Flexible Rtd

A practical guide to flexible rtd, covering the reader intent, the relationship to
flexible rtd, 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 process control, accurate temperature measurement
is rarely a standalone requirement. For engineers managing complex liquid
storage or chemical processing, temperature data is a critical variable that
influences volume, density, and pressure calculations. The flexible RTD (Resistance
Temperature Detector) has emerged as a vital tool in these environments, offering
a versatile alternative to rigid metallic probes. Unlike standard
thermowell-mounted sensors, flexible RTDs can conform to curved surfaces, wrap
around pipes, or fit into the narrowest of clearances, providing high-accuracy data
where traditional sensors cannot reach.

This guide explores the technical principles, construction, and industrial application
of flexible RTDs, specifically focusing on their integration into level measurement
systems and broader industrial automation frameworks.

| Measurement Principles of Flexible RTDs

The fundamental operating principle of a flexible RTD is the same as its rigid
counterpart: the predictable change in electrical resistance of a metal in response
to temperature changes. Most industrial RTDs utilize platinum (Pt) due to its
stability, wide temperature range, and linear resistance-temperature relationship.

|The Resistance-Temperature Relationship

The behavior of a platinum RTD is governed by the Callendar-Van Dusen equation,
though for most practical industrial applications within a standard range, itis
simplified to a linear coefficient known as "Alpha" ($a$). The most common
standard is the PT100, which has a resistance of 100 ohms at 0°C (32°F) and a
temperature coefficient of 0.00385 Q/Q/°C.

In a flexible RTD, the sensing element is typically a thin-film platinum deposit on a
ceramic substrate or a fine wire wound around a flexible core. This element is then
encapsulated in flexible insulating materials such as polyimide (Kapton®), silicone
rubber, or fiberglass. This construction allows the sensor to maintain its electrical
integrity while being bent or shaped to fit the application.
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| Wiring Configurations

Accuracy in flexible RTDs is heavily influenced by the wiring configuration used to
connect the sensor to the transmitter or controller:

2-Wire: The simplest configuration but prone to error because the lead wire
resistance is added to the sensor resistance. It is rarely recommended for
high-precision industrial use.

3-Wire: The industrial standard. It uses a third wire to compensate for lead wire
resistance, assuming all three wires have identical resistance and are at the same
temperature.

4-Wire: The most accurate method. It uses two wires to carry the excitation
current and two wires to measure the voltage drop across the RTD element,
effectively cancelling out lead wire resistance entirely.

| Design and Material Construction

The "flexibility" of an RTD is determined by its encapsulation material. Choosing
the right material is essential for ensuring the sensor survives the chemical and
thermal stresses of the environment.

| Polyimide (Kapton®)

Polyimide is a high-performance plastic known for its exceptional thermal stability
and chemical resistance. Flexible RTDs made with polyimide are incredibly thin
(often less than 0.2 mm) and can withstand temperatures ranging from -200°C to
+260°C (-328°F to +500°F). Their thin profile ensures a very fast response time,
making them ideal for surface temperature monitoring on tanks and pipes.
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| Silicone Rubber

Silicone-encapsulated RTDs are thicker and more rugged than polyimide versions.
They offer excellent moisture resistance and are often used in wash-down
environments or applications where the sensor might be subject to physical
vibration. They typically operate in the range of -50°C to +200°C (-58°F to
+392°F).

| Fiberglass and Advanced Polymers

For higher temperature applications that still require some degree of flexibility,
fiberglass-reinforced substrates can be used. These can reach temperatures up to
480°C (896°F), though they have a larger minimum bend radius compared to
polyimide films.

| The Role of Flexible RTDs in Level Measurement

While level meters—such as radar, ultrasonic, or hydrostatic transmitters—provide
the primary data for inventory management, temperature is the hidden variable
that ensures accuracy. Flexible RTDs play a supportive but critical role in these
systems.

Density Compensation in Hydrostatic Level
Measurement

Hydrostatic level sensors measure the pressure exerted by a liquid column.
However, the density of a liquid changes with temperature. If a tank of oil heats
up, it expands; the level rises, but the pressure at the bottom remains the same.
Without an integrated temperature reading from a flexible RTD wrapped around
the tank or submerged within it, the level transmitter would report an incorrect
volume. Flexible RTDs allow for real-time density correction, ensuring the mass of
the product is accurately calculated.
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| Multi-Point Temperature Profiling

In large storage tanks, temperature is rarely uniform. A "flexible RTD probe" can
be designed as a long, flexible cable containing multiple RTD elements at different
heights. This allows operators to see a temperature profile of the entire tank. This
is particularly useful in the oil and gas industry to detect "stratification" or to
ensure that heating elements are working correctly across the entire volume of the
fluid.

| Protecting Instrumentation

In cold climates, flexible RTDs are often used in conjunction with heat tracing to
prevent freezing in level meter reference legs or external bypass chambers
(magnetic level gauges). The flexibility allows the sensor to be wrapped tightly
around the small-diameter piping of the level gauge, providing precise feedback to
the heat-trace controller.

| Selection Criteria and Technical Specifications

When specifying a flexible RTD for an industrial project, engineers must evaluate
several parameters to ensure long-term reliability. The following table provides a
comparison of common flexible RTD configurations.

