WELK | REFERENCE GUIDE

Hands-on |&c Training

A practical guide to hands-on i&c training, covering the reader intent, the
relationship to hands-on i&c training, 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 modern industrial landscape, the accuracy of level measurement directly
impacts operational safety, process efficiency, and environmental compliance. For
engineers and technicians, theoretical knowledge of instrumentation is only the
foundation. True proficiency is cultivated through hands-on i&c training, where the
nuances of sensor physics, signal processing, and field installation are mastered in
real-world scenarios. This guide provides a technical overview of level
measurement technologies, selection criteria, and practical considerations
essential for any instrumentation and control (1&C) professional.

The Importance of Hands-on 1&C Training in Level
Measurement

Level measurement is rarely a "plug-and-play" operation. Factors such as vapor
layers, foam, agitated surfaces, and internal tank obstructions can significantly
degrade sensor performance. Hands-on training allows personnel to interact with
various technologies—ranging from non-contact radar to hydrostatic
transmitters—enabling them to identify failure modes that are not always apparent
in a classroom setting.

Technicians who undergo rigorous practical training are better equipped to
perform precise calibrations, troubleshoot complex loop issues, and ensure that
the selected instrument aligns with the specific physical properties of the medium.
For a comprehensive overview of available industrial instrumentation,
professionals often refer to the Main Page of specialized manufacturers to
understand the full scope of modern measurement capabilities.

| Fundamental Measurement Principles

Before selecting or installing an instrument, an I&C professional must understand
the underlying physics of the technology. Level measurement is generally
categorized into non-contact and contact methods.
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|Radar Level Measurement (ToF)

Radar level meters utilize the Time-of-Flight (ToF) principle. The sensor emits a
high-frequency electromagnetic pulse (typically in the 26 GHz or 80 GHz range)
toward the product surface. The pulse is reflected and returned to the antenna.
The distance is calculated based on the time delay and the constant speed of light.

- Advantages: Unaffected by temperature, pressure, or vacuum. Highly accurate
(up to =1 mm).

- Considerations: The Dielectric Constant (DK) of the medium determines the
strength of the reflected signal.

| Ultrasonic Level Measurement

Ultrasonic sensors emit acoustic pressure waves. These waves bounce off the
surface of the medium and return to the transducer. The instrument calculates the
level based on the speed of sound.

- Advantages: Cost-effective and easy to install for simple water or chemical
applications.

- Considerations: The speed of sound is affected by air temperature. Most
modern units include integrated temperature compensation, but extreme
vapors or heavy foam can absorb the sound waves, leading to signal loss.

| Hydrostatic Level Measurement

This method relies on the principle that the pressure at a specific depth in a liquid
is proportional to the height of the liquid column above it. The formula used is $P =
\rho \cdot g \cdot h$, where $P$ is pressure, $\rho$ is density, $g$ is gravity, and
$h$ is height.

- Advantages: Reliable for vented tanks and deep wells.

- Considerations: Changes in liquid density (due to temperature fluctuations) will
result in measurement errors unless compensated.
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| Magnetic Level Gauges

Magnetic level gauges use a float containing a permanent magnet that moves with
the liquid level. This float interacts with an external indicator (flaps or a tracker) or
a reed-chain transmitter.

- Advantages: Provides a clear visual indication without requiring power; highly
robust for high-pressure/high-temperature applications.

|Practica| Selection Criteria

Choosing the right technology requires a systematic evaluation of the process
conditions. The following table serves as a reference for typical industrial
applications.

| Level Technology Selection Table

Application Technology Max Max Pressure Accuracy
Medium Recommendation Temperature (Typical)
(Typical)

Potable Water Ultrasonic / 80°C 3 bar +0.25%

Hydrostatic
Corrosive Radar (PTFE 150°C 40 bar +2 mm
Chemicals Coated)
High-Pressure Guided Wave 450°C 400 bar =5 mm
Steam Radar
Crude Qil 80 GHz 200°C 20 bar +1 mm
Storage Free-space

Radar
Wastewater Submersible 50°C N/A +0.5%
Sump Hydrostatic
Powder/Granular = High-Frequency 250°C 10 bar +10 mm

Solids
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| Installation and Commissioning Guidelines

Even the most advanced instrument will fail if installed incorrectly. Hands-on i&c
training emphasizes the following physical installation parameters:

1. Nozzle Height and Diameter: For radar and ultrasonic units, the nozzle should be
as short as possible. If the nozzle is too long or narrow, it can create "ringing" or
parasitic reflections that interfere with the true level signal.

