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A Level Above the Rest

Flowline® Reflective Technology™ ultrasonic level sensors
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We Do Your Level Best

Flowline® Reflective Technology™

Is condensation causing headaches with your level sensing
applications? No problem, we've got you covered with
our new line of Flowline ultrasonic sensors with advanced
Reflective Technology™.

Horizontal Transducer

Typically, ultrasonic level sensors have a
flat horizontal transducer that becomes
covered with condensation, reducing
measurement reliability.

Condensation ==
Buildup Signal Attenuation

Reflective Technology™ uses vertical  Reflective Transducer
surfaces to prevent a significant

amount of water droplets from

adhering. The vertical surface causes

condensation to run off the transducer P
face, allowing the sensor to maintain Patent

. ~_Pendin
reliable level measurements. é - Je
Reliable Measurement

Condensation
Drops

Starting at:

$405.00

UG01-0001-40

UG01/UG03

EchoPod® UG01 & UGO03 Series

+ 1.5m and 3m measurement ranges

« Narrow 2" beam for limited space applications

« Corrosion resistant PVDF transducer & PP enclosure

« Short 1.5" deadband for max filling capacity

« Four programmable relays - embedded level control
« Configuration via WebCal Software (free download)

EchoPod® US01 & USO3 Series

+ 1.5m and 3m measurement ranges

« Intrinsically safe approvals for hazardous locations
+ Narrow 2" beam for limited space applications

« Corrosion resistant PVDF transducer & PP enclosure
« Short 1.5” deadband for max filling capacity

« Type 6P (IP68) compact enclosure for small tanks

- Configuration via WebCal Software (free download)

EchoPod® UGO06 Series

« 6m measurement range

« Narrow 3" beam for limited space applications

« Corrosion resistant PVDF transducer & PP enclosure
- LCD display indicates level in inches, feet, or meters
« Windowed enclosure cap provides level indication

« Configuration via WebCal Software (free download)
and limited configuration via pushbutton and display

Research, price, and buy at: www.automationdirect.com/level-sensors

Cumming, GA USA.

1-800-633-0405

the #1 value in automation

com
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We understand how critical it is to find sustainable business
process improvements in an ever-changing world.

' PERSPECTIVE
' +PERFORMANCE

You streamline and automate your processes while
complying with regulations and minimizing risks.

Remain compliant and minimize risk.

“We help you focus on producing higher-quality
products at a lower cost. To reach this goal, we
provide a global calibration program, standardized
for both on-site and laboratory calibration.”

Kyle Shipps
Calibration Manager

Endress+Hauser L7

Learn more about our calibration capabilities:
go.endress.com/us/calibration-capabilities People for Process Automation
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PROCESS AUTOMATION
What has industry learned
about model-based
multivariable control?

By Allan Kern, P.E.

P\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ \‘ After more than three decades of multivariable control

experience, many lessons can be drawn. Is it time to
rethink the paradigm?

FACTORY AUTOMATION

Integrated or separate safety

systems
By Larry Reynolds
Machine designers must consider many factors when

deciding on safety system architecture for factory
automation.
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. Steam control valves in food
Cap ping off a and beverage applications

decade of growth oy Json Carperter

The right steam control system and using best
practices for piping and installation ensure reliable
After five years of consistent growth, automation and service.

control engineers in the U.S. reported sluggish growth

for the year, but demand for engineers is expected to

By Cory Fogg

remain strong. AUTOMATION IT
Taming your process
automation data
SPECIAL SECTION: FOCUS ON SUBSEA OPERATIONS By Brian E. Bolton
Sahnlty SenSing Technological advances in automation and control
under the sea have grown with the amount of data being produced,

far exceeding “big data.” The real challenge is deter-
mining how to unlock the data, analyze it, and decide
New technology helps subsea wet gas meters what is business critical.

optimize oil and gas operations. A salinity sensor

based on microwave resonance technology

salinity changes immediately and measures water

conductivity with a high level of accuracy.

By Svein Eirik Monge
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InTech Plus is ISAs online eNewsletter that connects
automation professionals to all things automation. InTech
Plus has technical content, educational training and
videos, industry-related Q&A excerpts, and the latest and
greatest on industry technology and news. InTech Plus
focuses on a variety of topics, such as fundamentals of
automation and control, certification, safety, cybersecurity, the Internet of
Things, wireless devices, human-machine interface, pressure, level, temperature,
and batch. All editorial content comes from a variety of sources, including ISA
books, training course videos, and blogs and bits from ISA's cast of subject-
matter experts. InTech Plus is powered by Automation.com, ISAs premier
electronic publisher of automation content. Automation professionals can
subscribe to InTech Plus at www.automation.com/subscribe.

Y(]ll Are you up to date on instrument calibration, cybersecurity, system
migration, and industrial communications? Would you like to find out
Tuhe more about ISA events, training, membership, and more? ISA's YouTube
\ /. channel is your resource for how-to videos on all facets of automation

and control, and a great way to hear members talk about their real-life plant
experiences and membership networking benefits. www.isa.org/isa-youtube
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Demand Moore Reliability

Keep your process and plant safe with FS Functional Safety Series
instrumentation from Moore Industries. You can be confident that they will
help ensure the safety of your process and facility when you need it the most.
Our Logic Solver, Signal Isolators and Transmitters are built to strict IEC 61508
standards, ensuring safe and reliable operation - particularly in environments
where hazardous or emergency situations are likely to occur.

The rugged and reliable FS Safety Series Instruments from Moore Industries.

To learn more about our FS Functional Safety Series, Call (800) 999-2900
or go to: www.miinet.com/KeepltSafe




Perspectives from the Editor | talk to me

Military veterans in
industrial automation

By Renee Bassett, InTech Chief Editor

s Chief Editor of InTech maga-
zine and also Automation.com,
a subsidiary of ISA, | go to a lot

of conferences. | get to meet ISA mem-
bers and potential members, users of ISA
standards, and other professionals active
in the art, science, and challenge of in-
dustrial automation.

Whetherit'san “I'll never retire! ” systems
integrator on his fourth or fifth industrial-
adjacent career or a new graduate of
a control engineering program looking
to find his place, | love talking to people
about how they got into automation.
That's because industrial automation
professionals are a rare breed—part
architect or auto mechanic, part physics
professor or lab rat, part electrician and
computer scientist.

They often seem to have come out of
nowhere and landed in a profession that
fits. | always wonder how that happens,
because it's not like kids are being taught
at a young age how to close a control
loop. Even with encouragement toward
science, technology, engineering and
math (STEM) careers, you don't see kids
dressing up as instrumentation technicians
for Halloween.

Many of the people I've talked to
found their way to chemical plants or
manufacturing facilities after childhood,
and often after time in the military. It seems
years of mastering the systems on a Navy
ship can make PID loops and multivariate
control charts seem like an easy next step.
| was reminded of this recently by Chad
Storlie, a retired U.S. Army Special Forces
officer, author, and adjunct professor at
the University of Minnesota — Carlson
School of Management.

Storlie was talking to me about National
Hire a Veteran Day (25 July) and about
his  website, CombatToCorporate.com.
His message is that when organizations
and individuals translate and apply mili-
tary skills to businesses of any kind, they

immediately produce results and are cost

effective. Here are three of his 10 reasons

why military veterans might find success in
industrial automation:

1. The ability to work 24-7-365 in all
weather with great results. The world of
logistics, retail, food service, hospitality,
manufacturing, and finance are now
24-7-365. Military veterans inherently
understand the importance of working
to high standards with a dual focus on
quality and safety at any day and hour.

2. They understand they must work their
way up. Every military veteran started
his or her military career at the bottom.
When military personnel transfer into
a new military unit and duty station,
they must relearn the ropes, learn the
culture, and learn how the new team
operates. Veterans understand they
must come into a new organization,
learn the ropes, and demonstrate their
proficiency for a new position. This
understanding, that starting at the
bottom does not mean that you remain
at the bottom, is what makes veterans
great entry-level employees.

3. They will pick up the trash. One of
the first things military organizations
do in the day is walk their area of
responsibility and pick up trash. Picking
up trash gives everyone a level of pride
in their organization. Also, as Navy
carrier operations demonstrate, making
everyone walk the carrier deck looking
for objects that could damage aircraft
creates a safer, more effective, and
higher operational unit.

