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In the landscape of industrial process automation, the accuracy of temperature
data is a fundamental requirement for safety, efficiency, and quality control. A
HART temperature transmitter serves as the critical bridge between raw sensing
elements—such as Resistance Temperature Detectors (RTDs) or Thermocouples
(TC)—and the control system. By utilizing the Highway Addressable Remote
Transducer (HART) protocol, these devices provide more than just a standard
analog signal; they offer a robust digital communication layer that allows for
remote diagnostics, configuration, and multi-variable reporting.

For engineers and technicians managing complex industrial plants, understanding

the nuances of the HART temperature transmitter is essential. This guide explores

the underlying measurement principles, selection criteria, and practical installation
strategies required to maintain high-performance thermal monitoring systems.

| Measurement Principles and the HART Protocol

At its core, a temperature transmitter is a sighal conditioner. It receives a low-level
millivolt (mV) signal from a thermocouple or a resistance change from an RTD and
converts it into a standardized 4-20 mA DC signal. This signal is proportional to the
temperature range configured in the device.

| Signal Conversion Process

1. Sensing: The primary sensor (RTD or TC) detects the thermal energy of the
process medium.

2. Amplification and Linearization: The transmitter’s internal circuitry amplifies the
weak sensor signal. Since sensor outputs are often non-linear, the transmitter
applies mathematical linearization to ensure the output signal accurately reflects
the temperature scale.

3. A/D and D/A Conversion: Modern smart transmitters convert the analog sensor
signal into a digital value for processing and then back into an analog 4-20 mA
output for transmission to a Distributed Control System (DCS) or Programmable
Logic Controller (PLC).
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| The HART Communication Layer

The HART protocol operates by superimposing a digital signal on top of the
standard 4-20 mA analog loop. This is achieved through Frequency Shift Keying
(FSK), based on the Bell 202 communication standard. A digital "1" is represented
by a 1200 Hz frequency, and a digital "0" is represented by a 2200 Hz frequency.
Because the average value of these high-frequency sine waves is zero, the digital
sighal does not interfere with the 4-20 mA analog signal used for primary process
control.

This dual-channel capability allows the HART temperature transmitter to
communicate process variables, device status, and diagnostic alerts
simultaneously. Operators can access this data using a handheld communicator or
a PC-based asset management system without interrupting the process loop.

| Key Evaluation Criteria for Selection

Selecting the appropriate transmitter requires a detailed analysis of the application
environment and the specific requirements of the process. For comprehensive
instrumentation needs, including level and pressure monitoring, engineers often
refer to the Main Page of specialized manufacturers to ensure compatibility across
different measurement types.

| 1. Input Sensor Compatibility

Most modern HART temperature transmitters are "universal," meaning they can be
programmed to accept various RTD types (e.g., Pt100, Pt1000, Cu50) and
thermocouple types (e.g., K, ], S, T, R, B). It is vital to confirm that the transmitter
supports the specific sensor curve and wiring configuration (2-wire, 3-wire, or
4-wire for RTDs) used in the field.
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| 2. Housing and Mounting Styles

Head-Mount: These are small, puck-shaped transmitters installed directly inside
the connection head of a temperature sensor assembly. They are ideal for
space-constrained areas and reduce the distance the unconditioned sensor signal
must travel.

DIN-Rail Mount: Installed in a control cabinet or junction box. This style is preferred
when the sensor is located in an environment with extreme vibration or heat that
could damage the transmitter electronics.

Field-Mount: Housed in rugged, often explosion-proof enclosures (IP67 or higher).
These are designed for the harshest outdoor or hazardous area environments.

| 3. Accuracy and Stability
Accuracy is typically defined as a percentage of the calibrated span or a fixed
temperature value (e.g., £0.1°C). Long-term stability is equally important, as it

determines how often the device requires recalibration. High-tier transmitters offer
stability ratings of 0.1% of span over several years.

| 4. Hazardous Area Certifications

In industries like oil and gas or chemical processing, transmitters must carry
certifications such as ATEX, IECEX, or CSA for intrinsic safety (Ex i) or flameproof
(Ex d) protection.

| Technical Selection Table
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Standard HART High-Performance HART
Transmitter Transmitter

