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In the field of industrial process automation, selecting the correct sensor for level
measurement is critical for operational efficiency, safety, and inventory accuracy.
The fdu91f represents a specific category of ultrasonic transducers designed for
non-contact level measurement in both liquid and bulk solid applications. This
engineering guide explores the technical principles, application suitability, and
installation requirements for the fdu91f and similar ultrasonic technologies utilized
in modern industrial environments.

As a professional manufacturer of industrial level measurement instruments, Welk
provides a comprehensive range of solutions, including radar level meters and
ultrasonic sensors. For those seeking detailed technical specifications or
alternative measurement technologies, visiting the Main Page offers a broader
perspective on current industrial offerings.

Understanding Ultrasonic Level Measurement
Principles

The fdu91lf operates on the "Time-of-Flight" (ToF) principle. This method relies on
the emission of ultrasonic pulses from a transducer toward the surface of the
medium being measured.

| The Pulse-Echo Method

Inside the sensor head, a piezoelectric crystal converts electrical energy into
mechanical vibrations, creating ultrasonic sound waves. These waves travel
through the air at the speed of sound. When they encounter a change in
density—typically the interface between air and the product surface—they are
reflected back toward the sensor.

The sensor then acts as a receiver, converting the returning mechanical echo back
into an electrical signal. The distance (D) from the sensor to the surface is
calculated using the formula:

D= X t)l2
Where:

c is the velocity of sound in the medium (typically air).
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t is the measured elapsed time between emission and reception.

|Temperature Compensation

The speed of sound in air is not constant; it fluctuates based on the ambient
temperature. A change of 1°C can result in a 0.17% error in distance
measurement. To maintain accuracy, the fdu91f typically incorporates an
integrated temperature sensor. This allows the internal electronics to adjust the
calculation of 'c' in real-time, ensuring reliable data even as environmental
conditions shift within the vessel.

| Technical Characteristics of the FDU91F Sensor

The fdu91f is engineered for durability and precision in challenging environments.
It is often characterized by its robust construction and specific frequency range,
which determines its measuring distance and penetration capabilities.

| Material Construction

The sensor body is frequently constructed from PVDF (Polyvinylidene fluoride), a
highly non-reactive thermoplastic. This material provides excellent resistance to
solvents, acids, and bases, making the fdu91f suitable for chemical processing and
wastewater treatment. The diaphragm—the vibrating face of the sensor—is
designed to be self-cleaning to an extent, as the high-frequency vibrations help
shed moisture and light dust accumulation.

| Frequency and Range

Operating at a frequency of approximately 43 kHz, the fdu91f strikes a balance
between resolution and range. Lower frequencies can travel further but have wider
beam angles and less resolution, while higher frequencies provide pinpoint
accuracy but are more easily attenuated by dust or steam.

Typical measuring ranges for this class of sensor include:
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Liquids: Up to 10 meters (approx. 33 feet).

Bulk Solids: Up to 5 meters (approx. 16 feet).

| Beam Angle

The beam angle is a critical specification for installation. For the fdu91f, the beam
angle is typically around 9° to 11° (at -3dB). A narrow beam angle is advantageous
as it minimizes the risk of false echoes from internal tank obstructions like ladders,
heating coils, or agitators.

|Key Application Areas and Media Compatibility

The versatility of the fdu91f allows it to be deployed across various industries.
However, its performance is highly dependent on the reflective properties of the
medium.

| Water and Wastewater Treatment

This is the most common application for ultrasonic sensors. The fdu91f is used for
level measurement in open channels, flumes, and weirs, as well as in chemical
storage tanks for flocculants and disinfectants. Its non-contact nature ensures that
the sensor is not fouled by debris or corrosive liquids.

| Chemical Processing

Due to its PVDF housing, the sensor is compatible with a wide range of aggressive
chemicals. It is frequently used in plastic tanks where the sensor can be mounted
via a threaded connection to monitor acids or alkaline solutions.
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| Bulk Solids

In small silos or hoppers containing plastic pellets, grains, or minerals, the fdu91f
provides a cost-effective level solution. It is important to note that bulk solids
reflect sound differently than liquids; the irregular surface of solids scatters the
sound waves, which effectively halves the maximum reliable measuring range
compared to liquid applications.

| Selection and Comparison Guide

When evaluating the fdu91f against other sensors in the Welk catalog or broader
market, engineers should use the following table as a baseline for selection
criteria.

m FDU91F Specification Engineering Consideration

Measuring Range (Liquids) 10 m Ensure the tank height does
not exceed this limit.

Blocking Distance 0.3 m The "Dead Zone" where
measurement is impossible.

