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In the landscape of industrial automation and process control, the ultrasonic level
detector has established itself as a cornerstone technology for non-contact level
measurement. These instruments provide a reliable, cost-effective, and versatile
solution for monitoring the levels of liquids and solids across various industries,
including water treatment, chemical processing, and food production. This guide
provides a comprehensive technical overview of ultrasonic level measurement,
covering the fundamental physics, selection criteria, installation requirements, and
practical limitations that engineers and plant managers must consider when
integrating these devices into their systems.

| The Physics of Ultrasonic Level Measurement

Before selecting a specific ultrasonic level detector, it is essential to understand
the underlying physical principles that govern its operation. Ultrasonic sensors
operate on the "Time-of-Flight" (ToF) principle, utilizing high-frequency sound
waves—typically above the range of human hearing (20 kHz to 200 kHz)—to
determine the distance to a target material.

| The Time-of-Flight Principle

The measurement cycle begins when the sensor's transducer, which contains a
piezoelectric crystal, is energized with an electrical pulse. This causes the crystal
to vibrate, emitting a burst of ultrasonic energy that travels through the air toward
the surface of the medium being measured. When the sound waves hit the surface,
a portion of the energy is reflected back toward the sensor as an echo.

The sensor then switches to a receiving mode to detect the returning echo. The
onboard electronics measure the exact time elapsed between the emission of the
pulse and the reception of the echo. The distance $(D)$ from the sensor to the
material surface is calculated using the following formula:

$$D = \frac{c \times t}{2}%$%$
Where:
- $c$ is the speed of sound in the medium (usually air).

- $t$ is the total travel time (round trip).
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Since the total distance represents a round trip, the result is divided by two. The
actual level of the material in a tank or vessel is then determined by subtracting
this distance from the known height of the vessel.

| The Influence of the Speed of Sound

A critical factor in the accuracy of an ultrasonic level detector is the speed of
sound. In air, the speed of sound is approximately 343 meters per second (1,125
feet per second) at 20°C (68°F). However, the speed of sound is highly dependent
on the temperature of the gas through which it travels. For every 1°C change in
temperature, the speed of sound changes by approximately 0.17%.

To maintain accuracy, professional-grade ultrasonic sensors incorporate an
integrated temperature sensor to provide real-time compensation. If there is a
significant temperature gradient between the sensor and the material surface, or if
the gas composition is not air (e.g., carbon dioxide or nitrogen), the speed of sound
will vary significantly, potentially leading to measurement errors unless manually
adjusted in the transmitter settings.

| Key Components and System Configurations

An ultrasonic level detector system typically consists of two primary functional
blocks: the transducer and the transmitter electronics. Depending on the
application requirements, these may be housed in a single unit
(compact/integrated) or separate units (remote).

1. Transducer: The "business end" of the device. It converts electrical energy into
mechanical sound waves and vice versa. Transducers are often coated with
materials like PVDF or PTFE to resist chemical corrosion.

2. Transmitter/Electronics: This component processes the raw signal, filters out
noise, performs temperature compensation, and converts the time measurement
into a standard industrial output signal, such as 4-20mA, HART, Modbus, or
Profibus.

For more information on the various configurations available for industrial use, you
can Review product options and application support on our Main Page.
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|Practica| Selection Criteria

Ultrasonic Level Detector

Choosing the right ultrasonic level detector requires a thorough assessment of the
process environment. While these sensors are highly versatile, they are not "one
size fits all." The following table outlines the key parameters to evaluate during the

selection process.

| Selection Table for Ultrasonic Level Sensors

Measuring Range

Media Type

Chemical Compatibility

Process Temperature

Mounting Connection

Output Requirements

Total height of the vessel
plus the mounting nozzle.

Liquids (smooth surface) vs.
Solids (uneven surface).

Corrosive vapors or
splashing liquids.

Standard range is typically
-40°C to 80°C (-40°F to
176°F).

Threaded (NPT/G) or Flanged.

Integration with PLC, SCADA,
or local display.

Select a sensor with a range
20% greater than the
maximum required distance.

Solids require high-power
transducers and adjustable
gain to capture weak echoes.

Use PVDF or Tefzel-faced
transducers for chemical
resistance.

Ensure the sensor has
integrated temperature
compensation.

Flanges are preferred for
pressurized or agitated
tanks.

