Technical Line

A practical guide to technical line, covering the reader intent, the relationship to
technical line, 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 context of industrial process automation, a technical line refers to the
integrated architecture of signal transmission, power supply, and data
communication that connects field instrumentation to control systems. For level
measurement, the technical line is the critical link between the physical medium
(liguids, solids, or slurries) and the decision-making logic of a Programmable Logic
Controller (PLC) or Distributed Control System (DCS). Establishing a robust
technical line ensures that the accuracy of a high-end radar or ultrasonic sensor is
not degraded by signal interference, voltage drops, or environmental factors.

| Core Measurement Principles and Signal Generation

Before designing a technical line, it is essential to understand how different level
measurement technologies generate data. The method of measurement dictates
the type of sighal that must be transmitted and the physical requirements of the
cabling and interface.

###4# Radar Level Measurement (ToF)

Radar level meters operate on the Time-of-Flight (ToF) principle. High-frequency
microwave pulses (typically 26GHz or 80GHz) are emitted from the antenna,
reflected off the material surface, and received by the sensor. The electronics
calculate the distance based on the time interval. Because these devices often
process complex echo curves to filter out false reflections, their technical line must
support high-speed data transmission if remote diagnostics are required, typically
via HART or Modbus protocols.

#### Ultrasonic Level Sensors

Ultrasonic sensors use piezoelectric crystals to emit mechanical sound waves. The
time taken for the echo to return is proportional to the distance. These are
sensitive to ambient noise and temperature fluctuations. The technical line for an
ultrasonic sensor often requires temperature compensation data, which is usually
integrated into the 4-20mA loop or digital output.

#### Hydrostatic Level Transmitters
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These sensors measure the pressure exerted by a liquid column. Based on the
formula $P = \rho gh$ (where $P$ is pressure, $\rho$ is density, $g$ is gravity, and
$h$ is height), the level is determined. The technical line for hydrostatic sensors
often includes a vented cable to atmospheric pressure to ensure accurate gauge
pressure readings.

#### Magnetic Level Gauges and Switches

Magnetic gauges use buoyancy and magnetic coupling to provide local indication.
When integrated into a technical line, they utilize reed switches or
magnetostrictive transmitters to convert the mechanical position into an electrical
signal.

| Components of an Industrial Technical Line

A modern technical line for level measurement is composed of several layers, each
serving a specific function in the data chain.

1. The Field Instrument: The primary sensor (e.g., a Welk radar meter) that
converts a physical level into an electrical value.

2. Transmission Media: Most industrial technical lines utilize shielded twisted pair
(STP) cabling. For long distances exceeding 1,000 meters (approx. 3,280 feet),
fiber optic converters or wireless gateways may be employed to prevent signal
attenuation.

3. Signal Conditioning: This includes lightning surge protectors, safety barriers for
intrinsically safe (Ex) zones, and signal isolators that prevent ground loops from
corrupting the 4-20mA signal.

4. The Control Interface: The termination point, usually an I/O module within a PLC
or a dedicated digital display.

| Signal Transmission Protocols

The choice of protocol defines the capabilities of the technical line. While analog
signals remain common, digital integration is becoming the standard for complex
industrial applications.
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4-20mA Analog: The industry standard for simplicity. It uses a current loop where
4mA represents 0% level and 20mA represents 100%. It is highly resistant to EMI
(Electromagnetic Interference) over moderate distances.

HART (Highway Addressable Remote Transducer): A digital signal superimposed on
the 4-20mA analog loop. It allows the technical line to carry secondary variables,
such as sensor temperature or electronics health, without interrupting the primary
level signal.

Modbus RTU (RS485): A multi-drop digital protocol that allows multiple sensors to
be connected to a single technical line. This reduces cabling costs but requires
careful termination and addressing.

Profibus/Foundation Fieldbus: These are used in highly automated plants where the
technical line functions as a high-speed fieldbus, providing extensive diagnostic
capabilities and bi-directional communication.

| Technical Line Selection Criteria

When engineering a technical line for a new project, several factors must be
evaluated to ensure long-term reliability.
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Distance Short (<100m) vs. Long Long distances require
(>500m) higher voltage or digital
protocols to avoid voltage
drop.
Environment Corrosive, High Temp, or Requires specialized cable
Hazardous jackets (PTFE/PVC) and

explosion-proof conduits.

Data Density Basic Level vs. Full Basic needs 4-20mA,;
Diagnostics diagnostics require HART or
Modbus.
Power Supply 2-Wire vs. 4-Wire 2-wire systems power the

device via the signal loop;
4-wire requires separate
power lines.

