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A practical guide to high accuracy temperature sensors, covering the reader
intent, the relationship to high accuracy temperature sensors, key evaluation

criteria, common risks, and the information the intended project audience should
confirm before taking the next step.




High Accuracy Temperature Sensors

Main topic: Main Page
https://www.level-meters.com/

In industrial process control, the demand for precision is not limited to a single
parameter. While level measurement is critical for inventory management and
safety, the accuracy of those measurements often depends on the performance of
high accuracy temperature sensors. In sectors such as chemical processing, oil
and gas, and water treatment, temperature fluctuations can significantly alter fluid
properties, leading to errors in volume and mass calculations. Understanding the
mechanics, selection criteria, and installation requirements of temperature
instrumentation is essential for any engineering team aiming to optimize process
efficiency.

Fundamental Principles of Temperature
Measurement

To select the appropriate high accuracy temperature sensors, one must first
understand the physical principles that govern their operation. In industrial
environments, three primary technologies dominate: Resistance Temperature
Detectors (RTDs), Thermocouples, and Thermistors.

|Resistance Temperature Detectors (RTDs)

RTDs operate on the principle that the electrical resistance of a metal increases as
its temperature rises. Most high-accuracy industrial RTDs use platinum (Pt) due to
its stable resistance-temperature relationship and resistance to corrosion. The
most common type is the Pt100, which has a resistance of 100 ohms at 0 °C (32
°F):

For high-precision applications, the wiring configuration is vital. While 2-wire RTDs
are susceptible to errors caused by lead wire resistance, 3-wire and 4-wire
configurations provide compensation. A 4-wire RTD is the gold standard for high
accuracy, as it completely eliminates the impact of lead wire resistance on the
measurement, allowing for accuracies as tight as £0.03 °C (+0.054 °F) at 0 °C.
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| Thermocouples

Thermocouples function based on the Seebeck effect, where a junction of two
dissimilar metals generates a voltage proportional to the temperature difference
between the sensing junction and the reference junction. While thermocouples are
prized for their durability and wide temperature range—extending well above
1,000 °C (1,832 °F)—they generally offer lower accuracy than RTDs. High accuracy
in thermocouples is achieved through the use of "Special Limits of Error" (SLE)
grade wire and sophisticated Cold Junction Compensation (CJC) within the
transmitter.

| Thermistors

Thermistors are semiconductor-based sensors that exhibit a large change in
resistance over a small temperature range. They are exceptionally sensitive,
making them excellent high accuracy temperature sensors for narrow temperature
bands. However, their non-linear output and limited temperature range (typically
below 150 °C or 302 °F) often restrict their use in heavy industrial process heaters
or high-pressure reactors.

Comparing Technologies for High Accuracy
Applications

When evaluating high accuracy temperature sensors, engineers must balance
precision with environmental constraints. The following table summarizes the
performance characteristics of the primary sensor types used in industrial
automation.



High Accuracy Temperature Sensors

RTD Thermocouple Thermistor (NTC)
(Pt100/Pt1000) (Type K/J/S)

Accuracy Very High (Class Moderate to High High (in narrow

AA/A) (SLE Grade) ranges)
Stability Excellent (Long-term)  Moderate (Subject to Moderate

drift)

Temperature Range -200 °C to 850 °C -270 °C to 1,800 °C -50 °C to 150 °C
Linearity Excellent Fair Poor (Exponential)
Sensitivity Moderate Low Very High
Cost Moderate to High Low to Moderate Low

For most B2B applications requiring high accuracy, RTDs are the preferred choice
due to their linearity and long-term stability. Thermocouples are reserved for
extreme temperatures where RTDs would fail, while thermistors are utilized in
specialized laboratory or medical equipment.

The Role of Temperature in Level Measurement
Accuracy

High accuracy temperature sensors are not standalone components; they are
integral to the reliability of other industrial instruments, particularly level meters.
As a manufacturer of industrial level measurement solutions, Welk recognizes that
temperature is a critical variable in fluid dynamics.

| Hydrostatic Level Transmitters

Hydrostatic level measurement relies on the formula $P = \rho gh$, where $P$ is
pressure, $\rho$ is density, $g$ is gravity, and $h$ is height. Because the density
of a liquid changes with its temperature, a hydrostatic transmitter without
temperature compensation will report an incorrect level as the process fluid warms
or cools. Integrating high accuracy temperature sensors allows the system to
adjust the density value in real-time, ensuring the reported level remains accurate
regardless of thermal shifts.
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| Radar and Ultrasonic Level Sensors

In ultrasonic level measurement, the speed of sound is directly affected by the
temperature of the medium through which it travels (typically air or a gas blanket).
A 10 °C (18 °F) change in temperature can result in a significant error in distance
calculation. High accuracy temperature sensors located near the transducer
enable the electronics to calculate the correct speed of sound. Similarly, in
high-pressure steam applications using guided wave radar, temperature-induced
changes in the dielectric constant of the vapor space must be compensated for to
maintain precision.

