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relationship to ultrasonic level monitoring, key evaluation criteria, common risks,
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the next step.
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Ultrasonic level monitoring has become a cornerstone of modern industrial process
control, providing a reliable, non-contact method for measuring the volume and
height of liquids, slurries, and certain solids. As industries move toward higher
levels of automation and stricter safety standards, understanding the technical
nuances of ultrasonic technology is essential for plant engineers and system
integrators. This guide provides a comprehensive technical overview of ultrasonic
measurement principles, selection criteria, and installation best practices to ensure
optimal performance in diverse industrial environments.

| Understanding the Measurement Principle

At its core, ultrasonic level monitoring relies on the propagation of high-frequency
sound waves. The system typically consists of a transducer and a signal processing
unit. The transducer acts as both a transmitter and a receiver, utilizing
piezoelectric crystals to convert electrical energy into mechanical sound pulses.

| The Time-of-Flight (ToF) Calculation

The measurement process follows a cyclical pattern:

1. Emission: The transducer emits a burst of ultrasonic pulses (typically in the
range of 20 kHz to 200 kHz) toward the target surface.

2. Reflection: The sound waves travel through the air or gas space above the
medium, hit the surface, and reflect back toward the sensor.

3. Reception: The transducer detects the returning echo.

4. Calculation: The internal electronics measure the time elapsed between the
emission and the reception of the pulse.

The distance ($D$) from the sensor to the surface is calculated using the formula:

$D = (v\times t) / 2%
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Where $v$ is the speed of sound in the medium (usually air) and $t$ is the total
travel time. Since the distance from the sensor to the bottom of the tank (the
"Zero Level") is a known constant, the actual level of the material is determined by
subtracting the measured distance from the total tank height.

| Frequency and Beam Angle

The frequency of the ultrasonic pulse determines the sensor's range and
resolution. Lower frequencies (e.g., 20-40 kHz) have longer wavelengths and can
travel further, making them suitable for measuring levels in tall silos or deep wells
up to 30 meters or more. Conversely, higher frequencies (e.g., 100-200 kHz) offer
better resolution and smaller "dead zones," but are limited to shorter ranges,
typically under 5 meters. The beam angle, usually between 5° and 12°, defines the
spread of the sound wave; a narrower beam is preferable in confined spaces to
avoid interference from internal tank structures.

| Key Evaluation Criteria for Sensor Selection

Selecting the right instrument for ultrasonic level monitoring requires a detailed
analysis of the application environment. Engineers must look beyond basic range
specifications to ensure long-term reliability.

| Material Compatibility

While the sensor does not touch the medium, the housing and transducer face
must withstand the ambient atmosphere. In chemical processing, corrosive vapors
may be present. Sensors with PVDF (Polyvinylidene Fluoride) or PTFE
(Polytetrafluoroethylene) faces are often required for acid or solvent storage tanks.
For general water treatment or wastewater applications, standard ABS or
polypropylene housings are usually sufficient.

Welk Reference Guide 3



WELK REFERENCE GUIDE Ultrasonic Level Monitoring

| Environmental Conditions

Temperature is the most critical variable affecting ultrasonic accuracy because the
speed of sound changes with air density. Most professional-grade sensors include
an integrated temperature probe to provide real-time compensation. However, if
significant temperature gradients exist within the tank (e.g., a heated liquid in a
cold environment), the accuracy may still fluctuate. In such cases, external
temperature sensors or specialized radar level meters may be more appropriate.
You can Review product options and application support on our Main Page to
compare ultrasonic and radar technologies for extreme temperature scenarios.

| Signal Output and Integration

Modern ultrasonic level monitoring systems offer various output options to
interface with PLC (Programmable Logic Controller) or SCADA systems. Common
standards include:

4-20 mA Analog: The industry standard for simple point-to-point loops.

HART Protocol: Allows digital communication over the analog loop for diagnostics
and remote configuration.

Modbus RTU/RS485: Ideal for multi-drop networks where multiple sensors are
connected to a single controller.

Switch Outputs: Integrated relays for high/low-level alarms and pump control.
| Practical Selection Table

The following table serves as a general guide for matching ultrasonic sensor
specifications to common industrial applications.
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Application Type Typical Range Recommended Key Consideration
Frequency
Wastewater Wet 2-10 meters 40-60 kHz Submergence
Wells protection and foam
resistance.
Chemical Storage 1-5 meters 80-100 kHz Chemical
Tanks compatibility

(PVDF/PTFE) and
narrow beam.

Food & Beverage 5-15 meters 30-50 kHz Sanitary mounting

Silos and CIP
(Clean-in-Place)
compatibility.

Open Channel Flow 0.5-3 meters 100-120 kHz High precision and

integrated flow
conversion tables.

