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In the landscape of industrial process control, the accurate measurement of
temperature is as fundamental as the measurement of pressure or flow. Among
the various technologies available, the Resistance Temperature Detector,
commonly referred to as an RTD, stands out for its precision, stability, and
repeatability. For engineers and technicians working with level measurement
systems, understanding the integration of a temp rtd is crucial, as temperature
fluctuations directly impact the density of liquids and the speed of signal
transmission in various level sensing technologies.

This guide provides a comprehensive technical overview of RTD technology, its
specific role in enhancing level measurement accuracy, and the practical
considerations required for selecting and installing these sensors in demanding
industrial environments.

Fundamentals of Resistance Temperature Detectors
(RTD)

The operation of a temp rtd is based on a well-known physical principle: the
electrical resistance of a metal changes in a predictable and linear manner relative
to changes in temperature. As the temperature of the metal increases, the thermal
agitation of the atoms increases, which in turn increases the resistance to the flow
of electrons.

| Measurement Principles

Most industrial RTDs utilize platinum as the sensing element due to its chemical
inertness, wide temperature range, and highly linear resistance-to-temperature
relationship. These are often designated as "Pt" sensors. The most common
configuration is the Pt100, which has a nominal resistance of 100 ohms at 0°C.
Another common variant is the Pt1000, providing 1000 ohms at 0°C, which offers
higher sensitivity and is less affected by lead wire resistance.

The relationship between resistance and temperature is defined by the
Callendar-Van Dusen equation. For the range of 0°C to 850°C, the formula is
generally simplified to:

$$Rt = RO [1 + At + Bt™2]$$
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Where:
$Rt$ is the resistance at temperature $t$.
$R0$% is the resistance at 0°C.

$AS% and $B$ are constants derived from the properties of the platinum used.

| Material Construction

RTD elements are typically manufactured in two ways:

1. Wire-Wound Elements: A fine platinum wire is coiled around a ceramic or glass
core. This construction is highly accurate and stable over long periods 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. Thin-film sensors are more cost-effective, highly
resistant to vibration, and have faster response times due to their lower mass,
though they may have slightly lower stability at the extreme ends of the
temperature spectrum.

The Role of Temp RTD in Level Measurement
Accuracy

In industrial applications managed by Welk instrumentation, level measurement is
rarely a standalone calculation. To provide the highest level of accuracy,
temperature compensation is often required. A temp rtd provides the necessary
data to correct for environmental and process variables.
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| Ultrasonic Level Sensors

Ultrasonic sensors measure the time it takes for a sound pulse to travel to the
liquid surface and back. However, the speed of sound in air is highly dependent on
temperature. A change of just 1°C can result in a 0.17% change in the speed of
sound. Without an integrated or external RTD to provide real-time temperature
data, ultrasonic level readings would drift significantly as the ambient or
headspace temperature changes.

| Hydrostatic Level Transmitters

Hydrostatic sensors measure the pressure exerted by a liquid column. The formula
used is $P = pgh$ (Pressure = Density x Gravity X Height). Because the density
(p) of most liquids changes with temperature, a fixed density value in the PLC will
lead to errors if the process temperature fluctuates. By using a temp rtd to monitor
the liquid temperature, the system can dynamically adjust the density value,
ensuring accurate height ($h$) calculations.

| Radar Level Meters

While radar (microwave) signals are less affected by temperature than ultrasonic
waves, extreme temperatures can still influence the dielectric constant of the
vapor space in high-pressure gas applications. Furthermore, monitoring the
temperature of the sensor electronics via an internal RTD is vital for ensuring the
longevity and reliability of the device in high-heat environments.

For those seeking integrated solutions that combine these technologies, you can
Review product options and application support to see how modern instruments
incorporate temperature sensing for superior performance.

| Technical Specifications and RTD Classifications

When specifying a temp rtd, engineers must adhere to international standards,
primarily IEC 60751. This standard defines the tolerance classes for platinum RTDs,
which dictate the maximum allowable error at a given temperature.
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| Tolerance Classes

Tolerance at 0°C (£°C) Tolerance Formula (£°C)

Class AA (1/3 0.10 0.10 + 0.0017 t
DIN) X

Class A 0.15 0.15 + 0.002 x t
Class B 0.30 0.30 + 0.005 x t
Class C 0.60 0.60 + 0.01 x t

Note: |t| is the absolute value of the temperature in °C.

| Wiring Configurations

The method used to connect the RTD to the transmitter or PLC significantly
impacts accuracy, especially over long distances.

