Level Transducer

A practical guide to level transducer, covering the reader intent, the relationship to
level transducer, key evaluation criteria, common risks, and the information the
intended project audience should confirm before taking the next step.
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In the landscape of industrial automation and process control, the level transducer
serves as a fundamental sensing element. Its primary function is to convert the
physical height or volume of a substance—whether liquid, slurry, or bulk solid—into
a standardized electrical signal. While the terms "transducer" and "transmitter" are
frequently used interchangeably in commercial catalogs, from an engineering
perspective, the transducer is the component that performs the energy conversion,
while the transmitter conditions that signal for long-distance transmission, typically
as a 4-20mA, HART, or Modbus output.

Selecting the appropriate level transducer requires a deep understanding of
measurement physics, media characteristics, and environmental constraints. Welk
provides a comprehensive range of level measurement instruments designed to
meet the rigorous demands of water treatment, chemical processing, and oil and
gas industries. This guide explores the core technologies, selection criteria, and
practical installation considerations for modern level transducers.

| Measurement Principles of Level Transducers

Before specifying a device, engineers must evaluate the physical principle that
best suits the application. Level transducers generally fall into two categories:
contact and non-contact.

| 1. Radar Level Transducers (ToF)

Radar technology utilizes Time-of-Flight (ToF) principles. The transducer emits
high-frequency electromagnetic pulses (typically in the 26GHz or 80GHz range).
These pulses travel at the speed of light, reflect off the surface of the medium, and
return to the sensor. The distance is calculated based on the time interval between
emission and reception.

FMCW (Frequency Modulated Continuous Wave): Modern high-precision radar often
uses FMCW. The sensor emits a continuous signal with a constantly changing
frequency. The difference in frequency between the emitted and received signal is
proportional to the distance.
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Advantage: Since radar waves do not require a medium for propagation, they are
unaffected by vacuum, pressure, or temperature fluctuations in the vapor space.

| 2. Ultrasonic Level Transducers

Similar to radar, ultrasonic transducers use ToF but rely on sound waves rather
than electromagnetic waves. The transducer's piezoelectric crystal vibrates to
create a pulse that bounces off the target surface.

Speed of Sound Factor: The speed of sound is heavily dependent on the
temperature and density of the air. Therefore, most ultrasonic transducers include
an integrated temperature sensor to perform real-time compensation.

Advantage: This is a highly cost-effective non-contact solution for open-channel
flow and water tank monitoring where the atmosphere is relatively stable.

| 3. Hydrostatic Level Transducers

Hydrostatic measurement is based on the principle that the pressure at a specific
point in a static liquid is proportional to the height of the liquid column above it.
The relationship is defined by the formula: $P = \rho \cdot g \cdot h$, where $P$ is
pressure, $\rho$ is the density of the liquid, $g% is gravity, and $h$ is the height.

Submersible Design: These transducers are often designed as submersible probes
with a stainless steel diaphragm. A vented cable allows the internal side of the
sensor to reference atmospheric pressure, ensuring the measurement only reflects
the liquid's head pressure.

Advantage: Ideal for deep wells, boreholes, and vented tanks where top-down
mounting is impractical.

| 4. Magnetic Level Transducers

Magnetic transducers often work in conjunction with a magnetic level gauge. A
float containing a permanent magnet moves with the liquid level. Outside the
chamber, a series of reed switches or a magnetostrictive wire detects the position
of the float.
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Magnetostrictive Principle: A high-current pulse is sent down a sensing wire. When
the pulse reaches the float's magnetic field, a torsional wave is generated and
travels back to the electronics. This provides extremely high accuracy (up to
0.1mm).

Advantage: Provides both a local visual indication and a high-precision electrical
output.

| Technical Selection Criteria

Choosing the wrong level transducer can lead to signal instability, frequent
maintenance, or total sensor failure. The following table provides a comparative
overview of common technologies available on the Main Page and their typical
application envelopes.

| Selection Comparison Table

Technology Media Type Typical Temperature| Pressure
Range

80GHz Liquids/Solids 0.1m - 120m +1 mm -40°C to Vacuum to
Radar +200°C 160 Bar
Ultrasonic Liquids/Slurries 0.3m - 20m +0.26% ES -40°C to Atmospheric
+80°C
Hydrostatic Clean/Waste Im - 200m +0.2% FS -10°C to N/A
Water +70°C (Submerged)
MagnetostrictiveClean 0.5m - 6m +0.01% FS -40°C to Up to 40 Bar
Liquids +150°C
Capacitance Liquids/Solids 0.1m - 5m +100% ES -50°C to Up to 100

+200°C Bar



Level Transducer

| Key Evaluation Factors

1. Dielectric Constant ($er$): For radar and capacitance transducers, the
reflectivity of the medium is critical. Low dielectric materials (like oils or liquid
gases) reflect less energy, requiring high-sensitivity radar or guided wave options.

