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In the context of modern industrial automation, an electrification system serves as
the foundational infrastructure that powers and connects field instrumentation to
control centers. For process industries—ranging from water treatment to chemical
manufacturing—the integrity of the electrification system directly dictates the
reliability and accuracy of level measurement data. As facilities transition toward
Industry 4.0, understanding how level meters integrate into these electrical
frameworks is essential for ensuring operational safety and efficiency.

A robust electrification system encompasses the power distribution network, signal
transmission pathways, grounding architectures, and surge protection
mechanisms. For engineers and plant managers, selecting the right level
measurement technology requires a deep understanding of how these instruments
draw power and communicate within the existing electrical environment. This
guide explores the technical principles, selection criteria, and installation best
practices for level sensors within an industrial electrification system.

| Measurement Principles and Electrical Integration

Before selecting a specific instrument, it is critical to understand how different
level measurement technologies interact with the electrification system. Level
meters typically operate as either 2-wire or 4-wire devices, each with distinct
electrical requirements.

|2-Wire (Loop-Powered) Systems

In a 2-wire electrification system, the same pair of wires provides power to the
instrument and carries the output signal (typically 4-20 mA). The instrument must
operate on a very low current—usually less than 3.6 mA—to ensure the signal can
drop to the 4 mA floor without losing power. This configuration is highly efficient
for cabling but requires instruments that can function with limited power, such as
certain ultrasonic sensors or low-power radar units.
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|4-Wire (Separately Powered) Systems

A 4-wire system uses two wires for the power supply (often 24V DC or 110/220V
AC) and two separate wires for the signal output. This is common for high-accuracy
radar level meters or heated instruments that require more energy than a
standard 4-20 mA loop can provide. 4-wire systems offer greater flexibility in signal
strength and are less susceptible to voltage drops over long distances.

| Signal Modulation and Digital Protocols

Modern electrification systems often overlay digital communication onto analog
signals. The HART (Highway Addressable Remote Transducer) protocol is the most
common, allowing digital configuration and diagnostics to travel over the standard
4-20 mA loop. More advanced systems utilize digital fieldbuses like Modbus RS485
or Profibus, which require specific wiring standards (shielded twisted pairs) and
termination resistors to maintain signal integrity across the electrification system.

The Role of Electrification in Level Measurement
Reliability

The performance of a level meter is only as stable as the power supplied to it.
Inconsistent voltage or electrical noise within the electrification system can lead to
"ghost" echoes in radar units or signal drift in hydrostatic transmitters.

Welk provides a range of instruments designed to withstand the rigors of industrial
electrical environments. When evaluating the Main Page for product options,
engineers should consider how the instrument's power consumption aligns with the
plant's available bus capacity. A well-designed electrification system ensures that
voltage fluctuations—often caused by large motors or pumps starting up elsewhere
in the facility—do not interfere with sensitive level readings.
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Selection Criteria for Level Meters in Industrial

Systems

Choosing the right level meter involves matching the instrument's electrical
specifications to the site's electrification system. The following table provides a
comparison of common technologies and their typical electrical requirements.

Selection Table: Electrical and Functional

Compatibility

Technology Typical Power
Supply

Radar 24V DC

(GWR/Non-Contac?) (2-wire/4-wire)

Ultrasonic 24V DC (2-wire)
Sensor

Hydrostatic 12-36V DC
Transmitter (2-wire)

Magnetic Level N/A
Gauge (Mechanical)

24V DC [ 220V
AC

Level Switch
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Best For

Signal Output

4-20mA HART, Chemicals, Oil
Modbus & Gas
4-20mA, Relay Water
Treatment
4-20mA Deep wells,
Tanks
Optional High

Switch/Transmitter Temp/Pressure

Overfill
Protection

Relay, PNP/NPN

Electrification

Constraint

Requires stable
DC voltage;
sensitive to EMI

Limited cable
distance due to
signal
attenuation

Susceptible to
lightning/surges
in outdoor loops

No power
needed for local
display; easy to
retrofit

High current
switching may
require
snubbers
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Installation Considerations for the Electrification
System

Proper installation is the primary defense against electrical failure and signal
interference. When integrating level meters into an electrification system, several
engineering factors must be addressed:

| 1. Cabling and Shielding

To prevent electromagnetic interference (EMI) from high-voltage power lines,
signal cables should be shielded and routed in separate conduits. The shield should
generally be grounded at only one end (usually the control cabinet side) to prevent
ground loops, which can introduce significant noise into the 4-20 mA signal.

