Energy Driven

A practical guide to energy driven, covering the reader intent, the relationship to
energy driven, 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 modern industrial automation, the term "energy driven" takes
on a dual significance. It refers both to the physical energy—whether
electromagnetic, acoustic, or hydrostatic—that powers the measurement signal
itself, and to the broader industrial shift toward energy-efficient, loop-powered
instrumentation. For process engineers and plant managers, understanding how
energy-driven technologies interact with various media is critical for ensuring
long-term accuracy and operational safety.

At Welk, a professional manufacturer of industrial level measurement instruments,
the design of every radar level meter, ultrasonic sensor, and hydrostatic
transmitter is rooted in the efficient management of energy. Whether a system is
powered by a standard 4-20mA loop or requires a dedicated external power
source, the reliability of the data depends on how effectively the instrument
converts energy into a readable level signal. For a comprehensive overview of
available technologies, engineers often consult our Main Page to align specific
hardware with their site requirements.

| Principles of Energy-Driven Level Measurement

Before selecting a device, it is essential to understand the physics of how different
sensors utilize energy to determine the distance or volume of a substance. Level
measurement is rarely a passive process; it requires the active emission and
reception of energy waves or the sensing of physical force.

| Radar Level Measurement (Electromagnetic Energy)

Radar level meters are the pinnacle of energy-driven precision in volatile
environments. These devices emit high-frequency microwave pulses (typically in
the 6GHz, 26GHz, or 80GHz range). This electromagnetic energy travels at the
speed of light. When the pulses hit the surface of the medium, a portion of the
energy is reflected back to the sensor.
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The efficiency of this reflection is governed by the dielectric constant (er) of the
material. High-dielectric materials, such as water-based liquids, reflect energy
strongly, while low-dielectric materials, like hydrocarbons or solids, absorb more
energy, requiring more sensitive electronics to detect the faint return signal.
Because radar is energy driven through the electromagnetic spectrum, it is
unaffected by vacuum, high pressure, or temperature fluctuations in the vapor
space.

|Ultrasonic Level Measurement (Acoustic Energy)

Ultrasonic sensors utilize mechanical energy in the form of sound waves. A
piezoelectric crystal inside the transducer converts electrical energy into
high-frequency vibrations. These sound waves travel through the air, bounce off
the target surface, and return to the sensor.

Unlike radar, acoustic energy is highly dependent on the medium through which it
travels—typically air or a specific gas mix. Changes in air temperature or density
can alter the speed of sound, necessitating integrated temperature compensation.
This energy-driven method is ideal for non-contact measurement in water
treatment and open-channel flow but faces limitations in high-pressure or dusty
environments where sound energy is easily dissipated or scattered.

| Hydrostatic Level Measurement (Pressure Energy)

Hydrostatic transmitters measure the potential energy exerted by a liquid column
due to gravity. The sensor detects the pressure at a specific depth, which is
directly proportional to the height of the liquid and its density. This is a "passive"
energy-driven system in the sense that it relies on the weight of the fluid, though
the sensor itself requires electrical energy to transmit the resulting signal. It is a
staple in tank level monitoring where the liquid density remains relatively
constant.
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Power Supply Configurations: 2-Wire vs. 4-Wire
Systems

When discussing energy-driven instrumentation, the electrical power architecture
is a primary consideration for installation costs and system compatibility.

1. 2-Wire (Loop-Powered) Systems: These instruments receive their operating
power from the same 4-20mA signal loop used for data transmission. This is the
most energy-efficient configuration, significantly reducing wiring costs. Modern
radar and ultrasonic transmitters from Welk are increasingly designed as 2-wire
devices, capable of performing complex signal processing on less than 4mA of
current.

2. 4-Wire Systems: These devices use separate pairs of wires for power supply
(typically 24V DC or 110/220V AC) and signal output. This configuration is used
when the instrument requires higher energy levels, such as for integrated heaters
in cold climates, high-power displays, or specialized high-frequency radar modules
that demand more current than a standard loop can provide.

| Key Evaluation Criteria for Energy-Driven Sensors

Selecting the right technology requires a systematic evaluation of the process
environment and the energy characteristics of the media. Engineers should
confirm the following parameters before procurement:

Dielectric Constant (er): For radar, this determines how much energy is reflected. If
the er is below 1.4, a guided wave radar (GWR) may be required to concentrate the
energy along a probe.

Surface Turbulence: Agitators or boiling surfaces can scatter energy waves. In
these cases, energy-driven sensors with advanced software algorithms are needed
to filter out "noise" and identify the true level.

Vapor and Dust: Ultrasonic energy is attenuated by heavy dust or steam. Radar
(electromagnetic energy) is generally preferred when the vapor space is not clear.
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Tank Geometry: Internal obstructions like cooling coils or ladders can create false
reflections. Narrow-beam energy-driven sensors (such as 80GHz radar) are better
at avoiding these obstacles.

| Practical Selection Table

The following table provides a comparison of common energy-driven level
measurement technologies used in industrial automation.

