WELK | REFERENCE GUIDE

Vegapuls

A practical guide to vegapuls, covering the reader intent, the relationship to
vegapuls, key evaluation criteria, common risks, and the information the intended
project audience should confirm before taking the next step.

levelmeter.org
Main topic: Main Page
https://www.level-meters.com/

Welk Reference Guide 1



WELK REFERENCE GUIDE Vegapuls

In the landscape of industrial automation, radar level measurement has
transitioned from a specialized solution to a primary standard for liquid and solid
monitoring. The Vegapuls series represents a significant benchmark in this
technological evolution, particularly through its pioneering use of 80 GHz radar
technology. For process engineers and plant managers, understanding the
operational mechanics, selection criteria, and installation nuances of these sensors
is essential for ensuring long-term measurement reliability and process safety.

| Measurement Principles of Radar Level Technology

To appreciate the capabilities of modern radar sensors like the Vegapuls, one must
first understand the fundamental physics of non-contact level measurement. These
instruments primarily utilize two methods: Pulse Radar and Frequency Modulated
Continuous Wave (FMCW).

#### Time of Flight (ToF)

In pulse-based systems, the sensor emits short microwave pulses toward the
medium. These pulses travel at the speed of light, reflect off the surface of the
material, and return to the sensor. The instrument measures the time interval
between emission and reception. Since the speed of light is constant, the distance
(d) is calculated as $d = (c \times t) / 2%, where c is the speed of light and t is the
measured time. The level is then derived by subtracting this distance from the
total tank height.

##H## FMCW Principle

Most high-frequency sensors, including the latest 80 GHz iterations, utilize the
FMCW principle. Instead of pulses, the sensor transmits a continuous signal with a
frequency that changes linearly over time (a frequency sweep). The reflected
signal is received with a frequency shift compared to the signal being emitted at
that exact moment. The difference in frequency is directly proportional to the
distance. FMCW offers superior signal-to-noise ratios, allowing for more precise
measurements in turbulent conditions or when measuring materials with low
reflectivity.

Welk Reference Guide 2



WELK REFERENCE GUIDE Vegapuls

| The Significance of Frequency in Radar Performance

The transition from low-frequency (6 GHz) and mid-frequency (26 GHz) radar to
high-frequency 80 GHz radar has redefined the boundaries of what is measurable.

1. Beam Focusing: A higher frequency allows for a much narrower beam angle with
a smaller antenna size. For example, an 80 GHz sensor can achieve a beam angle
of approximately 3 degrees with a 3-inch (80mm) antenna. In contrast, a 26 GHz
sensor would require a significantly larger antenna to achieve even a 10-degree
beam. This narrow focus is critical for avoiding internal tank obstructions like
agitators, heating coils, and ladders.

2. Sensitivity and Resolution: High-frequency waves have shorter wavelengths,
which interact more effectively with the surface of the medium. This results in a
stronger reflection (echo), even from materials with low dielectric constants (&r),
such as plastic pellets or certain oils.

3. Measurement Near the Tank Bottom: The increased bandwidth of 80 GHz
technology allows for a much smaller "dead band" or blocking distance. This
enables the sensor to measure accurately even when the tank is nearly full or
nearly empty, providing a wider effective measurement range.

| Technical Evaluation and Selection Criteria

When evaluating radar level meters for a specific application, several technical
parameters must be confirmed. While the Vegapuls range offers versatility, the
specific model choice depends on the following factors:

Dielectric Constant (er): This is the most critical factor in radar measurement. It
represents the ability of a material to reflect microwave energy. Water has a high
er (~80), making it very easy to measure. Hydrocarbons often have low €r values
(1.7 to 2.5), requiring high-sensitivity sensors with advanced signal processing.

Process Temperature and Pressure: Standard sensors typically handle up to 80°C
(176°F), but specialized versions with ceramic seals or cooling fins can operate in
environments exceeding 450°C (842°F) and pressures up to 160 bar (2320 psi).
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Vessel Geometry: Narrow, tall silos require the tight beam focusing provided by 80
GHz sensors to prevent "ghost echoes"” from the silo walls.

Surface Conditions: Heavy foam, extreme turbulence, or dust can attenuate the
radar signal. In such cases, selecting a sensor with a high dynamic range is
necessary to distinguish the true level from process noise.

| Selection Guide for Industrial Radar Level Meters

The following table provides a generalized framework for selecting radar
technology based on common industrial scenarios.

