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Introduction

Temperature, pressure, and measurements from process control instrumentation are

increasingly being recognized as key components for industrial asset health management
specifically and for digital transformation overall. Determining why production unexpectedly
stops mid-operation, or preemptively avoiding such stoppages, requires diagnostic data that
can only come from the machines themselves. Gathering that data has been a mainstay of
industrial operations for a long time. Viewing, analyzing, and applying the lessons of that
data either to maintenance or real-time operations is the ongoing challenge.

Experienced personnel who understand measurement instrumentation—its potential as
well as the limits—can help temper expectations and ensure digital transformation efforts
are a success. Find out more in this edition of /nTech Focus focused on temperature and
pressure measurement.

InTech Focus is an electronic periodical from ISA, brought to you in conjunction with
Automation.com. This series of electronic magazines focuses on the fundamentals of essential
automation components, such as instrumentation, final control elements, HMI/SCADA, and
more. View and subscribe to InTech magazine and InTech Focus at https://isa.org/intech.

Find other ebooks in the series at https://www.automation.com/en-us/resources-list-pages/

intech-focus-ebooks.
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Automating
the Final Manual

Frontier: Plant Asset
Magagement

The last area where plants tend to give up manual
monitoring and take up automation is asset health
management. Here's why operations and maintenance
teams must take this critical step.

By Ben Myers, Endress+Hauser ‘

n the aftermath of a failed military campaign or attempt to stop an enemy attack, critics may

I blame intelligence services, saying they did not “connect the dots” and understand the true ‘
picture of an incident. This suggests information existed, and may have been collected, but ‘

did not get to the right people. The effort was too fragmented to be effective.

A process manufacturing plant trying to determine why production suddenly and unexpectedly
ground to a halt may go through a similar discussion. The process shut down in mid-operation .
because of an equipment failure that should have been anticipated and fixed before a complete
breakdown, but nobody could connect the dots and recognize the indications of the developing
problem. Device diagnostic data was available but remained lost in log files of the control system
where technicians could not access it. .

Solving situations like this requires a field device management system, one that can recognize
which assets need attention, and then provide information on how to fix a developing problem
before the situation escalates into a full failure, possibly causing serious and costly damage. This
type of system can collect and analyze large amounts of data from a population of smart field. .
devices, including process analyzers and instruments, along with other control devices such as
valve actuators and positioners. The system can connect the dots automatically to ensure effective
operation without interruptions, supplemented by more effective use of maintenance resources.
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Figure 1. An individual technician can evaluate instruments one by one, but this manual approach
cannot keep up with a large population of field devices.

Well-trained and experienced technicians equipped with appropriate field communicators (figure 1)
can do a lot to diagnose the condition of a flowmeter or a pressure transmitter. This involves con-
necting to the individual instrument and scrolling through perhaps dozens of variables and configu-
ration settings. If the person happens to catch a developing problem by recognizing something drift-
ing out of its normal range or by viewing an alert message, it might prompt timely remedial action.

Unfortunately, such technicians are rare at many end user process industry companies, so the
likelihood of one being in the right place at the right time is very low. The critical information is
available from the instrument, but no one is there to see it, and the failure results.

Imagine posing questions to the production manager of a typical petrochemical plant unit.
“Why do you have all this automated, computer-driven control system equipment working with
all those electronic field devices? Wouldn't it be better to operate the plant manually?”
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The question would be considered nonsensical. Responses would undoubtedly include points
like the huge number of people who would be required to perform repetitive and tedious manual
tasks, contrasted with the efficiency and effectiveness of a well-designed distributed control sys-
tem (DCS). A follow-up question might be harder to answer: “So then why is so much of your
asset health monitoring still manual? Shouldn't it be automated as well?”

Capabilities of asset health monitoring solutions

Today's sophisticated field devices can provide enormous amounts of data. Estimates suggest that
the basic primary variable represents barely 3 percent of the data originating from an instrument
or analyzer. So, what does the other 97 percent represent (figure 2)? Naturally, it varies based on
the type of instrument—a differential pressure transmitter will produce different information than
a Coriolis flowmeter or smart valve actuator. But in general, it includes:

e Diagnostics — Discrete and continuous indicators for internal problem states and random failures
of the sensor and electronic components. These can be indicated in various ways, including alerts
and alarms. Device calibration history also resides here.

e Monitoring — Continuous asset and process indicators, such as process noise, which can indicate
changes outside of an instrument’s primary function.

o Soft sensing — Secondary, tertiary, and even additional variables. These can work individually or in
conjunction with other instruments to approximate process measurements not directly measurable.

l Instrument
Data l
Primary &
econdary
Measurements Data NfEt U-‘*)Ed
. — et
1+t level process insights « 2nd |evel asset/process insights Y
Continuous, real-time
indicators |
" et Diagnostics Monitoring Soft Sensing
e 0o « Discrete/continuous « Continuous asset/process = Continuous collective
asset indicators indicators for transient indicators that closely
(alerts) for problem conditions or systematic approximate process
states and/or random faults measurements that are
failures : not directly measurable
___________________ | | 1

Figure 2. The primary measurement captured by a smart field instrument represents about 3 percent
of the data it generates. The remaining 97 percent can be put to work for asset health management
and other uses.

WWW.ISA.ORG

7 INTECH FOCUS MARCH 2021




INTECH FOCUS | TEMPERATURE & PRESSURE

An effective plant asset management solution is designed to collect the extra data and unlock
its potential. When implemented properly, it will improve plant availability and effectiveness while
reducing production interruption risk, maintenance time, and effort. Critical benefits include:

o Data analysis helps direct preventive maintenance efforts to save time, especially for devices with
high maintenance requirements.

e Much faster troubleshooting, eliminating the need for checking individual instruments.

e More effective use of technicians’ time, because they can check the status of instruments before
performing repairs.

o Data collected and displayed on dashboards for real-time performance and captured in histories
for later analysis.

Understanding the mechanics

An asset health monitoring system works in parallel
with the larger DCS. It gathers the diagnostic, monitor-
ing, and soft sensing data from all the smart field instru-
ments and other smart devices using a digital commu-
nications protocol—for example HART or Profibus PA.

It is false to assume a complete DCS upgrade is
required to integrate a new asset health monitoring
system. Many legacy DCSs are already able to interface
directly with smart devices, but when the legacy system
does not provide the required communication capa-
bility, data collection can be done outside of the DCS
(figure 3). In either case, health monitoring does not

depend on the DCS to carry out its primary functions.

