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In the landscape of industrial process control, temperature measurement is as
fundamental as level or pressure monitoring. For industries such as food and
beverage, pharmaceuticals, and biotechnology, standard industrial sensors are
insufficient. These environments require a "sanitary RTD" (Resistance Temperature
Detector)—a specialized sensor designed to meet stringent hygienic standards
while providing high-accuracy thermal data.

While organizations like Welk specialize in advanced level measurement
technologies, the integration of temperature data is often critical for the accuracy
of those systems. Whether compensating for density changes in hydrostatic level
transmitters or calculating the speed of sound for ultrasonic sensors, the sanitary
RTD serves as a vital component in the broader automation architecture. This
guide explores the principles, selection criteria, and installation requirements for
sanitary RTDs in hygienic applications.

| Fundamental Principles of RTD Measurement

A Resistance Temperature Detector operates on the physical principle that the
electrical resistance of a metal increases as its temperature rises. This relationship
is highly predictable and repeatable, making RTDs one of the most reliable
methods for industrial temperature sensing.

| The Sensing Element

Most sanitary RTDs utilize platinum as the resistive material due to its chemical
inertness and linear resistance-to-temperature relationship. The most common
types are:

Pt100: This sensor has a resistance of 100 ohms at 0°C (32°F). It is the industry
standard for most process applications.

Pt1000: This sensor has a resistance of 1000 ohms at 0°C. It offers higher
resolution and is often used in battery-powered or low-power applications where
lead-wire resistance might otherwise introduce significant error.
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| Wiring Configurations
To maintain accuracy, RTDs are typically wired in one of three ways:

1. 2-Wire: Simple but prone to errors caused by the resistance of the lead wires
themselves. Rarely used in high-precision sanitary applications.

2. 3-Wire: The most common industrial configuration. It uses a third wire to
measure and cancel out the lead-wire resistance.

3. 4-Wire: The most accurate method, completely isolating the lead-wire resistance
from the measurement. This is preferred in laboratory settings or high-precision
pharmaceutical batches.

| Defining "Sanitary" in Temperature Sensing

A standard industrial RTD and a sanitary RTD may use the same sensing element,
but their mechanical construction differs significantly. A sanitary RTD must be
designed to prevent bacterial growth and withstand rigorous cleaning cycles.

| Materials of Construction

To comply with hygienic standards, the wetted parts of the sensor (the parts in
contact with the product) must be made from non-corrosive, non-toxic materials.
Stainless steel 316L is the global standard for these applications due to its
resistance to the chemicals used in Cleaning-in-Place (CIP) processes.

| Surface Finish

Surface roughness is a critical factor. Bacteria can hide in microscopic pits and
scratches on a metal surface. Sanitary RTDs typically feature a polished surface
with a roughness average (Ra) of less than 0.8 pm (32 pin). In high-purity
pharmaceutical applications, this may be further reduced to 0.4 um through
electropolishing.
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| Process Connections

Unlike threaded connections, which have crevices where material can collect,
sanitary RTDs use specialized fittings. The most common is the Tri-Clamp (I1SO
2852) connection, which utilizes a gasket and a clamp to create a smooth,
crevice-free seal. Other standards include DIN 11851 (milk couplings) or Varivent
flanges.

The Role of Sanitary RTDs in Level Measurement
Systems

In many B2B industrial environments, temperature and level measurement are
interdependent. For engineers reviewing product options on the Main Page,
understanding this relationship is key to system accuracy.

| Hydrostatic Level Compensation

Hydrostatic level transmitters measure the pressure exerted by a liquid column.
However, pressure is a function of both height and density. Since liquid density
changes with temperature, a sanitary RTD is often installed alongside the level
sensor to provide real-time temperature data. The control system then uses this
data to adjust the density calculation, ensuring the level reading remains accurate
even as the process fluid heats or cools.

| Ultrasonic and Radar Sensors

In ultrasonic level measurement, the sensor calculates distance based on the time
it takes for a sound wave to travel to the surface and back. The speed of sound
varies significantly with air temperature (approximately 0.6 m/s per degree
Celsius). Without an accurate temperature reading from a sensor near the pulse
path, the level measurement could drift by several percentage points. Even in
radar applications, while less sensitive to temperature than ultrasonic, extreme
thermal shifts can affect the dielectric constant of certain vapors, necessitating
temperature monitoring for high-precision applications.
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| Selection Criteria and Technical Specifications

Choosing the right sanitary RTD requires balancing accuracy requirements with the
physical demands of the process. The following table outlines the primary accuracy
classes defined by the IEC 60751 standard.