These and other reasons make military
veterans excellent industrial automation
employees. Are you one? | want to know
more about your experience. Talk to me
about being a military veteran in industrial
automation, or working with one, or hir-
ing one. You can reach me at rbassett@
automation.com, rbassett@isa.org, or
www.linkedIn.com/in/rrbassett. m
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your letters | Readers Respond

“Own" the control system
| wanted to drop you a note
concerning your latest Final Say
article [July/August 2019 InTech,
www.isa.org/intech/201908final]
and how you could not be more
spot-on with your comments.
As a veteran of workforce devel-
opment advocacy for a number
of years in government, educa- ¢
tion, and industry, it still remains
today that automation is either
considered someone else’s prob-
lem within the decision-making
ranks of the company unit, is a job k|||er from a Capitol Hill politi-
cal standpoint, or is in need of support and a strong voice from
industry in the halls of academia beyond local efforts.

Your point, enhanced by an Einstein quote regarding ability to
change, is that “automation should be treated as a core business
function that is critical for success . . . “ in the industrial world.
This would go a long way to solving a significant part of the
skills gap, now 7 million and counting, according to our friends
at NACFAM [National Council for Advanced Manufacturing],
regarding unfilled skilled positions available in industry.

There are some heroes out there: Don Bossi and the folks at
FIRST [For Inspiration and Recognition of Science and Technol-
ogy] are showing young people how exciting a technical career
can be, especially for those who didn't realize they had such an
opportunity. Paul Galeski first really shined the light on how to
address all the considerations, monetary and manpower costs,
and future-think possibilities of replacing legacy DCS [distrib-
uted control systems] in partnership with ISA. Don Bartusiak is
leading a global effort with new development and education
in industrial data communications, and newly minted ISA Fel-
low Kelvin Erickson understands the needs of industry and is
single-handedly designing and constructing a world-class and
very successful industrial control system lab and coursework in
industrial automation at a respected midwestern engineering
university.

These are just a few of my heroes, but they all have in com-
mon a strong commitment and invested hard work in ISA as
a technical society. There are many more, but ISA is structured
as an individual member organization to benefit members who
through association make their companies better. I'm certain
there are many CTOs and/or ClOs in large process plants who
choose not to “own” the control system, the one most impor-
tant thing that could make their company more successful by
being more competitive.

Your quote from Drucker, “If you want something new, you
have to stop doing something old,” not only applies to indus-
try as you have stated regarding reactive investments. It maybe
should apply to ISA or the profoundly weakened Automation
Federation in the form of an industry alliance similar to the
recent Cybersecurity Alliance, a strong voice united in a cause
with a few heroes thrown in.

Stephen R. Huffman, ISA Fellow

Inlech @
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Capping off a decade
of growth

By Cory Fogg
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fter five years of consistent growth, auto-
Amation and control engineers in the U.S.

reported sluggish growth for the year as
the decade nears its end. The Automation.com/
InTech 2019 Salary Survey showed 2% growth
for automation and control engineers specifi-
cally, while the average salary of all U.S.-based
respondents saw a fractional decrease. Similar
drops in average salary were also reported in
several global regions.

While it may be disappointing to see the
momentum of a decade of salary growth stag-
nate, demand for engineers is expected to re-
main strong. For example, according to the U.S.
Bureau of Labor Statistics, demand for indus-
trial engineers is expected to grow 8% over the
next 10 years, which is faster than the average
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(5%) for all occupations. Demand for chemical
engineers will grow 6% by 2028.

Regarding salaries, the great news is that en-
gineers in the U.S. today are finishing a decade
in which salaries rose 16%. Technological ad-
vancements and increased connectivity have
led to greater needs for industrial system de-
signers, integrators, and cybersecurity special-
ists, boosting the value of professionals with
expertise and experience in these areas. The
less-great news is that the value boost did not
seem to apply to 2019’s 2% salary growth for
U.S. automation and control engineers.

Still, in the U.S., 63.2% of respondents report-
ed a salary of more than $100,000, with nearly
41% reporting a salary in the $100,000-$150,000
range. So, an engineering career clearly remains

\\\\\\

Results from the
2019 engineering
salary survey
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avaluable proposition for many of our surveyed
professionals. The 2019 salary survey data re-
veals rises and falls in several key areas:

FAST FORWARD
e After five years of consistent growth, automation and control engi-
neers in the U.S. reported sluggish growth (2%) for the year as the

e Some 83.3% of our respondents reported a
salary increase in the past year, although 70.9
percent of those said that the raise was less
than 4%.

o Entry-level average salaries dropped 11.2%,
eliminating a boost reported in the 2018 survey.

e The East North Central region (including
states like Ohio, Michigan, and Illinois) re-
ported the lowest average salary of all U.S.
regions in 2019—and 4.1% less than their
2018 average.

e The industries that saw the largest raises,
proportionally, were oil and gas (4.9%) and
utilities (4.1%).

e Respondents who reported having either an
ISA professional certification or similar cer-
tification in 2019 (30.9%) averaged a 5.3%
higher salary than those who did not.

Survey demographics
Our survey results reflect data collected from
more than 1,600 responses sent in by automa-
tion professionals located around the world,
with a special focus on the 995 responses re-
ceived from the U.S. One of the biggest differen-
tiators in terms of engineer salary is the region,
so our analysis separates the U.S. responses.
Note: All the results quoted in this article, other
than average salary by region of the world, rep-
resent U.S. responses only.

As has been the case for several years, the

decade nears its end.

e Entry-level average salaries dropped 11.2%, eliminating a boost

reported in the 2018 survey.

o Respondents who reported having either an ISA professional certifi-
cation or similar certification in 2019 (30.9%) averaged

a 5.3% higher salary than those who did not.

gion, job function, level of education, industry
segment, and years of experience.

Geography is a key differentiator in engineer
salary. A U.S.-based engineer, for example, can
expect a higher salary than his or her neigh-
boring engineers in Canada, and far more than
their colleagues to the south in Mexico. Mexican
engineers reported the lowest average salary of
any global region.

It is interesting that although respondents
in most regions around the globe reported
average salaries that were slightly lower than
the previous year, there were significant salary
gains in the South Pacific islands. Engineers
in Australia and New Zealand, for instance,
reported a 13% average rise in salary, while
the Asia and South Pacific region reported a
5% rise—the only two global regions to report
positive growth in their average salaries.

Average salary by region of the world

. . Average Percent

primary respondent to our survey was a U.S.- Region of world

. . . salary respondents
based automation/control engineer (making up
26% of the survey pool). Although we had data United States $118,591 66.7%
come in fr.om sources all over the World gnd Canada $103,794 579
from a variety of job functions and industries,
U.S.-based personnel made up 66.7% of respon- Mexico $43,970 1.1%
dents, followed by Western Europe (5.8 percent) Central America (including Caribbean) $70,588 1.1%
and Canada (5.7%).

Respondents were primarily “very experi- South America $50,625 4.6%
enced,” as over half claimed more than 21 years o
of experience and almost 85% have more than Europe (Western) 581,511 >-8%
11 years of experience. Post-secondary degrees Europe (Eastern) $45,113 1.5%
werfe also prevalent, w1th,69.3% of respondents Africa $45,337 259
having at least a bachelor’s degree.

Middle East $79,375 2.7%
A varle(_:i world for automation Australia and New Zealand $121,527 1.2%
professionals
Throughout the 15 years we have conducted | Asia and South Pacific $57,180 3.2%
this salary survey, we have identified five major South Asia $49,333 40%

factors that determine salary: geographic re-
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Average salary by year, all U.S. job functions
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The state of U.S. engineers

The salary for the U.S. engineer plateaued slightly in the
past year, but this is the culmination of a decade in which
average salaries rose by nearly $20,000. So, does this mean
that the U.S. engineer should expect salaries to level off?
Not necessarily. While the average salary did decrease by
a fraction of a percent (.6%), the survey showed a similar
infinitesimal regression in 2014 as well, which was sand-
wiched on each side by multiple years of significant salary
growth.

Average salary by year, automation/control engineers
The data cannot tell us definitively how the automation and
engineering skills gap and labor shortages may be affecting
salaries; however, the data does show precedent that this
single-year salary stagnation could well be an outlier in the
middle of years of continued growth. We will continue to
monitor this with great interest to see how salaries respond
in the years to come.

Location within the U.S. matters as well. Just like a U.S.
engineer might have a salary advantage over an engineer

12 INTECH SEPTEMBER/OCTOBER 2019 WWW.ISA.ORG

in a neighboring country, an engi-
neer living in California or Texas
has a salary advantage over an en-
gineer living in Wisconsin or Mon-
tana. While we cannot say with
certainty all the factors that create
this disparity, we can definitely
say that the demand for engineers
in these higher-paid regions ap-
pears to be high.