Figure 3. In legacy environments without
the required smart device digital
communication capabilities, a parallel
connection can carry data without
deliver a basic suite of functions: interfering with normal DCS functions.

Naturally, providing the means to gather data is only
the first step. The asset health monitoring system must

o digital communications to field devices

e continuous monitoring and logging of smart device health status
e presentation of status data suitable for different types of users

o analysis of the installed base to determine the most critical devices

o self-checking and performance verification built into devices to extend calibration intervals.
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How a system implements these functions is where the various options emerge and allow a
plant to customize its solution. One approach is to host it entirely on site using the plant’s servers
for all processing and data storage functions. If required, it is a simple matter to pull device health
status through the DCS using a client/server architecture, to provide the functions just mentioned.
Such systems are modular and highly scalable to adjust to a given site’s needs, and they support
incremental adoption if desired.

Since the basic functions tend to be similar regardless of the plant type or size, it is possible to
pre-engineer much of the functionality to minimize required end user integration time and cost.
This includes standard desktop workstations and mobile clients. More advanced functions of on-
site systems can include:

o centralized database support for multiple networks

o live web overview of field device status

o diagnostic events stored in a database with easy access

o field device notification history analysis used to optimize maintenance activities

o parallel access from central station via computer or tablet

o use of NAMUR NE107 standard categorization (figure 4) of diagnostics and graphics
e continuous monitoring and logging of instrumentation health status with easy access

e cause and remedy instruction accessibility for maintenance technicians.

Status Signal Symbol

Normal; valid output signal

Maintenance required; still
valid output signal

Out of specification; signal
out of specified range

Figure 4. NAMUR NE107 has
standardized the presentation
of device condition information,
so operators do not have to
interpret cryptic messages to
determine what is wrong.

Function check; temporary
non-valid output signal

I |
o <>

Failure; non-valid output signal

Sophisticated technologies extend capabilities

The capabilities mentioned so far should be part-and-parcel of any asset health management
system. These are the most basic asset health monitoring tools, but even these will put a plant
miles ahead of sporadic manual checks. Still, there are many new capabilities that have emerged
from Industrial Internet of Things (lloT) and digital transformation developments to drive advances
much farther, taking advantage of new networking and communication options.

9 INTECH FOCUS MARCH 2021 WWW.ISA.ORG




INTECH FOCUS | TEMPERATURE & PRESSURE

=1

Added Value

—
="/

Figure 5. Cloud-based systems can offload platform hosting, but also support asset health
monitoring as a service, such as Endress+Hauser’s Netilion Health.

One of the first differences is where the system resides. There is now no necessity for a plant to
maintain this kind of system on its own servers. Cloud-based systems (figure 5) are now a reality.
They host a variety of sophisticated applications, including asset health monitoring.

Growing numbers of plants are embracing this cloud-based approach to transfer IT-related
maintenance and support to a third party. The plant can concentrate on production and process
optimization rather than IT services. When the system moves to the cloud, the whole implementa-
tion can be a solution as a service, including initial setup.

Using today’s networking technologies

The HART Protocol has served as the primary tool for sending device diagnostic data for decades,
and it remains the leading protocol today. While it has gone through many improvements, its
speed and bandwidth remain limited, particularly where a HART solution is retrofitted onto legacy
hardwired 1/0. WirelessHART, whether using a native wireless instrument or retrofitting a con-
ventional HART instrument, offers some improvements, but newer networking protocols, such as
Profibus PA, have expanded the range of options and offer better performance.

Networking protocols used in larger lloT implementations can improve communication and
offer a wider range of options for installations. Modbus and Bluetooth edge device protocols
help interface with new instrumentation technologies. Many of these edge devices are set up
for global systems for mobile communications (GSM) and long-term evolution (LTE) wireless net-
works, providing additional flexibility for delivering data to the cloud.

WWW.ISA.ORG
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Equally exciting is the potential for intelligent field devices that are natively cloud ready.
These include their own SIM card (figure 6), so they can send process variables and diagnostic
data directly to the IloT hub. The Endress+Hauser Micropilot FWR30 radar level transmitter, for
example, can provide worldwide transmission of measured data and events via email and SMS
using an integrated GSM/GPRS modem and battery-powered transmitter. The ultimate result will
be an lloT ecosystem where all data, both process and diagnostic, will be part of one fully integrated
system. Plant production, maintenance, and even corporate management will be able to access
appropriate areas to gather

and analyze real-time data Figure 6. Endress+Hauser
to improve the process, reli- % = Micropilot FWR30 radar level

-

. . . 3 t itt ith int ted
ability, and profitability. \_,,/s./ S:Vz?:d erwith Integrate

Connecting the dots

As important as these new technologies are, it is also important to keep the needs of a given plant in
mind and concentrate on the overall benefits that asset health management and other tools can bring:

o reduction of unexpected failures and process interruptions
o live view of asset status with easy access, saving time required for routine maintenance

e reduction of complexity for technicians, providing greater productivity with less training
and fewer tools

e less time spent on manual rounds and calibration.

The dots are out there, and the tools to complete the picture for more effective and more
profitable operation are ready for any plant to adopt now.

All figures courtesy of Endress+Hauser.
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Instrumentation Engineers
Strengthen Digital™
Transformation Pro;ects

Get the most from what exists currently
and take advantage of new methods.

By Nicholas Meyer, Yokogawa

igital transformation projects compel teams to spend time and effort in the development

of data strategies, data requirements, and key metrics. The investment can be extensive.

As a critical part of digital transformation, the delivery of accurate and analyzable data
from instrumentation in the field will help deliver success. It cannot be an afterthought.

Teams today are discovering short- and long-term successes when they invite input from ex-
perienced personnel who understand measurement instrumentation—the potential as well as
the limits—in streamlining the setup, distributing the data across the organization without data
overload, and helping temper expectations to avoid dead ends. Ultimately, the instrumentation
experts can help meet digital transformation goals in capabilities, schedule, and budget.
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First, however, the instrumentation expert must understand the goals of the organization’s digi-
tal transformation. Is the first objective to create an area of industrial autonomy in, for example,
tank inventory management? Is one of the goals to improve supply chain management through
streamlined sharing of data? Without question, one of the goals is to remain within budget.

