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In the landscape of industrial process control, the accurate measurement of
temperature is as critical as the monitoring of pressure or liquid levels. Among the
various technologies available for thermal sensing, the rtd temperature device
(Resistance Temperature Detector) stands out as the industry standard for
applications requiring high precision, stability, and repeatability. Whether used as
a standalone sensor or integrated into complex level measurement systems to
provide density compensation, understanding the mechanics and application of
RTDs is essential for modern plant engineering.

| Measurement Principles of RTD Technology

The operation of an RTD temperature device is based on a fundamental physical
principle: the electrical resistance of a metal increases as its temperature rises.
This predictable relationship allows for the calculation of temperature by
measuring the resistance of a specific metal element within the sensor.

|The Temperature Coefficient of Resistance (TCR)

Most industrial RTDs utilize platinum (Pt) because of its chemical inertness, wide
temperature range, and highly linear resistance-to-temperature relationship. The
standard coefficient used in most regions is 0.00385 Q/Q/°C.

The relationship is mathematically described by the Callendar-Van Dusen equation.
For the range of 0°C to 850°C, the formula is simplified to:

$$Rt = RO (1 + At + Bt™2)%%

Where:

$Rt$: Resistance at temperature $t$.

$R0%: Resistance at 0°C (typically 100 Q for Pt100).

$AS%$ and $B$: Constants derived from the specific platinum purity.
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| Sensing Element Construction

There are two primary ways an RTD temperature device is constructed:

1. Wire-Wound Elements: A fine platinum wire is coiled around a ceramic or glass
mandrel. This design offers the highest accuracy and stability but is more
susceptible to damage from high-vibration environments.

2. Thin-Film Elements: A thin layer of platinum is deposited onto a ceramic
substrate and then encapsulated. This method is more cost-effective and highly
resistant to mechanical shock and vibration, making it the preferred choice for
most industrial automation applications.

| RTD vs. Thermocouples: Industrial Comparison

Choosing between an RTD temperature device and a thermocouple depends on

the specific requirements of the process. While thermocouples are preferred for
extremely high temperatures (above 1000°C), RTDs are superior in almost every
other metric within their operating range.

m RTD (Pt100/Pt1000) Thermocouple (Type K/J)

Temperature Range -200°C to +850°C -200°C to +1700°C

Accuracy High (+£0.1°C to +0.5°C) Moderate (+1.0°C to +2.2°C)
Stability Excellent (Long-term) Moderate (Drifts over time)
Linearity Highly Linear Non-linear

Response Time Slower (5 to 15 seconds) Fast (0.1 to 5 seconds)
Sensitivity High Low
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| Integration with Level Measurement Systems

In many industrial scenarios, temperature measurement is not an isolated task.
For instance, when using hydrostatic level transmitters or ultrasonic sensors, the
accuracy of the level reading is often dependent on the temperature of the
medium.

In hydrostatic level measurement, the sensor measures the pressure exerted by a
liquid column. Since the density of a liquid changes with temperature, a change in
thermal conditions can lead to a false level reading if not compensated. An RTD
temperature device provides the real-time data necessary for the control system
to adjust the density calculation, ensuring the level measurement remains precise.
Engineers looking to optimize their measurement loops can find comprehensive
sensor configurations on the Main Page of industrial instrument providers.

| Wiring Configurations and Lead Wire Compensation

Because an RTD measures resistance, the resistance of the copper lead wires
connecting the sensor to the transmitter can introduce errors. To mitigate this,
three main wiring configurations are used:

| 2-Wire Configuration

This is the simplest but least accurate setup. The resistance of the lead wires is
added directly to the sensor's resistance, causing a positive error in temperature
reading. It is generally only used for short distances or where high precision is not
required.

| 3-Wire Configuration

This is the most common configuration in industrial plants. The third wire allows
the transmitter to measure the lead wire resistance and subtract it from the total
measurement, assuming all three wires have identical resistance. It provides a
balanced compromise between cost and accuracy.
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| 4-Wire Configuration

Used primarily in laboratories or high-precision industrial processes, the 4-wire
setup eliminates lead wire resistance entirely. Two wires carry the excitation
current, while the other two measure the voltage across the RTD element. This
configuration is immune to lead wire resistance imbalances.

| Selection Criteria for Industrial RTDs

When specifying an RTD temperature device, several technical factors must be
confirmed to ensure compatibility with the process environment.

| 1. Accuracy Classes (IEC 60751)
Class AA (1/3 DIN): Tolerance of £(0.1 + 0.0017|t|) °C.
Class A: Tolerance of £(0.15 + 0.002]t|) °C.