The West South Central region,
which includes Texas, reported
the highest average salary in the
U.S., while accounting for nearly
20% of all U.S. respondents. The
Pacific region, where California
contained more than 10 per-
cent of U.S. respondents, was
second in average pay. Still, as
you will see from the numbers,
demand might not be affecting
salaries. The Rust Belt states in
the East North Central region,
for example, have high numbers
of engineers, but significantly
lower salaries than their Texan
and Californian counterparts.
Four of the nine U.S. regions re-
ported average salary increases
in 2019, with the largest percent-
age increases in the South Atlan-
tic region (9.3% increase) and the
West North Central region (4.3%
increase and an 11.2% rise over
the past two years). (*Regions are
defined on Wikipedia.)

$103,910

2012

$99,540 $99,337

20M 2010

$104,040 $102,660 $99 241

2012 2011 2010

Average salary by U.S. region

Region of the U.S.* :‘;’I::;ge :::;2’:‘;“ «
New England (Northeast) $122,928 3.4%
Mid-Atlantic (Northeast) $114,650 10.0%
East North Central (Midwest) $106,964 16.8%
mf;tw':zg h Central $115,668 8.5%
South Atlantic (South) $115,728 15.2%
East South Central (South) $117,083 42%
West South Central (South) $130,536 19.1%
Mountain (West) $110,657 7.5%
Pacific (West) $127,814 14.4%



53.5% of global engineers
report the ability to do
their job remotely; 55% of
U.S.-based engineers have
remote capability.

Y

A decade in review

Although engineers as a whole reported an average salary
hit in the past year, automation/control engineers had no
such issue. Nearly 40% of U.S.-based respondents reported
this as their job function, and it is clear that this is a promi-
nent area for engineers to find some of the best value for
their skills.

Automation/control engineers are also coming off a de-
cade of significant growth, having seen average salaries rise by
nearly 17 percent over that time, with 2% growth registered for
last year. The 5% gain that automation/control engineers saw
last year, we said, was likely not sustainable. However, given
the number of aging and retiring engineers, along with many
organizations still warning of a potential skills gap, we expect
the demand for automation/control engineers, as well as their
compensation, to remain relatively high.

While automation/control engineers made up the bulk of re-
spondents, many other engineers of various job functions con-

COVER STORY

tributed to our survey, and we did not ignore them. In all, we
collected data across 12 job functions to help depict the many
options open for tomorrow’s engineer, as shown in the chart.

Average salary by job function

b Guszier calary | respondents
Automation/control engineering $119,292 39.4%
Consulting engineering $139,423 3.9%
Design engineering $112,053 5.6%
Engineering management $150,457 8.2%
S]zzzgér‘;;z?eraﬂons $130,540 3.7%
Operations and maintenance $90,166 12.1%
Information technology $119,722 1.8%
:;(;(;isese/t)ilr?gnt/manufacturing $122.822 o
Project management $123,653 3.9%
Sales — business development $132,142 6.3%
Teaching/instruction $87,727 1.1%
Other $107,289 10.8%
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Unlike last year, however, most of these job functions reported
decreases in average salary. Only automation/control engineers,
process/plant/manufacturing engineers, engineering man-
agement, and sales professionals reported increases. A 6.3%
salary rise for the process/plant/manufacturing engineers in
2019 set the pace, with this group seeing an average increase of
$20,000 over the past two years.

Our survey collected a few responses from information tech-
nology engineers, and these professionals reported the largest
drop in average salary (15.5%) compared to last year. However,
given the growing need for professionals to be able to work
with both information technology (IT) and operational tech-
nology (OT) systems, the overall value of these professionals
remains high compared to many other functions.

Proven ROI for engineering degrees?

At a time when colleges may have to work to prove the value
of many college degrees, the engineering field is one where
the value is very clearly seen. The 48.6% of our respondents
with college degrees reported a 13.5% higher salary than
those who did not attend college. Advanced degrees paid off
even further, with an 8.1 percent salary increase over those
engineers with a bachelor’s degree.

While college can cost a great deal for today’s students, our
survey suggests that engineering degrees, both undergraduate
and advanced degrees, may boost salary opportunity by more
than $10,000 annually. If this is indeed the case, the average en-
gineer can find a decent return on investment (ROI) for his or
her degree and an ability pay off studentloans in just a few years.

Average salary by level of education

Level of education Average Percent
salary respondents

High school graduate $105,416 3.0%
Technical/trade school $99,477 15.4%
graduate

Attended some college $109,385 12.3%
College graduate $121,753 48.6%
Graduate school/advanced $132,487 207%

degree

The right industry can mean higher value

Education level is a big salary separator, but the industry an en-
gineer works in also has a very significant impact. An engineer
working in oil and gas, for instance, will likely have a larger sala-
ry than one working in food and beverage or water/wastewater.
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The numbers in the chart show a wide spectrum of averages
among industries. It is interesting to note that while utilities en-
gineers (electrical, natural gas, nuclear, and water/wastewater)
may not be paid as well as their oil and gas brethren, their av-
erage salaries have risen for a fourth consecutive year. Water/
wastewater professionals in particular have reported a 17.5%
($17,622) rise in salary since our 2016 salary survey, so the utili-
ties industry has been one of particular growth for engineers.

Average salary by industry

Average  Percent
Industry salary respondents
Chemicals $126,574 8.1%
Education $89,333 1.5%
Englneer.lng con.sultlng or $128.643 20.3%
systems integration
Food and beverage $104,296 6.4%
Indgstnal machinery and $110,129 12.0%
equipment
Oil and gas $140,942 11.5%
Pharmaceuticals $121,071 3.5%
Utilities — electrical, natural gas, $126,584 7 1%
nuclear
Utilities — water/wastewater $100,589 8.9%
Other $109,463 20.6%

Experience rules

Although there are many differentiators that have measur-
able impacts on salary for today’s engineer, none present as
much variance as experience. It would seem to make sense
that a 30-year industry veteran would make more than a
fresh college graduate, and the numbers continue to back
that up, as the chart shows.

By the time engineers hit 11 years in the industry, their
earnings potential has already risen over 40 percent since
they joined, according to our survey. Yet, if they continue ac-
cruing that experience, in another 20 years they can expect a
15% boost in earnings potential over that time.

Average salary by experience

Years of professional Average Percent

work experience salary respondents
2 years or fewer $64,722 1.8%
3-5 years $82,647 5.1%
6-10 years $98,631 9.5%
11-15 years $110,675 11.2%
16-20 years $121,698 11.8%
21-25 Years $119,720 12.6%
26-30 Years $126,015 16.6%
31 or more years $130,632 32.6%



Recipe to maximize your engineering salary*

As we have conducted the Automation.

com/InTech Salary Survey, we have built the

following recipe for engineering and auto-

mation professionals to use to maximize

their salaries. Like any great recipe, we tin-

ker a bit, but the main ingredients have

not changed much over the years.

o Get your bachelor of science degree (any
kind of engineering will do). Then get
your advanced degree. Bonus points if you can get your com-
pany to pay for it.

o Live in the U.S. or Western Europe. California and Texas are the
best-paying states for today’s engineers, but in every U.S. region,
engineer salaries average six figures.

o Engineering/integration consulting is a lucrative area of great
momentum. Chemical and oil and gas are also well-paying op-
tions. If money is your primary goal, do not teach engineering—
go out and practice your trade. Previously, we recommended
avoiding water/wastewater careers because of low salaries, but
this appears to be changing.

o Show off your leadership attributes and get into management.
Forty-five percent of survey respondents have at least one person
reporting to them, and, in the U.S., their annual salary averaged
$13,000 more than nonmanagerial engineers.

e Become indispensable to your managers and company. Take
more training courses. Gain skills in integration, cybersecu-
rity, and connectivity. Regularly research new technology and
trends. There are more ways to enhance your company value
than ever today.

o Stick with your profession and pay your dues. Engineering has
a lucrative career ladder. There are not many industries with six
figure earning potential within 10 years of entry, but engineering
is one and demand is going to remain high.

o Advocate for yourself. At the end of the day, a profitable orga-
nization's priority has to be the bottom line. You are the only
person that is guaranteed to look out for your interests. Other
companies want your skills, and it is not rude to show your boss
an offer sheet and remind him or her of your value.

*Results may vary depending on attitude.