Instrumentation experts both inside and outside the organization can assist in at least three ways:

1. Help the digital transformation team understand the instrumentation potential they already have
in their facilities.

2. ldentify returns on the investments that innovative instrumentation technologies can bring.

3. Integrate benefits that come from choosing high-quality devices.

Find sound value in previous investments

Instrumentation can play a major role in forming the solid data foun-
dation that all digital transformation projects require. The informa-
tion that is widely used throughout a digitally transformed enterprise
originates in instrumentation. In addition to process monitoring and
control, the measurements are used by digital twins for optimization
of process units, advanced analytics using artificial intelligence and
machine learning (AI/ML) for value chain optimization, and cloud-

based predictive asset management applications.

According to one expert, “If an organization is not willing to take the steps necessary to es-
tablish a solid data foundation before applying advanced analytical methods, the likelihood that
those methods will provide the correct answer is greatly diminished.”

A digital transformation project in an existing facility can benefit from many intelligent field
devices already in place. Although sometimes well hidden, existing instrumentation capabilities
can help the project avoid unnecessary waste in schedule and budget.

The instrumentation expert will help discover the device capabilities, will know which devices
bring extra value, and will know where to add devices. Once the team is fully aware of the avail-
able devices and their capabilities, the instrumentation expert can share how they can help meet
current project goals.

For example, consider communication protocols. A transmitter currently in the facility might
be able to communicate additional information on a protocol that was not previously used in the
facility but that will move the project toward the digital transformation goal. For example, in ad-
dition to a process variable, the transmitter could also source information that is used for asset
management and process diagnostics.
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Consider the evaluation of wireless devices rather than making them a requirement. Many dig-
ital transformation teams can expect gains from wireless, but they should weigh the costs of the
devices, the maintenance tools, and training versus the savings of bringing in remote data. Often,
the wireless convenience will pay for itself, but there might be a simpler path already available.
Existing wired devices might do just as well and save project resources and future operating costs.

Instrumentation experts in the facility will be familiar with existing transmitters that have a
wealth of stranded data and offer options for multiple measurements. For instance, a transmitter
currently used for differential pressure might also be capable of static pressure or temperature
measurements. And since not all traditional technology needs to be replaced, the facility will save
on training costs. Instead, teams can focus education on the new processes, methods, and tech-
nology that digital transformation will naturally bring.

Maximize returns on investments

As investments in instrumentation are planned, many opportunities will arise for innovative tech-
nology and methods to bring transformational growth. One of the keys to success lies in realisti-
cally determining what instrumentation can do to help attain digital transformation goals. Seeing
realistically includes both working within instrumentation limits as well as pushing them.

Digital transformation proj- '
ects require thorough assess-

ments of all data sources early Setting realistic expectations

on. Applying advanced methods for instruments includes both

such as analytics, AI/ML, and

digital twins is prone to failure if WOI’kIng within limits as well
the information feeding them is as pushing them.

inaccurate and unreliable.

With instrumentation knowl-
edge on the team, the digital transformation effort can deliver data needed to develop process
improvements. Not only can instrument experts direct the team to sources of data and innovative
ways to gather it, but they will also have the background to understand that not all data is what
the team might expect.

For example, many pressure measurements are dampened to “smooth out” process control,
or temperature transmitters might be set to filter out transients and avoid spikes. To receive the
data that will help drive analytical models or machine learning, it might be necessary to remove
some filters or to set a method that enables access to the raw data.

Discover returns in plant operations management and maintenance by asking the instrumen-
tation expert to identify smart devices that help improve human productivity through plant as-
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set management, including asset monitoring and health analysis. Embedding the potential for
predictive maintenance in devices saves maintenance teams hours of troubleshooting and repair,
thus avoiding time wasted in both reactive and preventive maintenance. Not only can the data be
used for predictive maintenance, but it can also be fed into analytical models that drive recom-
mendations to improve plant operations.

Another significant return relates to changing how data is gathered. For instance, general
pressure and temperature data might have been received periodically as technicians and opera-
tors performed manual rounds. If a digital transformation goal includes moving toward industrial
autonomy to improve human productivity, the digital transformation team might consider adding
a wireless sensor or transmitter to relieve personnel from the data-gathering task—allowing them
to concentrate on tasks where people have the greatest impact.

Gathering large quantities of meaningful data might help meet goals, but the returns will be
realized only if the organization has tools to maintain, analyze, interpret, and act on the results.
Plan to gather what is required—and no more—and be prepared to use the data to find patterns.
An instrumentation expert can assist by determining, for example, if a transmitter has the power
to gather data fast enough to meet the analytical model’s demands. But make sure the data is
required before the team pursues that path because it could also require additional infrastructure
costs. By the way, the instrumentation expert will know that too.
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The team might then push to have that data sampled at a greater frequency, but just because
a wireless pressure or temperature device can update every second, does not mean that it should.
While temperature measurements are practically never required at high sampling rates, fast pres-
sure measurements might be required by an edge device to prevent pump cavitation. Refer to

pump cavitation diagram on previous page.

Before moving ahead with what might seem like an improvement—to get more data—think
about how much data is needed to generate an impactful result and how much the extra data will
cost in terms of battery life. Find the fine balance between the cost of maintenance, the expense
of added sensor replacement, and the savings of personnel time and process improvements. The
instrumentation expert will be familiar with that information and can compare solutions.

Improve long-term digital transformation by emphasizing quality

In a digitally transformed enterprise, a “single version of the truth” is essential. The data valida-
tion process is critical. Every member of the digital transformation team—and every person in
the organization for that matter—understands the adage “garbage in, garbage out.” Since the
foundation of success for digital transformation is good data, the adage applies well here.

If field data is inaccurate or misapplied, the analysis results will be suboptimal, the aim of
future direction will not be true, and the work initiated by the analysis will be misdirected and
wasted. A habitually incorrect measurement can magnify and multiply errors throughout the
organization. The way to obtain data quality appropriate to the need is to assess its accuracy,
reliability, and consistency. Understanding and striving for quality data will greatly improve every-
thing downstream in the digital transformation process/project.
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Device accuracy requirements
must be fully understood. Be %
aware that communicating the 100
data in the desired way, whether
via wired or wireless, is relatively
simple compared to obtaining

accurate measurements. Be cau- 30

tious of simply adding wireless ca-

Measurement Shift

pabilities to devices that will con-
sistently and reliably deliver poor

data. The instrumentation expert
can help make sure of sensor ac-

A\ 4

curacy for the process conditions
and that it is manufactured by a After a process spike occurs, some devices continue
operating while delivering inaccurate data. The requirement
for maintenance might go unnoticed due to seemingly
continued correct operation.

trusted partner who will stand by
the device for the long term—
digital transformation is a long-
term journey.