Interference Proximity to VFDs or Motors Requires high-grade
shielding and specific
grounding strategies.

| Installation and Engineering Considerations

Successful implementation of a technical line requires adherence to strict
installation standards. Poor installation is the leading cause of "signal drift" or
intermittent failures in level measurement systems.

#### Grounding and Shielding

To protect the technical line from EMI, shielded cables must be used. The shield
should typically be grounded at only one point—usually the control room end—to
prevent ground loops. In environments with heavy machinery or Variable
Frequency Drives (VFDs), the technical line should be run in dedicated grounded
metal conduits, separated from power cables by at least 30 cm (approx. 12
inches).

#### Cable Sizing
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For 2-wire 4-20mA loops, the resistance of the cable must be calculated. If the total
loop resistance (cable + barriers + receiver) exceeds the driving capability of the
transmitter (usually 500-600 ohms at 24V DC), the signal will fail at high levels
(near 20mA). Using a larger cross-section cable (e.g., 1.5 $mm~™2% instead of 0.75
$mm~™2$) can mitigate this.

#### Hazardous Area Requirements

If the level meter is installed in a Zone 0 or Zone 1 hazardous area, the technical
line must incorporate Zener barriers or galvanic isolators. These devices limit the
energy entering the hazardous area to levels insufficient to ignite an explosive
atmosphere. The technical line must be documented as an "Intrinsically Safe
Circuit" in compliance with local regulations (e.g., ATEX or IECEX).

| Limitations and Common Risks

Despite advancements in technology, certain limitations exist within any technical
line architecture:

Signal Attenuation: In RS485 digital lines, long distances and high baud rates can
lead to bit errors. Repeaters may be necessary every 1,200 meters.

Capacitance Issues: Long cable runs in 4-20mA loops can act as a capacitor,
slowing down the response time of the signal, which may be critical in rapid-fill
applications.

Environmental Degradation: Moisture ingress in junction boxes can create parasitic
resistance, causing the 4-20mA signal to read higher than the actual level.
High-quality IP67/IP68 rated enclosures are mandatory for outdoor technical lines.

| Practical Selection for Specific Applications

For water treatment plants, a standard 4-20mA technical line with ultrasonic
sensors is often sufficient due to the relatively stable environment. However, in
chemical processing or oil and gas, a radar-based system integrated into a
HART-enabled technical line is preferred. This allows engineers to monitor the
"echo strength" and "signal-to-noise ratio" remotely, predicting when a sensor
might need cleaning before a failure occurs.
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For more detailed specifications on radar, ultrasonic, and hydrostatic instruments
that integrate into these systems, you can visit the Main Page for a comprehensive
overview of available hardware.

|Frequent|y Asked Questions (FAQs)

Q: Can | run multiple signals through the same technical line cable?

A: Yes, if using a multi-pair shielded cable. However, each pair must be individually
shielded to prevent cross-talk between different level meters. For digital protocols
like Modbus, multiple sensors can share a single pair in a daisy-chain configuration.

Q: What is the maximum distance for a 4-20mA technical line?

A: Theoretically, it can reach up to 1,000 meters, but this depends on the wire
gauge and the power supply voltage. At 24V DC, 600-800 meters is a practical limit
for most industrial transmitters.

Q: How do | troubleshoot a technical line that shows a "frozen" signal?

A: First, measure the voltage at the sensor terminals. If it is below the minimum
operating voltage (usually 12V-15V DC for 2-wire devices), the loop resistance is
too high. If voltage is fine, check for a "fixed output" setting in the sensor software
or a physical obstruction in front of the sensor face.

Q: Is wireless a viable technical line?

A: Wireless (WirelessHART or LoRaWAN) is an excellent alternative for remote
tanks where trenching for cables is cost-prohibitive. However, it requires a clear
line of sight or a robust mesh network and is generally slower than wired technical
lines.

| Summary of Best Practices

To ensure the integrity of a technical line in industrial level measurement,
engineers should:

Always use shielded twisted pair cabling for analog and digital signals.
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Calculate the total loop impedance to ensure the power supply can drive the 20mA
signal.

Maintain physical separation between signal cables and high-voltage power lines.

Utilize digital protocols (HART/Modbus) for critical applications requiring diagnostic
data.

Implement proper grounding at the control side to eliminate EMI.

By following these guidelines, the technical line becomes a transparent and
reliable conduit for process data, enabling precise control and safety in industrial
operations. For further engineering support and product selection, consult the
resources available on the Main Page.



