper installation is as important as technology selection. Even the most
advanced radar sensor will fail if mounted incorrectly. Engineers should consider
the following factors during the design phase:

1. The Angle of Repose: Unlike liquids, bulk solids form a cone when loaded into a
bin. The "angle of repose" varies by material. Sensors should be mounted in a
position that accounts for this cone to ensure the measurement represents the
average volume rather than just the peak or the valley.

2. The Fill Stream: Never mount a non-contact sensor directly above the material
inlet. The falling stream of material will interfere with the signal, leading to erratic
readings or total signal loss.
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3. Internal Obstructions: Bins often contain ladders, support struts, or level
switches. When using radar or ultrasonic sensors, the beam path must be kept
clear of these obstructions. Using sensors with a narrow beam angle (e.g., 3
degrees) helps minimize interference from bin walls and internal structures.

4. Nozzle Height: If the sensor is mounted on a standpipe or nozzle, the nozzle
must be short enough to ensure the sensor's signal clears the bottom of the pipe. If
the nozzle is too long, it can create "ringing" or internal reflections that mask the
actual material level.

| Limitations and Common Risks

While modern bin level sensors are highly reliable, certain environmental factors
can pose risks to measurement accuracy:

Material Buildup: In sticky or humid environments, material can accumulate on the
sensor face (the antenna or transducer). While some radar sensors feature "air
purging" systems to blow off dust, excessive buildup can eventually attenuate the
signal.

Dielectric Constant (Dk): Radar sensors rely on the dielectric constant of the
material to reflect the signal. Materials with very low dielectric constants (like
certain plastic pellets or dry powders) reflect less energy. In these cases,
high-sensitivity radar units or guided wave radar may be required.

Vacuum and Pressure: While radar works well in a vacuum, ultrasonic sensors
cannot operate in a vacuum because sound waves require a medium (air) to
travel. Conversely, high-pressure environments can change the speed of sound,
requiring temperature and pressure compensation for ultrasonic devices.

|Frequent|y Asked Questions (FAQs)

Q: Can | use one sensor for both liquids and solids?

A: Generally, radar sensors are versatile enough to handle both. However, the
surface of solids is often uneven and reflects signals differently than the flat
surface of a liquid. It is best to specify the material type when ordering to ensure
the firmware is optimized for that specific application.



Bin Level Sensors

Q: How do | handle dust in a grain silo?

A: For high-dust environments, non-contact radar is the gold standard. Unlike
ultrasonic waves, radar pulses pass through dust clouds with negligible signal loss.
If using a point level sensor, a vibrating rod is often preferred over a rotary paddle
for very fine, dusty powders.

Q: What maintenance is required for bin level sensors?

A: Non-contact sensors are virtually maintenance-free as they have no moving
parts. Periodic inspection of the sensor face for buildup is recommended.
Mechanical sensors like rotary paddles should be checked annually to ensure the
seals are intact and the motor is functioning correctly.

Q: How do | calibrate a new sensor?

A: Most modern sensors from Welk are calibrated via a digital interface or a plug-in
display module. You typically enter the "Empty Distance" (distance from the sensor
face to the bottom of the bin) and the "Full Distance" (the span). The sensor then
scales its output accordingly.

| Conclusion

Selecting the right bin level sensors involves balancing the physical properties of
the material, the environmental conditions of the bin, and the required data
output. For most modern industrial applications, 80 GHz radar provides the most
robust and accurate continuous measurement, while vibrating or rotary switches
provide reliable point-level safety.

By following established engineering principles and considering the specific
geometry of the storage vessel, facilities can achieve high levels of automation
and inventory accuracy. For a deeper look at specific hardware configurations and
technical specifications, users are encouraged to visit the Main Page to explore the
full catalog of industrial level measurement solutions.



