Line Sensor

A practical guide to line sensor, covering the reader intent, the relationship to line
sensor, key evaluation criteria, common risks, and the information the intended
project audience should confirm before taking the next step.
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In the landscape of industrial automation and process control, the term "line
sensor" often refers to instruments capable of continuous, linear measurement
across a specific vertical or horizontal range. Unlike point level switches that only
indicate whether a substance has reached a single threshold, a continuous line
sensor provides a constant stream of data, mapping the exact position of a liquid
or solid interface. For engineers and plant managers, selecting the correct sensing
technology is critical for maintaining inventory accuracy, ensuring process safety,
and optimizing throughput.

As a professional manufacturer of industrial level measurement instruments, Welk
provides a diverse portfolio of technologies that function as continuous line
sensors. These include radar level meters, ultrasonic sensors, and hydrostatic
transmitters, each designed to meet the rigorous demands of water treatment,
chemical processing, and oil and gas applications. Understanding the underlying
physical principles of these sensors is the first step in effective instrument
selection.

| Principles of Continuous Level Measurement

To effectively utilize a line sensor in a B2B industrial environment, one must
understand how different physical properties—such as sound, electromagnetism,
and pressure—are harnessed to determine level.

| Time-of-Flight (ToF) Principles

Many modern line sensors, including ultrasonic and radar variants, rely on the
Time-of-Flight principle. The sensor emits a signal (either a sound wave or an
electromagnetic pulse) that travels through the headspace of a vessel, reflects off
the material surface, and returns to the transducer.

By measuring the time interval between emission and reception, and knowing the
constant speed of the signal in the medium (air or vacuum), the internal processor
calculates the distance. In level measurement, the formula is generally:

Distance = (Speed of Sighal x Time Delay) / 2
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The "line" of measurement is the path the signal takes. In non-contact systems,
this is a vertical beam; in guided systems, it follows a physical probe.

| Hydrostatic Pressure

Hydrostatic line sensors operate on the principle that the pressure at the bottom of
a liquid column is directly proportional to the height of the liquid above it. This is
expressed by the formula $P = \rho \cdot g \cdot h$, where $P$ is pressure, $\rho$%
(rho) is the density of the fluid, $g$ is the gravitational constant, and $h$ is the
height. By using a sensitive diaphragm to detect this pressure, the sensor provides
a continuous linear output corresponding to the level.

| Magnetostriction

For high-precision applications, magnetostrictive sensors utilize a ferromagnetic
wire housed within a probe (the line). A current pulse is sent down the wire,
creating a magnetic field that interacts with a float containing a permanent
magnet. This interaction creates a torsional strain wave that travels back up the
wire. The time it takes for this wave to reach the sensor head determines the
float's position with sub-millimeter accuracy.

| Primary Types of Industrial Line Sensors

Choosing the right line sensor requires matching the technology to the specific
media and environmental conditions of the application. For a comprehensive
overview of available technologies, engineers can refer to the Main Page of our
product catalog.
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| 1. Guided Wave Radar (GWR)

Guided Wave Radar is a contact-based line sensor that uses Time Domain
Reflectometry (TDR). A high-frequency electromagnetic pulse is guided along a rod
or cable probe. When the pulse hits a medium with a different dielectric constant
than the air, a portion of the energy is reflected. GWR is highly effective in tall,
narrow tanks and is less affected by foam, dust, or vapor compared to non-contact
methods.

| 2. Non-Contact Radar

Operating at frequencies such as 26GHz or 80GHz, non-contact radar sensors emit
microwave pulses through the air. These are ideal for corrosive or hygienic
applications where the sensor should not touch the media. The 80GHz variants
offer a narrow beam angle, which is essential for avoiding internal tank
obstructions like agitators or ladders.

| 3. Ultrasonic Level Sensors

Ultrasonic sensors are cost-effective line sensors for water and wastewater
applications. They work best in atmospheric pressure tanks with relatively clean
liquids. However, they can be sensitive to temperature fluctuations and heavy
foam, which can absorb the sound waves.

| 4. Hydrostatic Level Transmitters

These are often submersible or flange-mounted. They provide a reliable "line" of
measurement based on weight. They are particularly favored in deep wells,
reservoirs, and large storage tanks where mounting a sensor at the top of the
vessel is impractical.
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| Technical Selection Criteria

When evaluating a line sensor for a specific project, the following table provides a
baseline for comparison across common industrial parameters.

