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Solid State Radio Frequency
Level Switches

A practical guide to solid state radio frequency level switches, covering the reader
intent, the relationship to solid state radio frequency level switches, 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 automation, point level detection serves as a critical
safeguard for process efficiency and safety. Among the various technologies
available, solid state radio frequency level switches have emerged as a robust
solution for challenging environments where traditional mechanical or optical
sensors fail. These instruments, often categorized under the broader umbrella of
Level Switches, utilize advanced electromagnetic principles to detect the presence
or absence of media in tanks, silos, and pipes.

This guide explores the engineering principles, selection criteria, and installation
best practices for solid state radio frequency (RF) technology, providing a technical
foundation for process engineers and procurement specialists.

| Understanding the RF Admittance Principle

To understand how solid state radio frequency level switches operate, one must
first understand the concept of electrical admittance. Admittance is the reciprocal
of impedance, representing the ease with which an alternating current (AC) flows
through an electrical circuit.

| The Capacitor Model

An RF level switch essentially functions as a capacitor. The sensing probe acts as
one plate of the capacitor, while the vessel wall (if metallic) or a ground reference
acts as the second plate. The material being measured serves as the dielectric
medium between these two plates.

When the probe is in the air (empty tank), the capacitance is at its lowest because
the dielectric constant of air is approximately 1.0. As the process material rises
and covers the probe, the capacitance increases based on the material's dielectric
constant ($er$). The electronics in the switch head generate a high-frequency radio
signal (typically in the kilohertz or low megahertz range) and measure the change
in admittance caused by the presence of the material.
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| The "Solid State" Advantage

Unlike older RF designs that relied on mechanical relays or vacuum tubes, modern
solid state radio frequency level switches utilize integrated circuits and
semiconductor switching components (such as PNP/NPN transistors or MOSFETS).
This lack of moving parts significantly enhances the instrument's lifespan,
particularly in high-vibration environments or applications requiring high-frequency
switching cycles. The solid-state design also allows for more compact housing and
faster response times, often under 100 milliseconds.

Why Choose Solid State Radio Frequency Level
Switches?

RF technology offers several distinct advantages over traditional float switches,
vibrating forks, or ultrasonic sensors, particularly when dealing with complex
media.

1. Coating Rejection (Active Shield Technology): One of the most significant
features of advanced RF switches is the "Active Shield" or "Guard" section. This is
an energized portion of the probe that prevents current leakage caused by
material buildup or "clinging" on the probe surface. It ensures the switch only
triggers when the bulk material actually reaches the sensing element, effectively
ignoring coatings of conductive or non-conductive sludge.

2. Versatility in Media: These switches can detect liquids, slurries, granules, and
powders. They are equally effective in non-conductive materials like oils and highly
conductive materials like wastewater.

3. High Temperature and Pressure Tolerance: Because the sensing element is a
solid metal rod or cable insulated with materials like PTFE or PEEK, RF switches can
operate in extreme conditions, often exceeding 250°C (482°F) and pressures up to
4 MPa (580 psi).

4. No Moving Parts: The absence of floats or paddles means there is no mechanical
wear and tear, and the sensor is less likely to be damaged by heavy solids or
turbulent flows.
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| Key Evaluation Criteria for Selection

Selecting the correct solid state radio frequency level switch requires a detailed
analysis of the process conditions. The following table outlines the primary factors
to consider:

Dielectric Constant (er) Low (< 2.0) to High (> 80) Lower er materials (e.g.,
plastic pellets) require higher
sensitivity electronics.

Media Consistency Liquid, Powder, or Slurry Determines probe shape (rod
for liquids, heavy-duty rod for
solids).

Coating Tendency High or Low High-coating media requires
a switch with Active Shield
technology.

Vessel Material Metal or Non-Metal Non-metal tanks
(plastic/fiberglass) require a
dual-probe or a ground strap.

Process Temperature -40°C to +250°C+ High temperatures require
remote electronics or
specialized heat sinks.

Output Type PNP/NPN, Relay, or 4-20mA Must match the PLC or
control system input
requirements.

| Probe Geometry

Rod Probes: Ideal for most liquid and small-particle solid applications. They are
easy to clean and can be coated in PTFE for chemical resistance.