We continue to hear companies worrying about a looming
skills gap, with dozens of positions going unfilled due to alack of
qualified or experienced candidates. While our survey provides
some evidence that paying one’s dues and gaining experience
does pay off, entry-level salaries have been taking a step back-
ward. For rookie engineers in the U.S., salaries for entry-level
employees (0-2 years of experience) fell 11.3% this past year.

There are variables that prevent us from coming to de-
finitive conclusions, but it seems like closing the skills gap
may require companies to boost the financial incentive to
attract the younger employees needed. This could help al-
leviate any gaps that may result from the retirement of more
experienced engineers.

COVER STORY

20.9% of surveyed U.S.
engineers reported a raise

of 5% or higher in 2019.

In general, job satisfaction among U.S. engineers appears
to be holding steady. Just as we reported last year, slightly
more than 54% of those surveyed in the U.S. say they are not
looking for new opportunities. This group had an average
salary of around $123,000.

As one might expect, money seems to be a factor in whether
or not someone is looking for a new opportunity. Those who
claimed they were “passively looking” for new opportunities
made an average salary that was 6.2% less than those who
were not looking at all. Those who described themselves as
“actively looking” made an average 16.3% less than those not
looking. So, again, organizations looking to facilitate higher
job satisfaction among their employees might see some posi-
tive results with financial incentives. m
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What has industry learned about

model-based multivariable control?
And where do the lessons lead going forward?

By Allan Kern, PE

hen model-based multivariable con-
trol made its debut in the 1980s, it was
expected that process models, once
acquired through a plant step test, would be du-
rable and long lived. However, this assumption
proved to be mistaken, revealed in the form of
“clamped” manipulated variables and “degraded”
performance. Multivariable control technology
has struggled with this problem ever since.
Experience has shown that most models are
short lived, and many are essentially a moving tar-
get. They depend on feedstocks, feed rates, prod-
uct grades, equipment health, catalyst condition,
and many other factors. The model-based control
community has been
slow to recognize this,
but in retrospect, the
single-loop community
has known it all along,

and industry attempts at auto-tuning have also
recently refreshed this lesson.

In single-loop control, feedback is univer-
sally the first choice, due to its low cost, ease of
implementation, and high rate of success and
long-term reliability. Feedforward (which is the
single-loop equivalent of model-based control)
is only used sparingly, because of its greater dif-
ficulty of implementation and risk of unstable
performance due to model error, sooner or lat-
er. (Boiler drum level control is almost the only
known example where feedforward is routinely
used in initial control design, made possible
by the durable and instantaneous relationship
between steam out and feedwater in. Few other
models are so accommodating.)

The term “model-based multivariable control”
has been so ubiquitous that many people do not
realize multivariable control, no less than single-
loop control, can be implemented based on feed-
back, with or without the addition of feedforward
models. Feedback multivariable control has the
potential to eliminate more than 90 percent of
models, if the historical incidence of feedforward
in industry’s installed base of single-loop control
(less than 10 percent) is any indication.

Industry’s recent experience with auto-tuning
also reminds us of the wisdom of relying on feed-
back and avoiding the use of feedforward models
to the extent possible. Like model-based control,
auto-tuning initially gave industry hope that the
recurring task of loop tuning might be solved
once and for all. But auto-tuning has largely
gone dormant now, having run into the same
conundrum: If models change, then updating
them, even in real-time, is not the right answer
(because the next disturbance may not be the
same as the last disturbance). This is especially
relevant as the model-based control community
weighs adaptive modeling, which is essentially
auto-tuning on a multivariable scale.



Optimization belongs in the business layer
After model maintenance, the embedded opti-
mization programs that are integral to conven-
tional multivariable control technology form
a large part of application cost, maintenance,
and complexity. Fortunately, experience and
evolving technology make it possible to lever-
age optimization results from the business layer
and eliminate optimization from the control
layer, where it becomes largely redundant and
is probably inappropriate.

The business layer has a much more com-
plete and global optimization solution, because
it has access to much more information. With
today’s technology, business-side optimization
solutions (or parts thereof) can be updated at
higher frequency if necessary. Any results that
affect constraint limits or optimization targets
in the control layer (which in practice are actu-
ally quite few) can easily be pushed down to the
control layer, either via connectivity or simply via
the operating chain of command. Both of these
methods are common practice in industry today.

Moreover, optimization at the control net-
work layer is probably inappropriate from a
process control and automation principles
point of view. End users expected multivariable
control maintenance and support to decrease
as the technology matured, but instead they
have steadily increased with no sign of abating.
As this has unfolded, many have lost sight of
the fact that industrial automation applications
should be robust and deterministic, and carry
minimal support and maintenance require-
ments, in order to minimize unnecessary activ-
ity on the control network, for reliability and se-
curity purposes. Optimization by its nature does
not meet these application criteria.

Emerging paradigm
If it is hard to imagine (at first) that the (often es-
teemed) task of multivariable control and optimi-
zation can be accomplished without large burdens
in modeling, optimization, and maintenance, then
it helps to realize that this, too—the essential role
of multivariable control in industrial process op-
eration—has also come into a more practical and
realistic focus with the hindsight of experience.
Multivariable control, traditionally viewed
as a complex, monolithic piece of automation
with often difficult-to-discern objectives and
benefits, can now be seen as a fundamental
aspect of nearly every industrial process opera-
tion, and (therefore) as a fundamental part of
process control and automation going forward.
The functional specifications of multivariable

FAST FORWARD

e Efficient model-based control depends on reliable models, but
models have proven to be very fragile. This conundrum is unlikely

to be solved, but it can be mitigated.

e Optimization is at home in the business layer, but it is out of
place, unnecessary, and even inappropriate in the control layer.

e The conventional multivariable control paradigm has a large
footprint that is increasingly seen as unsustainable. A smaller,

more efficient paradigm is emerging.

PROCESS AUTOMATION

Table 1. Potential aspects of a new multivariable control paradigm

Multivariable control is no longer a complicated “black box” application,
but a fundamental aspect of nearly all process operations and a basic

piece of control and automation.

Multivariable control, like single loop, is predominantly feedback, with

limited use of feedforward models.

Optimization is removed from the control layer, with relevant constraint
limits and optimization targets leveraged from the business optimization

and planning layer.

Multivariable controller scope, objectives, and benefits are identified in
matrix diagrams and are as plain as closing any loop—multivariable control

closes the loop on the matrix.

Multivariable control tools become simpler, more affordable, agile, easy to

use, and operation friendly.

Model selection, matrix design, and optimization give way to the Pareto
principle, rather than the conventional “large footprint” (more is better)

paradigm.

Control engineers focus more on control and automation and less on

models and optimization.

The approach captures many smaller but more numerous multivariable
control applications, such as individual columns, that have remained below
the radar or economic hurdle of the large matrix, model-based paradigm.

A more affordable and agile tool most closely reflects the modern flexible

manufacturing paradigm.

Multivariable control becomes a core competency and falls with normal
operating budgets, schedules, and support, rather than a specialization
requiring off site support, dedicated budgets, and long schedules.

control applications can be succinctly captured

in matrix diagrams, with the objectives and ben-

efits as plain as those of closing any loop—mul-
tivariable control closes the loop on the matrix.

(See sidebar.)

In this emerging multivariable control paradigm:

e Multivariable control, like single-loop control,
is predominantly feedback, with selective (not
wholesale) use of feedforward models.

e Optimization is removed from the control layer
and leveraged as necessary from the business
layer.

e Applications can be succinctly defined using
a matrix format, with scope, objectives, and
benefits as plain as closing any loop.
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With the elimination of 90 percent of
modeling and optimization, multivari-
able control becomes much simpler,
more agile and affordable, easier to use,
and more operation friendly overall.
Smaller, more numerous applications
can be expected to proliferate, since opti-
mization will no longer drive monolithic
matrix designs. Table 1 lists additional
potential aspects of an emerging multi-
variable control paradigm. m
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Multivariable control: Closing the loop on the matrix

When console operators adjust controller
set points and outputs in the course of a
shift, they are doing manual multivariable
control. When a piece of process automa-
tion is deployed that manipulates those
set points and outputs automatically, that
is automated (or closed-loop) multivari-
able control (also known as advanced pro-
cess control [APC]).

Multivariable control simply means ad-
justing the available single-loop controllers
to keep related process variables within
limits, and to move toward more optimal
operation to the extent possible. This is
an inherent and natural aspect of nearly
every industrial process operation, from a
feed drum to a crude oil distillation column
(figure 1).