Technology Typical Max Range Media Influence of
Accuracy Suitability Dielectric

Guided Wave +3 mmto £5 Up to 30m (98 Liquids, High (Requires
Radar mm ft) Slurries, Solids DC > 1.4)
Non-Contact +2 mm Up to 120m Liquids and Moderate
Radar (393 ft) Solids
Ultrasonic +0.25% of Up to 15m (49 Primarily Low (N/A)
range ft) Liquids
Hydrostatic +0.1% to Up to 200m Clear Liquids, None
*+0.5% (656 ft) Qils
Magnetostrictive +1 mm Up to 6m (20 ft) Clean Liquids None

| Installation and Engineering Considerations

A line sensor is only as accurate as its installation. Engineers must account for
several physical factors to ensure the integrity of the data stream.

|Blocking Distance (Dead Zone)

All Time-of-Flight sensors have a "dead zone" or blocking distance near the sensor
head where measurements cannot be taken. For ultrasonic sensors, this might be
0.25m to 0.5m (10 to 20 inches). For radar, it is typically much smaller but still
exists. The sensor must be mounted high enough so that the maximum liquid level
never enters this zone.
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| Beam Angle and Obstructions

Non-contact sensors emit a cone-shaped signal. If this cone intersects with a tank
wall, a cooling coil, or an agitator, it will create a "false echo."” Modern software
allows for "false echo suppression,"” but it is best practice to install the sensor in a
location with a clear line of sight to the material surface.

| Stilling Wells and Bypass Chambers

In applications with heavy turbulence or surface foam, a line sensor like a GWR or
a floating magnetic gauge can be installed inside a stilling well or a bypass
chamber. This pipe acts as a protective sleeve, providing a calm surface for the
sensor to measure, effectively isolating the "line" of measurement from the rest of
the tank's dynamics.

| Environmental Factors

Temperature: High temperatures can affect the speed of sound, requiring
temperature compensation in ultrasonic sensors. Radar is generally unaffected by
temperature.

Pressure: High-pressure environments (above 3 bar / 43 psi) can attenuate
ultrasonic signals, making radar or hydrostatic sensors the preferred choice.

Vapor and Dust: Heavy steam or dust can interfere with ultrasonic and some
low-frequency radar signals. High-frequency (80GHz) radar is significantly better at
penetrating these atmospheres.

| Limitations and Common Risks

While versatile, no single line sensor is a universal solution. Awareness of these
limitations prevents costly deployment errors:



Line Sensor

1. Low Dielectric Constant: Radar sensors rely on a change in dielectric constant
(DC) to reflect a signal. Non-polar liquids like oils or liquid gases have low DCs,
which can result in weak signals. In these cases, GWR with a coaxial probe is often
necessary.

2. Coating and Buildup: If the media is highly viscous or prone to crystallization, it
can coat the probe of a GWR or the face of an ultrasonic transducer. While some
sensors have "build-up compensation," heavy coating will eventually lead to signal
loss or inaccuracy.

3. Vacuum Conditions: Ultrasonic sensors cannot operate in a vacuum because
sound waves require a medium (air) to travel. Radar, being electromagnetic,
operates perfectly in a vacuum.

| Frequently Asked Questions (FAQ)

Q: Can a line sensor distinguish between two different liquids in the same tank?

A: Yes, specifically Guided Wave Radar. It can detect the interface between two
liquids (e.g., oil and water) as long as the upper liquid has a lower dielectric
constant than the lower liquid. The pulse reflects off both the top surface and the
interface line.

Q: What is the difference between a line sensor and a level switch?

A: A level switch provides a discrete "on/off" signal at a specific point. A line sensor
provides a continuous 4-20mA, HART, or RS485 Modbus signal representing the full
range of the level.

Q: How often do these sensors require calibration?

A: Most modern digital line sensors from Welk are factory-calibrated. However, in
regulated industries like pharmaceuticals or food production, annual verification is
recommended. Hydrostatic sensors may require more frequent zero-point checks
due to sensor drift over time.

Q: Is it possible to use a line sensor for solids like grain or sand?
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A: Yes, but radar is generally preferred over ultrasonic for solids. Solids often have
an uneven surface (angle of repose) which can scatter signals. High-frequency
radar and GWR are designed to handle these irregular reflections.

For technical assistance in selecting the specific line sensor model for your
process, or to request a quote for OEM/ODM services, please visit our Main Page to
connect with our engineering team.



