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In the field of industrial automation and process control, understanding how
electrical flow is measured in various systems is fundamental to ensuring accurate
data transmission and equipment safety. For engineers and technicians working
with level measurement instruments, the relationship between physical liquid
levels and electrical signals is the cornerstone of system integration. This article
explores the principles of electrical flow, its units of measurement, and its critical
application in modern level sensing technologies.

The Fundamentals of Electrical Current and
Measurement

To understand how electrical flow is measured in industrial environments, one
must first define the concept of electric current. Electric current is the rate at
which charge flows through a surface, such as the cross-section of a copper wire.
In the International System of Units (SI), electrical flow is measured in Amperes,
often shortened to "Amps" (symbol: A).

| The Physics of Amperage

One Ampere is defined as the flow of one coulomb of charge per second. In a
mathematical context, this is expressed through Ohm’s Law, which relates current
($1%$), voltage ($V$), and resistance ($R$):

$$1 = \frac{V}{R}$$

In industrial level measurement, we typically deal with low-current signals, often
measured in milliamperes (mA), where $1\text{ mA} = 0.001\text{ A}$. This
precision is necessary because the sensors used to detect liquid levels—such as
radar or ultrasonic transmitters—must communicate small changes in data over
long distances without significant signal degradation.
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| Measurement Tools

In a laboratory or field setting, electrical flow is measured using an ammeter or a
multimeter set to the current function. To measure current, the meter must be
placed in series with the circuit so that the total electrical flow passes through the
device. In automated systems, the current is often measured indirectly by
calculating the voltage drop across a precision shunt resistor (typically 250 ohms)
within a Programmable Logic Controller (PLC) or Distributed Control System (DCS).

Why Electrical Flow is Measured in Amperes for
Industrial Level Sensing

While voltage (measured in Volts) can also be used to transmit signals, current is
the preferred medium for industrial level measurement for several technical
reasons. When we say electrical flow is measured in Amperes for signal
processing, we are usually referring to the 4-20mA standard.

| Resistance to Noise

Industrial environments are rife with electromagnetic interference (EMI) from
motors, VFDs (Variable Frequency Drives), and heavy machinery. Voltage signals
are highly susceptible to this noise, which can cause fluctuations in the perceived
level reading. Current signals, however, are much more robust. Since the current
remains constant throughout a series loop regardless of wire resistance (within the
limits of the power supply), the signal reaching the controller is an accurate
representation of the sensor's measurement.

| Long-Distance Transmission

In large-scale facilities like water treatment plants or chemical refineries, a level
sensor might be located hundreds of meters away from the control room. If using a
voltage signal, the resistance of the long copper wires would cause a voltage drop,
leading to inaccuracies. Because the transmitter regulates the current to a specific
value, it automatically compensates for the resistance of the wire, ensuring that
the 4mA or 20mA signal remains consistent at the receiving end.
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The 4-20mA Current Loop: The Standard for Level
Transmitters

The most common application where electrical flow is measured in milliamperes is
the 4-20mA current loop. This analog standard has been the backbone of the
industry for decades due to its reliability and simplicity.

| The "Live Zero" Concept

One might wonder why the scale starts at 4mA instead of OmA. This is known as a
"live zero." If a sensor outputs OmA, the controller cannot distinguish between a
zero-level reading and a broken wire or a failed sensor. By using 4mA to represent
the minimum value (e.g., an empty tank), any drop to OmA immediately triggers a
fault alarm, allowing for rapid troubleshooting.

|Loop Powering (2-Wire Systems)

Many modern level meters, including radar and ultrasonic models, are
"loop-powered." This means the device draws its operating power from the same
two wires used for the 4-20mA signal. The device must operate on less than 4mA
of current to ensure it doesn't interfere with the signal range. For more
power-intensive applications, 4-wire systems are used, where power and signal are
separated.

To explore specific hardware configurations and how these signals are integrated
into process control, you can visit the Main Page to review product options and
application support.