Instrument installation best practices are very important to obtaining high-quality measure-
ments. Sometimes digital transformation requirements and best practices conflict with mea-
surement best practices. For example, mounting a pressure or temperature sensor directly on
process equipment can eliminate errors associated with impulse piping or sensor wiring, but
wireless best practices favor a remote mount to achieve a better signal. Which is more impor-
tant to meet the goals? Can the process afford to compromise a certain level of accuracy? Will
the choice cause the facility to incur additional maintenance costs?

To assess reliability, evaluate instrument devices for how well the sensors can recover from
extreme conditions in the process. If a process spike occurs, some devices cannot recover and
might be damaged or impaired. Unfortunately, these devices require maintenance to restore
proper functionality, and incorrect measurements might go unnoticed (see the figure). Ideally,
analytical models will detect irregularities. But if they cannot, the instrumentation team needs
to know so they can give the situation proper attention. The instrumentation expert can direct
the digital transformation team to devices that can recover to deliver accurate, consistent, and
repeatable data.

Also, assess whether devices can deliver data at the right time. For example, achieving the
digital transformation goal might require that a certain set of data must be collected within a
small window of time. If each device does not deliver in the appropriate window, the analysis
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will be incorrect. Deterministic networks—wired or wireless—are important in this case. Instru-
mentation experts can assist with evaluating the best protocol standard for the team’s digital
transformation requirements.

Predictions for success

Navigating digital transformation in an organization is a long-term initiative with potentially
significant results. Get the most from what exists currently, take advantage of new methods,
and consider quality by inviting instrumentation expertise into the digital transformation
team. The planning and execution are worth doing well to lay the groundwork for the or-
ganization’s future in the use of smart manufacturing and digital technology to accelerate
business strategy.
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Mark Your Calendar

Upstream Data Analytics Virtual
Conference

22 February

Learn the principles behind creating a robust, strategic
data analytics program to modernize unconventional
drilling applications. Sessions and workshops led by
industry experts will teach you how to move beyond the
collection and formatting of raw data and start driving
real-time performance improvements.

Analysis Division Virtual Conference

23 March

Gain a fresh view of important regulatory topics, best
practices, and emerging trends in process analysis.
Peer-reviewed presentations will cover spectroscopy,
chromatography, electrochemistry, and sample handling,
while featuring advice and lessons learned in today's
challenging environment.

lloT & Smart Manufacturing Conference
11 May

Achieve a better understanding of the latest advances
in connectivity, automation, and cybersecurity - and
how you can leverage these technologies to optimize
processes. Through end user case studies and dynamic
panel discussions, you will explore challenges faced

in adoption, integration, and implementation of new
technical solutions.

Learn more at:
isa.org/virtualevents

Digital Transformation Virtual Conference
31 August

Learn from the world's top manufacturing companies
as they share best practices for leveraging new
technologies to make capital-intensive projects

viable. Sessions will explore the benefits of digital
transformation, including accelerating design
processes, improving safety and efficiency, speeding
up commissioning and startup, improving uptime, and
minimizing operational risks.

Cybersecurity Standards Implementation
Virtual Conference
19 October

Explore the best practices and lessons learned from
hundreds of end user applications as they showcase

the tried-and-true approaches for securing automation
and control systems across dozens of industry segments.
Sessions and panel discussions in this interactive event
will explore the lifecycle of OT cybersecurity projects, along
with the roles and responsibilities of end users, product
suppliers, system integrators, and maintenance providers.

Process Industry Virtual Conference

2 November

Find clarity around ever-evolving technologies and
explore what's next in process manufacturing.
Peer-reviewed sessions, panel discussions, and
one-on-one networking opportunities will ensure that
you walk away with practical advice to improve
performance, increase productivity, and ensure the
safety and security of facilities and processes.


http://isa.org/virtualevents

INTECH FOCUS | TEMPERATURE & PRESSURE

‘hellmportance of
lemperaturerAccuracy
iniBliUiMeasurement

Control the temperature of the fluids
and air servicing a building.

By Denis Richard and Jesse Cameron, Intempco

he costs of ignoring temperature accuracy in energy measureme

(British Thermal Unit) can be worse than expected. Inaccuracy occur_

when poor technigues and equipment are used in the system, which
can result in wasting thousands of dollars every year. This waste can be avoid-
ed by paying attention to the details. For instance, the temperature sensors
used in the thermal energy system must be a matched pair, or uncertainties
could instantly increase depending on the sensor’s performance. No matter
how big or small the BTU measurement system is, it is important to compre-
hend that temperature sensors are a critical part of the system and should be
procured, installed, and maintained correctly.

B —

B

B
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Maintaining proper measurement and control of the temperature of the _
fluids and air servicing the building is often thought of as a simple task. Still,

it requires effort and diligence. Another major issue that is overlooked when _

caring for thermal BTU metering is the comfort of the people inside the build- -

. —

.

.

. —

.

i ing. It is important to maintain proper control, so the individuals can perform
: at optimal efficiencies. In this article, we will discuss:

o fundamentals of BTU measurements
o roles of relative temperature
o techniques used to effectively measure temperature and reduce uncertainties

suitable temperature sensors. _

21 INTECH FOCUS MARCH 2021 WWW.ISA.ORG



INTECH FOCUS | TEMPERATURE & PRESSURE

Fundamentals of BTU measurements

BTU is a thermal energy unit used primarily in residential and commercial buildings to measure
the energy used for heating, cooling, operations, and other applications involving the transfer of
fluid for energy purposes. Systems typically contain a central heating or cooling unit and distrib-
utes energy throughout the facility. A BTU is defined as the amount of heat required to raise the
temperature of one pound of water by one degree Fahrenheit. To give perspective on the unit, a
gallon of gasoline contains about 125,000 BTU. It is an energy unit, like calories.

The governing equation for BTU is Q=mCpAT. Q is the amount of energy, m is the mass,
Cp is the specific heat of the fluid, and AT is the temperature difference between the two
temperature sensors.