< Optimum
operating
target

APC
E(\e“ts

&7 Manual

N[ multivariable
control
(No APC)

Figure 1. When an operator adjusts con-
troller set points in the course of a shift,
that is manual multivariable control.
When this is automated, that is closed-
loop multivariable control. Multivariable
control is an inherent aspect of nearly
every industrial process operation, from
a feed drum to a crude oil distillation
column. Automated multivariable con-
trol brings the same important benefits
as closing any loop.
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Perhaps the most important contribution
to industry from the model-based multi-
variable control era will ultimately prove to
be—not model-based control—but popu-
larizing the concept of the matrix within the
process control and operation communi-
ties. The matrix provides a concise method
to diagram the multivariable nature of any
process. A matrix consists of the available
set points and outputs along one axis (also
known as “handles” or manipulated vari-
ables [MVs]), the controlled variables (CVs)
along the other axis, and models (or at least
model directions) at various locations within
the matrix, which indicate which MVs can
be used to control which CVs.

A knowledgeable team, which comprises
process engineers, control engineers, and
experienced operations personnel, can de-
velop a matrix diagram, including constraint

limits, optimization targets, and other key
parameters, for most processes in a single
meeting (with no plant test). The matrix
then becomes the heart of multivariable
control, whether manual or automated.
(Matrix diagrams have not migrated out of
the multivariable control space to become
common operation and training aids, but
a good case can be made for availing
matrix diagrams in this role.)

Automated multivariable control has
obvious benefits over manual multivariable
control, just like closing any loop. Benefits
come in timeliness and consistency of action,
reliability of constraint control, and maximiz-
ing optimized operation to the extent pos-
sible. Automated multivariable control also
offloads this time-consuming task from
operators and process engineers, who then
have more time for other priorities.

Solves move direction for all handles
simultaneously, based on gain direction,
constraint limits, and optimization targets

A
S

5-second period
(or faster)

SPEED

Implements preselected move rates
(also known as process speed limits) based
on experience and safe operating practice

LIMIT

25

Uses Rate-Predictive Control (RPC®),
a patented control algorithm, to
taper moves predictively
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Figure 2. Model-less multivariable control (XMC) automates the way operating teams
have always carried out multivariable constraint control and optimization manually.
Notably, this method does not require detailed models or embedded optimizers. XMC
uses rate-predictive control as its internal feedback control mechanism.
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By Larry Reynolds
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increasingly intelligent in large part due to
the improved processing power and com-
munication abilities found within underlying
controllers, sensors, and components. This is
true for basic machine operation and function-
ality, as well as for the safety systems. Therefore,
just as designers must evaluate features when
selecting an automation platform, they also
need to consider safety system options.
Equipment automation can be deemed a
critical application, yet it is clear that properly
designing the safety aspects are even more cru-
cial. This has typically meant applying safety
components to the fundamental automated
system, throughout the life cycle of the system.
The purpose of a safety system is to bring a

actory equipment continues to become

WWW.ISA.ORG

quickly as possible
if a safety sensor is triggered by personnel or
equipment conditions, or an emergency stop
pushbutton.

The most basic safety systems are based on
hardwired safety relays. More flexibility and
other advanced capabilities are available with
digital safety controllers and safety-rated smart
relays, which can be used in conjunction with
nonsafety automation controls. Taking this a
step further, there are complete control plat-
forms available for merging factory automation
and safety functions into a single integrated
digital system. This article discusses evaluations
that designers and engineers should perform as
they consider the right safety system fit for their
machine automation application.




Risk assessment comes first

Regardless of the final safety system approach, ;

the first step is for qualified personnel to per-
form a risk assessment to identify potential
hazards. Team members with backgrounds
in design/engineering, equipment function,
operations, and maintenance apply their
experience to identify risks, the frequency
and duration of worker exposure, and how
risks can be removed or mitigated. Equipment
manufacturers generally follow methods out-
lined in various standards, such as ANSI B11.0,
ANSIB11:19, ANSI/RIA R15.06, or ISO 12100 to
name a few.

In very general terms, if an unsafe condition
can be sensed, then the equipment should
be deenergized and stopped, or in some in-

FACTORY A

FAST FORWARD
e Always begin with a risk assessment.

e Three typical approaches are: using hardwired safety relays, configuring
safety controllers, or integrating safety with equipment controls.

e Machine safety usually, but not always, means stopping everything
as fast as possible.

stances, the equipment should just h
position or return to a safe position. Unsafe
conditions can include a variety of situations,
such as an out-of-place guard, a pressure mat
sensing a worker entering a hazardous area,
a pushed emergency stop button, or even a
failure within the safety system itself. Field
devices may be simple like an emergency stop
pull-cable, or more complex like a configu-
rable light curtain.

Safety systems must be designed, installed,
wired, and configured to act based on condi-
tion monitoring to make the equipment as

INTECH SEPTEMBER/OCTOBER 2019
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safe as possible. A risk assessment is
fundamental to understand the haz-
ards, and how the equipment can be
brought to a safe state when an unsafe
condition is detected.

Driving to a safe state
Understanding the concept of a safe
state is important to any safety discus-
sion. Most often, a safe state is achieved
by removing sources of energy, such as
electricity, compressed air, or hydrau-
lics. Some high-inertia equipment can
be commanded to actively brake to a
faster stop using regenerative variable
frequency drives or other mechani-
cal means. There may be mechanisms
requiring activation to lock the equip-
ment in position.

In some situations, there may be a
requirement to maintain power to hold
equipment in the safest state. Some
energized equipment may hold prod-
uct or tooling in an elevated position
because deenergizing it would cause
the material or equipment to drop in
a way more unsafe than just a holding
position. From the standpoint of IEC
60204-1 or NFPA 70, there are three
stop categories that designers may
consider in their effort to drive equip-
ment to a safe state:

e Category 0: An uncontrolled stop by
immediately removing power to the
machine actuators.

e Category 1: A controlled stop keeping
machine actuator power available to

achieve the stop, and then removing

power once the stop is achieved.

e Category 2: A controlled stop with
power left available to the machine
actuators.

A risk assessment will not only define
the risk, but also identify how best to
remove it. This in turn points to what
devices can be applied for best safety.

Paths to proper safety

Having defined the risks and how the

equipment can be driven to a safe state,

the design process turns to specific

means and methods for implementing

a safety system. Here the team will find

three main paths:

e basic safety relays

e individual safety controllers or safety-
rated smart relays, sometimes used
in conjunction with nonsafety auto-
mation controls

e fully integrated equipment/safety
control systems where machine con-
trol and safety monitoring are per-
formed on the same platform, such
as a safety programmable logic con-
troller (PLC)

Many safety solutions could be im-
plemented in any of these three ways
with acceptable performance. There-
fore, designers will need to consider
some other criteria outside of basic
safety, such as:

e hardware costs
e installation costs
o design effort required

Figure 1. A basic machine like this tape wrapper can be designed to provide the neces-
sary safety using safety relays and light curtain relays.
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e programming/configuration effort
required
maintainability for troubleshooting
operator friendliness
long-term support
ease of future updates or modifica-
tions
More advanced safety components,
especially for the fully integrated ap-
proach, can cost much more from a
hardware and configuration stand-
point than basic safety devices do.
Sometimes this cost is somewhat offset
by that fact that basic safety compo-
nents often require a higher installation
cost. Also, if long-term maintenance
and operations are considered, there
are many benefits to safety controllers
and fully integrated systems.

The following sections explore the
advantages and downsides of each
approach.

Basic safety relays

Hardwired safety control wiring was the
original method of providing machine
safety, because much of machine auto-
mation uses electrical signals that can
be interrupted to stop operation. Even
pneumatics, hydraulics, and other types
of nonelectrical stored energy can
incorporate solenoids or other electro-
mechanical means for deactivation.

Designers can improve wired safety
for handling more complex situations
by designing it with safety-sensing
devices and relays that are energized
when conditions are safe and deener-
gized when they are not to provide a
fail-safe function. These devices incor-
porate features like redundant signal
sensing to satisfy control reliability and
circuitry to analyze the inputs.

Some safety relays are similar to stan-
dard relays with added safety features,
such as monitored auxiliary contacts,
while others may have additional char-
acteristics making them specifically
adapted to functions like emergency
stop button circuits or light curtains for
a basic machine (figure 1). Sometimes a
more advanced safety relay may be used
in conjunction with a standard safety
relay, such as to increase the number of
controlled outputs. When specific hard-
wired safety components are used, often



in aredundant fashion, a high-reliability
safety circuit is the result.

