Linecal

A practical guide to linecal, covering the reader intent, the relationship to linecal,
key evaluation criteria, common risks, and the information the intended project
audience should confirm before taking the next step.




Linecal

Main topic: Main Page
https://www.level-meters.com/

In the field of industrial process control, the term "linecal" refers to the critical
process of linear calibration. For engineers and plant managers, ensuring that a
level measurement instrument provides a linear and accurate output—typically a
4-20mA signal or digital data—across its entire sensing range is fundamental to
operational efficiency and safety. Whether managing chemical storage, water
treatment facilities, or oil and gas refineries, the precision of these instruments
depends on how well they are calibrated to the specific geometry and conditions of
the application.

This guide examines the principles of level measurement, the role of linecal in
ensuring signal integrity, and the practical considerations for selecting and
installing level sensors from a professional manufacturing perspective.

| Principles of Industrial Level Measurement

Before implementing a linecal procedure, it is essential to understand the
underlying physical principles of the sensors being calibrated. Industrial level
instruments generally fall into two categories: continuous measurement and point
level detection. Continuous sensors require rigorous linear calibration to map the
physical level to a proportional output signal.

| Radar Level Measurement

Radar level meters, such as those offered on the Main Page, utilize Time Domain
Reflectometry (TDR) or Frequency Modulated Continuous Wave (FMCW)
technology. The sensor emits high-frequency electromagnetic pulses that travel at
the speed of light. When these pulses hit the surface of the medium, they are
reflected back to the sensor. The time delay between emission and reception is
used to calculate the distance. Linearity in radar depends on the dielectric
constant of the medium and the absence of internal tank obstructions.
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| Ultrasonic Level Sensors

Ultrasonic sensors operate on a similar time-of-flight principle but use sound waves
instead of electromagnetic pulses. A transducer emits an ultrasonic pulse (typically
between 20 kHz and 200 kHz), which reflects off the liquid or solid surface.
Because the speed of sound is affected by air temperature, these sensors usually
include integrated temperature compensation to maintain a linear output as
environmental conditions change.

| Hydrostatic Pressure Transmitters

Hydrostatic measurement is based on the principle that the pressure at the bottom
of a vessel is directly proportional to the height of the liquid column above it,
multiplied by the specific gravity of the fluid. The formula $P = \rho \cdot g \cdot h$
(where $P$ is pressure, $\rho$ is density, $9$ is gravity, and $h$ is height) forms
the basis for calibration. Linecal in this context involves adjusting the sensor to
account for the fluid density and the atmospheric pressure (in vented tanks) or
vessel pressure (in sealed tanks).

| Magnetic Level Gauges

Magnetic level gauges use a float containing a permanent magnet that moves with
the liquid level inside a bypass chamber. As the float moves, it flips magnetic flaps
or actuates a reed chain transmitter. Linear calibration here is often mechanical or
involves mapping the resistance of the reed chain to a 4-20mA signal.

| The Role of Linecal in Signal Accuracy

Linecal is the process of verifying and adjusting the instrument so that the output
signal accurately represents the physical quantity across a defined range. For a
standard 4-20mA output, the goal is to ensure that 4mA represents the 0% (Empty)
level and 20mA represents the 100% (Full) level, with a perfectly straight linear
relationship in between.
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| Why Linearization is Necessary

In many industrial applications, the relationship between the measured level and
the actual volume is not linear. For example, in a horizontal cylindrical tank or a
tank with a conical bottom, a 10% increase in height does not correspond to a 10%
increase in volume. Advanced level meters allow for "strapping tables" or
linearization curves to be programmed into the device. The linecal process ensures
that the sensor's raw distance measurement is correctly translated into the desired
units, such as liters, cubic meters, or gallons.

| Selection Criteria for Level Measurement Systems

Choosing the right technology is the first step toward achieving a successful linecal
outcome. Engineers must evaluate the following criteria before procurement:

1. Media Characteristics: Is the fluid corrosive, viscous, or prone to foaming? Radar
is often preferred for corrosive chemicals, while hydrostatic sensors are excellent
for clean water.

2. Process Conditions: High temperatures (above 100°C / 212°F) or high pressures
(above 10 bar / 145 psi) require specialized sensor housings and materials.

3. Tank Geometry: The presence of agitators, ladders, or internal bracing can
create "ghost echoes" for radar and ultrasonic sensors, requiring sophisticated
signal processing to maintain linearity.