Application Recommended Typical Medium Key Challenge

Category Frequency

Simple Liquid 26 GHz / 80 GHz Water, chemicals Condensation on

Storage antenna

Small Process 80 GHz Acids, solvents Internal

Vessels obstructions/Agitators

Solid Silos (Tall) 80 GHz Cement, grain, Dust and uneven

plastic surface

High-Pressure Boilers 26 GHz (Guided Saturated steam Changing vapor
Wave) density

Open Channels 80 GHz Wastewater Environmental

interference

For engineers seeking comprehensive technical specifications and alternative
high-performance radar options, visiting the Main Page provides a detailed
overview of industrial level measurement instruments tailored for water treatment
and chemical processing.

Installation Guidelines and Engineering
Considerations

Proper installation is as important as sensor selection. Even the most advanced
radar sensor will fail if the physical mounting ignores basic engineering principles.
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Nozzle Geometry: The antenna should ideally extend slightly beyond the bottom of
the mounting nozzle to prevent signal interference from the nozzle edge. If the
nozzle is long and narrow, an 80 GHz sensor is preferred due to its narrow beam.

Positioning: Sensors should never be mounted in the center of a tank (where
multiple reflections can converge) or too close to the wall (where the beam might
clip the side). A common rule of thumb is to mount the sensor at 1/3 of the tank
radius from the outer wall.

Obstruction Avoidance: Ensure the sighal path is clear of inflow streams. If an
agitator is present, the sensor’s software should be configured with a "False Signal
Suppression" (or "Static Mapping") to ignore the echoes generated by the blades.

Orientation: For solid materials, the angle of repose must be considered. In some
cases, a swiveling holder is used to aim the radar beam at the most representative
point of the material surface.

| Navigating Limitations and Process Challenges

Despite the robustness of radar technology, certain conditions present significant
challenges:

1. Heavy Foam: Micro-bubbles in foam can absorb radar energy rather than
reflecting it. If the foam is thick and dense, ultrasonic sensors or guided wave
radar (GWR) may be more effective alternatives.

2. Vacuum Conditions: While radar works perfectly in a vacuum (unlike ultrasonic
sensors which require a medium for sound travel), the mechanical seals of the
sensor must be rated for vacuum service to prevent air ingress or sensor damage.

3. Low Dielectric Solids: Materials like dry wood chips or certain plastic powders
may allow the radar signal to pass through them to the floor of the silo. In these
instances, high-gain 80 GHz sensors with specialized algorithms are required to
detect the faint surface reflection.

| Frequently Asked Questions (FAQ)

Q: Does the Vegapuls require regular calibration?
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A: Radar sensors are generally maintenance-free because they have no moving
parts and do not contact the medium. However, an annual verification of the
4-20mA output against a manual tape measure is recommended for ISO
compliance and safety audits.

Q: Can radar measure through a plastic tank lid?

A: Yes. Because microwaves can penetrate non-conductive materials, it is possible
to measure the level inside a plastic IBC or tank without cutting a hole, provided
the lid material does not contain conductive pigments (like carbon black).

Q: How does dust affect 80 GHz radar?

A: Unlike ultrasonic sensors, which are heavily affected by dust attenuating the
sound wave, radar signals are largely unaffected by air-borne dust. However,
heavy buildup on the antenna lens itself can eventually degrade the signal. Most
modern 80 GHz sensors feature a smooth, convex lens design that sheds
condensation and dust naturally.

Q: What is the difference between "Non-Contact" and "Guided Wave" radar?

A: Non-contact radar (like the Vegapuls) sends waves through the air. Guided
Wave Radar (GWR) uses a physical probe (cable or rod) to lead the signal to the
surface. GWR is often better for extremely low dielectric liquids or interface
measurement (e.g., oil over water), while non-contact radar is preferred for
corrosive or sticky media where probe fouling is a concern.

| Conclusion

The integration of high-frequency radar into industrial processes has significantly
reduced the complexity of level monitoring. By leveraging the narrow beam and
high dynamic range of 80 GHz technology, facilities can achieve millimeter-level
accuracy in conditions that were previously considered unmeasurable. When
selecting a system, engineers must balance the dielectric properties of the
medium with the physical constraints of the vessel. For those requiring customized
OEM/ODM services or cost-effective alternatives for water treatment and industrial
automation, exploring the diverse range of instruments on the Main Page is a
practical next step in optimizing process control.
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