WELK | REFERENCE GUIDE

Fmr532

A practical guide to fmr532, covering the reader intent, the relationship to fmr532,
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 process automation, high-precision level
measurement is a cornerstone of inventory management and custody transfer.
Instruments like the fmr532 represent a specific class of radar level gauges
designed for high-accuracy applications, particularly in the oil and gas, chemical,
and bulk storage industries. Achieving millimeter-level precision requires a deep
understanding of radar physics, installation geometry, and the specific
characteristics of the medium being measured.

As a professional manufacturer of industrial level measurement instruments, Welk
provides a range of solutions that align with the technical requirements of
high-stakes industrial environments. This guide explores the principles of
high-precision radar measurement, selection criteria for instruments like the
fmr532, and the practical considerations necessary for successful deployment.

| Measurement Principles of High-Precision Radar

Radar level measurement technology generally falls into two categories: Pulse
Radar (Time-of-Flight) and Frequency Modulated Continuous Wave (FMCW).
High-precision gauges, including the fmr532 series, often utilize advanced signal
processing to achieve accuracies as fine as 0.5 mm (0.02 in).

| Time-of-Flight (ToF)

In traditional pulse radar, the instrument emits short microwave pulses toward the
product surface. These pulses are reflected back to the antenna. The transmitter
measures the time elapsed between emission and reception. Since the speed of
light is constant, the distance is calculated as:

\[ D = \frac{c \times t} {2} \]
Where:
- D is the distance to the product.
- ¢ is the speed of light.

- tis the measured time-of-flight.
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| FMCW Technology

Many high-accuracy instruments in the fmr532 class employ FMCW technology.
Instead of pulses, the transmitter sends a continuous signal with a constantly
changing frequency. By the time the signal reflects from the liquid surface and
returns to the antenna, the transmitted frequency has shifted. The difference
between the transmitted and received frequency is directly proportional to the
distance. This method allows for a higher signal-to-noise ratio and better resolution
in complex environments.

| The Role of Frequency

Frequency plays a critical role in performance. While lower frequencies (around 6
GHz to 10 GHz) are less affected by foam or vapor, higher frequencies (such as 26
GHz or 80 GHz) allow for smaller antenna sizes and narrower beam angles.
Narrower beams are essential for avoiding internal tank obstructions like agitators
or heating coils.

| Technical Specifications and Evaluation Criteria

When evaluating high-precision radar gauges, engineers must look beyond the
basic data sheet. The following criteria are essential for ensuring the instrument
meets the demands of the application.

| Accuracy and Repeatability

For custody transfer—where financial transactions are based on level
readings—accuracy is paramount. Instruments like the fmr532 are often NMI
(National Metrology Institute) or PTB approved. This ensures that the measurement
is legally traceable and reliable for trade.
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| Dielectric Constant (er)

The reflectivity of the medium is determined by its dielectric constant. Water has a
high dielectric constant (er = 80) and is an excellent reflector. Hydrocarbons,
however, often have low dielectric constants (er < 2.0), requiring more sensitive
electronics and specialized antenna designs to ensure a reliable return signal.

| Process Temperature and Pressure

High-accuracy gauges must be able to withstand the process environment without
drifting. Thermal expansion of the tank and the instrument itself must be
compensated for, either through mechanical design or software algorithms.

| Selection Table: Radar Technology Comparison

The following table outlines the differences between standard industrial radar and
high-precision custody transfer radar, such as the fmr532 class.

Standard Industrial Radar High-Precision Radar
(e.g., fmr532)

Typical Accuracy 2 mm to £10 mm 0.5 mm to £1 mm

Primary Application Process Control / Monitoring Custody Transfer / Inventory
Control

Measurement Range Up to 30m - 70m Up to 40m (Optimized for
Storage)

Frequency Options 6 GHz, 26 GHz, 80 GHz Typically 10 GHz or 26 GHz

Approval Requirements General Purpose / Hazardous Metrological Approval (NMI,

Area PTB)

Signal Processing Standard ToF Advanced FMCW or High-Res

Pulse

For a broader look at how these technologies integrate into various industrial
sectors, you can review product options and application support on our Main Page.
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| Installation Considerations

The performance of a high-precision radar gauge is heavily dependent on correct
installation. Even the most advanced fmr532 unit will fail to provide accurate data
if the physical installation is flawed.