Small Process 0.2-2 meters 150-200 kHz Minimal dead zone
Vessels and fast response
time.

| Installation Best Practices

The performance of an ultrasonic level monitoring system is often determined by
the quality of its installation. Even the most advanced sensor will fail if placed
incorrectly.

| Avoiding the Dead Zone

Every ultrasonic sensor has a "dead zone" (also known as the blocking distance)
immediately below the transducer face. In this region, the sensor cannot
accurately process the returning echo because the transducer is still vibrating from
the emission pulse. Typical dead zones range from 10 cm to 80 cm depending on
the frequency. The sensor must be mounted high enough so that the maximum
liquid level never enters this zone.
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| Mounting Position and Orientation

Perpendicularity: The sensor must be mounted perfectly perpendicular to the liquid
surface. A tilt of even a few degrees can cause the reflected signal to bounce away
from the transducer, resulting in a "Loss of Echo" (LOE) error.

Wall Interference: Do not mount the sensor too close to the tank wall. The beam
spreads as it travels, and reflections from the wall or weld seams can create false
echoes. A general rule is to maintain a distance from the wall equal to at least 10%
of the tank height.

Obstructions: Ensure the beam path is clear of internal obstructions such as
ladders, agitators, or inflow pipes. If obstructions are unavoidable, many modern
sensors offer "False Echo Suppression" software that allows the user to map out
and ignore static reflections.

Central Placement: Avoid mounting the sensor in the exact center of a domed-roof
tank, as this can act as a parabolic reflector and concentrate unwanted noise or
multiple reflections back to the sensor.

| Limitations and Common Risks

While ultrasonic level monitoring is versatile, it is not a universal solution.
Engineers must be aware of the following physical limitations:

1. Vacuum Conditions: Sound waves require a medium (gas/air) to travel.
Ultrasonic sensors will not function in a vacuum.

2. Heavy Foam: Dense foam on the surface of a liquid acts as an acoustic insulator,
absorbing the sound pulse rather than reflecting it. If foam is present, a radar level
meter or a hydrostatic pressure transmitter is usually a better choice.

3. High Turbulence: Rapidly churning liquid or heavy surface ripples can scatter the
ultrasonic signal. While software filtering can help, extreme turbulence may lead to
unstable readings.
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4. Dust and Vapor: While light dust is manageable, extremely heavy dust (in grain
silos) or thick steam can attenuate the signal. High-power transducers with
self-cleaning faces are designed to mitigate these effects, but they have limits.

5. Pressure Extremes: High pressure changes the density of the air, which in turn
affects the speed of sound and the efficiency of the transducer. Most ultrasonic
sensors are rated for near-atmospheric pressure (typically -0.5 to 3 bar).

| Integration and Maintenance

To maintain the accuracy of ultrasonic level monitoring over time, a basic
maintenance schedule should be implemented. Unlike contact-based systems (like
float switches), maintenance is minimal but critical.

Transducer Cleaning: In applications with heavy vapor or condensation, droplets
may form on the transducer face. While many sensors are designed to shed
condensation, a periodic wipe with a soft cloth can prevent signal degradation.

Calibration Verification: Annual verification against a manual tape measure is
recommended to ensure that temperature compensation and signal processing
remain accurate.

Firmware Updates: For smart sensors, ensure that the latest firmware is installed
to take advantage of improved signal processing algorithms and diagnostic
features.

For complex installations involving multiple tanks or integrated automation,
consulting the technical documentation on our Main Page can provide deeper
insights into networking and multi-sensor configurations.

|Frequent|y Asked Questions (FAQs)
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| Can ultrasonic sensors measure the level of solids?

Yes, ultrasonic level monitoring can be used for solids like plastic pellets, grains, or
coal. However, solids often have an "angle of repose" (a sloped surface) which can
scatter the signal. For solids, it is recommended to use a sensor with a higher
power output and a lower frequency to penetrate potential dust.

How does wind affect ultrasonic measurement in
open-air tanks?

Strong wind can physically displace the sound pulse, especially over long
distances. In outdoor applications like reservoir monitoring or open channel flow, it
is advisable to use a sunshade/windshield or mount the sensor inside a stilling well
to provide a stable column of air.

What is the difference between an integrated and a
remote ultrasonic sensor?

An integrated sensor has the transducer and the electronics in a single housing.
This is simpler to install and cost-effective. A remote system has a separate
transducer connected via cable to a control unit. Remote systems are preferred
when the measurement point is difficult to access or when the environment at the
tank is too hot or hazardous for the electronics.

| How do | handle a "Loss of Echo" alarm?
First, check for obstructions or heavy foam. Ensure the transducer face is clean
and that the sensor is still mounted perpendicular to the surface. If the problem

persists, you may need to increase the gain (sensitivity) of the sensor or consider a
lower-frequency model with better penetration power.
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| Conclusion

Ultrasonic level monitoring remains one of the most effective and widely used
technologies in the industrial sector due to its non-contact nature and ease of
integration. By carefully considering the physical properties of the medium, the
geometry of the vessel, and the environmental conditions, engineers can
implement a measurement solution that provides years of accurate and
maintenance-free service. For those looking to explore a full range of industrial
level measurement instruments, including radar and hydrostatic options, visiting
our Main Page offers a wealth of technical resources and product specifications to
guide your selection process.
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