Input Type Universal (RTD/TC) Universal + Dual Input
Support

Accuracy +0.2°C (Pt100) +0.1°C or better

Galvanic Isolation 1.5 kV AC 2.0 kV AC or higher

Configuration HART 5 / HART 7 HART 7 with WirelessHART
options

Housing Material Plastic (Head-mount) Aluminum or Stainless Steel

Operating Temp -40°C to +85°C -50°C to +85°C with display

| Installation and Wiring Considerations

Proper installation is paramount to preventing signal noise and ensuring the
longevity of the HART temperature transmitter.

| Loop Power and Resistance

HART transmitters are loop-powered devices, typically requiring a supply voltage
between 12V and 35V DC. To enable digital communication, the loop must have a
minimum total resistance of 250 ohms. If the input resistance of the control system
is lower than this, an external resistor must be added in series. Without this
resistance, the HART modem will be unable to distinguish the FSK frequencies from
the background noise.

| Shielding and Grounding

To protect the signal from Electromagnetic Interference (EMI) and Radio Frequency
Interference (RFI), shielded twisted-pair cables should be used. The shield should
be grounded at only one point—usually at the control system end—to avoid ground
loops which can introduce significant measurement errors.
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| Sensor Lead Wire Compensation

For RTD sensors, using a 3-wire or 4-wire configuration is recommended. A HART
temperature transmitter can mathematically compensate for the lead wire
resistance in these configurations, ensuring that the resistance measured is strictly
from the sensor element and not the cabling.

| Limitations and Common Risks

While highly reliable, HART temperature transmitters are not immune to failure or
measurement drift.

1. Ambient Temperature Drift: The electronics within the transmitter are sensitive
to ambient temperature changes. In extreme climates, the "temperature
coefficient" of the transmitter can cause the 4-20 mA output to shift slightly.

2. Update Rate: While the 4-20 mA analog signal is instantaneous, the digital HART
data has a relatively slow update rate (approximately 2-3 updates per second). It
should not be used for high-speed safety shutdowns that require millisecond
response times.

3. Sensor Failure: A common risk is the "burnout" of the thermocouple or RTD.
Smart transmitters can be configured to drive the 4-20 mA signal to a specific
value (e.g., 3.5 mA or 21.5 mA) upon sensor failure to alert the control system
immediately.

| Integration with Industrial Level Measurement

In many B2B applications, temperature measurement is not an isolated task. For
instance, in hydrostatic level measurement, the density of a liquid changes with its
temperature. To maintain accurate level readings in a tank, a HART temperature
transmitter provides the real-time data necessary for the control system to
perform density compensation.
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Welk’s range of industrial instruments emphasizes this integration. Whether you
are using radar level meters or hydrostatic transmitters, ensuring that the
associated temperature data is transmitted via a reliable HART-enabled device is a
hallmark of modern process engineering. You can explore these integrated
solutions on the Main Page of our technical catalog.

| Frequently Asked Questions (FAQ)

Q: Can | use a HART temperature transmitter with a standard 4-20 mA PLC input?

A: Yes. The transmitter will function as a standard analog device. You only need a
HART-compatible master (like a handheld communicator or a HART-enabled I/O
card) if you wish to access the digital diagnostics or change configurations
remotely.

Q: How do | calibrate a HART temperature transmitter?

A: Calibration involves two steps. First, the "Sensor Trim" adjusts the digital
reading to match a known temperature source. Second, the "Output Trim" adjusts
the 4-20 mA DAC to ensure that the digital value correctly corresponds to the
analog current. Both are performed using HART communication software or a
handheld device.

Q: What is the maximum distance for a HART signal?

A: The maximum cable length depends on the cable capacitance and the total loop
resistance. Generally, for a single device on a loop, distances up to 1,500 meters
(approx. 5,000 feet) are achievable using high-quality shielded cable.

Q: What is the difference between HART 5 and HART 77

A: HART 7 is the newer version and includes features like enhanced burst mode,
reporting of device status changes, and better support for wireless communication.
Most HART temperature transmitters are backward compatible, but it is best to
check if your host system supports the newer commands of HART 7.
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By carefully selecting and installing a HART temperature transmitter, industrial
facilities can ensure high-accuracy data acquisition while gaining the diagnostic
insights necessary for predictive maintenance. This technology remains a
cornerstone of the transition toward more intelligent, data-driven manufacturing
environments.
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