Accuracy Class Tolerance at 0°C Tolerance at 100°C Typical Application

Class B +0.30°C +0.80°C General utility, hot
water loops

Class A 0. 15°%C £0.35°C Food processing,
pasteurization

1/3 DIN =0 102E =0 2T2E Pharmaceutical
batches, high-purity
chemicals

1/10 DIN +0.03°C O A22E Laboratory
standards,
calibration

| Response Time

In dynamic processes like flash pasteurization, the speed at which a sensor detects
a temperature change is vital. Response time is usually measured as T90 (the time
it takes to reach 90% of a step change). Sanitary RTDs with reduced-tip diameters
(e.g., tapering from 6 mm to 3 mm) offer faster thermal transfer and quicker
response times.

| Vibration and Mechanical Stress

In tanks with heavy agitation or in piping near high-pressure pumps, sensors are
subject to mechanical stress. Selecting an RTD with a vibration-resistant internal
construction (often involving thin-film elements encapsulated in ceramic or glass)
prevents premature failure of the platinum wire.
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| Installation Guidelines for Hygienic Applications

Proper installation is as important as the sensor's specifications. Poorly installed
sensors can create "dead legs" where fluid stagnates, leading to contamination.

1. Avoid Dead Legs: A dead leg is an area in a pipe where the fluid does not
circulate during cleaning. To meet 3-A and EHEDG standards, the length of a
mounting tee should not exceed two times the diameter of the pipe (the 2:1 rule).
Ideally, the sensor tip should be positioned in the center of the flow stream.

2. Orientation: In horizontal pipelines, sensors should be installed at an angle or
from the side to ensure they are always submerged in the liquid and to allow for
self-draining during CIP cycles.

3. Immersion Length: To avoid stem conduction error (where the ambient
temperature outside the pipe influences the sensor), the RTD should be immersed
at a depth of at least 10 times the diameter of the protection tube.

4. CIP/SIP Compatibility: Ensure the sensor head and cable entry are rated for
NEMA 4X or IP69K. This ensures the instrument can withstand high-pressure,
high-temperature washdowns during Cleaning-in-Place (CIP) or
Sterilization-in-Place (SIP) procedures.

| Limitations and Maintenance

While RTDs are robust, they are not immune to issues. Understanding these
limitations helps in developing a maintenance schedule.

Drift: Over time, thermal cycling can cause the platinum element to shift slightly in
resistance. Annual calibration against a NIST-traceable standard is recommended
for regulated industries.

Self-Heating: RTDs require an excitation current to function. This current generates
a small amount of heat within the sensor. If the process fluid is stagnant or has low
thermal conductivity, this can result in a slightly inflated temperature reading.
Modern transmitters minimize this by using very low excitation currents (typically
<1 mA).
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Mechanical Damage: In high-viscosity fluids or processes with large solids, the
physical force of the flow can bend the sensor probe. In these cases, a heavy-duty
thermowell may be required, though this will increase the response time.

| Frequently Asked Questions

Q: Can | use a thermocouple instead of a sanitary RTD?

A: While thermocouples are faster and can measure higher temperatures, they are
generally less accurate and more prone to drift than RTDs. For the temperature
ranges typical in food and pharma (-50°C to +200°C), the RTD is the preferred
choice for its stability and precision.

Q: What is the difference between a direct-immersion RTD and one with a
thermowell?

A: A direct-immersion RTD has the probe directly in the fluid, providing the fastest
response. A thermowell is a permanent housing that allows the sensor to be
removed for calibration without breaking the process seal or emptying the tank. In
sanitary applications, specialized "hygienic thermowells" are used to maintain
cleanliness.

Q: How do | know if my RTD is failing?

A: Common signs include erratic readings (often caused by moisture ingress in the
sensor head), a "fixed" reading that doesn't change with the process, or an
open-circuit error on the transmitter. Regular insulation resistance testing can
identify failing sensors before they cause a process shutdown.

By adhering to these engineering principles and selection criteria, facility
managers can ensure that their temperature monitoring systems provide the
reliability required for modern hygienic manufacturing. For more information on
integrating these sensors with level measurement technology, professionals are
encouraged to review the technical resources available on the Welk site.
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