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In the modern industrial landscape, the transition toward the integration of digital
control systems and electrical power—often referred to within the industry as
electricfication—has fundamentally reshaped how process parameters are
monitored. For engineers and facility managers, this shift represents a move away
from legacy mechanical or pneumatic systems toward high-precision electronic
instrumentation. In the field of level measurement, this evolution allows for
real-time data acquisition, remote monitoring, and enhanced automation in sectors
ranging from water treatment to chemical processing.

Understanding the principles behind electronic level measurement is the first step
in successfully navigating the electricfication of industrial infrastructure. By
replacing manual sounding or mechanical floats with advanced sensors, facilities
can achieve higher accuracy and lower maintenance costs. This guide explores the
core technologies, selection criteria, and practical installation considerations for
modern electronic level measurement.

| Core Principles of Electronic Level Measurement

Before selecting a specific instrument, it is essential to understand the physical
principles that govern how these devices interact with the media they measure.
Most modern level sensors utilized in the context of industrial electricfication fall
into three primary categories: Radar, Ultrasonic, and Hydrostatic.

| Radar Level Measurement (Non-Contact)

Radar level meters operate on the Time-of-Flight (ToF) principle. The device emits
a high-frequency electromagnetic wave (typically in the GHz range) from its
antenna. This wave travels through the air, reflects off the surface of the medium,
and returns to the sensor. The distance is calculated using the formula:

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

Where $c$ is the speed of light and $t$ is the measured travel time. Radar is
highly valued in the era of industrial electricfication because it is unaffected by
changes in temperature, pressure, or the presence of dust and vapors. It is the
preferred choice for aggressive chemicals and vacuum applications.
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| Ultrasonic Level Measurement

Similar to radar, ultrasonic sensors use the ToF principle but utilize sound waves
instead of electromagnetic waves. A piezoelectric crystal inside the sensor
converts electrical energy into mechanical sound pulses. These pulses reflect off
the surface of the liquid or solid. While cost-effective, ultrasonic measurement is
sensitive to the medium's environment; sound speed varies with air temperature,
and heavy foam or turbulence can dissipate the signal.

| Hydrostatic Level Measurement

Hydrostatic transmitters measure the pressure exerted by a liquid column at a
specific point. The principle is based on the relationship between pressure, density,
and height:

$$P = \rho \times g \times h$$

Where $P$ is pressure, $\rho$ is the density of the liquid, $9$ is gravity, and $h$ is
the height of the liquid. These sensors are typically submerged or mounted at the
bottom of a tank. They are highly reliable for vented tanks and deep-well
applications where non-contact sensors may face mounting constraints.

The Role of Electricfication in Modern Process
Control

The broader trend of electricfication in industry involves replacing
fossil-fuel-powered machinery and mechanical linkages with electric motors,
actuators, and sensors. In level measurement, this means moving toward smart
sensors that can communicate via digital protocols such as HART, Modbus, or
Profibus.
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For a comprehensive overview of how these technologies integrate into modern
control architectures, engineers can review product options and application
support on the Main Page of the Welk technical catalog. The integration of
electronic sensors allows for predictive maintenance, where the device can
self-diagnose signal degradation before a failure occurs, a key benefit of the digital

transition.

| Technology Selection Table for Process Applications

Choosing the right technology requires balancing accuracy requirements with
environmental constraints. The following table provides a comparison of the most
common electronic level measurement technologies.

Technology Typical Operating
Accuracy Range

Radar (FMCW) =1 mmito; =5 Up to 100 m
mm

Ultrasonic +0.25% of 0.5mto15m
range

Hydrostatic +0.1% to 1 mto 200 m
+0.5%

Magnetic Gauge =5 mmto £10 0.3mtob6m

mm

Best Use Case

Corrosive
chemicals,
high-temp tanks

Water
treatment, open
channels

Deep wells, fuel
storage

High-pressure
boilers

Primary

Limitation

Higher initial
investment

Affected by
foam and steam

Requires
constant
density

Mechanical
moving parts

| Key Evaluation Criteria for Industrial Sensors

When evaluating instruments for a project focused on electricfication, engineers
must look beyond the basic measurement principle and consider the following

factors:

1. Media Characteristics: The dielectric constant (for radar), density (for
hydrostatic), and surface turbulence (for ultrasonic) are critical. For instance,
low-dielectric liquids like hydrocarbons reflect radar waves poorly, requiring

specialized high-sensitivity antennas.
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2. Process Conditions: Standard electronic sensors are rated for specific
temperature and pressure ranges. High-frequency radar can handle temperatures
exceeding 400°C, whereas ultrasonic sensors are generally limited to below 800
mm (0.8 m) distance from the transducer face due to the "dead zone."