Class B: Tolerance of (0.3 + 0.005|t|) °C (Standard industrial grade).

| 2. Resistance Value (Pt100 vs. Pt1000)

Pt100: 100 Q at 0°C. This is the most widely supported standard globally.

Pt1000: 1000 Q at 0°C. Higher resistance makes it less sensitive to lead wire
resistance errors, making it ideal for 2-wire configurations or battery-powered
remote sensors where lower current consumption is desired.

| 3. Sheath Material and Protection

Industrial RTDs are rarely exposed directly to the process. They are housed in
protective sheaths, typically made of 316 Stainless Steel for general corrosion
resistance or Inconel for high-temperature oxidation resistance. In aggressive
chemical environments, PTFE coatings or specialized alloys may be required.

Welk Reference Guide 5



WELK REFERENCE GUIDE Rtd Temperature Device

| Installation Considerations and Best Practices

Proper installation is critical to ensure the RTD temperature device provides a
representative reading of the process fluid rather than the ambient environment.

| Thermowell Usage

In pressurized or high-flow systems, RTDs should be installed inside a thermowell.
The thermowell protects the sensor from mechanical stress and allows for the
removal and calibration of the sensor without breaking the process seal. Heat
transfer paste is often used inside the thermowell to reduce the time lag caused by
the air gap between the sensor and the well wall.

| Immersion Depth
To avoid "stem conduction" errors—where heat travels along the sensor sheath to
the cooler ambient air—the sensor must be immersed to a sufficient depth. A

general rule of thumb is an immersion depth of at least 10 times the diameter of
the protection tube.

| Vibration and Mechanical Stress

In applications involving heavy machinery or high-velocity fluid flow, thin-film RTDs
should be specified due to their superior vibration resistance. If a wire-wound
element must be used, specialized damped constructions are necessary to prevent
the platinum wire from fracturing.

| Limitations and Potential Risks

While highly reliable, the RTD temperature device is subject to specific limitations:
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Self-Heating: To measure resistance, a small current must be passed through the
sensor. This current generates heat ($1”2R$). If the current is too high or the
medium has poor thermal conductivity, the sensor will read higher than the actual
process temperature. Most modern transmitters limit this current to less than 1
mA.

Response Time: Due to the mass of the protective sheath and potential
thermowell, RTDs react slower to temperature changes than thermocouples. This
must be accounted for in fast-acting control loops.

Fragility: Despite improvements in thin-film technology, the ceramic substrates can
crack under extreme mechanical shock or thermal cycling if not properly specified.

| Maintenance and Calibration

RTDs are known for their long-term stability, often drifting less than 0.05°C per
year. However, annual calibration is recommended for critical processes. This is
typically performed using a dry-block calibrator or a stirred liquid bath, comparing
the RTD's output against a certified reference standard.

Signs that an RTD may be failing include:

Insulation Resistance Breakdown: Moisture ingress into the sensor sheath can
cause a short circuit or a decrease in insulation resistance, leading to erratic
readings.

Open Circuits: Often caused by mechanical fatigue or vibration breaking the
internal connections.

| Frequently Asked Questions (FAQ)

Q: Can | use an RTD for temperatures above 850°C?

A: Generally, no. Platinum RTDs begin to suffer from contamination and grain
growth at these temperatures, leading to significant drift. Thermocouples (Type R,
S, or B) are better suited for these ranges.

Q: What is the difference between a 3-wire Pt100 and a 4-wire Pt100?
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A: A 3-wire Pt100 uses one wire to compensate for lead resistance, assuming the
wires are identical. A 4-wire Pt100 uses two separate loops for current and voltage,
providing absolute compensation for lead resistance regardless of wire length or
diameter imbalances.

Q: How does temperature affect level measurement in tanks?

A: Temperature changes the density of the liquid. In hydrostatic level systems, as
temperature increases, density usually decreases, meaning the same weight of
liquid will occupy a larger volume. Without an RTD to provide temperature
compensation, the level reading would be inaccurate.

Q: Is Pt1000 better than Pt100?

A: Not necessarily "better," but different. Pt1000 is better for long-distance 2-wire
runs and low-power applications, while Pt100 is the global standard with the widest
compatibility for industrial transmitters and PLC inputs.

By carefully selecting the right accuracy class, wiring configuration, and protective
housing, an RTD temperature device provides the reliable data foundation
necessary for both thermal control and integrated level measurement accuracy in
demanding industrial environments.
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