Technology Energy Best For G EVEE] T[] Accuracy Main
Type (Typical) Limitation

Non-Contact Electromagnetic Corrosive 30m - 120m +*2mm Low

Radar liquids, high dielectric
temp/pressure materials

Guided Electromagnetic Low 20m - 70m *2mm Contact with

Wave Radar dielectric media
liquids, required

foam, solids

Ultrasonic Acoustic Water Im - 15m +0.25% ES Affected by
treatment, foam and
open dust
channels

Hydrostatic Pressure Deep wells, 1Im - 200m +0.1% - Dependent
vented tanks 0.5% on fluid

density

Magnetic Magnetic/Buoyarttigh-pressure  0.5m - 6m +5mm Moving parts

Gauge boilers, oil can wear
tanks

| Installation Considerations and Best Practices

To ensure that an energy-driven instrument performs to its specifications, the
installation must respect the physical laws governing the energy waves.
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|Dead Zone (Blocking Distance)

All energy-driven non-contact sensors have a "dead zone" directly beneath the
transducer. For ultrasonic sensors, this is the time required for the crystal to stop
vibrating before it can listen for a return echo. For radar, it is the area where the
pulse is generated. Always mount the sensor high enough so the maximum liquid
level does not enter this zone (typically 0.1m to 0.5m depending on the model).

| Mounting Position

Sensors should be mounted perpendicular to the liquid surface. If a radar or
ultrasonic sensor is tilted, the energy will reflect away from the receiver, resulting
in signal loss. Additionally, avoid mounting sensors in the center of a domed tank,
as this can create a "parabolic mirror" effect that focuses unwanted energy
reflections and causes measurement errors.

| Nozzle Geometry

The nozzle or standpipe on which the sensor is mounted should be as short and
smooth as possible. Internal welds or burrs can cause energy interference. For
radar, the antenna should ideally extend slightly past the bottom of the nozzle to
ensure the energy beam can expand freely.

| Common Risks and Limitations

While energy-driven sensors are highly advanced, they are not universal solutions.
Engineers must be aware of potential failure points:

Signal Attenuation: In ultrasonic applications, heavy foam acts as an acoustic
absorber, soaking up the sound energy and preventing an echo. Radar is less
affected by foam but can still experience signal dampening if the foam is dense
and metallic.
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Power Instability: 2-wire systems are sensitive to voltage drops. If the loop power
falls below the minimum operating voltage (typically 12V-15V DC at the instrument
terminals), the device may reset or provide erratic readings.

Environmental Interference: High-power radio equipment or heavy electrical
machinery near unshielded signal cables can introduce noise into the
energy-driven signal loop. Always use shielded twisted-pair cabling for 4-20mA
signals.

| Project Confirmation Checklist

Before finalizing a purchase or installation plan, the intended project audience
should confirm the following details with their technical provider:

1. Chemical Compatibility: Does the wetted material (PTFE, Stainless Steel, PVDF)
resist the process media?

2. Pressure and Temperature Ratings: Does the sensor housing and flange meet
the maximum possible process extremes, including cleaning cycles (CIP/SIP)?

3. Output Requirements: Is a simple 4-20mA signal sufficient, or is a digital
protocol like HART, Modbus, or Profibus required for energy-driven data
integration?

4. Hazardous Area Certification: Does the installation site require ATEX, IECEX, or
UL explosion-proof ratings?

| Frequently Asked Questions (FAQ)

Q: Can energy-driven radar measure through a plastic tank wall?

A: Yes. Because radar uses electromagnetic energy, it can pass through
non-conductive materials like plastic or fiberglass. This allows for non-intrusive
measurement from outside the tank.

Q: How does temperature affect energy-driven ultrasonic sensors?
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A: The speed of sound changes by approximately 0.17% per degree Celsius. To
maintain accuracy, Welk ultrasonic sensors include a built-in temperature probe to
automatically adjust the distance calculation.

Q: Is radar safer than ultrasonic for volatile chemicals?

A: Generally, yes. Radar is more robust in the presence of vapors and pressure
changes. However, both must be properly rated (e.g., Intrinsically Safe) for use in
hazardous zones.

Q: What is the benefit of a high-frequency (80GHz) energy-driven radar?

A: Higher frequency allows for a narrower beam angle. This means the energy is
more focused, making it easier to install in small tanks or tanks with internal
obstructions without interference.

In conclusion, selecting an energy-driven level measurement solution requires a
balance of physics, electrical engineering, and process knowledge. By
understanding how energy is emitted, reflected, and powered, industrial operators
can achieve precise control over their assets. For detailed technical specifications
and to view our full range of industrial instruments, please visit our Main Page.