2. Vapor and Foam: Heavy foam can absorb ultrasonic and radar pulses. In such
cases, a hydrostatic transducer or a guided wave radar (GWR) that uses a physical
probe to guide the signal may be necessary.

3. Chemical Compatibility: The wetted parts (diaphragms, probes, or housings)
must be compatible with the process media. Common materials include 316L
Stainless Steel, PTFE (Teflon), PP, and PVDF.

4. Process Connection: Consider whether the application requires a threaded
NPT/G connection, a flange (ANSI/DIN), or a hygienic tri-clamp for food and
beverage use.

| Installation Considerations

Proper mechanical installation is as important as selecting the right technology.
Poor placement is the leading cause of "ghost echoes" and signal loss.

|Non-Contact Sensor Placement (Radar/Ultrasonic)

Avoid the Center: Do not mount the transducer in the exact center of a domed
tank, as this can cause multiple reflections to converge at the sensor, creating a
false high level.

Clearance from Walls: Maintain a minimum distance from the tank wall (typically
1/10th of the tank height) to prevent the beam from reflecting off the wall or
internal structures like ladders and agitators.

Nozzle Geometry: Ensure the sensor antenna extends slightly beyond the
mounting nozzle to prevent sighal interference from the nozzle edge.
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| Hydrostatic Sensor Placement

Stilling Wells: In tanks with high turbulence or agitators, place the submersible
transducer inside a stilling well (a perforated pipe) to protect the diaphragm from
mechanical stress and stabilize the reading.

Cable Protection: Ensure the vented cable is not kinked or blocked. Use a
specialized junction box with a desiccant to prevent moisture from entering the
vent tube, which can cause sensor drift.

|Dead Zones (Blocking Distance)

Every ToF-based level transducer has a "dead zone" or "blocking distance" near
the sensor face where measurement is impossible. If the liquid level enters this
zone, the sensor may report an error or a fixed value. Engineers must ensure the
maximum expected liquid level remains below this threshold.

| Limitations and Operational Risks

While modern level transducers are highly advanced, they are not universal
solutions. Understanding their limitations is vital for system reliability.

Ultrasonic Limitations: These sensors cannot operate in a vacuum because sound
waves require a medium. They also struggle in high-pressure environments where
the change in air density alters the speed of sound beyond the limits of
temperature compensation.

Radar Limitations: While radar is robust, extremely low dielectric fluids ($er < 1.4%)
may not reflect enough energy for a standard non-contact radar. In these
scenarios, Guided Wave Radar (GWR) is preferred.

Hydrostatic Limitations: These sensors assume a constant liquid density. If the
density changes (e.g., due to temperature shifts or mixing of different fluids), the
level reading will become inaccurate unless a secondary density compensation
system is used.
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Build-up and Scaling: For contact-based probes (capacitance or GWR), the build-up
of conductive material on the probe can cause "bridging," leading the sensor to
report a full tank even when it is empty.

| Frequently Asked Questions (FAQ)

Q: What is the difference between a point level switch and a level transducer?

A: A point level switch (like a tuning fork or float switch) only detects if the material
has reached a specific height (On/Off). A level transducer provides continuous
measurement, allowing the user to know the exact level at any time (e.qg., 45%
full).

Q: Can a level transducer measure solids?

A: Yes. Radar and ultrasonic transducers are commonly used for solids. However,
the angle of repose (the slope of the material pile) must be considered, as it can
deflect signals away from the sensor. High-frequency radar (80GHz) is generally
superior for solids due to its narrower beam.

Q: How often should a level transducer be calibrated?

A: This depends on the technology and the criticality of the process. Hydrostatic
sensors may drift over time and are typically checked annually. Radar and
ultrasonic sensors are solid-state and rarely require recalibration unless the
process conditions (like the dielectric constant or tank geometry) change.

Q: Does the color of the liquid affect ultrasonic or radar measurement?

A: No. Both technologies rely on physical properties (sound reflection or dielectric
constant) and are completely independent of the liquid's color or transparency.

Q: What signal output should | choose?

A: The 4-20mA analog signal is the industry standard for its simplicity and noise
resistance. However, for more complex setups, HART allows for remote
diagnostics, and Modbus/RS485 is ideal for daisy-chaining multiple sensors to a
single PLC port.
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For more detailed technical specifications and to explore specific models for your
application, visit the Welk Main Page for comprehensive product data and
engineering support.



