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Endress Hauser Radar

A practical guide to endress hauser radar, covering the reader intent, the
relationship to endress hauser radar, key evaluation criteria, common risks, and
the information the intended project audience should confirm before taking the
next step.
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Radar level measurement has become the preferred technology for non-contact
level sensing in industrial processes. Among the leaders in this field, Endress
Hauser radar systems, specifically the Micropilot series, provide a wide range of
solutions tailored to liquids, solids, and hazardous environments. Understanding
the underlying physics of radar measurement and the specific hardware
configurations available is essential for engineers and plant managers seeking to
optimize their process control.

| Fundamentals of Radar Level Measurement

Radar level instruments operate on the principle of electromagnetic wave
propagation. These devices emit high-frequency signals that travel through the
tank headspace, reflect off the surface of the medium, and return to the sensor.
The instrument then calculates the level based on the properties of the returned
signal.

| The Time-of-Flight (ToF) Principle

All radar level meters, including those in the Endress Hauser radar portfolio, utilize
the Time-of-Flight (ToF) principle. Because the speed of light (approximately
300,000 km/s or 186,000 miles/s) is constant in a vacuum and relatively stable in
most atmospheric conditions, the distance to the product surface can be calculated
using the formula:

Distance = (Speed of Light x Travel Time) / 2

The factor of two accounts for the signal traveling to the surface and back. Once
the distance is known, the transmitter subtracts this value from the total tank
height (the calibration parameter known as the "Empty Calibration") to determine
the actual level of the product.

| Pulse Radar vs. FMCW

There are two primary methods used by industrial radar sensors to measure time
of flight:
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1. Pulse Radar: The device emits a short microwave pulse and measures the time
it takes for the pulse to return. This method is energy-efficient and has historically
been used in loop-powered (2-wire) instruments.

2. Frequency Modulated Continuous Wave (FMCW): The device emits a continuous
signal with a constantly changing frequency. The reflection returns at a frequency
that was emitted slightly earlier. The difference between the current emitted
frequency and the received frequency is proportional to the distance. FMCW is
known for its high accuracy and superior signal-to-noise ratio, making it the
standard for modern 80 GHz radar systems.

| Frequency Selection in Radar Level Gauging

The frequency of the radar signal significantly impacts the performance of the
instrument, particularly regarding its beam angle and its ability to penetrate foam
or dust. Endress Hauser radar instruments typically operate in three main
frequency bands.

| 6 GHz (C-Band)

Low-frequency radar (around 6 GHz) is less affected by foam, heavy turbulence, or
condensation on the antenna. However, it requires a very large antenna to achieve
a narrow beam. If a 6 GHz radar is used with a small nozzle, the beam will be very
wide, increasing the risk of interference from tank walls or internal obstructions
like agitators and ladders.

] 26 GHz (K-Band)

For many years, 26 GHz was the industry standard. It offers a good balance
between antenna size and beam focus. A 26 GHz radar with a 80 mm (3-inch) horn
antenna provides a beam angle of approximately 10 degrees. This is suitable for
most standard chemical and oil storage applications where the tank internals are
relatively clear.
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] 80 GHz (W-Band)

Modern high-end radar systems, such as the Micropilot FMR6x series, utilize 80
GHz technology. The higher frequency allows for an extremely narrow beam angle
(as low as 3 degrees) even with a small antenna. This precision makes it possible
to measure level in tall, narrow silos or tanks with complex internal structures.
Furthermore, 80 GHz signals are less sensitive to nozzle interference, allowing for
installation on longer nozzles than was previously possible.

| Key Features of Endress Hauser Radar Systems

Endress Hauser radar technology is characterized by several proprietary features
designed to simplify commissioning and enhance reliability. For those exploring
comprehensive industrial measurement options, reviewing the Main Page of
specialized manufacturers can provide additional context on how these features
compare across the industry.

Heartbeat Technology: This feature provides continuous self-diagnostics and
verification without interrupting the process. It can detect issues such as antenna
buildup or electronic degradation, providing a documented verification report for
regulatory compliance.

HistoROM Data Management: This is a localized memory module that stores device
parameters and event logs. If a transmitter head needs to be replaced, the
HistoROM can be moved to the new unit, automatically uploading all settings and
eliminating the need for recalibration.

Multi-Echo Tracking: The software algorithms in these devices can distinguish
between the true level signal and "false echoes" caused by tank internals. By
mapping the tank when empty, the radar can ignore static reflections from baffles
or heating coils.
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|Se|ection Guide for Industrial Applications

Choosing the correct radar instrument requires an evaluation of the medium, the
process temperature, and the physical constraints of the vessel. The following
table provides a general guideline for selecting radar technology based on
common industrial scenarios.

