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Text Version

Temperature diagnostics help prevent unplanned
shutdowns
Your instrumentation may be trying to warn you of a developing problem. Usually this
warning will give you time to prevent a production interruption ⎯ if you’re paying attention.

In most industrial process plants, unit operations have become increasingly complex. That
combined with the ever-increasing demands on operations and maintenance personnel for
their time, make it exceedingly difficult for them to proactively monitor the health and
performance of all measurement and control instrumentation. As a result, many problems
go unnoticed until they cause production or quality issues, or even worse, an unscheduled
shutdown.
In today’s modern process plants, production and quality systems put new and much tighter
requirements on the accuracy and performance of process instruments and control.
Proactive identification of performance issues before production is impacted has become
the rule and not the exception in many facilities. As a result, many plants have turned to
diagnostics as a way to identify issues before they become problems. For example, the
diagnostic features designed into temperature transmitters monitor the process and provide
diagnostic information. As a result, issues are identified before they cause process upsets,
dangerous conditions, or measurement failure.
Temperature transmitters have an enormous capability to run full-time diagnostics. Many
offer a vast array of options and features to assure that an accurate and stable
measurement is reported to the control system. Many of these alerts can prioritize
maintenance scheduling for more efficient use of available maintenance resources.
Understanding temperature transmitters and diagnostics
While all smart temperature transmitters have diagnostics, some are considerably more
extensive than others. There are normally internal diagnostics that monitor transmitter
functionality and output validity. Also, there is a wide range of external diagnostic functions
that monitor the measurement signal for drift, degradation, measurement validity, and
broken or damaged leads. Of all transmitters that are available, those that use HART,
Foundation fieldbus, or Profibus protocols offer a high level of sophistication.
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Transmitters initiate either alerts or alarms based upon these diagnostic processes. Alerts
cover diagnostics that are determined not to affect the transmitter’s ability to output the
correct measurement signal reflecting the process variable (PV) and therefore will not
interrupt the 4-20 mA or digital fieldbus output. A typical example of an alert could be "PV
out-of-range."
Alarms cover diagnostics that are determined to affect the transmitter’s ability to output an
accurate PV value of the measurement. Detected alarms will drive the transmitter output
either high or low depending on the user’s configuration choice. Alerts and alarms can be
sent to the control system, read on a local indicator, on a field communicator, or on a
HART-compliant monitoring system.
Accessing diagnostic information
At a basic level, transmitters with display options
will present certain diagnostic messages.
Typically, the field operator will routinely check
these displays and report any diagnostic
conditions to the control system technician group.
The most frequently deployed transmitters
communicate using 4-20 mA with HART. This
allows them to send a large amount of
operational and diagnostic data via the HART
signal that is superimposed on the analog output
signal of the transmitter. Any or all data may be accessed via:
•
•
•

A hand-held field communicator
A HART-enabled capability in the DCS I/O systems to extract and monitor the HART
data, and
A HART-enabled asset management system.

As with traditional wired HART transmitters described above, that same information can be
sent using a WirelessHART transmitter or one using ISA100.11a. For Foundation fieldbus
and Profibus systems, the operational and diagnostic information available is also very
extensive.
The operations-maintenance relationship
Close coordination between operators and technicians to review diagnostic information
routinely enables quick identification and resolution of problem situations before they can
adversely impact production. One example is in relation to a dual sensor redundant
measurement. If an operator gets a diagnostic message that the secondary sensor has
been initiated for a transmitter, he or she knows that the primary sensor has failed, and that
the measurement is now coming from the secondary sensor. By alerting the maintenance
technician, the failed sensor can be replaced, thus restoring the measurement redundancy
capability.
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Another example is regarding when the PV is out of limits. An operator receives a "PV out
of limits" alert where the HART transmitter is reporting that the primary variable read by the
transmitter is outside of the 4-20 mA range. This signal could focus the technician on
troubleshooting open or short circuits in the transmitter wiring. Yet another example is
regarding analog-digital mismatch. The HART transmitter is reporting a difference between
the analog 4-20 mA signal and the digital primary PV signal. This functionality can be used
to determine a small ground leakage in the home-run cable to the instrument or an
intermittent device. If a small ground leakage exists in the loop, any alarm trip limit of the
loop may never be reached, even under trip conditions, due to earth leakage from the
signal.
Avoiding the biggest issues
The three biggest issues that
diagnostics help you to avoid
are measurement failure,
poor measurement reliability,
and suboptimal process
control.
Measurement failure occurs
when any of the components
of the overall temperature
system fail. Temperature
sensors are relatively delicate
and are exposed to the harsh
process environment, making
them more susceptible to
failure than the other
components. The use of
redundancy, drift detection,
and monitoring of the
measurement instrument’s
diagnostics all help to identify
and address sensor
degradation or failure.
Measurement reliability is key
to minimizing disruptions to
the process. The temperature
measurement system should
be designed to minimize or
eliminate the problems
caused by sensor
degradation, electrically noisy
environments, or instrument
failure to ensure a reliable
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measurement. The design should use such features as noise filtering, measurement
validation, drifting sensor identification, and alerts for broken or loose sensor leads.
The ultimate goal of providing an accurate and reliable measurement signal is to ensure
process control reliably keeps the process within its predetermined limits. The diligent use
of transmitter diagnostic features can identify situations where these limits are violated and
identify and quantify the deviations. They can identify intermittent sensor failures, record
minimum and maximum process temperatures, and log failures and their causes. Using this
information can support rapid response to address identified issues, to ensure optimal
process control is maintained.
Each approach has its own benefits
Many benefits can be gained by using diagnostics in a manufacturing process. A few have
been outlined in Chart 1. For example, measurement failure is related to sensor failure. As
mentioned earlier, sensors are relatively delicate, but for the sake of getting the most
accurate readings, they must be exposed to the often-harsh process environment, making
them more susceptible to failure than the other components. Without an accurate and
reliable measurement signal, control will be sub-optimal, and the system will be unable to
keep the process within predetermined limits.
The bottom line
Judicious use of the diagnostics available in almost every temperature measurement
system provides a return on this investment (ROI) in proportion to the criticality of the
measurement. The investment is mostly in time spent, and the ROI may be measured in
increased throughput, higher product quality, less downtime, less product waste, lower
energy costs, or more subjectively, prevention of an explosion.
Your instrumentation provides the means to look into the process. Using diagnostics
provides a way to keep that window clean.

Key concepts:
•
•
•

Diagnostic information from smart transmitters can warn of problems developing with
a process sensor.
The physical delicacy of temperature sensors makes them particularly susceptible to
damage or degradation.
Your ability to control a process depends on the accuracy and reliability of your
instrumentation. Diagnostics help ensure that reliability.
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