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Radar Level Transmitter
Cone

A practical guide to radar level transmitter cone, covering the reader intent, the
relationship to radar level transmitter cone, key evaluation criteria, common risks,
and the information the intended project audience should confirm before taking
the next step.
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In industrial process automation, achieving precise level measurement is critical
for inventory management, safety, and operational efficiency. Among the various
technologies available, non-contact radar measurement has emerged as a gold
standard for challenging environments. A central component of this technology is
the antenna system, specifically the radar level transmitter cone, often referred to
as a horn antenna. This component is responsible for directing electromagnetic
energy toward the medium and capturing the reflected signal.

Selecting the correct radar level transmitter cone requires a deep understanding of
radar propagation, beam dynamics, and the physical constraints of the vessel. This
guide provides a technical overview of how these components function and how to
select the appropriate configuration for industrial applications.

| Measurement Principles of Radar Level Meters

Before evaluating antenna designs, it is essential to understand the underlying
physics of Radar Level Meters. These instruments operate by emitting
high-frequency electromagnetic pulses or continuous waves toward a target
material. The waves reflect off the surface of the medium and return to the sensor.

| Time of Flight (ToF)

Pulse radar systems utilize the Time of Flight principle. The transmitter sends a
short microwave pulse, and the receiver measures the time interval between
emission and reception. Since the speed of light ($c$) is constant, the distance
($D%) is calculated as:

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

Where $t$ is the measured transit time. The level is then derived by subtracting
the distance from the total tank height.
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| Frequency Modulated Continuous Wave (FMCW)

FMCW radar transmits a continuous signal with a constantly changing frequency (a
linear sweep). When the signal reflects back, it is compared to the signal being
transmitted at that exact moment. The frequency difference (the "beat frequency")
is directly proportional to the distance. FMCW is generally preferred for
high-precision applications and materials with low dielectric constants.

| The Role of the Antenna

In both methods, the radar level transmitter cone serves as the interface between
the electronic circuitry and the process environment. It acts as a waveguide
transition, focusing the electromagnetic energy into a narrow beam to minimize
interference from tank walls or internal obstructions.

| The Function of the Radar Level Transmitter Cone

The cone antenna is the most widely used antenna type for liquid and solid level
measurement. Its primary function is to provide "gain"—the ability to concentrate
signal strength in a specific direction.

1. Impedance Matching: The cone provides a gradual transition from the
impedance of the internal waveguide to the impedance of free space
(approximately 377 ohms). This minimizes internal reflections that could cause
"noise" in the measurement.

2. Beam Focusing: The geometry of the cone determines the beam angle. A larger
cone diameter generally results in a narrower beam, which is essential for deep
tanks or vessels with internal structures like agitators or heating coils.

3. Signal Sensitivity: By concentrating the energy, the cone ensures that even
materials with low reflectivity (low dielectric constants) return a signal strong
enough for the processor to detect.
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| Technical Selection Criteria

Choosing the right radar level transmitter cone involves balancing the physical size
of the tank opening with the required signal performance.

| 1. Frequency and Cone Size

The frequency of the radar (e.g., 6 GHz, 26 GHz, or 80 GHz) significantly impacts
antenna selection.

Low Frequency (6 GHz): Requires a very large cone to achieve a narrow beam.
These are typically used in applications with heavy foam or steam where longer
wavelengths can penetrate the atmosphere.

Medium Frequency (26 GHz): The industry standard for many years. It uses
moderately sized cones (50 mm to 100 mm) to achieve beam angles between 8°
and 20°.

High Frequency (80 GHz): Allows for extremely small antennas with very narrow
beam angles (as low as 3°). Even a small cone at 80 GHz provides superior
focusing compared to a large cone at lower frequencies.

| 2. Beam Angle and Tank Geometry

The beam angle is the area where the signal power drops to half (-3 dB) of its peak
value. If the beam is too wide, it may hit the tank wall or internal obstacles,
creating "false echoes."
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Cone Diameter Frequency Approximate Beam Typical Max Range
(mm) Angle (m)

40 mm (1.5") 26 GHz 1015
50 mm (2") 26 GHz 18> 20 - 30
80 mm (3") 26 GHz 10° 3550
100 mm (4") 26 GHz 8° 7O+
50 mm (2") 80 GHz 6° 100+

| 3. Material Compatibility

Standard cones are usually manufactured from Stainless Steel (SS304 or SS316L).
However, for corrosive environments (e.g., hydrochloric acid or caustic soda), the
radar level transmitter cone may require a PTFE (Polytetrafluoroethylene) or PFA
(Perfluoroalkoxy) lining or a complete plastic encapsulation to prevent chemical
attack.

| Installation Considerations

Proper installation of the radar level transmitter cone is as important as the
selection of the instrument itself. Incorrect placement often leads to signal loss or
erratic readings.