4-20mA with HART is the
industry standard for
flexibility.

| Installation Guidelines and Best Practices

The performance of an ultrasonic level detector is heavily dependent on proper
installation. Even the most advanced sensor will fail to provide accurate data if it is

poorly positioned.
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|1. Understanding the Dead Zone (Blocking Distance)

Every ultrasonic sensor has a "dead zone" or "blocking distance" immediately in
front of the transducer face. This is the area where the sensor cannot accurately
measure because the transducer is still vibrating from the initial pulse and cannot
yet "hear" the returning echo. Typically, this distance ranges from 0.1 meters to
0.8 meters (4 to 31 inches) depending on the frequency of the sensor. The
maximum level of the material must never enter this dead zone.

| 2. Mounting Position and Orientation

Perpendicularity: The sensor must be mounted so that the transducer face is
perfectly parallel to the material surface. If the sensor is tilted, the ultrasonic pulse
will reflect away from the sensor rather than back toward it, resulting in signal
loss.

Wall Proximity: Avoid mounting the sensor too close to the tank wall. Sound waves
spread out in a cone shape (typically 5° to 12°). If the cone hits the tank wall, it
can create false echoes. As a rule of thumb, the sensor should be mounted at least
1/6th of the tank diameter away from the wall.

Inflow Avoidance: Never mount the sensor directly above the fill stream. The
falling material will scatter the ultrasonic signal and cause erratic readings.

| 3. Obstruction Management

Internal tank structures such as ladders, agitators, heating coils, or support beams
can cause "false echoes." Modern ultrasonic transmitters feature "False Echo
Suppression"” or "Echo Mapping" software. During commissioning, the user can
program the sensor to ignore echoes from fixed internal structures, focusing only
on the signal from the actual material surface.
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| Limitations and Environmental Risks

While ultrasonic technology is robust, certain environmental factors can attenuate
the signal or introduce significant errors. Engineers should be aware of the
following risks:

Foam and Turbulence: Heavy foam on the surface of a liquid acts as an acoustic
absorber, soaking up the sound energy and preventing an echo from returning.
Similarly, extreme surface turbulence can scatter the signal. In these cases, a
stilling well or a radar level meter may be a better choice.

Vacuum and Pressure: Sound requires a medium (gas) to travel. Therefore,
ultrasonic level detectors cannot function in a vacuum. High-pressure
environments increase the density of the air, which changes the speed of sound
and may require specialized calibration.

Dust and Vapors: While light dust is generally manageable, extremely dense dust
(common in grain silos) or heavy steam can attenuate the ultrasonic pulse. If the
vapor is a chemical other than air, the speed of sound will change, requiring a
constant gas composition for accurate measurement.

High Temperature: Most ultrasonic transducers are limited to approximately 80°C
(176°F). Beyond this, the piezoelectric elements and housing materials may
degrade.

| Maintenance and Troubleshooting

One of the primary benefits of an ultrasonic level detector is that it has no moving
parts, which significantly reduces maintenance requirements. However, periodic
checks are recommended to ensure long-term reliability.

1. Transducer Cleaning: In applications with high humidity or sticky vapors,
condensation or material buildup can occur on the transducer face. This can
increase the dead zone or cause the sensor to "lock up" at a high-level reading.
Wiping the face with a soft cloth and mild solvent is usually sufficient.
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2. Signal Strength Monitoring: Most modern transmitters provide a "Signal-to-Noise
Ratio" (SNR) or "Echo Strength" diagnostic. Monitoring this value can help identify
degrading conditions (such as foam buildup or transducer wear) before a total
signal loss occurs.

3. Cable Integrity: Ensure that cable glands are tight and that there is no moisture
ingress into the electronics housing, which is a common cause of premature failure
in outdoor or wash-down environments.

|Frequent|y Asked Questions (FAQs)

Q: Can an ultrasonic level detector be used on solids like sand or plastic pellets?

A: Yes, but with caveats. Solids often have an irregular surface that scatters sound
waves. You should select a sensor specifically designed for solids, which usually
features a lower frequency and higher power output to overcome signal scattering.

Q: How does wind affect an ultrasonic sensor in an open-air application?

A: Strong wind can "blow" the ultrasonic pulse away from its vertical path,
potentially causing signal loss. For outdoor installations in windy areas, using a
sensor with a narrower beam angle or a protective shroud can help.

Q: What is the difference between an ultrasonic level detector and a radar level
meter?

A: Ultrasonic sensors use sound waves, while radar uses electromagnetic waves.
Radar is generally more expensive but is unaffected by vacuum, dust, foam, or
temperature fluctuations. Ultrasonic is the preferred cost-effective choice for
standard liquid applications at atmospheric pressure.
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| Conclusion

The ultrasonic level detector remains a premier choice for industrial level
monitoring due to its non-contact nature and ease of integration. By understanding
the relationship between the speed of sound and environmental variables, and by
adhering to strict installation guidelines regarding dead zones and beam angles,
users can achieve high-precision measurements with minimal maintenance
overhead. For those seeking to optimize their process control systems, it is vital to
verify the specific chemical and physical properties of the application before
finalizing a hardware selection. To explore a wide range of industrial measurement
solutions, visit the Main Page for detailed technical specifications and expert
support.
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