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In the field of industrial process automation, the accuracy of a measurement is
only as valuable as the clarity with which it is communicated to the operator or
control system. Indication units serve as the essential language of level
measurement, translating raw physical data—such as time-of-flight, hydrostatic
pressure, or capacitance—into meaningful values that drive decision-making.
Whether a facility is managing water treatment, chemical processing, or oil and
gas storage, selecting and configuring the correct indication units is a fundamental
step in system integration.

For engineers and technicians, understanding how these units are derived from
measurement principles and how they are displayed across various interfaces is
critical for maintaining safety and efficiency. This guide explores the technical
nuances of indication units within level measurement instruments, providing a
practical reference for selection and application.

| Measurement Principles and Signal Conversion

Before an instrument can display a value, it must first convert a physical
phenomenon into a signal. The choice of technology dictates how the raw data is
processed into the final indication units.

|Time-of-FIight (Radar and Ultrasonic)

Radar and ultrasonic level sensors operate on the time-of-flight principle. The
device emits a pulse (microwave or sound wave) that reflects off the material
surface and returns to the sensor. The internal processor calculates the distance
based on the time elapsed.

Initially, the raw measurement is a distance (usually in millimeters or meters). To
provide a level reading, the instrument must be programmed with the "tank
height" or "zero point." The indicated level is the result of subtracting the
measured distance from the total tank height. On the Main Page of professional
instrument catalogs, you will find that these digital sensors offer the most flexibility
in switching between different indication units via software configuration.
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| Hydrostatic Pressure

Hydrostatic level transmitters measure the pressure exerted by a liquid column.
The relationship is defined by the formula $P = \rho gh$, where $P$ is pressure,
$\rho$ (rho) is the density of the liquid, $9$ is gravity, and $h$ is the height of the
liquid.

In this case, the primary measurement is pressure (e.g., bar, kPa, or psi). To
display indication units in meters or feet, the device or the receiving PLC must be
calibrated with the specific gravity of the medium. If the density changes due to
temperature fluctuations, the indicated level will drift unless temperature
compensation is applied.

| Mechanical and Magnetic Principles

Magnetic level gauges and float-based switches rely on buoyancy. As a float
moves with the liquid level, it either triggers switches or moves a magnetic
indicator on an external scale. The indication units here are often physical scales
mounted to the side of the chamber, providing a direct visual reference in
centimeters, inches, or percentage of span.

| Common Types of Indication Units

Industrial level instruments typically support several categories of indication units,
depending on whether the goal is to monitor height, volume, or mass.

| Linear Level Units

Linear units are the most common and represent the actual height of the material
within the vessel.

Metric: Millimeters (mm), Centimeters (cm), and Meters (m).

Imperial: Inches (in) and Feet (ft).
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These units are preferred for open-air applications, such as reservoir monitoring or
sump pits, where the geometry of the container is straightforward.

| Volumetric Units

In many process industries, knowing the height of the liquid is less important than
knowing the quantity remaining. Volumetric indication units require the instrument
to perform a conversion based on the vessel's geometry.

Metric: Liters (L), Cubic Meters (m3).
Imperial: Gallons (Gal), Barrels (BBL).

For vertical cylindrical tanks, the conversion is linear. However, for horizontal
tanks with dished ends or spherical vessels, the instrument must use a "strapping
table" or a non-linear mathematical formula to provide accurate volumetric
indication units.

| Percentage and Scaled Units

Percentage indication (0-100%) is widely used in control rooms. It provides a quick
reference for operators to understand how close a tank is to overflowing or running
dry, regardless of the tank's actual size. Additionally, some systems use
current-based indication (4-20mA), though this is usually converted back into
engineering units at the HMI (Human Machine Interface).

| Selecting the Appropriate Indication Unit

Choosing the right units depends on the specific requirements of the application
and the standards of the region where the facility operates. Use the following table
as a general selection guide:

Welk Reference Guide 4



WELK REFERENCE GUIDE Indication Units

Application Type Recommended Indication Reasoning
Units
Water Treatment Meters (m) or Feet (ft) Focus is on depth and pump
(Sump/Well) protection.
Chemical Batching Liters (L) or Kilograms (kg) Precision in quantity is

required for recipes.