For a comprehensive overview of how these technologies integrate into a
complete process control strategy, you can review the product options and
application support available on our Main Page.

| Installation Best Practices for Precision Sensing

The inherent accuracy of a sensor can be compromised by poor installation. To
ensure high accuracy temperature sensors perform to their specifications, several
engineering factors must be addressed:

1. Immersion Depth: A common source of error is stem conduction, where heat
travels along the sensor sheath to the ambient environment. To prevent this, the
sensor should be immersed to a depth at least 10 times the diameter of the
protection tube or thermowell.

2. Thermowell Selection: While thermowells protect the sensor from high pressures
and corrosive media, they introduce thermal lag. Using a high-thermal-conductivity
material and ensuring a tight fit between the sensor element and the thermowell
wall (often using thermal transfer paste) is essential for maintaining response time
and accuracy.

3. Shielding and Grounding: In industrial environments, electromagnetic
interference (EMI) from motors and variable frequency drives (VFDs) can induce
noise into temperature signals. Using shielded, twisted-pair cabling and ensuring
proper grounding at the transmitter end is critical for maintaining signal integrity.
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4. Transmitter Calibration: High accuracy temperature sensors should be paired
with high-performance transmitters. The transmitter converts the low-level
resistance or millivolt signal into a robust 4-20mA or digital signal (HART, Modbus).
Matching the transmitter to the specific sensor's R-T curve (using the
Callendar-Van Dusen equation for RTDs) can significantly reduce system-level
errors.

Limitations and Error Sources in High-Precision
Monitoring

Even the most advanced high accuracy temperature sensors are subject to
physical and environmental limitations. Engineers must account for these factors
during the design phase:

Self-Heating: RTDs require an excitation current to measure resistance. This
current generates a small amount of heat within the sensor element. In stagnant
fluids or gases, this "self-heating" can cause the sensor to read higher than the
actual process temperature. Keeping the excitation current low (typically < 1 mA)
mitigates this risk.

Drift: Over time, the physical properties of sensor materials can change due to
thermal cycling, vibration, or contamination. Regular calibration against a
NIST-traceable standard is required to maintain high accuracy over the
instrument's lifecycle.

Response Time: High accuracy does not always mean high speed. The mass of the
sensor and its protective thermowell creates a time constant. In processes with
rapid temperature fluctuations, the sensor may lag behind the actual process
value, leading to control instability.

| Selection Table and Technical Specifications

When specifying high accuracy temperature sensors for a project, refer to the
following technical benchmarks based on international standards like IEC 60751 for
RTDs.
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Accuracy Class Tolerance at 0 °C Tolerance at 200 °C

Sl +0.30 °C (+0.54 °F) +1.30 °C (£2.34 °F)
Elass A +0.15 °C (£0.27 °F) +0.55 °C (£0.99 °F)
Class 1/3 DIN +0.10 °C (+0.18 °F) +0.43 °C (x0.77 °F)
Class 1/10 DIN +0.03 °C (£0.05 °F) +0.13 °C (£0.23 °F)

For critical B2B applications such as custody transfer or pharmaceutical
fermentation, selecting a Class A or 1/10 DIN RTD is often mandatory to meet
regulatory and quality standards.

| Frequently Asked Questions (FAQs)

Q: How often should high accuracy temperature sensors be calibrated?

A: Most industrial standards recommend an annual calibration. However, in
high-vibration environments or processes with extreme thermal cycling,
semi-annual checks may be necessary to identify drift early.

Q: Can | use a 2-wire RTD for high accuracy measurements?

A: It is not recommended. The resistance of the lead wires adds directly to the
sensor's resistance, creating a positive temperature offset. For high accuracy,
always use a 3-wire or 4-wire configuration to compensate for lead resistance.

Q: What is the difference between PT100 and PT1000 sensors?

A: A PT100 has 100 ohms at 0 °C, while a PT1000 has 1,000 ohms. PT1000 sensors
are often used in battery-powered or low-power applications because the higher

resistance allows for lower current, reducing self-heating and power consumption.
However, PT100 remains the industrial standard for most process control systems.

Q: How does ambient temperature affect the sensor's accuracy?
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A: While the sensor element is immersed in the process, the transmitter head is
exposed to ambient conditions. High-quality transmitters feature ambient
temperature compensation to ensure that the electronics do not drift as the
surrounding air temperature changes in the plant.

By carefully selecting and installing high accuracy temperature sensors, industrial
operators can ensure the integrity of their process data, improve the performance
of level measurement systems, and maintain the highest standards of safety and
quality. For more information on integrated measurement solutions, visit our Main
Page.