2. Dead Zones (Blocking Distance): Every non-contact sensor has a minimum
distance (dead zone) near the antenna where measurement is impossible. The
sensor must be mounted high enough so that the maximum liquid level never
enters this zone.

3. Obstruction Avoidance: Avoid mounting sensors directly above ladders, heating
coils, or agitators. If obstructions are unavoidable, most modern radar units allow
for "False Echo Suppression," where the software is taught to ignore static
reflections from internal tank structures.

4. Mounting Position: Generally, sensors should be mounted at 1/4 to 1/3 of the
tank diameter from the wall to avoid interference from wall reflections while
staying clear of the central vortex created by agitators.

| Troubleshooting and Maintenance in the Field

Maintenance is a core component of I&C proficiency. Technicians should be trained
to perform the following checks:

- Loop Checks: Verify that the 4-20mA signal at the PLC matches the reading on
the instrument display.

- Signal-to-Noise Ratio (SNR) Analysis: In radar applications, a low SNR often
indicates antenna buildup or a low-dielectric medium. Cleaning the antenna or
adjusting the sensitivity can resolve these issues.

- Venting and Moisture: For hydrostatic transmitters, ensure the atmospheric
vent tube in the cable is not kinked or blocked, as this will cause inaccurate
readings due to changes in barometric pressure.
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- Buildup Management: In sticky or crystallizing media, ultrasonic and radar
antennas must be checked for coating. While some technologies can "see
through" thin layers, heavy buildup will eventually cause signal loss.

| Limitations of Common Level Technologies

No single technology is universal. Understanding limitations is critical for process
safety.

- Radar: While highly versatile, it can struggle with very low dielectric liquids (DK
< 1.4) unless guided wave radar (GWR) is used. It also requires a clear line of
sight to the surface.

- Ultrasonic: Cannot function in a vacuum (sound requires a medium to travel)
and is highly sensitive to surface foam, which acts as an acoustic absorber.

- Hydrostatic: Inaccurate in pressurized tanks unless a differential pressure (DP)
setup is used to subtract the head pressure from the total pressure.

- Magnetic Gauges: Limited by the float's material compatibility and the risk of
the float getting stuck if the medium contains high levels of particulates or
magnetic fines.

| Frequently Asked Questions (FAQ)

Q: How does temperature affect radar vs. ultrasonic sensors?

A: Radar uses electromagnetic waves, which are unaffected by air temperature.
Ultrasonic uses sound waves, which change speed as air density changes with
temperature. Therefore, ultrasonic sensors require temperature compensation,
whereas radar does not.

Q: What is the benefit of 80 GHz radar over 26 GHz radar?

A: 80 GHz radar has a much narrower beam angle (typically 3° to 4°). This allows it
to be installed in smaller nozzles and makes it easier to avoid internal tank
obstructions like pipes or agitators.
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Q: Can | use a hydrostatic transmitter in a tank with varying density?

A: Not without compensation. Since hydrostatic pressure is a function of density, if
the liquid density changes by 5%, the level reading will also be off by 5%. In such
cases, radar is a better choice.

Q: What is "False Echo Suppression"?

A: It is a software feature in radar and ultrasonic instruments that allows the user
to map out static reflections from tank internals (like ladders or braces). The
instrument records these echoes and ignores them during normal operation,
focusing only on the moving echo from the liquid surface.

| Conclusion

Mastering industrial level measurement requires a blend of theoretical
understanding and practical application. Through hands-on i&c training,
professionals learn to navigate the complexities of different media, vessel
geometries, and environmental factors. By applying the principles of physics and
following rigorous installation standards, |1&C teams can ensure the long-term
reliability of their measurement loops. For those looking to explore specific
hardware solutions or technical data sheets for their next project, visiting the Main
Page of a dedicated manufacturer like Welk is the recommended next step in the
procurement and engineering process.
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