Nozzle Length and Diameter: The cone should ideally extend beyond the mounting
nozzle. If the cone is recessed inside a long, narrow nozzle, the radar signal will
reflect off the nozzle walls, creating a "dead zone" or large false echo at the top of
the tank. If a long nozzle is unavoidable, a waveguide extension may be required.

The 1/6 Rule: For vertical cylindrical tanks, the ideal mounting position is 1/6th of
the tank diameter away from the side wall. This avoids the center of the tank
(where multiple reflections can converge) and the wall (where the beam might
graze the surface).
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Obstruction Avoidance: Ensure the beam path is clear of ladders, pipes, and
agitator blades. If an obstruction is present, many modern Radar Level Meters
allow for "False Echo Suppression," where the software learns the static reflections
and ignores them.

Orientation: The antenna should be mounted perpendicular to the product surface.
For solid materials that form a cone or heap, an adjustable flange (swivel mount) is
often used to aim the radar level transmitter cone at the material's slope to
maximize signal return.

| Limitations and Challenges

While radar technology is robust, the cone antenna design faces specific
challenges in certain process conditions:

1. Condensation and Buildup: In high-humidity applications, water droplets can
form on the interior of the cone. While radar can penetrate some buildup, heavy
coating or crystallization can attenuate the signal. In these cases, a "purging" port
is added to the cone to allow compressed air or nitrogen to blow off deposits.

2. Foam: Heavy, dense foam can absorb radar signals. While a larger cone and
lower frequency can help, extremely thick foam may require a different
technology, such as a guided wave radar or a hydrostatic transmitter.

3. Dielectric Constant ($\\varepsilonr$): Materials with very low dielectric constants
(like certain oils or liguefied gases) reflect very little energy. A larger radar level
transmitter cone is necessary here to capture as much of the weak reflection as
possible.

| Maintenance and Troubleshooting

Radar level transmitter cones are generally low-maintenance because they have
no moving parts. However, periodic inspections are recommended:

Visual Inspection: Check for physical damage to the cone or signs of corrosion.
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Cleaning: If the process involves vapor-phase deposition, the interior of the cone
may need periodic cleaning with a soft cloth and appropriate solvent. Avoid
abrasive tools that could scratch the internal surface of the waveguide.

Signal Strength Monitoring: Most digital radar transmitters provide a
"Signal-to-Noise Ratio" (SNR) value. A declining SNR over time often indicates
buildup on the antenna or a change in the process atmosphere.

| Frequently Asked Questions (FAQ)

Q: Can | use a radar level transmitter cone in a vacuum?

A: Yes. Radar waves do not require a medium to travel, so they work perfectly in a
vacuum. However, the process seal (the window between the electronics and the
cone) must be rated for the specific vacuum and temperature levels.

Q: What is the difference between a horn antenna and a parabolic antenna?

A: A horn (cone) antenna is better for general liquid applications and smaller
nozzles. A parabolic antenna is much larger and provides an extremely narrow
beam, making it the preferred choice for long-range measurements in large grain
silos or ore pits.

Q: Does the cone size affect the accuracy of the measurement?

A: Indirectly, yes. While the electronics determine the base accuracy, a larger cone
provides a stronger, cleaner signal with fewer false echoes. In challenging
environments, this leads to a more stable and reliable measurement, which is
perceived as higher accuracy.

Q: When should | choose a PTFE-sealed cone?

A: A PTFE-sealed cone (often called a "flanged encapsulated" antenna) should be
chosen for highly corrosive chemicals or applications requiring high hygiene, such
as food and beverage or pharmaceutical processing, where a smooth,
easy-to-clean surface is required.

Welk Reference Guide 7



WELK REFERENCE GUIDE Radar Level Transmitter Cone

| Conclusion

The radar level transmitter cone is a critical engineering element that dictates the
success of a level measurement installation. By understanding the relationship
between frequency, beam angle, and tank geometry, engineers can select a
configuration that ensures long-term reliability. Whether dealing with volatile
chemicals or simple water storage, the correct antenna selection minimizes
interference and maximizes the return signal, providing the data necessary for
safe and efficient industrial operations.
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