Cable Probes: Used in tall silos where the probe length must exceed 3 meters. A
weight at the bottom keeps the cable taut.

Flat/Flush Probes: Designed for applications where a protruding probe would be
damaged by mixers or heavy falling material.
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| Installation and Engineering Best Practices

Proper installation is paramount for the reliable operation of solid state radio
frequency level switches. Even the most advanced sensor will fail if the electrical
and physical environment is not correctly prepared.

| 1. Grounding

Since the RF principle relies on the vessel acting as a reference point, the switch
must be properly grounded to the tank. For metallic tanks, a standard NPT or
flange connection usually suffices. For non-metallic tanks, a ground probe must be
installed parallel to the sensing probe to complete the circuit.

| 2. Mounting Position

Horizontal Mounting: Common for high or low-level alarms. The probe should be
angled slightly downward (approx. 20 degrees) to allow liquid to drain off,
preventing false triggers from droplets.

Vertical Mounting: Ideal for top-down entry. Ensure the probe is positioned away
from the fill stream to avoid false readings or physical damage from falling
material.

| 3. Avoiding Interference

If multiple RF switches are installed in the same tank, they should be separated by
at least 0.5 meters to prevent frequency interference between the sensors.
Additionally, ensure the probe is not installed too close to the vessel wall
(minimum 50mm clearance for most standard probes) to avoid "parasitic
capacitance."

| Comparison with Alternative Level Switches

Welk Reference Guide 5



WELK REFERENCE GUIDE Solid State Radio Frequency Level Switches

RF Admittance Coatings, slurries, high temp Requires calibration for
specific media.

Vibrating Fork Clean liquids, light powders Prone to clogging in viscous
or sticky media.

Rotary Paddle Dry bulk solids Mechanical wear; not
suitable for liquids.

Ultrasonic Non-contact, clean liquids Affected by foam, dust, and
vapor.
Magnetic Float Simple liquid level Moving parts can jam; limited

to clean liquids.

| Common Risks and Limitations

While highly versatile, solid state radio frequency level switches are not universal
solutions. Engineers should be aware of the following limitations:

Media Changes: Because the switch is calibrated to a specific dielectric constant, a
significant change in the material being measured (e.g., switching from an
oil-based to a water-based product) may require recalibration of the sensitivity
settings.

Extreme Moisture in Solids: In grain or powder applications, a sudden increase in
moisture content can drastically change the dielectric constant, potentially leading
to premature switching.

Heavy Build-up Beyond Shield: While Active Shield technology handles most
coatings, an extreme bridge of conductive material that spans from the probe tip
back to the tank wall can still cause a false alarm.

| Frequently Asked Questions (FAQ)

Q: Do solid state RF switches require frequent maintenance?
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A: No. Because there are no moving parts, maintenance is minimal. Periodic visual
inspections to ensure the probe is not physically eroded by abrasive media are
recommended.

Q: Can these switches be used in hazardous areas?

A: Yes, many solid state RF switches are available with Intrinsically Safe (IS) or
Explosion-Proof (XP) ratings, making them suitable for oil and gas or chemical
processing environments.

Q: How do | calibrate the switch for a new material?

A: Most modern units feature a "one-touch" calibration button. With the tank empty
(or the material below the probe), you set the zero point. Then, with the probe
covered, you set the span. Some digital models allow for sensitivity adjustment via
a potentiometer or software interface.

Q: What is the difference between a capacitance switch and an RF admittance
switch?

A: A standard capacitance switch measures only the capacitive component of the
circuit. An RF admittance switch measures both capacitance and resistance (the
complex admittance), which allows it to better distinguish between actual material
levels and material buildup on the probe.

| Conclusion

Solid state radio frequency level switches represent a high-tier choice for industrial
point level detection, offering a balance of durability and precision. By eliminating
mechanical failure points and incorporating sophisticated coating-rejection
circuitry, they provide reliable performance in the most demanding process
conditions. When selecting a switch, engineers must prioritize the dielectric
properties of the media and ensure that the installation environment provides a
stable electrical ground.

For those evaluating different technologies for their specific application, reviewing
various Level Switches options is the first step toward ensuring long-term
operational stability and safety.
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