Comparing Level Measurement Technologies and
Their Electrical Outputs

Different level measurement technologies utilize electrical flow in various ways to
report data. The following table provides a comparison of common industrial level
instruments and their typical electrical characteristics.
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Technology Measurement Typical Output Power Best Use Case
Principle Requirement
Radar Level Microwave 4-20mA / HART 24V DC (2-wire) Corrosive
Meter Time-of-Flight liguids, high
precision
Ultrasonic Sound Wave 4-20mA 12-30V DC Water,
Sensor Reflection wastewater,

open channels

Hydrostatic Pressure of 4-20mA 10-30V DC Deep wells,
Transmitter Liquid Column vented tanks
Magnetic Level Float with 4-20mA (via 24V DC High-pressure
Gauge Magnetic Reed Transducer) boilers, oil/gas
Level Switch Vibration or Relay / PNP / 24V DC / 220V Overfill
Conductivity NPN AC protection,

pump control

| Radar and Ultrasonic Considerations

Radar level meters use high-frequency electromagnetic waves, while ultrasonic
sensors use sound waves. Both convert the time it takes for a signal to return into
a distance measurement. This distance is then scaled to an electrical flow between
4mA and 20mA. For example, in a 10-meter tank, a 12mA signal would represent a
50% fill level (5 meters).

Engineering Considerations for Wiring and
Installation

When installing systems where electrical flow is measured in precise increments,
several engineering factors must be addressed to maintain signal integrity.

1. Cable Selection: Shielded twisted-pair cables are recommended. The twisting
helps cancel out electromagnetic interference, while the shield (grounded at one
end only) protects the signal from external noise.
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2. Voltage Drop Calculations: Every meter of wire adds resistance. If the total
resistance of the loop (wire resistance + controller input resistance) is too high,
the 24V DC power supply may not be able to push 20mA through the circuit.
Engineers must calculate the maximum allowable loop resistance ($R{max} =
(V{supply} - V{min\sensor}) / 0.02%).

3. Grounding: Improper grounding can create "ground loops," where unintended
electrical flow passes through the signhal wires, causing significant errors in level
readings. Always follow the manufacturer's grounding schematic.

4. Intrinsic Safety: In hazardous environments (e.g., oil refineries), Zener barriers
or galvanic isolators must be used to limit the electrical energy entering the
hazardous area, preventing sparks that could cause explosions.

Troubleshooting and Signal Integrity in Level
Measurement

When a level measurement system fails, the first step is often to verify how the
electrical flow is measured in the loop. Common issues include:

Signal Clipping: If the level reading stays stuck at 20.5mA or 3.8mA, the sensor is
likely out of range or detecting an internal error. Many sensors use these
"out-of-range" values to communicate specific fault codes.

Intermittent Signals: Often caused by loose terminal connections or moisture
ingress in the junction box. Moisture can create a high-resistance path, fluctuating
the current flow.

Non-Linearity: If the electrical flow does not correspond linearly to the liquid level,
the sensor may require re-calibration or the tank shape (e.qg., horizontal cylindrical
tanks) may require a strapping table in the PLC to linearize the volume.

Frequently Asked Questions regarding Electrical
Flow in Instrumentation

Q: Can | measure the 4-20mA signal without breaking the circuit?
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A: Yes, some advanced multimeters come with "clamp-on" milliamp probes that
use induction to measure the current, though traditional series measurement
remains the most accurate method for calibration.

Q: What is the maximum distance for a 4-20maA signal?

A: Depending on the wire gauge and power supply voltage, a 4-20mA signal can
typically travel up to 1,000 meters (approx. 3,280 feet) without significant loss,
provided the total loop resistance does not exceed the transmitter's driving
capability.

Q: How does HART protocol affect the electrical flow?

A: HART (Highway Addressable Remote Transducer) superimposes a digital signal
on top of the 4-20mA analog signal. It uses Frequency Shift Keying (FSK) so that
the digital data does not affect the average value of the electrical flow, allowing for
simultaneous analog and digital communication.

Q: Is electrical flow measured in AC or DC for level sensors?

A: Almost all modern industrial level transmitters use DC (Direct Current) for signal
transmission, as it is easier to regulate and less prone to the capacitive and
inductive losses associated with AC (Alternating Current) over long distances.

By adhering to these principles and selecting the appropriate instrumentation,
engineers can ensure that liquid level data is transmitted accurately and reliably
across the industrial plant. For more detailed technical specifications on radar,
ultrasonic, and hydrostatic sensors, reviewing the technical documentation on the
Main Page is recommended for professional project planning.