BTU metering applications use mass flow rate, m, as many systems have circulating fluids instead
of static reservoirs to circulate the energy. Thus, the equation becomes Q=mCpAT. This is the rate
of heat transfer, which is multiplied by the time to get the total amount of energy that passed
through the system.

The instrumentation that is used in the system normally contains one set of matched-pair
temperature sensors, one flowmeter, and one BTU meter with data logging and communica-
tion capabilities.

Resistance temperature detectors (RTDs) are the most common type of temperature sensor
used in BTU metering. The measurement of the RTD resistance is made by passing a small cur-
rent across the RTD and measuring the voltage drop across the RTD as its resistance varies with
temperature. The change in voltage is then converted to a change in temperature electronically.

One temperature sensor is inserted into the

inlet pipe, and one is inserted into the outlet pipe
to capture the difference between the fluid tem-
peratures after it travels through the system.

Figure 1. A BTU metering system
includes two temperature sensors,
a flowmeter, and a BTU meter.
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Roles of relative temperature l Figure 2. Matched-pair
temperature sensors are
important for increasing
the accuracy of BTU
metering.

The relative temperature between the input and output is more
important to quantify BTUs than the absolute tem-

perature at those locations. The equation for BTU is

dependent on the difference between the two sen-

sors, which is not relevant to their absolute tempera-
ture. For example, having the inlet temperature sensor
at 140°F and the outlet temperature at 104°F does not
add more energy into the system than if the values were
much lower at 86°F and 50°F. They will input the same
amount of energy, because they both have a temperature
difference of 36°F.

High-quality resistance temperature detectors have accuracies of
DIN Class A = 0.15 + 0.002*|T|°C. This can result in the worst case to uncertainties of 0.27°F at
32°F and 0.63°F at 212°F, but this uncertainty is increased when they are not a matched pair. The
relative difference between them can go as high as two times these values.

When temperature sensors are calibrated by manufacturers, they generally use a fluid bath,
as it is the most stable medium, and create a two- or three-point resistance versus temperature
(RvsT) calibration curve. This curve may change slightly between calibrations, as each RTD does
contain its own manufacturing uncertainties. Once the curves are created, it is possible to match
the RTDs that have the most similar curves. This is a time-consuming process and will increase the
costs of the matched-pair sensors compared to buying the sensors without a matched pair. This
purchase cost increase could represent substential money over time.

Techniques to effectively measure temperature and reduce uncertainties

There are techniques that can save costs when implemented. First, place the temperature sensors
to the extremities of the inlet and the outlet of the system. It is best to go as close as possible,
but insure space is left for servicing. The placement should be reachable from floor level when
possible and as far away from any sources of electrical noise as possible.

Account for the additional resistance from the lead wires of the supplied temperature sensors.
This is typically corrected from within the BTU meter and should always be verified on the specific
unit. If the BTU metering unit comes already calibrated with dedicated temperature sensors, the
wires cannot be cut or modified, or this would cause a significant reduction in the accuracy of
the BTU metering. To prevent any tampering with lead wires, many manufacturers will prevent
any access to the PCB port terminals. The use of shield cable is also required to avoid errors from
interference.
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Lead wires are also affected by the surrounding atmosphere and improper power usage, which
will increase the drift of the sensor. This causes additional errors in the readings.

Ideally, temperature sensors will be inserted into the conduit used to circulate the water,
steam, or other fluid. The best performance occurs when the tip is directly in the path of the fluid.
This ensures that the temperature reading is coming directly from the fluid flow. If this is not pos-
sible in certain circumstances, then surface-mount temperature sensors should be used.

Circumstances that would lead to the need for surface-mount sensors could include a pressur-
ized system, where shutdown is not an option, or higher costs to design for insertion.

Flow Direction

c

.0
Flow Direction o
2
[a)
2
ke
(1

Figure 3. Proper mechanical installation requires the tip of the
sensor to be in line with the fluid flow.

When using surface-mount temperature sensors, using thermal paste to ensure a good trans-
fer between the conduit and the sensor is recommended. It is also good to add some insulation
over the temperature sensor to minimize the heat exchange with the environment. Modern BTU
meters can account for the heat transfer losses through the piping and would include some form
of offset constant.

Besides the temperature probe positioning, there are many other factors that can reduce the
accuracy of the readings. Generic sources of error from RTDs include:

o Interchangeability: Interchangeability refers to the “closeness of agreement” between an ac-
tual RTD RvsT relationship and a predefined RvsT relationship.

¢ Insulation resistance: Current leaks into or out of the circuit from the body of the sensor or
between the element leads.

o Stability: Ability to maintain RvsT over time as a result of thermal exposure.

o Repeatability: Ability to maintain RvsT under the same conditions after experiencing thermal
cycling throughout a specified temperature range.

WWW.ISA.ORG
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o Hysteresis: Ability to maintain RvsT relationship when approaching temperatures from different
directions and magnitude.

e Stem/body conduction: Error that results from the RTD sheath/body conducting heat into or out
of the process. Proper mechanical installation is critical to minimize stem or body conduction errors.

o Calibration/interpolation: Errors that occur due to calibration uncertainty at the calibration
points or between calibration points due to propagation of uncertainty or curve fit errors.

e Lead wire: Discussed previously.

o Self-heating: Since the RTD is a resistive device, it acts as a small heater. Self-heating errors can
be higher on a 1000 ohm RTD. Proper electronics with lower measuring currents must be used
on 1000 RTDs.

o Time response: Errors are produced only during temperature transients, because the RTD can-
not respond to change fast enough.

NI ALEL AR y"_m

_\-"ﬁ\“ {“
A ¢ .
% £(f(((((r ) Figure 4. Surface-mount temperature sensors
(f(((% are required in certain circumstances when
ffgﬂ:‘ 5‘:“.\ in-line temperature sensors are not an option.

When uncertainties are not maintained, costs can quickly creep up. See below for the costs
with simply 1.0°F of uncertainty at room temperature using water flowing at 100 gallons per
minute. Assuming the system runs 24/7 for 365 days a year, then the total BTUs wasted would be
437,824,800 and would result in a cost of $15,393 at an energy consumption rate of 12¢/kWh.