| Nozzle Geometry

The nozzle height and diameter must be compatible with the antenna type. If the
nozzle is too long or narrow, it can create internal reflections (ringing) that mask
the true level signal. Ideally, the antenna should extend slightly below the nozzle
or be used with a horn antenna that matches the nozzle diameter.

| Stilling Wells and Bypass Pipes

In tanks with heavy turbulence, foam, or internal obstructions, a stilling well (or

standpipe) is often used. The radar signal is confined within the pipe, providing a
clean reflection from the liquid surface. For high-accuracy applications, the pipe
must be straight, smooth, and vertically alighed. Any weld beads or burrs inside

the pipe can cause false echoes.

| Beam Angle and Obstructions
Every radar antenna has a beam angle (typically between 3° and 25°). It is vital to
ensure that no internal structures—such as ladders, pipes, or agitators—intersect

the radar beam. If an obstruction is unavoidable, many modern transmitters offer
"false echo suppression" software to map out and ignore these static reflections.

| Limitations and Risks

While radar technology is highly versatile, it is not a universal solution. Engineers
should be aware of the following risks:

Welk Reference Guide 5



WELK REFERENCE GUIDE Fmr532

1. Heavy Foam: Dense, thick foam can absorb radar signals entirely, leading to a
loss of echo. In these cases, a guided wave radar or a mechanical float-based
gauge may be more appropriate.

2. Condensation and Buildup: While many antennas are designed to be
self-cleaning, heavy buildup of viscous or crystallizing products on the antenna
lens can attenuate the signal.

3. Vapor Space Conditions: Rapid changes in pressure or the presence of heavy
gas blankets (like high-pressure CO2) can slightly change the speed of the radar
signal, requiring compensation for high-accuracy measurements.

4. Tank Bottom Reflection: When the tank is nearly empty, the radar signal may
pass through low-dielectric liquids and reflect off the tank bottom, causing an
erroneous reading. This is known as the "bottom echo" effect.

| Practical Maintenance Guidance

To maintain the precision expected of an fmr532 class instrument, a regular
maintenance schedule should be established:

Visual Inspection: Check the antenna for signs of corrosion or product buildup.

Verification: Periodically compare the radar reading against a manual dip tape
measurement. For custody transfer, this is often a legal requirement.

Electronic Diagnostics: Utilize the onboard diagnostics of the transmitter to monitor
signal strength (amplitude) and the signhal-to-noise ratio. A declining signhal strength
may indicate a developing problem with the antenna or a change in the process
conditions.

| Integration with Tank Gauging Systems

High-precision radar gauges rarely operate in isolation. They are typically part of a
larger Tank Gauging System (TGS) that includes:

- Average Temperature Probes: Since liquid volume changes with temperature,
accurate temperature data is required to calculate Net Standard Volume (NSV).
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- Pressure Transmitters: Used for hydrostatic interface measurement or to
monitor tank blanketing pressures.

- Communication Gateways: Most high-precision gauges use digital protocols
like Modbus, Foundation Fieldbus, or specialized tank gauging protocols (e.g.,
Enraf GPU) to transmit data to the control room.

Welk’s range of industrial level sensors is designed to integrate seamlessly into
these automation frameworks, providing reliable data for both process control and
inventory management.

| Frequently Asked Questions (FAQ)

Q: Can the fmr532 be used for solids level measurement?

A: While radar technology is used for solids, high-precision gauges like the fmr532
are specifically optimized for liquid surfaces. Solids measurement typically requires
different signal processing to account for uneven surfaces and dust.

Q: What is the difference between 26 GHz and 80 GHz radar?

A: 80 GHz radar has a much narrower beam angle and a smaller antenna, making
it easier to install in small nozzles or tanks with many obstructions. However, 26
GHz is often more robust in applications with heavy condensation or slight
foaming.

Q: Is a stilling well always required for custody transfer?

A: Not always, but it is highly recommended. A stilling well eliminates surface
ripples and provides a controlled environment, which is essential for achieving the
+0.5 mm accuracy required for trade-certified measurements.

Q: How does the dielectric constant affect the measurement?

A: The dielectric constant determines how much of the radar energy is reflected. If
the er is too low (below 1.4), the reflection may be too weak for the instrument to
detect unless a stilling well or guided wave radar is used.
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By following these engineering principles and selection guidelines, facilities can
ensure that their level measurement strategy provides the accuracy and reliability
necessary for modern industrial operations. For further technical specifications and
to explore our full range of level measurement solutions, please visit our Main
Page.

Welk Reference Guide 8