2-Wire: The simplest connection, but the resistance of the lead wires is added to
the sensor resistance, creating a positive error. It is only recommended for short
distances or where high precision is not required.

3-Wire: The industrial standard. A third wire allows the measurement electronics to
calculate and subtract the lead wire resistance, assuming all three wires have the
same resistance. This provides a good balance between cost and accuracy.

4-Wire: The most accurate configuration. It uses two wires to carry the excitation
current and two independent wires to measure the voltage drop across the RTD
element. This completely eliminates the effect of lead wire resistance.

| Selection Guide for Industrial RTD Sensors

Choosing the right temp rtd requires evaluating the process conditions against the
sensor's capabilities. Use the following table as a preliminary selection tool for
industrial applications.
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Temperature Range -50°C to 500°C -200°C to 850°C

Vibration Resistance Excellent Fair to Good

Long-term Stability Good Excellent

Response Time Fast Moderate

Cost Lower Higher

Typical Use Case General process, HVAC, Laboratory, Cryogenics,
Level compensation High-precision chemical

Installation Best Practices and Engineering
Considerations

Proper installation is essential to ensure that the temp rtd reflects the actual
process temperature rather than the ambient environment or the temperature of
the vessel wall.

1. Immersion Depth: To prevent "stem conduction” (where heat travels along the
sensor probe to the outside 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 sensor protection tube.

2. Thermowell Usage: In most B2B industrial applications, RTDs are installed inside
a thermowell. The thermowell protects the sensor from high pressure, corrosive
chemicals, and high-velocity flow. While thermowells facilitate sensor replacement
without breaking the process seal, they do increase the response time. Using a
thermal conductive paste inside the thermowell can mitigate this lag.

3. Location: For level compensation, the RTD should be located where it can
measure the representative temperature of the medium. In large storage tanks,
multiple RTDs may be installed at different heights to account for thermal
stratification.
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4. Wiring Separation: RTD signals are low-voltage resistance measurements. To
avoid electromagnetic interference (EMI), RTD wiring should be run in separate
conduits from high-voltage power lines and should use shielded twisted-pair
cables.

| Limitations and Common Challenges

While highly reliable, a temp rtd system is not without its limitations:

Self-Heating: To measure resistance, a small current must be passed through the
RTD. This current generates a small amount of heat (I2R). If the excitation current
is too high, the sensor will report a temperature higher than the actual process.
Most modern transmitters limit this current to less than 1 mA.

Response Time: Compared to thermocouples, RTDs generally have a slower
response time, particularly when encased in heavy-duty industrial probes or
thermowells.

Fragility: While thin-film versions are robust, the fine platinum wires in
high-precision RTDs can be damaged by extreme mechanical shock.

Temperature Ceiling: RTDs are generally limited to temperatures below 850°C,
whereas thermocouples can measure up to 1700°C and beyond.

| Frequently Asked Questions (FAQ)
Q: When should | choose a PT1000 over a PT100?

A: PT1000 sensors are preferred in two-wire applications or battery-powered
devices. Because the base resistance is higher, the relative impact of lead wire
resistance is much smaller, and the higher resistance reduces power consumption.

Q: How often should a temp rtd be calibrated?

A: In critical process industries, annual calibration is standard. However, because
RTDs are known for their excellent stability (often drifting less than 0.1°C per
year), the interval may be extended based on historical performance data and the
criticality of the application.
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Q: Can an RTD be used in hazardous areas?

A: Yes, RTDs are frequently used in explosive atmospheres. They must be installed
with appropriate protection methods, such as intrinsic safety (IS) barriers or
explosion-proof (Ex d) housings, depending on the zone classification.

Q: What causes an RTD to fail?

A: The most common causes of failure are moisture ingress into the probe (causing
insulation resistance breakdown), lead wire breakage due to vibration, and
contamination of the platinum element by metal vapors at very high temperatures.

For more detailed technical specifications on how temperature integration
improves the performance of radar and ultrasonic level meters, visit the Welk Main
Page for comprehensive product documentation and engineering support.
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