Q = mC,AT
. BTU . BTU
Q = rate of heat transfer (—) =? Q = 833+ 1.00 * 1.0 = 833 ——
min min
m = mass flow rate (Ilbm/min) = 833 Q =0t
5Ty BTU J
C, = specific heat of fluid (l)_b 833 ——x 525600m
F min yr
= 1.00 = 437,824,800 BTU
AT = temperature difference (°F) = 1.0 = 128,282kWhr
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Suitable temperature sensors

RTDs are the most suitable temperature sensors to use for BTU metering because of their excel-
lent stability and repeatability over their full calibration curve.

There are some RTD errors that can be resolved by incorporating advanced sensor technolo-
gies, such as a microprocessor-based transmitter for an RTD. These transmitter technologies are
capable of reducing RTD uncertainties, such as interchangeability, lead wire errors, self-heating,
and thermal EMF. During their calibration procedure, they can be electronically replicated, creat-
ing a matched pair. When two temperature sensors with integrated transmitters are calibrated
together, they essentially make an exactly matched calibration curve with each other.

Advanced circuitry, like the one found in Intempco’s MIST series, utilizes a three-wire con-
figuration with matched current sources to deliver a constant current excitation to the RTD. The
matched current sources are also used to generate the reference voltage that is used for the
digital conversion of the RTD signal. That type of architecture improves the accuracy because of
a radiometric reference voltage and also eliminates the error due to the RTD wires, making it the
best solution for high-accuracy application like BTU measurement.

Other features, such as a digital display, reprogrammability, and rescalability, can be extremely
advantageous for the system. Digital displays allow technicians and inspectors to visually deter-
mine the temperatures at a point in the system. This is helpful when troubleshooting. Having
the ability to reprogram the temperature sensor can also eliminate the need for a complete re-
placement if a system parameter has changed. For example, suppose the output was originally

Figure 5. Microprocessor-based transmitter technology is enabling higher accuracy readings for
RTDs. Intempco’s MIST probes are on the left, and Intempco’s DTG series is on the right.
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0-5 Vdc, but after upgrading your BTU meter, now it only accepts 0-10 Vdc, then the ability
to change output voltages without losing any accuracy is integrated into the sensor. The same
principles apply to the temperature range. If at any time the temperature range changes in the
system, then the scale can be adjusted in the sensor without the loss of accuracy.

Crucial aspect

Thus, increasing the accuracy of the temperature measurement is a crucial aspect of proper BTU
metering. When temperature sensors are matched, they will perform much better than individual
temperature sensors. It is important to reduce the errors by choosing high-quality RTDs that can
be adjusted by having an integrated transmitter built into it or by the BTU meter itself. These
upgrades could save tremendous costs over long periods of time.

ABOUT THE AUTHORS

Denis Richard has been the senior electrical engineer with Intempco for more
than 20 years. He works closely with clients to design custom PCB boards for in-
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By Emerson Automation
Solutions

Troubleshooting Pressure
Gauges and Impulse Lines

utomation professionals are confronted every day with ob-

stacles caused by outdated instrumentation technologies and

practices. When first installed, these solutions were likely
state-of-the-art and improved existing installations, but many have
now been superseded by even better solutions and may be creating
problems ranging from operational annoyances to outright hazards.
The causes and effects of the problems are different, but all can be
mitigated or eliminated entirely by using advanced instrumentation,
with each instrument consisting of a sensor in contact with the pro-
cess, connected to an electronic transmitter.

When it comes to measuring pressure, problems can crop up with
mechanical pressure gauges, electronic pressure transmitters, and
the connections that carry the pressure to the instruments.
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Impulse lines and process connection issues /

Taking a differential pressure (DP), gauge, or
absolute pressure reading from a process
involves creating process connections / '
so the pressure can reach the sensor.
(We will discuss mechanical gauges lat-

- ‘Q Filled wet legs
| (water, glycol)
protect sensor from
. \\:} exposure to excessively

7 | <— high temperature

er. Here we will concentrate on electronic
pressure transmitters.) Frequently this is
done via impulse lines that carry the pressure

to the transmitter (figure 1). In some cases, these Insulate and heat trace
so lines don’t freeze in

can be short and very direct, or they may need to
be long so the transmitter can be mounted some
distance from the process equipment.

Conventional impulse lines can create a variety of problems:

Transmitter is
under the pipe

e They are part of the process containment. to retain wet legs

o If they leak, product is lost, with potential safety, . .
. i ) o Figure 1. Impulse lines may be
economic, and environmental implications. simple or complex, but they

) ] ] share a similar set of problems.
o |If process equipment calls for exotic materials, the

impulse lines need it too.

e They can fill with gas or liquid that compromise their ability to

transmit pressure accurately.
e They can freeze in cold weather.

Impulse lines are typically custom efforts and often built
in the plant's maintenance shop, reflecting the skill
of local contractors or pipe fitters. A better
choice is to use a preassembled instru-
ment, such as the kind available with a
DP flow meter like Emerson’s Rosemount™
3051SFP Integral Orifice Flow Meter (figure
2), a complete unit built in a factory and fully
tested. All fasteners are tightened to the opti-
mal torque level, and the finished assembly can
be leak tested. These meters are ready to install Figure 2. A fully assembled flow meter
right out of the box and even include a calibration avoids the problems associated with
report. custom impulse line setups.
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Avoiding impulse line problems

Whatever the situation, impulse lines must not
impede pressure delivery, so the transmitter can
read the sensor value indicating the actual process
condition. As an extreme example, if there is an
isolation valve on the impulse line and the valve
is closed, nothing can reach the transmitter,
and its reading will not reflect the process
conditions. Such a situation is not al-
ways easy to detect because some pres-
surized fluid may be trapped in the line

Figure 3.
Debris and ice
accumulating
in an impulse

and reflected by the transmitter. Similarly,
inaccurate readings can result when the
line is partially plugged, frozen, or there is

some other internal obstruction. line reduce
the amount of
Today's advanced transmitters are able to process data

reaching the
transmitter from
the sensor.

perform a plugged impulse line diagnostic (figure 3) and detect such situa-
tions because they listen to the process noise through the connection. If the
noise level decreases or changes character and there is no attributable cause,
there is likely an obstruction forming in the lines. Once the change crosses a
designated threshold, the transmitter can warn operators and maintenance
engineers.