Oil Storage (Large Tanks) Barrels (BBL) or Cubic Meters Industry standard for
(m?3) inventory and custody
transfer.
Process Buffer Tanks Percentage (%) Simplifies PID control and

operator monitoring.

Pressurized Vessels Millimeters (mm) or Inches Often used to correlate with
(in) sight glass readings.

| Integration and Local vs. Remote Indication

Modern level measurement solutions from manufacturers like Welk provide
dual-layer indication.

1. Local Indication: This is the display located directly on the sensor head or an
adjacent junction box. Local indication units are vital for maintenance personnel
and for verifying the instrument's status during a site walk-through. Most high-end
radar and ultrasonic meters feature backlit LCDs that can display multiple units
simultaneously (e.g., Level in meters and Temperature in Celsius).

2. Remote Indication: The signal is transmitted via 4-20mA, HART, Modbus, or
Profibus to a PLC or SCADA system. Here, the indication units can be scaled or
converted. It is a best practice to ensure that the local display and the remote HMI
use the same units to avoid confusion during manual overrides or emergency
situations.

| Installation Considerations and Calibration

To ensure the accuracy of the displayed indication units, several installation
factors must be addressed:
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The Reference Point: The "Zero" point must be accurately defined. For a
hydrostatic transmitter, this is the center of the diaphragm. For a radar unit, it is
typically the bottom of the tank. If the reference point is offset, all indication units
will be consistently incorrect.

Tank Geometry: If volumetric units are required, the user must input the exact
dimensions of the tank into the transmitter's software. For complex shapes, a
20-point or 30-point strapping table is often necessary to account for internal
obstructions or irregular bottoms.

Environment: For local indicators, ensure the display is mounted at an angle and
height that is easily readable by operators. In outdoor installations, sunshades may
be required to prevent the LCD from fading or becoming unreadable due to UV
exposure.

| Technical Limitations and Operational Risks

While indication units provide clarity, they can also lead to errors if the underlying
physics are ignored.

Density Sensitivity: As mentioned, hydrostatic sensors are calibrated to a specific
density. If a tank is used for different liquids without recalibration, the indicated
units (in meters or liters) will be false.

Vapor and Foam: In ultrasonic measurement, heavy foam or dense vapor can slow
down the sound wave, leading to an incorrect distance calculation and,
consequently, wrong indication units.

Scaling Errors: A common risk in B2B environments is a mismatch between the
transmitter's 4-20mA range and the PLC's scaling. For example, if the transmitter is
set to 0-5 meters but the PLC is scaled for 0-10 meters, the indicated value will be
exactly half of the actual level.

| Frequently Asked Questions (FAQ)

Q: Can | change the indication units from Metric to Imperial after the sensor is
installed?
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A: Yes, most digital level meters (Radar, Ultrasonic, and Digital Hydrostatic) allow
the user to change units through the menu interface or via HART communication
without needing to remove the device from the process.

Q: Why does my volumetric indication (Liters) not match the dipstick reading?

A: This is usually due to tank linearization issues. If the tank has a curved bottom
or internal structures (like agitators or baffles) that displace volume, the
instrument's software must be configured with a strapping table to compensate for
these non-linearities.

Q: Is it better to use Mass (kg) or Volume (L) for chemical tanks?

A: Mass is generally more accurate for inventory because it is independent of
temperature. However, measuring mass with a level sensor requires a constant
and known density. If temperature varies significantly, volume is easier to
measure, but mass is better for accounting.

Q: What are the most common indication units for solids/powders?

A: For silos containing grain, cement, or plastic pellets, distance (m/ft) or
percentage (%) are most common. Volume is often avoided because the "angle of
repose” of the solid material makes precise volume calculation difficult.

| Conclusion

Indication units are more than just labels on a screen; they are the final output of a
complex chain of physical measurement and digital processing. By selecting the
appropriate units and ensuring rigorous calibration against the vessel's actual
geometry and the medium's properties, industrial facilities can achieve higher
levels of precision and safety. For those seeking reliable hardware to implement
these measurements, exploring the technical specifications of various sensors on
the Main Page of a trusted manufacturer is the recommended next step in the
engineering process.
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