Modern safety relays are specifi-
cally standardized components, with
features like electrically isolated and
mechanically force-guided operational
contacts and monitoring contacts, to
best ensure that the relay functions as
intended and provides notification if
there is a malfunction (figure 2).

Basic safety relay designs also pro-
vide good familiarity for design and
operations personnel, and the compo-
nents themselves are economical. Safe-
ty relays are often used in conjunction
with more advanced and expensive
components to multiply safety outputs
and interlock multiple electrical devic-
es. Another feature to consider is that
safety relay circuits are a separate sys-
tem from any automated controls. The
controls may monitor the safety circuit
or even trip it, but they otherwise
operate independently in parallel, an
advantageous approach in many cases.

There are some considerations with
the tried-and-true basic safety relay
approach, however. These devices are
less suitable for more complex safety
designs. Furthermore, their hardwired
nature means they are more difficult to
modify in the future if there are techni-
cal product advancements or a need to
improve the safety architecture. Anoth-
er important consequence concerns the
significant amount of field wiring that
may be required to achieve the perfor-
mance level required by the risk assess-
ment. Recognition of these issues and
the availability of high-value and high-
performance electronics led to the cre-
ation of individual safety controllers.

Individual safety controllers
With the introduction of robust digital
industrial automation electronics, the
progression from basic safety relays to
individual safety controllers was natu-
ral. Many safety controller components
look much like smart relays, and their
outputs may operate similarly (figure 3).
However, safety controllers offer
many expanded features. They can
be all-in-one devices with inputs and
outputs (I/0), or they may be modu-
lar with connectable components for

the controller, inputs, outputs, and
communications. This expandability
enables safety controllers to easily con-
nect with many more field devices.

A flexible configuration environment
is another key attraction. Inputs and
outputs are managed through software
configuration. This means that zones
can be assigned and even overlapped as
necessary and changed in the future via
an easy configuration change, instead of
requiring a field wiring change, as with
basic safety relays. All field devices are
simply home-run to the safety control-
ler, and more complex hardwired inter-
connection schemes are avoided.

Finally, because safety controllers
usually have digital communications
options, it is possible for the associated
nonsafety automation control system
to easily monitor the status of all safety
system signals, while keeping the two
systems independent.

The downsides revolve around cost-
per-point for the components and the
engineering cost to learn the program-
ming software. For very small I/O counts,
a safety controller will likely be more ex-
pensive than a few basic safety relays due
to the step cost of the controller.

However, for larger I/0 counts, a safe-
ty controller solution will become com-
parable to or less expensive than hard-
wired safety controls, when all hardware
and installation is considered. And once
the designers have learned the software,
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Figure 2. Safety relays, like these examples from
AutomationDirect, range from fundamental and
reliable hardwired electromechanical force-guided
relays to more advanced versions with additional
features optimized for functions like emergency
stop buttons or light curtains.

they can apply their design efforts to
software configuration if any changes
are needed, as opposed to inflexible
hardwired circuit designs inherent to
systems employing basic safety relays.

Full integration of equipment
control with safety control
Machines and other factory equipment
are often automated using programma-
ble logic controllers, a very mature tech-
nology that can and often does work in
conjunction, although in parallel, with
basic safety relays or safety controllers.
There are also specialized safety-rated
PLCs that combine the equipment con-
trol abilities of standard PLCs with the
safety functionality of safety controllers.

Safety PLCs are generally used for
more complex systems with many 1/0.
They are very flexible and offer as many
safety functions as safety controllers.
Because equipment control and safety
functionality are both handled within a
single controller, there are no commu-
nication issues, and all configuration is
handled within a consistent program-
ming environment. More advanced
diagnostics are available to help engi-
neers and end users. However, keep in
mind that equipment programming
and safety programming are two sepa-
rate activities.

The complexity of fully integrated
safety PLCs comes at a price, which is
higher for the hardware platform itself.

Figure 3. Safety controllers, such
as these MOSAIC examples, are
far more advanced than basic
relays, with additional protective
features, configurability, expand-
able I/0 options, and even com-
munication capabilities.
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Figure 4. Advanced safety relays or safety controllers are more suitable for more compli-
cated moving equipment installed within a guarded cell.

It also demands a greater skill level to
perform the programming. Their more
specialized nature may also make them
more challenging for end users to sup-
port as compared with standard PLCs
and simpler safety systems.

Typical applications for this type of
solution are found when a large pro-
portion of the I/O points are safety
related. When only a relatively small
number of I/0 points are safety relat-
ed, this approach will be much more
expensive than separate control and
safety systems.

Making a safe choice

Each safety design situation and equip-
ment application requires consider-
ation of the equipment, risk, and safety
provisions. Designers may find the fol-
lowing guidelines applicable.

For the most basic systems with few
safety I/0 and simple needs, basic safety
relays are economical, easy to design,
and readily maintained. If the I/O count
is more than a few points or any more
advanced features are needed, espe-
cially communications to a PLC, then
safety controllers are an excellent fit and
may result in an installed cost compara-
ble to that of an equivalent relay system.

Fully integrated safety-rated PLCs
allow equipment manufacturers and
original equipment manufacturers
(OEMs) to consolidate their control
hardware bill of material and provide a
tightly integrated automation and safe-
ty package. Once an OEM is geared up
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to use these more complex controllers,
it may realize ongoing savings and per-
formance benefits from this approach,
although initial costs will be quite high.

However, if end users will be sup-
porting this fully integrated control/
safety equipment, they need to consid-
er personnel training costs. If costs are
prohibitive, end users may be better
off specifying a consistent application
of safety relays or controllers.

Equipment protection

A final thought regards equipment pro-
tection in conjunction with personnel
safety. These are related but not to be
confused. Of course, personnel safety
is absolutely the highest concern, and
safety design must always be accom-
plished in accordance with industry
standards.

However, designers can also apply
many of the same safety concepts and
components to provide automation
that attempts to protect equipment
and processes from improper opera-
tion, especially in the case of a fail-
ure or error. By preventing machinery
from experiencing collisions or other-
wise destroying itself, the safety risk is
also reduced for personnel. Consider
a grinding wheel where a speed con-
trol relay can be employed to limit the
maximum speed, so the wheel will not
fail, which could injure workers.

Another example is a robot system
or similar moving equipment installed
within a caged area known as a cell (fig-
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ure 4). Safety systems can be configured
such that if the gate is forcibly opened,
the robot will undergo a rapid shut-
down to protect personnel, even at the
expense of product loss or equipment
damage. However, other stop condi-
tions might allow a more controlled ro-
bot stop while keeping the gates locked,
and only unlock the gates when all en-
ergy is removed. This sort of good engi-
neering practice keeps systems in oper-
ating order and helps prevent downtime
while maintaining work safety.

For safety designs, there are three
main approaches that are progressively
more complex, capable, and costly.
When designers complete a risk assess-
ment and look at the cost versus per-
formance options, they can determine
the appropriate solution. m
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Steam control vaIves N food

By Jason Carpenter
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ood and beverage applications must
Fmeet a variety of process temperature

and pressure control requirements to
maintain the tight temperatures that ensure
product quality and safety. Selecting the right
steam control system, and using best prac-
tices for piping and installation, can have a
huge effect on production, downtime, and the
health and safety of end users.

Steam control systems, which include control
valves, steam traps, and condensate recovery
equipment, are critical in many food and bever-
age applications. Key applications include clean-
in-place (CIP) processes and high-temperature/
short-time (HTST) pasteurization used in dairy,
cheese, milk, and ice cream manufacturing.
Other widely used steam processes include retort
sterilization in canning operations, bottle wash-
ers, tempered hot water systems, condensate of




FAST FORWARD

e Food and beverage applications must
maintain tight temperature control to help
ensure product quality and safety.

Selecting the right steam control system
and using best practices for piping and
installation can have a huge effect.

Consider a rotary globe valve with a 100:1
turndown to simplify the process and allow
tight performance control.

—

-

whey (COW) water, poultry scalders, flash steam
peelers and blanchers, evaporators, direct steam
injection processes, and hot air dryer systems.

These applications all use a temperature con-
troller with a valve to maintain a separate temper-
ature. The valve is critical, because operators must
maintain very tight temperature control to avoid
issues that would otherwise occur, like bacteria
growth or loss of product.