Process intelligence capabilities can also be built into pressure transmitters, allowing them to
listen to process noise continuously (figure 4). Once a baseline of normal noise is retained in the

1.5

.0

1
Standard deviation
(process variation) o

0 L L L

0 1 2 3 4

Process variable

Figure 4. Process noise
can be quantified

and analyzed by the
transmitter. It can alert
operators to changes
that may indicate
developing problems.

Process noise
measured
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transmitter’s memory, it can perform statistical analysis on what it hears, listening for patterns devi-
ating from normal. Reasons for such changes can include:

pump cavitation

e distillation column flooding
e regulator and valve setting changes
o furnace flame instability.

Characterizing and analyzing such noise provides a tool to help operators or engineers identify
a likely source. Operators and maintenance engineers can be informed early, so they can correct
the situation immediately if necessary or monitor it until a scheduled shutdown.

Process alerts can also indicate upsets and other conditions capable of creating spikes or dips
in normal readings. Such alerts can be logged in individual transmitters and accessed during
troubleshooting. A status log can look back at the last 10 events, with time stamps to capture
extreme readings for later analysis.

Mechanical pressure gauge challenges

Long before there were pressure transmitters,
there were mechanical pressure gauges. The con-
cept of a curved Bourdon tube dates back to the
mid-19th century, and there are devices available
today little removed from that time. Gauges oper-
ate using a delicate mechanism with springs and
gears, making them vulnerable to shock and dam-
age (figure 5). Most operators have seen typical
failures, including broken glass, bent indicator

needles, or needles pointing straight down from
Figure 5. Mechanical gauges remain popular  broken gearing. In many environments, pressure
due to their low cost but still have many transmitters are considered disposable due to their
drawbacks. low cost and frequent failures.

So, what is the use case for gauges? They are installed where a reading may be useful for
occasional checking, troubleshooting, or maintenance. Any critical output likely already has an
instrument installed and connected to the host system. Gauges also serve a critical safety function
by verifying the local process pressure when servicing equipment. A gauge must be read by an
operator, and given the few manual rounds performed these days, it may not be checked regu-
larly. Functionally, it has to provide a visual, local indication of the pressure. If it could also send
the reading to a central location, such as the host system or maintenance shop, it could probably
be useful there also.
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A modern alternative

Electronic gauges, including Emerson’s
Rosemount Wireless Pressure Gauge and
Smart Pressure Gauge (figure 6), combine
the benefits of an electronic transmitter
with the usefulness of a traditional me-

chanical design. These gauges use a solid-
state sensor rather than a Bourdon tube,
and process the signal electronically rather

than mechanically. The needle is driven by

Figure 6. The Rosemount Wireless Pressure Gauge

. . . and Smart Pressure Gauge are identical except
part, making the mechanism far more resis- for the wireless capability.

tant to shocks, vibration, and other extreme

a tiny motor, so there is only one moving

operating conditions.

Eliminating the Bourdon tube removes a critical failure point. An electronic gauge has multiple
barriers of process isolation versus a single process isolation with a Bourdon tube. The overpressure
tolerance of this electronic solution is also much higher. The added layers of isolation and overpres-
sure capabilities mean there is far less potential for process fluid escape with an electronic gauge.

Using sophisticated electronics, these new gauges are also able to monitor their own status.
There is no way to verify a mechanical gauge is working properly short of removing it from the
process and testing, but a glance at an electronic gauge can show its operational status via an
LED indicator.

For some applications, the most critical drawback of a traditional gauge is its inability to send
information to an automation system. This issue is addressed by the Rosemount Wireless Pres-
sure Gauge because it includes the WirelessHART® communication protocol, which can send the
pressure reading and status indications to the host system. This is an optional function and can
be used whenever necessary. This communication capability can be deployed in a sophisticated
networking environment as the Industrial Internet of Things moves into more manufacturing ap-
plications. Even if the wireless capability is not needed today, it may be soon, and the Rosemount
Wireless Pressure Gauge future proofs any installation.

For More Information

This article is adapted from Emerson Automation Solutions” August 2020
whitepaper, “Solve 6 Leading Pressure and Temperature Measurement
Issues Using Advanced Instrumentation.”

For additional information on Emerson’s pressure measurement
products, visit Emerson.com/PressureMeasurement.
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Thermocouples
and Raspberry Pi for lloT
Machine Monitoring

DAQ devices can accurately measure
thermocouples in a Raspberry Pi

environment. Here's how.

By Steve Radecky, Measurement Computing Corp.

eading-edge Internet of Things (loT) technology and advanced analytics are increasingly be-

ing used for process optimization and improved efficiency of industrial machinery because

they enable predictive maintenance. The data being analyzed for this form of asset man-
agement often includes temperature measurements. And the compute power to perform those
analyses is increasingly being provided by loT devices based on Raspberry Pi.

Raspberry Pi is a series of small single-board computers developed in the U.K. by the Raspberry Pi
Foundation in association with Broadcom. The Raspberry Pi project originally focused on teaching
basic computer science in schools and in developing countries, but the growing base of Raspberry
Pi means the computer boards are increasingly finding their way into industrial automation appli-
cations—particularly as lloT devices. The use of open-source C/C++ and Python lets users develop
applications on Linux.

Although thermocouples are a popular way to measure temperature, designing and building
data acquisition (DAQ) devices that accurately measure thermocouples in a Raspberry Pi environ-
ment is challenging. This article explains the difficulties in making accurate thermocouple mea-
surements, how the MCC 134 DAQ HAT accomplishes it, and how MCC 134 is being used in lloT
devices for machine health monitoring.
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How thermocouples work

A thermocouple is a sensor used to measure temperature. It works by converting thermal gradi-
ents into electrical potential difference—a phenomenon known as the Seebeck effect. A thermo-
couple is made of two wires with dissimilar metals joined together at one end, creating a junction.
Because two dissimilar metal wires create different electric potentials over a temperature gradi-
ent, a voltage that can be measured is induced in the circuit.

Different thermocouple types have different combinations of metal in the wires and are used
to measure different temperature ranges. For example, J type thermocouples are made with iron
and constantan (copper-nickel alloy) and are suited for measurements in the —210°C to 1200°C
range, while T type thermocouples are made with copper and constantan and are suited for mea-
surements in the —270°C to 400°C range.

The thermal gradient mentioned above is referred to as the temperature difference between
the two junctions: the measurement, or hot junction, at the point of interest and the reference,
or cold junction, at the measurement device connector block (figure 1). Note that the hot junc-
tion refers to the measurement junction and not its temperature; this junction might be hotter or
colder than the reference or cold junction temperature.

