Bin Level Measuring System

A practical guide to bin level measuring system, covering the reader intent, the
relationship to bin level measuring system, 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 processing, a bin level measuring system is a critical component for
inventory management, process efficiency, and safety. Whether managing bulk
solids in a cement silo, chemicals in a storage tank, or water in a treatment facility,
accurate level data prevents overfills, ensures continuous supply to production
lines, and optimizes logistics. Modern systems utilize various physical principles to
translate the physical presence of a material into a readable electronic signal.

Selecting the appropriate technology requires an understanding of the material
properties, the geometry of the storage vessel, and the environmental conditions.
This guide examines the primary measurement principles used in industrial bin
level systems, providing a framework for selection and installation.

| Measurement Principles for Bin Level Systems

Industrial level measurement is broadly categorized into continuous level
measurement and point level detection. Continuous systems provide real-time
data on the exact level throughout the height of the bin, while point level systems
(switches) indicate when the material has reached a specific threshold.

| Radar Level Measurement

Radar technology is widely considered the gold standard for a bin level measuring
system due to its high accuracy and versatility. It operates on the Time-of-Flight
(ToF) principle. The sensor emits high-frequency electromagnetic pulses (typically
in the 26 GHz or 80 GHz range) that travel to the material surface and reflect back
to the receiver.

FMCW (Frequency Modulated Continuous Wave): Modern radar systems often use
FMCW, where the transmitter sends a continuous signal with a constantly changing
frequency. The difference in frequency between the emitted and received signal is
proportional to the distance. This method provides superior accuracy (often within
+2 mm) and is highly effective in dusty or steaming environments where pulse
radar might struggle.
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| Ultrasonic Level Measurement

Ultrasonic sensors use sound waves to determine the distance to the material
surface. The transducer emits an ultrasonic pulse that reflects off the target and
returns. The system calculates the distance based on the speed of sound. While
cost-effective, ultrasonic systems are sensitive to environmental factors like air
temperature, heavy dust, and surface foam, which can attenuate or scatter the
sound waves.

| Hydrostatic Level Measurement

For liquid-filled bins, hydrostatic pressure transmitters measure the pressure
exerted by the liquid column. The pressure at the bottom of the bin is directly
proportional to the height of the liquid and its specific gravity ($P = \rho \cdot g
\cdot h$). This is a reliable, contact-based method used extensively in water
treatment and chemical storage.

| Magnetic Level Gauges

Magnetic level gauges utilize a float containing a permanent magnet that moves
with the liquid level in a bypass chamber. This magnet actuates a visual indicator
or a transmitter on the outside of the chamber. Because the indicating mechanism
is completely isolated from the process fluid, it is ideal for high-pressure or
corrosive applications.

| Point Level Switches

When only high or low alarms are required, level switches are employed. Common
types include:

Vibrating Fork Switches: These vibrate at a specific frequency; when the material
covers the fork, the vibration is dampened, triggering the switch.

Rotary Paddle Switches: Used primarily for solids, a motor-driven paddle rotates
until it is stalled by the material.
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| Technology Selection Criteria

Choosing the right bin level measuring system depends on several variables. The
following table provides a comparison of the most common technologies used in
industrial applications.

| Comparison Table: Level Measurement Technologies

Technology Suitable Media | Accuracy Environmental Typical
Resistance Applications

Radar (80 GHz) Liquids & Solids Excellent (+2 High (Dust, Silos, Chemical
mm) Vapor, Tanks, Slurries
Pressure)
Ultrasonic Liquids & Some Good (+0.25% Moderate Water Tanks,
Solids of range) (Sensitive to Open Channels
Dust/Foam)
Hydrostatic Liquids Good (£0.1% to High Fuel Tanks,
0.5%) (Submerged) Deep Wells
Magnetic Gauge  Liquids Good Excellent (High Boilers, Oil/Gas
Temp/Pressure) Separators
Vibrating Fork Liquids/Solids N/A (Point High Overfill
Level) Protection,

Pump Dry-Run

| Practical Selection Considerations

| Material Properties

Dielectric Constant (er): For radar systems, the reflectivity of the material depends
on its dielectric constant. Materials with low &r (like plastic pellets or dry grains)
reflect less energy, requiring high-sensitivity radar sensors or guided wave radar.