Process Temperature -40°C to +80°C Critical for outdoor or heated
process tanks.

Process Pressure 0.7 to 4.0 bar (abs) Not suitable for
high-pressure reactors.

Housing Material PVDF Check compatibility with
specific chemical vapors.

Connection G 1" or NPT 1" Must match the tank nozzle
or bracket.

For applications exceeding these limits, such as high-pressure vessels or ranges up
to 30+ meters, radar level meters are often the preferred alternative. You can
review these advanced options on the Welk Main Page.
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| Installation Requirements and Best Practices

The accuracy of an ultrasonic sensor is often determined more by its installation
than its internal electronics. To ensure the fdu91f performs as intended, several
mechanical guidelines must be followed.

|1. The Blocking Distance (Dead Zone)

Every ultrasonic sensor has a minimum distance directly in front of the transducer
face where it cannot receive an echo. For the fdu91f, this is typically 0.3 meters. If
the liquid level enters this zone, the sensor will provide an error or an incorrect
"full" reading. The sensor must be mounted high enough so that the maximum
liquid level never reaches the blocking distance.

| 2. Avoiding Obstructions

The ultrasonic pulse spreads out in a cone. Any object within this cone—such as a
ladder, a pipe, or a weld seam—will create a false echo. If the sensor is mounted
too close to the tank wall, the wall itself may interfere with the signhal. A general
rule is to maintain a distance from the wall equal to at least 1/6th of the tank
height.

| 3. Orientation and Alignment

The transducer face must be mounted parallel to the surface of the medium. In
liquid applications, this usually means pointing the sensor straight down. In bulk
solids, where the material forms a conical pile, it may be necessary to use an
alignment device to angle the sensor toward the "slope" of the material to
maximize the reflected signal.
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| 4. Mounting in Nozzles

If the fdu91f is mounted on a nozzle, the nozzle must be as short and wide as
possible. If the nozzle is too long or narrow, the ultrasonic pulse will bounce off the
internal walls of the nozzle before it even enters the tank, creating a massive
"near-field" interference that can mask the true level signal.

| Limitations and Environmental Considerations

While the fdu91f is a highly capable sensor, there are physical environments where
ultrasonic technology struggles. Understanding these limitations prevents costly
measurement failures.

Vacuum Applications: Sound requires a medium (air or gas) to travel. In a vacuum,
ultrasonic sensors cannot function. For vacuum tanks, guided wave radar or
hydrostatic pressure transmitters are required.

Heavy Foam: Foam on the surface of a liquid acts as an acoustic absorber. Light
foam may merely reduce the signhal strength, but thick, dense foam can completely
absorb the pulse, leading to a "Loss of Echo" (LOE) error.

Dust and Steam: While the fdu91f can handle moderate dust, extreme
concentrations in a silo can attenuate the signal. Similarly, heavy steam changes
the density of the air, which can significantly impact the speed of sound and
measurement accuracy.

Temperature Gradients: If there is a significant temperature difference between
the liquid and the air space (e.g., a hot liquid in a cold tank), it can create
"layering" in the air. This causes the sound wave to refract or bend, potentially
missing the receiver on the return trip.

| Frequently Asked Questions (FAQ)

Q: Can the fdu91f be used for custody transfer?
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A: Generally, no. While highly accurate for process control (typically £2mm to
5mm), ultrasonic sensors are rarely certified for legal-for-trade custody transfer,
where higher precision radar or servo gauges are standard.

Q: How do | clean the sensor if it gets coated?

A: The PVDF face is durable. If coating occurs, it can be wiped with a soft cloth and
mild detergent. Avoid using sharp metal scrapers, as damage to the diaphragm will
affect the vibration frequency and accuracy.

Q: What happens if the sensor is submerged?

A: The fdu91f is typically rated IP68, meaning it can withstand immersion.
However, while submerged, it cannot measure the level. Once the level drops, the
sensor should resume normal operation, provided the face is not coated in debris.

Q: Can | use this sensor in explosive atmospheres?

A: Yes, provided the specific version of the fdu91f has the required ATEX, FM, or
CSA certifications for the zone in which it is installed. Always verify the nameplate
for hazardous area ratings before installation.

| Conclusion

The fdu91f is a foundational tool for industrial level measurement, offering a blend
of chemical resistance and reliable non-contact performance. By adhering to strict
installation guidelines and understanding the physical limits of ultrasonic sound
propagation, engineers can implement a measurement solution that requires
minimal maintenance and provides years of service. For further technical
assistance or to explore a wider range of industrial level sensors tailored to
specific process needs, please refer to the Main Page for expert guidance and
product support.

Welk Reference Guide 8