Thermocouples produce a voltage relative to the temperature gradient—the difference be-
tween the hot and cold junction. The only way to determine the absolute temperature of the hot
junction is to know the absolute temperature of the cold junction.

While older systems relied on ice baths to implement a known cold junction reference, mod-
ern thermocouple measurement devices use a sensor or multiple sensors to measure the terminal
block (cold junction) where thermocouples connect to the measurement device.

Sources of thermocouple errors

Thermocouple measurement error comes from many sources, including noise, linearity, and offset
error; the thermocouple itself; and measurement of the reference or cold junction temperature.
In modern 24-bit measurement devices, high-accuracy ADCs are used, and design practices are
implemented to minimize noise, linearity, and offset errors.

Cold Junction

Metal A

Differential Voltage Hot Junction

Metal B

Figure 1. MCC hot junction graphic
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Thermocouple error cannot be avoided, but it can be minimized. This error is due to the im-
perfections in alloys used, because they vary slightly from batch to batch. Certain thermocouples
inherently have less error. Standard type K and J thermocouples have up to £2.2°C error, while
type T thermocouples have up to a £1°C error. More expensive thermocouples (special limits of
error [SLE]) are made with higher-grade wire and can be used to reduce errors by a factor of two.

Accurately measuring the cold junction, where the thermocouples connect to the device, can be
a challenge. In more expensive instruments like the DT MEASURpoint products, an isothermal metal
plate is employed to keep the cold junction consistent and easy to measure with good accuracy.

In lower-cost devices, isothermal metal blocks are cost prohibitive, and without an isothermal
block it is not possible to measure the temperature at the exact point of contact between the
thermocouple and the copper connector. This fact makes the cold junction temperature measure-
ment vulnerable to temporary error driven by quickly changing temperatures or power conditions
near the cold junction.

Design challenges

To better understand the design challenges of the MCC 134, we can compare it to the design
of MCC's popular E-TC—a high-accuracy, Ethernet-connected thermocouple measurement de-
vice. The cold junction temperature of the E-TC is measured by Analog Devices’ ADT7310 IC
temperature sensor.

The IC sensor design works well in the MCC E-TC because the measurement environment is
controlled and consistent. The outer plastic case controls the airflow, and the electronic compo-
nents and processors operate at a constant load. In the controlled environment of the E-TC, the
IC sensor does an excellent job of measuring the cold junction temperature accurately.

However, when the MCC 134 was first designed with an IC sensor to measure the cold junc-
tion temperature, the accuracy was insufficient. Because the IC sensor could not be placed close
enough to the connector block, large and uncontrolled temperature gradients caused by the
Raspberry Pi and the external environment led to poor measurement repeatability.

So the MCC 134 was redesigned Thermistors increased
with an improved scheme that has far measurement acuracy
better accuracy and repeatability while
keeping the cost low. Instead of using
an IC sensor and one terminal block,
MCC redesigned the board with two
terminal blocks and three thermis-
tors—one placed on either side and in

between the terminal blocks, as shown
in figure 2. Figure 2. Thermistors
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Although this added complexity to the design, the thermistors more accurately tracked the
temperature changes of the cold junction, even during changes in processor load and environ-
mental temperature. This design yields excellent results that are far less susceptible to the uncon-
trolled Raspberry Pi environment.

The MCC 134 should achieve results within the maximum thermocouple accuracy specifica-
tions when operating within the documented environmental conditions. Because certain factors
still affect accuracy, users can improve measurement results by reducing quick changes in tem-
perature gradients across the MCC 134 and following other best practices.

MCC 134 in Action: Thinaer Health Usage Monltorlng System

The Thinaer Health Usage Monitoring System (HUMS) col-
lects data from machining centers, CNC machinery, milling
machines, and engines and uses this data to provide an
“always-on” solution for monitoring, utilization reports,
and predictive maintenance. Thinaer’s loT platform inte-
grates machine data with human feedback and uses a mix
of MCC and Thinaer hardware and software to capture re-
al-time machine data like temperature, location, vibration,

voltage, pressure, and electrical current. The MCC DQHATs fit easily within
the existing system enclosure.

Thinaer systems use Raspberry Pi nodes that com-
municate with smart sensors via Bluetooth Low Energy.
These smart sensors, however, do not have the high-accuracy temperature or high-speed vibra-
tion data needed for better analysis.

The solution for Thinaer was to use the MCC 134 thermocouple measurement HAT (see box)
to measure temperature (as well as the MCC 172 IEPE measurement HAT to measure vibration)
and to collect the data needed to create accurate measurements, analyses, and strategy.

The stackable DAQ HATs also allow Thinaer to scale without having to change its platform or
do any internal hardware development or assembly. The system was programmed using provided C
and Python libraries for continuous, multi-HAT acquisition of data.

b

The Thinaer solution collects data

from systems like CNC machines and
helps users reduce machine failures
by quickly detecting operational
anomalies.
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Using MCC technology saved Thinaer both time and labor. The MCC DAQ HATs easily fit into
the existing system enclosure and the off-the-shelf design saved Thinaer from having to develop
a custom, in-house solution.

Accurately measuring

Thermocouples provide a low-cost and flexible way to measure temperature, but measuring ther-
mocouples accurately is difficult. Through innovative design and extensive testing, MCC over-
came the challenge of measuring thermocouples accurately in the uncontrolled Raspberry Pi
environment. The MCC 134 DAQ HAT provides the ability to use standard thermocouples with
the fast growing, low-cost computing platform.

Raspberry Pi Thermocouple Measurement HAT

The MCC 134 thermocouple measurement HAT for Raspberry Pi brings high-quality, tempera-
ture measurement capability to the popular low-cost computer. The device has four thermo-
couple (TC) inputs capable of measuring the most popular TC types, including J, K, R, S, T, N, E,
and B. Each channel type is selectable on a per-channel basis.
The MCC 134 has 24-bit resolution and professional-grade
accuracy. Open thermocouple detection lets users monitor for
broken or disconnected thermocouples.

Up to eight MCC HATs can be stacked onto one Raspberry
Pi. With the already available MCC 118, eight channel volt-
age measurement HAT, and the MCC 152 voltage output
and digital I/0 HAT, users can configure multifunction, Pi-
based solutions with analog input, output, and digital I/O.
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