Bulk Density: For solids, the density affects how point level switches (like rotary
paddles) interact with the material.
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Corrosiveness: In chemical bins, the wetted parts of the sensor must be compatible
with the media. PTFE or PVDF coatings are common for radar and ultrasonic
transducers.

| Bin Geometry and Internal Obstructions

Internal structures such as ladders, agitators, or heating coils can create "false
echoes" for non-contact sensors. Modern radar systems include software for "false
echo suppression," allowing the sensor to ignore fixed internal objects.
Additionally, the beam angle of the sensor should be narrow enough to avoid the
bin walls, especially in tall, narrow silos.

| Environmental Factors

Dust and Vapor: Heavy dust during filling can block ultrasonic signals. Radar is
generally immune to dust. Similarly, heavy steam or vapors can affect the speed of
sound, requiring temperature compensation for ultrasonic units.

Pressure and Temperature: Ensure the sensor’s process connection and housing
can withstand the maximum operating pressure (measured in Bar) and
temperature (°C) of the bin.

Installation Guidelines for Bin Level Measuring
Systems

Correct installation is as important as selecting the right technology. Poor
placement can lead to inaccurate readings or premature sensor failure.

1. Mounting Position: Sensors should generally be mounted at 1/6th to 1/3rd of the
bin diameter from the wall. Mounting too close to the wall can cause interference,
while mounting in the exact center can lead to "multiple echoes" in domed-roof
tanks.

2. Avoid the Fill Stream: Never install a level sensor directly in the path of the
incoming material. The falling product will interfere with the signhal and may
physically damage the sensor.
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3. Nozzle Height: For radar and ultrasonic sensors, the transducer face should
typically extend slightly beyond the bottom of the mounting nozzle to prevent
signal interference from the nozzle edges.

4. Angle of Repose: When measuring solids, the material forms a cone (the angle
of repose). The sensor must be positioned to account for this peak or valley to
provide a representative volume measurement.

5. Dead Zone (Blocking Distance): All ultrasonic and many radar sensors have a
"dead zone" near the sensor face where measurement is impossible. Ensure the
sensor is mounted high enough that the material never enters this zone.

| Limitations and Common Risks

While a bin level measuring system is designed for reliability, certain conditions
can challenge performance:

Foam Accumulation: Thick, dense foam on liquid surfaces can absorb ultrasonic
sighals completely. Radar is more effective but may still experience signal
attenuation depending on the foam's moisture content.

Signal Attenuation in Solids: In very tall silos (over 30 meters), the signal return
from low-dielectric solids can be weak. In these cases, high-power 80 GHz radar or
guided wave radar (using a cable probe) is recommended.

Build-up on Transducer: In sticky applications or high-moisture environments,
material can build up on the sensor face. Some radar sensors feature a "flush"
antenna design or air purging ports to keep the lens clean.

| Maintenance and Calibration

Most modern digital level meters are designed for long-term stability and require
minimal maintenance. However, periodic verification is recommended:

Visual Inspection: Check for material build-up or corrosion on wetted parts.
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Zero and Span Verification: Periodically verify the 4-20mA output against the
actual physical level. Many systems can be calibrated via HART, Modbus, or
Bluetooth interfaces without removing the sensor from the bin.

Firmware Updates: Manufacturers often release updates to improve signal
processing algorithms, especially for complex solids applications.

For engineers and procurement professionals seeking to implement these
technologies, reviewing comprehensive product options and application support is
a vital step. You can find detailed specifications and engineering data on the Main
Page of Welk's industrial catalog.

| Frequently Asked Questions (FAQ)

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

A: While some radar sensors are versatile enough for both, solids measurement
typically requires a sensor capable of handling the angle of repose and dust. It is
best to use a sensor optimized for the specific media phase.

Q: How does dust affect radar measurement?

A: Unlike ultrasonic waves, radar electromagnetic waves pass through dust with
virtually no attenuation. This makes radar the preferred choice for grain silos,
cement bins, and mining applications.

Q: What is the maximum range for a bin level measuring system?

A: Continuous radar sensors can measure distances up to 120 meters (approx. 393
feet), while ultrasonic sensors are generally limited to around 30 meters (approx.
98 feet) due to signal dissipation in the air.

Q: Do | need a stilling well?

A: Stilling wells are used in liquid applications with heavy turbulence or surface
agitation. They provide a calm surface for the sensor to measure, though modern
signal processing has reduced the need for them in many cases.

Q: Is wireless transmission available for these systems?
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A: Yes, many modern bin level systems can be integrated with WirelessHART or
LoRaWAN gateways, which is particularly useful for remote silos where running
cable is cost-prohibitive.

By carefully evaluating the physical properties of the process and the
environmental constraints, an engineering team can implement a bin level
measuring system that provides years of accurate, maintenance-free service. For
specific application engineering and custom OEM/ODM solutions, professional
consultation is recommended to ensure the selected instrument meets all safety
and performance standards.