The challenge faced by many food and bever-
age applications is that they often do not have
a set flow range. This variation of flow ranges is
especially true for plants that run different prod-
ucts at different times. For example, at many
plants the HTST pasteurization flow can range
from 10,000 pounds per hour to 2,000 pounds
per hour. To maintain proper temperature con-
trol in the face of changes in flow, operators must
use a control valve with varying rangeability and

and bev‘erag‘e’ applicafions

excellent shutoff characteristics.

Unfortunately, operators too often use a cookie-
cutter approach for steam isolation on modulat-
ing process steam equipment. For example, many
systems incorporate a pneumatically activated,
quarter-turn ball valve to assist in shutting off the
steam to the heat exchanger. Users typically select
the ball valve because the standard globe valve
applications in the market have leaked. Using an
actuated ball valve for isolation on the steam train
to the process can lead to water hammer, pressure
spikes, loss of product, or bacteria growth.

In contrast, a rotary valve has exceptional shut-
off and can meet FCI ANSI Class V shutoff on
steam for these process applications. This elimi-
nates the need for actuated ball valves for isolation
on the steam train to the process. Rotary valves
also can enable precise control over a wide range
of flows and provide a long service life.
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An example is the K-Max rotary
globe valve. Its rangeability is 100:1,
allowing control over a wide range
of flows, so a plant can use the same
control valve for all the facility’s steam
and fluid-control applications. There
can be quite an advantage to using
one valve style for many applications,
because a plant can standardize and
minimize stocking requirements.

An example of a best-practice instal-
lation for a CIP process that performs
at high level (figure 1) was developed
by Kevin Rasmussen, president of KEI
Steam Solutions, Inc. The Green Bay,
Wis., industrial machinery and equip-
ment company provides end-to-end
solutions to the food and beverage pro-
cessing industry.

“The setups used today typically
require a lot more service and main-
tenance because they are not laid out
or selected correctly and lack best-
practice piping, which can cause
equipment to fail,” said Rasmussen.

Use of best practices increases pro-
ductivity, reduces downtime, and in-
creases equipment reliability on the
systems. “In addition to using best-
practice implementation methods,
plant operators should always conduct
an annual evaluation of steam and
condensate equipment to make sure
the equipment is running at optimal
levels,” Rasmussen added.

CIP systems for the food and bever-
age industry use steam to heat water
in the process through the noncontact
heating of a heat exchanger, or through
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Figure 1. This schematic reflects the
process heating installation best prac-

tices described in the article.
Source: KEI Steam Solutions, Inc.

direct injection of the steam into the
CIP tanks. The rotary globe control
valve can be used for heat exchanger
temperature control. The turndown
allows for maximum temperature and
pressure control across a wide range
of flow variations. This is critical in CIP
heating, where load variations are con-
stant and the application requires con-
sistent temperature control. The appli-
cation requires very tight shutoff when
the system is not in operation, so there
is no steam and condensate losses and
degradation of the heat exchanger.

Another issue in food and beverage
applications is the steam trap and con-
densate return system, which should
remove condensate quickly to allow
heat transfer to occur and eliminate the
stall point. The best-practice solution
includes condensate elimination for the
CIP heat exchanger.

Using a Nicholson NFT free-float
steam trap allows facilities to continu-
ously remove condensate from the heat
transfer surface, allowing for proper heat
transfer to the product. Unlike standard
float and thermostatic traps, this free-
floating steam trap does not have any
mechanical linkage. It has a variable ori-
fice that will modulate with the continu-
ous condensate load for fast, efficient
condensate removal and process tem-
perature control.

In addition, the best-practices setup
also eliminates condensate from stalling
or stacking into heat transfer surfaces by
using a steam motor or a steam pump
and trap combination. When using a
modulating control valve, all conden-
sate lines must be drained by gravity or

pumped back to the boiler room.

For example, facilities can use a
Nicholson condensate steam/air mo-
tive pump to recover and pump the
condensate back. This eliminates the
need for electric pumps, control panels,
and wash-down-rated controllers. The
ASME-rated pump operates on motive
steam or plant air to push the conden-
sate back to the boiler room for energy
and utility recovery. Figure 2 shows
the standard setup on the top, and the
pump and trap combination below. The
ideal setup includes a main pressure-
reducing valve for reducing the steam
pressure to the CIP system from main
plant pressure. Examples include a
Spence ED or Leslie GPKP.
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Figure 2. Condensate recovery using the
standard pump option is shown in the
top schematic. A pump-and-trap option
is shown below.

Source: KEI Steam Solutions, Inc.




Figure 3. A Midwestern cheese manufactur-
ing plant “before,” using an automated ball
valve and a range of improper practices.
Source: KEI Steam Solutions, Inc.

Figure 4. The cheese manufacturing plant
after implementing a rotary control valve
and other best practices.

Source: KEI Steam Solutions, Inc.

It should be noted that a best-practice
implementation also positions plants to
take advantage of energy savings from
recovering condensate, which can be
like liquid gold to a process. This type
of setup helps a plant meet the required
balance between energy recovery and
food product performance. It also helps
answer the question, “How can I main-
tain my control without having to install
costly extra bells and whistles?”

To illustrate the benefits of a steam con-
trol system designed in accordance with
best practices, consider the example of a

large cheese manufacturing facility that

recently overhauled its setup from an

automated ball valve to the rotary valve
setup. Figure 3 shows the “before” state,
with a variety of improper practices.

These include:

e No drip steam trap was installed for con-
densate removal before the control valve
to prevent valve seat wire drawing.

e The installation has an automated ball
valve for isolation directly before the
control valve, which offers only on/
off service. This will likely cause pre-
mature failure of the control valve and
heat exchanger tube bundle. It will also
cause instability in the process control.

e The control valve is piped too close
to the heat exchanger inlet, which
does not allow for the velocities to
expand out on the pressure reduc-
tion through the control valve. The
minimum should be 10 pipe diam-
eters of straight pipe run after the
control valve of the heat exchanger
inlet connection size.

e The heat exchanger should use a
continuous-type steam trap or vari-
able orifice steam trap, which con-
tinuously discharges condensate to
remove condensate from the heat
transfer surface and allow for full
latent energy utilization.

e The condensate must be gravity-
drained to a condensate pump for
full condensate removal. This can be
done with a steam/air motive pump
or electric condensate pump.

e The setup has no thermostatic air
vent for the removal of air on startup
of the heat exchanger. Without prop-
er air removal, the heat exchanger
may experience lagging startup
times, improper heat transfer, and air
binding of the equipment.

e There is no Y strainer protection before
the control valve to allow draining of the
piping and removal of scale and debris.

Figure 4 shows the same cheese factory

once a new solution was installed follow-

ing best practices. The seven best prac-

tices shown include:

1. A rotary control valve provides tight
process temperature control and iso-
lation in one valve. There is no need

SYSTEM INTEGRATION

for a ball valve isolation, because the

rotary globe valve allows for 100:1

turndown for process control range-

ability, Class V shutoff, and larger CV.

2. Proper piping layout before and af-
ter the control valve to the heat ex-
changer ensures performance will
be optimal.

3. The new setup features the correct
use of a thermostatic air vent with
vacuum breaker on the heat ex-
changer.

4. Correct discharge piping utilizing a
variable orifice free-float steam trap
provides continuous condensate
evacuation on the heat transfer sur-
faces.

5. Proper drip pockets and Y strainer
protect the control valve from wire
drawing of the valve seat.

6. Gravity draining the steam traps to
the steam/air motive condensate
pump or electric condensate pump
provides proper condensate removal
from the heat exchanger.

7. Expanding the piping after the steam
trap, the setup includes one pipe
diameter for a flash allowance from
the trap discharge.

Implementation of best-practice
equipment selection, piping, and
procedures will result in reliable long-
lasting service and control of equip-
ment and processes. Because many
food and beverage plant operators
do not have the technical expertise to
ensure the equipment setup is prop-
erly implemented, they may be relying
on vendors and process equipment
providers for this service. That is why
promoting best practices is critical to
making the process work correctly. m
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Taming your process
automation data

The challenge—what to do with all this data

echnological advances in automation

I and control have grown to a point
where trying to keep up with them is
increasingly difficult. The amount of data
being produced has far exceeded “big data.”
Thus, the need to capture and store data has
risen. Fortunately, the cost of data storage has
dropped. The real challenge is figuring out what
to do with all this data. We must unlock the data,
analyze it, and decide what data is business critical
and what data will make us more productive. We
only need one set of data based on real facts. We
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can then use the information to improve business
efficiency and processes.

