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Radar Level Transmitter
Diagram

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

level-measurement
Main topic: Radar Level Meters
https://www.level-meters.com/products/radar-level-meters/
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In the landscape of industrial process control, accurate level measurement is
fundamental to operational safety, inventory management, and process efficiency.
Among the various technologies available, Radar Level Meters have emerged as
the gold standard for non-contact measurement in challenging environments. For
engineers and system integrators, understanding a radar level transmitter diagram
is essential for successful commissioning. This guide provides a comprehensive
technical breakdown of radar level measurement principles, system architecture,
installation requirements, and selection criteria.

| Understanding the Measurement Principles

Before analyzing a radar level transmitter diagram, it is necessary to understand
how these instruments interact with the medium. Radar level transmitters operate
by emitting electromagnetic waves (microwaves) toward the surface of a product.
These waves reflect off the surface and return to the sensor. The transmitter then
calculates the distance based on the properties of the returned signal.

| 1. Time of Flight (ToF) and Pulse Radar

Pulse radar transmitters emit a short microwave pulse and measure the time it
takes for the pulse to travel to the surface and back. Since the speed of light ($c$)
is constant, the distance ($D$) is calculated using the formula:

$$D = \frac{c \times t}{2}$%

Where $t$ is the measured transit time. This method is energy-efficient and
suitable for many liquid applications where the dielectric constant is relatively
high.
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|2. Frequency Modulated Continuous Wave (FMCW)

Modern high-precision transmitters, such as those manufactured by Welk, often
utilize FMCW technology. Instead of a single pulse, the transmitter emits a
continuous signal with a constantly changing frequency. The difference between
the frequency of the emitted signal and the reflected signal (the frequency shift) is
directly proportional to the distance. FMCW provides superior sighal-to-noise
ratios, making it ideal for measuring solids, powders, or liquids in turbulent
conditions.

The Radar Level Transmitter Diagram: System
Architecture

A comprehensive radar level transmitter diagram typically encompasses three
distinct areas: the internal electronic block diagram, the electrical wiring
schematic, and the mechanical installation layout.

| Internal Electronic Block Diagram

Internally, a radar transmitter consists of several critical modules that process
high-frequency signals into usable industrial data:

Signal Generator/Oscillator: Generates the microwave signal (typically in the 6GHz,
26GHz, or 80GHz range).

Antenna System: Directs the signal toward the target and captures the reflection.
Common designs include horn, rod, and lens antennas.

Signal Processor (DSP): The "brain" of the unit. It filters out false echoes caused by
tank obstructions (agitators, ladders) and calculates the true level.

Interface/Output Module: Converts the calculated level into an industrial signal,
such as 4-20mA with HART, Modbus RTU, or Profibus.
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| Electrical Wiring Schematic

From an integration perspective, the wiring diagram defines how the unit receives
power and transmits data. Most industrial radar meters follow one of two
configurations:

1. 2-Wire (Loop-Powered): The transmitter receives its power from the same two
wires used for the 4-20mA signal. This simplifies installation and reduces cabling
costs.

2. 4-Wire: Power (usually 24V DC or 110/220V AC) is supplied separately from the
signal output. This is common in high-power FMCW units or when integrated
heating elements are required for condensation management.

| Practical Selection Table

Choosing the right instrument depends on the frequency and the physical
properties of the medium. The following table outlines the typical performance
characteristics found in industrial radar level meters.

m 6 GHz Radar 26 GHz Radar 80 GHz Radar

Primary Application Heavy steam, foam, General purpose Small tanks, narrow

turbulent liquids liguids and solids nozzles, precision
solids

Beam Angle Wide (approx. Medium (approx. Narrow (approx.
20°-30°) 8°-15°) 3°-6°)

Accuracy =10 mm +3 mm to £5 mm +1 mm

Max Range 30 meters 70 meters 120+ meters

Antenna Size Large Medium Compact/Small
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| Installation Considerations and Diagrams

The physical placement of the transmitter is the most common point of failure in
level measurement projects. An installation diagram must account for the "beam
spread" and potential interference zones.