4. Accuracy Requirements: For custody transfer, high-accuracy radar (£1mm) is
necessary. For general sump monitoring, an ultrasonic sensor with £0.25%
accuracy may suffice.

| Comparison Table: Level Measurement Technologies
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Technology Accuracy Typical Range Key Calibration
Advantage Complexity

Radar (80GHz) =1 mmito =3 Up to 120m Non-contact, Moderate

mm ignores vapors (requires

mapping)

Ultrasonic +0.25% of 0.3m to 15m Cost-effective, Low

range simple (distance-based)
Hydrostatic +0.1% to 1m to 200m Reliable in deep Low

+0.5% wells (density-dependent)
Magnetic Gauge  +=5 mm to =10 0.5m to 6m Visual + Low

mm Remote output (mechanical/resistive)

| Installation Considerations for Maintaining Linearity

Even the most advanced instrument will fail to maintain a linear output if installed
incorrectly. To ensure the success of the linecal process, follow these engineering
guidelines:

| Mounting Position

Sensors should be mounted away from the tank walls to prevent signal
interference. For ultrasonic and radar units, a minimum distance of 300mm
(approx. 12 inches) from the wall is generally recommended. The sensor must be
perpendicular to the liquid surface to ensure the maximum signal return.

|Dead Zones (Blocking Distance)

All non-contact sensors have a "dead zone" or blocking distance immediately
below the transducer where measurements cannot be taken. For ultrasonic
sensors, this might be 250mm to 500mm (10 to 20 inches). If the liquid enters this
zone, the output will become non-linear or fail entirely. Ensure the sensor is
mounted high enough to accommodate the maximum fill level.
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| Stilling Wells and Bypass Chambers

In applications with heavy turbulence or foam, installing the sensor inside a stilling
well or a bypass pipe can stabilize the surface. This mechanical solution simplifies
the linecal process by providing a consistent, calm surface for the sensor to track.

| Limitations and Common Risks

While linecal aims for perfection, several factors can introduce non-linearity or
errors:

Vapor and Dust: Heavy dust in silos or dense steam in boilers can attenuate
ultrasonic signals. Radar is generally immune to these, but extreme pressure can
still affect signal velocity slightly.

Build-up: In sticky or crystallizing media, material build-up on a radar antenna or
ultrasonic face will degrade the signal. Regular maintenance or the use of
PTFE-faced sensors is required.

Temperature Fluctuations: Rapid temperature changes can shift the zero point of
hydrostatic transmitters. Using sensors with high-quality temperature
compensation circuits is vital for long-term linearity.

Non-Linear Vessel Shapes: As mentioned, volume calculation in spherical or
horizontal tanks requires a multi-point linearization table. A simple two-point
calibration (empty/full) will result in significant volume errors at the mid-point.

| Frequently Asked Questions (FAQ)

Q: How often should | perform a linecal on my level meter?

A: For most industrial applications, an annual calibration check is standard.
However, in critical safety systems or high-accuracy custody transfer applications,
semi-annual or quarterly checks may be required.

Q: Can | calibrate a sensor while the tank is in operation?
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A: Many modern digital sensors allow for "dry calibration," where parameters are
entered via software based on the tank's physical dimensions. However, a "wet
calibration" (comparing the sensor output to a physical dip-tape measurement) is
always more accurate for final verification.

Q: What is the difference between range and span in calibration?

A: The range is the total measurement capability of the sensor (e.g., 0 to 20
meters). The span is the specific portion of that range used in your application
(e.g., 2 meters to 15 meters). Linecal focuses on ensuring accuracy across the
selected span.

Q: Why does my hydrostatic sensor show a level when the tank is empty?

A: This is usually due to a zero-shift. It can be caused by a change in the sensor's
mounting position, atmospheric pressure changes not being vented properly, or
sediment covering the diaphragm. A zero-point adjustment is the first step in the
linecal procedure.

|Conc|usion and Technical Support

Achieving a precise and linear level measurement is a combination of selecting the
right technology, performing professional installation, and executing a meticulous
linecal procedure. By understanding the physical constraints of the application and
the operational principles of the equipment, engineers can ensure long-term
reliability and data integrity.

For specific product specifications, technical drawings, or assistance with selecting
a level measurement solution for your facility, you may Review product options
and application support to find the most suitable instrumentation for your industrial
requirements. Welk provides a comprehensive range of radar, ultrasonic, and
hydrostatic instruments designed to meet the rigorous demands of modern
automation.



