WELK | REFERENCE GUIDE

Radar Level Transmitter
Calibration

A practical guide to radar level transmitter calibration, covering the reader intent,
the relationship to radar level transmitter calibration, 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 industrial process control, the accuracy of level measurement directly impacts
safety, efficiency, and inventory management. Among the various technologies
available, Radar Level Meters have become the industry standard for non-contact
measurement in challenging environments. However, the performance of these
instruments is heavily dependent on precise setup and maintenance.
Understanding the nuances of radar level transmitter calibration is essential for
engineers and technicians tasked with ensuring reliable data in tanks, silos, and
sumps.

| Measurement Principles of Radar Technology

Before addressing the specifics of calibration, it is necessary to understand how
radar level transmitters function. These instruments utilize electromagnetic waves,
typically in the microwave spectrum, to detect the distance to a product surface.
There are two primary methods used in industrial radar measurement:

#### 1. Pulse Radar (Time of Flight)

Pulse radar transmitters emit short microwave pulses toward the material surface.
These pulses travel at the speed of light, reflect off the surface, and return to the
sensor antenna. The instrument measures the time elapsed between transmission
and reception. The distance ($D$) is calculated using the formula:

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

where $c$ is the speed of light and $t$ is the transit time. Because the speed of
light is constant, this method is highly stable, though it requires sophisticated
electronics to resolve the extremely short time intervals involved.

##H## 2. Frequency Modulated Continuous Wave (FMCW)

FMCW radar transmits a continuous signal with a constantly changing frequency.
When the reflected signal is received, it is compared to the signhal being
transmitted at [ moment. The frequency difference between the transmitted and
received signals is proportional to the distance. FMCW is often preferred for
high-precision applications because it offers a better signal-to-noise ratio and
higher resolution than standard pulse radar.
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In both methods, the strength of the reflected signal depends on the dielectric
constant ($er$) of the medium. Materials with higher dielectric constants, such as
water (er = 80), reflect signals much more strongly than low-dielectric materials
like hydrocarbons or plastic pellets.

| Understanding Radar Level Transmitter Calibration

In the context of radar technology, "calibration" often refers to two distinct but
related processes: factory calibration and field configuration.

Factory Calibration is performed by the manufacturer (such as Welk) under
controlled conditions to ensure the sensor's internal clock and signal processing
meet specified accuracy standards (e.g., £2 mm).

Field Calibration (Configuration) involves tailoring the instrument to the specific
geometry and environmental conditions of the installation site. Because radar
waves can reflect off internal tank structures like agitators, ladders, or heating
coils, the transmitter must be taught to distinguish between the actual product
level and these "false echoes."

#### Key Calibration Parameters

Zero Point (Lower Calibration Point): This usually corresponds to the 4 mA output
(in a 4-20mA system) and represents the tank's empty state. It is typically
measured from the sensor face to the bottom of the tank.

Full Point (Upper Calibration Point): This corresponds to the 20 mA output and
represents the maximum fill level. It is important to note the "dead zone" or
"blocking distance" near the antenna where measurement is not possible.

Reference Distance: The total height from the sensor reference point to the bottom
of the vessel.

|The Step-by-Step Calibration Process

Performing a successful radar level transmitter calibration requires a systematic
approach to ensure the digital readings align with physical reality.
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#### Step 1. Bench Verification

Before mounting the unit on a tank, verify the basic functionality. Point the radar at
a flat metal plate at a known distance (e.g., 5 meters). Check if the transmitter
displays the correct distance. This confirms the electronics and antenna are
functioning correctly.

#### Step 2: Entering Tank Geometry

Once installed, input the specific dimensions of the vessel into the transmitter's
software. This includes the total height, the nozzle height, and the desired
measurement range. For horizontal cylindrical tanks, strapping tables or
linearization curves must be programmed to convert level (distance) into volume
(liters or cubic meters).

#### Step 3: False Echo Suppression (Mapping)

This is the most critical step in radar level transmitter calibration. With the tank
empty or at a low level, initiate a "mapping" or "envelope" scan. The transmitter
records all reflections currently present. The software then creates a "threshold
curve" just above these static reflections. In the future, the transmitter will ignore
any signals below this threshold, focusing only on the dynamic reflection from the
product surface.