| 2. Voltage Drop Calculations

In large-scale facilities, the distance between the power supply and the level meter
can exceed 500 meters (approx. 1640 feet). Engineers must calculate the voltage
drop across the cable to ensure the instrument receives the minimum operating
voltage. For a 24V DC system, if the cable resistance is too high, the voltage at the
sensor might drop below the required threshold (often 12V or 15V), causing the
device to reboot or fail intermittently.

| 3. Grounding and Equipotential Bonding

In hazardous areas, such as chemical storage tanks, the electrification system
must include equipotential bonding. This ensures that the level meter, the tank,
and the cable tray are all at the same electrical potential, eliminating the risk of
static discharge or sparks that could ignite flammable vapors.
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| 4. Surge Protection

Level meters installed outdoors or on tall silos are vulnerable to lightning strikes
and switching surges. Installing surge protection devices (SPDs) at both the
instrument head and the entry point to the control room is a standard best practice
to protect the broader electrification system from catastrophic failure.

| Limitations and Common Risks

Even a well-designed electrification system has limitations that can impact level
measurement:

Electromagnetic Interference (EMI): Variable Frequency Drives (VFDs) and large
transformers generate significant electrical noise. If level sensor cables are run
parallel to VFD cables without adequate spacing (typically 300 mm or 12 inches),
the level signal may fluctuate wildly.

Harmonic Distortion: In facilities with poor power quality, harmonics can cause
overheating in 4-wire instrument power supplies, leading to premature component
failure.

Signal Degradation: Analog 4-20 mA signals can degrade over very long distances
due to leakage current or poor insulation. In these cases, transitioning to a digital
electrification system (e.g., Ethernet/IP or Foundation Fieldbus) is often necessary.

Environmental Sealing: If the electrical conduit entries are not properly sealed with
cable glands (IP66/67 rated), moisture can enter the instrument housing, causing
short circuits and corrosion within the electrification system.
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| Future Trends: Smart Electrification Systems

The industry is moving toward "Smart Electrification," where the power distribution
system itself provides diagnostic data. Level meters are now being integrated into
Power over Ethernet (PoE) architectures, where a single Category 6 cable provides
both high-speed data and operating power. This reduces installation costs and
allows for more sophisticated remote monitoring and configuration via web
interfaces.

Furthermore, the rise of wireless electrification—utilizing long-life batteries and
energy harvesting—is becoming a viable option for remote level monitoring where
traditional wiring is cost-prohibitive. However, for critical process control, wired
electrification systems remain the gold standard for reliability.

| Frequently Asked Questions (FAQ)

Q: Can | use a 2-wire radar meter in a system designed for 4-wire instruments?

A: Yes, but you will need to modify the wiring. A 2-wire instrument requires the
power supply to be in series with the load (the PLC input), whereas a 4-wire
instrument has separate terminals for power and signal. You may need a signal
isolator or a different 1/O card.

Q: What is the maximum distance | can run a 4-20 mA signhal in my electrification
system?

A: Generally, 4-20 mA signals can travel up to 1,000 meters (approx. 3,280 feet)
using high-quality twisted pair cable, provided the power supply voltage is high
enough to overcome the total loop resistance (cable resistance + instrument
internal resistance + PLC input resistance).

Q: How do | protect my level sensors from power surges?

A: Use dedicated surge protection modules designed for 4-20 mA loops. Ensure the
electrification system has a low-impedance ground path (typically less than 5
ohms) to effectively shunt surge energy away from the instruments.

Q: Why is my level reading fluctuating when the pump starts?
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A: This is likely due to EMI or a momentary voltage dip in the electrification
system. Ensure signal cables are shielded and that the level meter is not sharing a
power circuit with heavy inductive loads like pumps or motors.

Q: Is it necessary to use shielded cable for simple level switches?

A: While not always mandatory for basic on/off switches, shielded cable is highly
recommended if the switch is connected to a high-impedance digital input or if the
cable runs through an electrically noisy environment. It prevents false triggers
caused by induced voltages.

By carefully planning the electrification system and selecting instruments that
match the electrical characteristics of the site, engineers can ensure long-term
accuracy and minimal maintenance for their level measurement applications. For
detailed technical specifications and product selection, consult the Main Page to
find the most suitable solution for your specific industrial requirements.
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