Polyimide Film RTD | Silicone Rubber Flexible Cable
RTD Probe

Typical Temp Range -200°C to +260°C -50°C to +200°C -100°C to +450°C

Response Time Very Fast (<0.5s) Moderate (1-3s) Slow (5-10s)

Min. Bend Radius 0.5 mm to 3 mm 10 mm to 15 mm 50 mm to 100 mm

Chemical Resistance Excellent Good (Moisture/Oils) Excellent (Stainless
(Acids/Solvents) Braid)

Common Application Surface mounting, Large pipes, outdoor Deep tank profiling

PCB tanks
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| Accuracy Classes

Industrial RTDs are categorized by their tolerance levels according to IEC 60751:
Class AA (1/3 DIN): (0.1 + 0.0017 |t]) °C

Class A: £(0.15 + 0.002 |t|) °C

Class B: (0.3 + 0.005 |t]) °C

For most level measurement compensation tasks, Class A is preferred to ensure
that the cumulative error of the system remains within acceptable limits.

| Installation and Maintenance Considerations

The performance of a flexible RTD is highly dependent on the quality of its
installation. Unlike a probe that is simply screwed into a port, a flexible sensor
requires careful physical coupling to the target surface.

| Achieving Thermal Contact

For surface-mounted flexible RTDs, the air gap is the enemy. Even a microscopic
layer of air between the sensor and the tank wall can act as an insulator, leading
to lagged or inaccurate readings.

1. Surface Preparation: The mounting surface must be cleaned of all rust, scale,
and grease.

2. Adhesives: High-thermal-conductivity epoxies or pressure-sensitive adhesives
(PSA) are commonly used. For temporary installations, high-temperature Kapton
tape may suffice.

3. Clamping: In high-vibration environments, mechanical clamps or stainless steel
straps should be used over the flexible sensor to maintain constant pressure.
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| Bend Radius Limits

Every flexible RTD has a minimum bend radius. Exceeding this limit can cause the
thin-film element to crack or the internal wire-to-element bond to fail. As a general
rule, avoid sharp 90-degree bends at the point where the lead wires exit the
flexible substrate, as this is the most common point of mechanical failure.

| Environmental Protection

While the substrate may be flexible, the transition point to the lead wires is often a
weak spot for moisture ingress. In water treatment or chemical applications,
ensuring this transition is potted with epoxy or protected by heat-shrink tubing is
vital for preventing short circuits or corrosion.

| Limitations and Risk Management

Despite their versatility, flexible RTDs are not suitable for every application.
Engineers should be aware of the following limitations:

1. Mechanical Fragility: Flexible RTDs are more susceptible to puncture or abrasion
than rigid stainless steel probes. In applications involving abrasive slurries or
high-velocity flows, they must be shielded.

2. Temperature Ceilings: Most flexible substrates cannot exceed 260°C. For
high-temperature steam applications or furnace monitoring, rigid
ceramic-insulated probes remain the standard.

3. Surface vs. Immersion: A flexible RTD mounted on the outside of a tank
measures the wall temperature, which may differ slightly from the internal fluid
temperature depending on the tank's insulation and ambient conditions. This
"thermal lag" must be accounted for in the control logic.

|Frequent|y Asked Questions (FAQs)

Q: Can | cut a flexible RTD to a shorter length?
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A: No. Flexible RTDs are manufactured with a specific resistance. Cutting the
substrate will likely destroy the sensing element or the internal circuit paths.
Always specify the required length at the time of order.

Q: How do | choose between a PT100 and a PT1000 flexible RTD?

A: PT100 is more common and compatible with most industrial heritage systems.
PT1000 is better for battery-powered applications because its higher resistance
draws less current, and it is less sensitive to lead wire resistance in 2-wire setups.

Q: Are flexible RTDs suitable for hazardous areas?

A: Yes, provided they are used with an appropriate intrinsically safe (IS) barrier or
explosion-proof housing for the transmitter. The sensor itself is a "simple
apparatus" in many regulatory frameworks, but the entire loop must be certified.

Q: What is the typical lifespan of a flexible RTD?

A: In a stable environment with proper installation, a flexible RTD can last 5 to 10
years. However, frequent thermal cycling or constant flexing will reduce this
lifespan due to material fatigue.

| Conclusion

Flexible RTDs represent a critical advancement in industrial sensing, providing the
adaptability needed for modern, complex process environments. Whether they are
used for density compensation in hydrostatic level systems, monitoring the skin
temperature of a chemical reactor, or providing multi-point profiles in large silos,
their accuracy and low profile make them indispensable.

For engineers and procurement professionals looking to integrate these sensors
into a broader level measurement strategy, selecting a partner with deep
expertise in both temperature and level technologies is essential. For
comprehensive system design and to explore the full range of level and
temperature instrumentation, professionals should visit the Main Page to review
product options and application support. By understanding the principles and
limitations of flexible RTDs, industrial operators can ensure higher precision,
improved safety, and better efficiency in their automated processes.