Application Recommended Typical Medium Key Considerations

Frequency

Water & Wastewater 80 GHz / 26 GHz Water, Sludge Compact design,
weather resistance

Chemical Storage 80 GHz Acids, Solvents Chemical
compatibility of
wetted parts

Bulk Solids/Silos 80 GHz Grain, Cement, Dust penetration and
Plastic beam focusing
High-Pressure Tanks 26 GHz / 80 GHz Liquefied Gases Pressure ratings up

to 160 bar (2320 PSI)

Hygienic/Food 80 GHz Milk, Juice, Syrup CIP/SIP cleaning
requirements

| Installation Best Practices

Correct installation is critical to the performance of any radar level meter. Even the
most advanced Endress Hauser radar will fail to provide accurate data if it is poorly
positioned.

1. Nozzle Positioning: The radar should not be installed in the center of a tank, as
this can lead to multiple reflections from the tank walls that converge at the
center, creating a "vortex" effect that confuses the sensor. Ideally, the sensor
should be placed at 1/6th of the tank diameter from the wall.

2. Avoiding Obstructions: The radar beam must have a clear path to the product
surface. If the beam hits an agitator, a ladder, or a fill stream, it will produce a
strong false echo. While software can "mask" these echoes, it is always better to
avoid them physically.
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3. Nozzle Height: The antenna should ideally extend slightly below the nozzle. If
the antenna is recessed deep inside a narrow nozzle, the "ringing" effect of the
signal bouncing off the nozzle walls can create a dead zone (blocking distance) at
the top of the tank, preventing measurement of a full vessel.

4. Mounting Angle: For liquid applications, the radar should be mounted perfectly
vertical. For solids, however, it is often necessary to use an adjustable flange to
aim the radar at the angle of repose of the material to ensure a strong return
signal.

| Limitations and Operational Challenges

While radar is highly versatile, it is not a universal solution for every level
measurement problem. Engineers must be aware of the following limitations:

| Dielectric Constant (er)

The reflectivity of a medium depends on its dielectric constant. Materials with high
dielectric constants, like water (er = 80), reflect signals very well. Hydrocarbons
and solvents often have low dielectric constants (er < 2). If the er is below 1.4, the
reflection may be too weak for a standard radar to detect reliably. In such cases, a
guided wave radar (GWR) or a high-sensitivity 80 GHz FMCW radar is required.

| Foam and Turbulence

Heavy, dense foam can absorb radar signals, leading to signal loss. While 6 GHz
radar is more resistant to foam than 80 GHz, extremely thick foam may still
require a different measurement technology, such as a hydrostatic pressure
transmitter or a displacement-based system. Similarly, extreme surface turbulence
can scatter the radar signal. Using a stilling well or a bypass pipe can mitigate this
issue by providing a calm surface for the measurement.
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| Condensation and Buildup

Although non-contact radar is less prone to maintenance than contact methods,
heavy condensation or material buildup on the antenna can attenuate the signal.
Many Endress Hauser radar units feature PTFE-encapsulated antennas or "drip-off"
designs that encourage condensation to run off rather than form droplets that
block the signal.

| Comparison with Alternative Technologies

In many industrial settings, radar competes with ultrasonic and hydrostatic level
sensors.

Ultrasonic Sensors: These use sound waves instead of microwaves. They are
generally more affordable but are highly sensitive to changes in air temperature,
pressure, and the presence of vapors or dust. Radar is generally superior in
vacuum or high-pressure applications where sound cannot travel effectively.

Hydrostatic Pressure: This method measures the weight of the liquid column. It is
very reliable for liquids but cannot be used for solids and is affected by changes in
the density of the medium.

Guided Wave Radar (GWR): Unlike non-contact radar, GWR uses a probe (rod or
cable) to guide the signal to the surface. It is excellent for low-dielectric liquids and
applications with heavy foam, but it is subject to mechanical stress and material
buildup on the probe.

For a broader look at how these technologies are integrated into industrial
automation, professional resources like the Main Page of industrial instrument
manufacturers offer technical specifications and application notes that can assist
in the selection process.

| Frequently Asked Questions

Q: Can Endress Hauser radar measure level through a plastic tank lid?
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A: Yes, because microwaves can penetrate non-conductive materials like plastic or
glass, it is possible to measure the level without cutting a hole in the tank,
provided the material is not too thick and does not contain metal reinforcement.

Q: What is the typical accuracy of a modern radar level meter?

A: High-frequency FMCW radars (80 GHz) typically offer an accuracy of 1 mm
(0.04 inches). Standard 26 GHz units usually offer around £2 mm to £5 mm.

Q: Does the pressure inside the tank affect radar measurement?

A: Unlike ultrasonic sensors, radar signals are not significantly affected by
pressure. However, the physical construction of the antenna and the process seal
must be rated for the specific pressure and temperature of the vessel.

Q: How often does a radar level meter need calibration?

A: Because there are no moving parts and the measurement is based on the speed
of light, radar meters are extremely stable. In many applications, they only require
a functional check every few years, though critical safety loops (SIL) may require
more frequent proof testing.

In summary, Endress Hauser radar systems offer a sophisticated and reliable
means of level measurement across a vast array of industries. By selecting the
appropriate frequency, ensuring correct installation, and understanding the
dielectric properties of the medium, engineers can achieve precise and
maintenance-free level control for even the most challenging process conditions.
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