#### Step 4: Wet Calibration (Span Check)

If possible, perform a wet calibration by changing the level in the tank and
comparing the radar's output against a manual dip tape or a secondary sight glass.
It is recommended to check at least three points: 10%, 50%, and 90% of the span.

| Practical Selection Table for Radar Level Meters

Choosing the right frequency and technology is a prerequisite for a stable
calibration. Use the following table as a general guide for industrial applications.
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m 6 GHz Radar 26 GHz Radar 80 GHz Radar

Beam Angle Wide (approx. Medium (approx. Narrow (approx.
20-30°) 8-12°) 3-4°)

Nozzle Size Requires large Standard nozzles Small nozzles (1" or
nozzles 2")

Dust/Steam Excellent penetration Good penetration Moderate

penetration

Precision Moderate High Very High
Best Use Case Large outdoor Standard process Narrow vessels,
basins, heavy foam tanks solids, high precision

| Installation Considerations for Accurate Calibration

Even the most advanced radar level transmitter calibration cannot compensate for
a poor installation. To ensure long-term accuracy, follow these engineering
guidelines:

1. Avoid the Center: Do not mount the radar in the exact center of a circular tank.
This can lead to multiple reflections (parabolic effect) that confuse the sensor.

2. Nozzle Height: The antenna should ideally extend slightly past the nozzle into
the tank. If the antenna is recessed deep within a narrow nozzle, it creates
"ringing" or internal reflections that interfere with the near-range measurement.

3. Obstruction Clearance: Ensure the signal beam (based on the beam angle) does
not intersect with the tank wall or internal structures before reaching the minimum
product level.

4. Inlet Interference: Avoid mounting the sensor near the product inlet. Falling
material or turbulence created during filling will cause signal noise and erratic
readings.

| Common Risks and Limitations

While radar is highly versatile, certain factors can jeopardize the calibration:

Welk Reference Guide 5



WELK REFERENCE GUIDE Radar Level Transmitter Calibration

Vapor and Pressure: While radar is largely unaffected by pressure, extremely
high-pressure vapors (such as high-pressure steam) can slightly change the
propagation speed of the microwave, leading to a small measurement error.
High-end transmitters allow for compensation factors in these cases.

Foam: Not all foam is created equal. Dry, airy foam may be transparent to radar,
while dense, wet foam can reflect the signal prematurely, causing the transmitter
to report a "full" tank when it is not.

Antenna Fouling: Although non-contact, buildup of sticky or crystallizing material
on the antenna can attenuate the signal. Regular inspection and the use of PTFE
covers or air purges are common solutions.

|Frequent|y Asked Questions (FAQs)

Q: How often should | perform radar level transmitter calibration?

A: For most general process applications, an annual verification is sufficient.
However, in custody transfer or safety-critical (SIL) loops, semi-annual or quarterly
checks may be required by local regulations or corporate policy.

Q: Can | calibrate a radar transmitter if the tank is full?

A: You can perform a partial configuration, but you cannot perform a false echo
mapping for the entire tank height. Mapping is most effective when the tank is as
empty as possible so the transmitter can "see" all potential obstructions.

Q: Why does my radar reading jump to the top of the tank suddenly?

A: This is often a sign of "loss of echo." If the transmitter loses the signal from the
product (due to heavy foam or extreme turbulence), it may default to a high-level
safety state or lock onto a reflection from the nozzle. Reviewing the echo curve
and adjusting the gain or mapping is usually required.

Q: Does the dielectric constant change affect the calibration?
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A: For non-contact radar, a change in dielectric constant does not change the
distance measurement, provided the signal remains strong enough to be detected.
However, for Guided Wave Radar (GWR), a change in €r can affect the signal
transition if the probe is coated.

| Conclusion

Effective radar level transmitter calibration is a blend of understanding the physics
of microwave propagation and the practical realities of tank geometry. By
correctly setting the zero and span points, performing a thorough false echo
suppression, and adhering to strict installation standards, operators can leverage
the full precision of Radar Level Meters. As industrial automation moves toward
more data-driven models, the reliability of these primary sensors remains the
foundation of process excellence.

Welk Reference Guide 7