| 1. Mounting Position

The transmitter should generally be mounted at 1/6th of the tank diameter away
from the wall. Mounting too close to the wall results in parasitic reflections
(multipath interference), while mounting in the exact center of a domed tank can
lead to "echo focusing," where the sighal bounces off the tank roof and creates a
false high-level reading.

| 2. Nozzle Geometry

The nozzle (the pipe section where the radar is mounted) should be as short and
wide as possible. If the nozzle is too narrow or long, the radar signal will reflect off
the nozzle walls before it even enters the tank. For 80GHz transmitters, the narrow
beam allows for installation in much smaller nozzles (as small as 20mm) compared
to lower-frequency models.

| 3. Avoiding Obstructions

Any internal structure—such as heating coils, ladders, or agitator blades—that
enters the radar's beam path will create a reflection. While modern software can
"map out" or suppress these static echoes, it is best practice to position the
transmitter where the beam has a clear path to the product surface. If an agitator
is present, the transmitter should be installed so the beam is perpendicular to the
blades to minimize the duration of the interference.
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|4. Dead Zone (Blocking Distance)

Every radar transmitter has a "dead zone" or "upper blocking distance"
immediately below the antenna (typically 50mm to 300mm). Measurement is not
possible within this zone. The installation diagram must ensure that the maximum
expected liquid level does not enter this area.

| Limitations and Challenges

While Radar Level Meters are highly versatile, certain physical limitations must be
considered during the design phase:

Dielectric Constant ($er$): The reflectivity of the medium depends on its dielectric
constant. Hydrocarbons (oil, diesel) have low $sr$ values (~2.0), meaning they
reflect less energy than water ($er$ ~80). For materials with $er < 1.4%, guided
wave radar or high-sensitivity 80GHz FMCW is required.

Heavy Foam: Dense, dry foam can absorb microwave signals entirely, preventing
an echo from returning. In such cases, a stilling well or a different frequency may
be necessary.

Dust and Condensation: While radar penetrates dust better than ultrasonic
sensors, extreme dust in silos can attenuate the signal. Similarly, heavy
condensation on the antenna lens can cause signal scattering. Welk offers
specialized lens antennas with PTFE covers to shed moisture and prevent build-up.

| Frequently Asked Questions (FAQs)
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What is the difference between non-contact radar
and guided wave radar (GWR)?

Non-contact radar (as discussed here) sends signals through the air. Guided wave
radar uses a physical probe (cable or rod) to lead the signal to the surface. GWR is
better for very low dielectric liquids or when space is extremely tight, while
non-contact radar is preferred for corrosive, hygienic, or high-temperature
applications where touching the medium is undesirable.

Why is 80GHz radar becoming more popular than
26GHz?

The main reason is the beam angle. An 80GHz transmitter has a much narrower
beam (often 3 degrees), which allows it to avoid internal tank obstructions and
measure accurately in tall, narrow silos. It also allows for smaller process
connections.

Can radar transmitters measure through a plastic
tank roof?

Yes. Because plastic is non-conductive, microwaves can pass through it. This
allows for "tank-side" measurement where the sensor is mounted outside a plastic
IBC or storage tank, provided the material is not metallic and does not contain
conductive carbon black.

How do | handle measurement in a tank with a
spherical bottom?

In a tank with a curved or conical bottom, the radar signal may scatter when the
tank is nearly empty, leading to a loss of signal. This is often addressed in the
transmitter's configuration by setting a "low-level cutoff" or using a stilling well to
ensure the signal always reflects back to the antenna.
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| Conclusion

A well-drafted radar level transmitter diagram is more than just a wiring guide; it is
a critical component of the engineering process that ensures the instrument is
matched to the vessel's geometry and the medium's properties. By understanding
the nuances of frequency, beam angle, and dielectric constants, engineers can
leverage Welk’s radar technology to achieve reliable, maintenance-free level
measurement in even the most demanding industrial applications. For specific
project requirements, always consult the manufacturer's technical data sheets to
confirm the exact wiring and mounting tolerances for your specific model.
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