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In the realm of industrial process control, precision is not merely a preference but
a requirement for safety, efficiency, and quality assurance. Resistance
Temperature Detectors (RTDs) are among the most reliable instruments used to
monitor temperature in diverse environments, from chemical reactors to water
treatment facilities. However, the performance of an RTD is defined by its "class,"
a standardized categorization that dictates its accuracy and tolerance levels.
Understanding the nuances of an rtd class is essential for engineers and
procurement specialists when selecting sensors that must integrate seamlessly
with complex systems, such as those found on the Main Page of industrial
instrumentation providers like Welk.

Selecting the correct RTD class ensures that temperature data remains within the
necessary margins for process stability. This guide explores the principles of RTD
measurement, the international standards governing accuracy classes, and the
practical considerations for implementing these sensors in industrial level and
temperature measurement applications.

| Measurement Principles of RTDs

Before delving into the specifics of an RTD class, it is vital to understand the
underlying physics of the sensor. An RTD operates on the principle that the
electrical resistance of a metal changes in a predictable and repeatable manner as
its temperature changes. Most industrial RTDs utilize platinum (Pt) due to its
chemical stability, wide temperature range, and linear resistance-temperature
relationship.

| The Resistance-Temperature Relationship

The most common RTD is the Pt100, which has a resistance of 100 ohms at 0°C. As
the temperature rises, the resistance increases. This relationship is mathematically
described by the Callendar-Van Dusen equation for temperatures above 0°C:

\[ Rt = RO [1 + At + Bt™2]\]

Where:
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-\( Rt\) is the resistance at temperature \( t\).
-\( RO ) is the resistance at 0°C.

-\( A\) and \( B\) are constants derived from the properties of the platinum
used.

For most industrial applications, the temperature coefficient (alpha) is 0.00385
Q/Q/°C. This standard coefficient ensures that sensors from different
manufacturers are interchangeable within the same RTD class.

| Construction Types

RTDs are generally constructed in two ways:

1. Wire-Wound: A fine platinum wire is coiled around a ceramic or glass core.
These are highly accurate and stable but sensitive to high vibration.

2. Thin-Film: A thin layer of platinum is deposited onto a ceramic substrate. These
are more robust, cost-effective, and smaller, making them the standard for most
modern industrial applications.

| Understanding IEC 60751 RTD Classes

The International Electrotechnical Commission (IEC) 60751 is the global standard
that defines the accuracy requirements for platinum RTDs. This standard
categorizes sensors into different classes based on their maximum allowable
deviation (tolerance) from the nominal resistance-temperature curve.

| Class AA (formerly 1/3 DIN)

Class AA represents the highest standard of accuracy defined by I[EC 60751. It is
typically reserved for laboratory settings or critical industrial processes where
even a fraction of a degree can impact the outcome. The tolerance for Class AA is
calculated as:

\[ \Delta T = \pm(0.1 + 0.0017|t[) \]
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| Class A

Class A sensors are widely used in high-precision industrial applications, such as
pharmaceutical manufacturing or precision chemical dosing. They offer a tight
tolerance across a narrower temperature range than Class B.

\[ \Delta T = \pm(0.15 + 0.002|t|) \]

|Class B

Class B is the industry standard for most general-purpose applications. It provides
a balance between cost and accuracy, suitable for water treatment, HVAC, and
general industrial automation.

\[ \Delta T = \pm(0.3 + 0.005|t|) \]

| Class C

Class C sensors have the widest tolerance and are used in applications where
precise temperature monitoring is less critical, or where the environment is
extremely harsh, potentially degrading the accuracy of higher-class sensors
anyway.

\[ \Delta T = \pm(0.6 + 0.01[t]) \]

| Comparative Selection Table for RTD Classes

The following table summarizes the tolerance values for the most common RTD
classes at specific temperature points according to IEC 60751.
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RTD Class Tolerance at Tolerance at Tolerance at Temperature
0°C 100°C 200°C Range
(Typical)
Class AA =0=E ag 0L 27C +0.44°C -50°C to 250°C
Class A £0:15-C £0.355C £0:55°C -100°C to 450°C
Class B £ 3026 +=0BOEE +£1°308C -196°C to 600°C
Class C 0607 C +1.60°C +2.60°C -196°C to 600°C

Note: The effective range for a specific RTD class may vary depending on whether
the sensor is thin-film or wire-wound. Always verify the manufacturer's
specifications for the operating limits.

| Practical Factors Affecting RTD Class Performance

While the RTD class defines the inherent accuracy of the sensor element, several
external factors can degrade the actual measurement accuracy in a real-world
installation.

| Lead Wire Resistance

In a 2-wire RTD configuration, the resistance of the lead wires is added directly to
the sensor's resistance, leading to a significant positive error. For a Class A sensor,
this error can easily exceed the class tolerance. To maintain the integrity of a
high-accuracy RTD class, 3-wire or 4-wire configurations are recommended:

3-Wire: Uses a third wire to compensate for lead resistance (standard for industrial
PLC inputs).