3. Signal Output and Integration: In an electrified facility, the sensor must
communicate with a PLC (Programmable Logic Controller) or SCADA system.
Standard 4-20mA loops are common, but digital protocols provide more granular
data, including internal sensor temperature and signal strength.

| Installation and Wiring Considerations

The success of an instrument in an electrified environment often depends on the
guality of the installation. Poor wiring or improper mounting can lead to signal
interference, which is a common risk during the electricfication of older plants.

| Mounting Position

For non-contact sensors (Radar and Ultrasonic), the beam must have a clear path
to the liquid surface. Obstructions such as agitators, ladders, or inlet pipes can
create "false echoes.” Sensors should be mounted at least 200 mm to 500 mm
away from the tank wall to prevent side-wall reflections.

| Power Supply and Grounding

Electronic level meters typically require a stable 24V DC power supply. In
environments with heavy machinery, electromagnetic interference (EMI) can
corrupt the signal. Using shielded twisted-pair cables and ensuring a single-point
ground can mitigate these risks. For hydrostatic sensors, the vent tube in the cable
must remain unobstructed to allow the sensor to compensate for atmospheric
pressure changes.

Welk Reference Guide 5



WELK REFERENCE GUIDE Electricfication

| Environmental Protection

Instruments should be selected with appropriate Ingress Protection (IP) ratings. For
outdoor or wash-down areas, IP67 or IP68 ratings are standard. In hazardous
areas, such as oil and gas refineries, the electricfication process must utilize
intrinsically safe (Ex ia) or flameproof (Ex d) rated instruments to prevent ignition
sources.

| Limitations and Mitigation Strategies

While electronic sensors offer superior performance, they are not without
limitations. Recognizing these early in the design phase prevents costly retrofits.

Power Dependency: Unlike a simple sight glass, electronic sensors require power.
In remote areas, this may necessitate solar power systems or battery-backed UPS
units.

Signal Attenuation: Foam on the surface of a liquid acts as an insulator for
ultrasonic waves and an absorber for radar waves. In such cases, a guided wave
radar (GWR) or a hydrostatic transmitter is often a more reliable alternative.

Build-up and Fouling: In wastewater or slurry applications, material can build up on
the sensor face. Welk radar sensors often feature non-stick PTFE antennas or
air-purge connections to keep the sensing element clean.

| Frequently Asked Questions (FAQ)

Q: How does the dielectric constant affect radar level measurement?

A: The dielectric constant ($er$) determines how much energy is reflected back to
the sensor. Liquids with a high $&r$ (like water) provide strong reflections, while
those with a low $er$ (like oils) reflect less energy, requiring more sensitive
electronics or guided wave technology.

Q: Can ultrasonic sensors be used in vacuum tanks?
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A: No. Ultrasonic waves require a medium (air or gas) to travel. In a vacuum, there
are no molecules to transmit the sound pulse, making ultrasonic sensors
ineffective. Radar is the preferred non-contact choice for vacuum applications.

Q: What is the benefit of a 2-wire vs. a 4-wire system in electricfication projects?

A: 2-wire systems carry both power and the 4-20mA signhal on the same pair of
wires, reducing cabling costs. 4-wire systems have separate power and signal
lines, which is often necessary for power-intensive devices like certain types of
heated displays or high-power radar transmitters.

Q: How often should electronic level meters be calibrated?

A: While most modern sensors are factory-calibrated and have minimal drift,
industry standards typically recommend a verification check every 12 to 24
months, depending on the criticality of the process and the corrosiveness of the
environment.

By carefully considering these technical factors, industrial operators can ensure
that their transition toward electricfication results in a more efficient, accurate,
and reliable process control system. For detailed specifications on the latest radar
and ultrasonic technologies, visiting the Main Page provides access to the
necessary engineering data to make an informed selection.
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