4-Wire: Completely eliminates lead wire resistance effects (preferred for Class AA
and laboratory use).
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| Self-Heating

To measure resistance, a small current must pass through the RTD. This current
generates heat (I12R), which can raise the sensor's temperature above the ambient
medium. To minimize this, the excitation current should be kept low, typically 1 mA
or less, especially in stagnant fluids or gases.

| Immersion Depth

If an RTD is not immersed deeply enough into the process medium, heat can
conduct along the sensor stem to the outside environment (stem conduction
error). For accurate measurement within the specified RTD class, a general rule is
to immerse the sensor to a depth of at least 10 times the diameter of the
protection tube.

| RTD Class Selection in Industrial Level Measurement

At Welk, temperature measurement is often an integral part of level measurement
solutions. Many level technologies require temperature data to maintain accuracy:

1. Ultrasonic Level Sensors: The speed of sound in air changes with temperature.
An integrated RTD (usually Class B) provides the necessary data for the sensor to
calculate the correct distance to the liquid surface.

2. Hydrostatic Level Transmitters: The density of a liquid changes with
temperature. In deep tanks or high-precision applications, a Class A RTD is used to
compensate the pressure readings, ensuring the calculated level remains accurate
despite thermal expansion of the fluid.

3. Radar Level Meters: While radar is less affected by temperature than ultrasonic
sensors, extreme temperature fluctuations in the vapor space can affect gas
dielectric constants. Monitoring these changes with a reliable RTD class helps in
fine-tuning the measurement.
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When integrating level and temperature measurement, the choice of RTD class
should align with the overall system accuracy goal. There is little benefit in using a
Class AA RTD if the level transmitter's electronics have a 0.5% margin of error.

| Installation and Maintenance Guidelines

To ensure the RTD operates within its designated class throughout its service life,
follow these engineering best practices:

Use Thermowells: In high-pressure or corrosive environments, always install the
RTD inside a thermowell. This allows for sensor replacement without
depressurizing the system and protects the delicate platinum element.

Thermal Paste: Use a high-quality thermal conductive paste between the RTD
probe and the thermowell wall to reduce response time and minimize
measurement lag.

Vibration Dampening: If the application involves high vibration (e.g., near pumps),
specify thin-film RTDs or use specialized vibration-resistant housings to prevent
mechanical failure of the platinum element.

Periodic Calibration: RTDs can drift over time due to thermal shock or
contamination. Regular calibration against a reference standard is necessary to
confirm the sensor still meets its Class A or Class B requirements.

| Frequently Asked Questions
Q: Can | replace a Class B RTD with a Class A RTD?

A: Yes, in most cases, you can replace a lower-accuracy sensor with a
higher-accuracy one, provided the alpha coefficient (e.g., 0.00385) is the same.
However, ensure the transmitter or PLC input can resolve the increased accuracy.

Q: Is a Class AA RTD always better?

A: Not necessarily. Class AA sensors are more expensive and often have a more
limited temperature range and lower vibration resistance. For most industrial
water or oil level applications, Class B or Class A is more than sufficient.
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Q: How does temperature affect level measurement accuracy?

A: In ultrasonic systems, a 1°C change in temperature can result in approximately
a 0.17% error in distance measurement. In hydrostatic systems, temperature
changes affect fluid density; for example, water density changes by about 0.02%
per degree Celsius near room temperature, which can compound in large-scale
storage tanks.

Q: What is the difference between DIN and IEC classes?

A: Historically, DIN (German Institute for Standardization) and IEC standards were
separate, leading to terms like "1/3 DIN." Modern standards have largely
harmonized, and IEC 60751 is the primary reference used globally, with Class AA
being the equivalent of the old 1/3 DIN designation.

For more technical specifications on how temperature integration improves level
measurement reliability, visit the Welk Main Page for detailed product
documentation and application support.