For along time when we heard the term process
automation data, we immediately thought of
manufacturing data (e.g., a valve being open
or closed, the level in a tank, the tempera-
ture in a vessel, or a motor being off or on).
As instruments and equipment became more
advanced, process automation data followed
suit. We could analyze the data to
determine when a valve was opened,
how long it took to open it, how




long it remained open, when it was closed, and
how long it took to close it.

For instance, a valve could control cooling
water being applied to a vessel to ensure a prod-
uct was cooled to its specified shipping tempera-
ture. With the data from the valve, we could then
determine the daily effectiveness of the cooling
system. As simplistic as this information seems
today, at one point in time, this type of data was
considered advanced process automation data.
Understanding where the process automation
data comes from and how to consume and ana-
lyze it provides decision makers with the informa-
tion needed to successfully run the business.

System data

Data acquisition (DAQ) is the process of measur-
ing an electrical or physical condition, such as
voltage, current, temperature, pressure, or sound,
with a computer. A data acquisition system con-
sists of sensors, data acquisition measurement
hardware, and a computer with programmable

software. Sensors, a type of transducer, are devices
that convert physical properties into a correspond-
ing electrical signal. Signal conditioning is required
to convert sensor signals into a form that can be
converted into digital values. Analog-to-digital
converters convert conditioned sensor signals to
digital values.

Programmable logic controllers (PLCs), distrib-
uted control systems (DCSs), and supervisory con-
trol and data acquisition (SCADA) control systems
are designed to interface with local control mod-
ules from different manufacturers. SCADA, DCS,
and PLC systems utilize an instrument tag data-
base. The database contains elements called tags
or points. The tags or points are related to specific
instrumentation or actuators within the process
system.

Mission-critical process data is extracted from
these systems and stored in a process data histo-
rian. Using a variety of available tools, manufactur-
ing personnel can then capture, collect, visualize,
and analyze the data.

AUTOMATION IT

FAST FORWARD

e The amount of data being produced has far

exceeded “big data.”

We must unlock the data, analyze it, and
decide what data is business critical and
what data will make us more productive.

Selecting the right data historians and the
architecture used to gather, collect, store,
and protect business critical information/

data is key to success.
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On the leading edge of technology
Early adopters in certain industries (e.g.,
pulp and paper, oil and gas, and power
generation) were the first to grasp the
value of unlocking process automation
data and to understand the importance
of capturing and collecting it to
improve production processes. As these
industries were also the least regulated,
it was less expensive to generate process
automation data using data acquisition
systems. In some respects, these early
adopters paved the way for more
regulatory-compliant ~ manufacturers,
who had to make significant upfront
financial investments to automate and
install large enough data acquisition
systems to capture the available process
automation data.

In particular, the life sciences industry
(mostly pharmaceutical) recognizes the
value of process data but is much slower
at adopting data acquisition systems.
The challenge is finding data acquisition
systems that will reduce risk in compli-
ance and address inefficiencies, all while
accessing data that is useful. Many of
these manufacturers are currently in
the process of identifying systems and
best practices that will take them to the
next level in all areas of their businesses,
while also maintaining the integrity of
their strict regulatory compliance re-
quirements.

Meanwhile, for manufacturers moving
right along the technology curve, process
automation data is no longer limited to
manufacturing equipment. Smart devices
and edge devices are providing data for
full end-to-end analytics. Every level of
the organization can now make data-
driven decisions.

Many software companies have worked
diligently to create products that not only
will unlock process automation data but
will also make it available for other ap-
plications. Businesses can now combine
metadata, enterprise resource planning/
manufacturing execution system (ERP/
MES) data, and maintenance manage-
ment data with process automation data
to perform various detailed analyses.
Scheduling takes on a whole new mean-
ing when manufacturers can capture a va-
riety of data to help understand the entire
life cycle of their products. From the time
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an order is taken to the accepted delivery
to the customer—and everything in be-
tween—actionable data is captured.

The data path forward

Selecting the right data historians and

the architecture used to gather, collect,

store, and protect business critical infor-

mation/data is key to success. Once that

decision is made and implemented, the

what, how, when, and who questions will

determine the next steps.

e What data is needed to make informed
decisions?

e How do you want the data presented?

e When or how often do you need ac-
cess to the data?

e Who are the right decision makers
that need access to the data?

To be successful, a business will
understand early on that the answers
to these questions can and probably
should change as the analysis of the
process automation data matures. Using
continuous improvement models will
certainly drive early success. These models
also generate critical-thinking skills from
the data-driven decision makers. With
each success comes a new challenge
and helps generate a new enthusiasm
for all employees, especially when the
improvements are tied to monetary gains.

Developing best practices along the
way will ensure process knowledge,
recognizable quality improvements,
and financial gains are realized across
the entire enterprise. Things like the
development of naming conventions
for assets, instrument tags, and data
historian tags, will make the end users’
jobs much easier. Using a structured
data or framework will allow data related
to a single asset or multiple assets to be
consumed more efficiently.

Implementing condition-based
maintenance will greatly improve the
efficiency of the maintenance process
and should save money by properly
identifying the exact time to perform
routine maintenance tasks. Notifications
can help identify when things are going
well or badly and are also key in alerting
theright people to stay on top of processes.

Data, for example, can drive tasks like
greasing a motor. Let’s say the motor
manufacturer recommends greasing
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its motor after every 150 hours of run-
ning. Without capturing run-time data,
greasing that motor may be scheduled
each week. Maybe the motor does not
run 150 hours in an entire month. With
the run-time data captured and notifi-
cations developed, the proper people
can be notified when the pump has
run 140 hours, so maintenance can be
scheduled for the proper greasing in-
tervals.

Although this is a very simplistic ex-
ample, we can see how using process au-
tomation data effectively will help us ap-
proach even the most complex tasks with
more thought and insight. With the right
amount of process knowledge, notifica-
tions can be written and implemented for
any measurable activity. As with process
alarms, it is very important that notifica-
tions be used in such a way that they are
not a nuisance. It is also important that
escalations be used when setting up no-
tifications. Escalations will assure notifi-
cations are addressed within a specified
time. Using the run time of a motor to de-
termine when it needs to be greased as an
example, the notification would be sent to
the appropriate maintenance scheduler.
The escalation period may be set for a 24-
hour acknowledgment. If the person no-
tified does not take action, an escalation
notification would be sent to the next per-
son responsible. Some notifications may
be of high enough importance to even
have additional escalations.

Future data keys

Unlocking process automation data has
found its way to other areas of business.
Business process automation (BPA)
looks at repeatable processes within
a company’s day-to-day activities and
applies automation. This includes things
like transferring files, generating reports,
and extracting data from unstructured
sources and automating them from one
central location or computer. A great
example would be when hiring a new
employee. A simple email with the right
information in a consistent format can
be sent to BPA software, where the data
is extracted to automatically create a
user account and passwords for the
employees’ access to the business servers
and applications.



Robotic process automation (RPA) is an
automation technology where software
robots are used to manipulate and
communicate with business systems and
applications. This streamlines processes to
reduce the burden on human employees.
RPA is automation at the graphical user-
interface level, or GUI automation. RPA
is commonly used in call centers for
customer relationship management
systems. Having the software robots track
down things like order history from an
ERP while the customer is being helped
makes the process timelier and allows the
customer service agent to focus on the
needs of the customer.

Intelligent process automation (IPA)
is the latest set of technologies used to
combine the redesign of fundamental
processes  with  robotic  process
automation and machine learning.
Business process improvements and next-
generation tools assist knowledgeable
workers by removingrepetitive, replicable,

and routine tasks.

For those who struggle with the fast-
paced technology world, a very signifi-
cant trend to prepare for is the coming
of 5G technology. 5G will have a larger
impact on the way we do business and
the speed at which we do business than
any other technology thus far. What was
once just future planning will be avail-
able very soon. 5G’s speed and efficiency
will take industry from off-site monitor-
ing to real-time off-site controlling. It will
allow engineering personnel from cor-
porate headquarters to run and monitor
equipment in a remote facility. Currently,
we can monitor off site with some lag
in the information, but when 5G is fully
implemented, the network speeds will
be fast enough to react to the processes
from remote locations. This capabil-
ity will greatly change the landscape of
manufacturing facilities, as it minimizes
the number of people required to oper-
ate manufacturing processes on site.
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It will only be possible if businesses are
unlocking, processing, and analyzing
the right process automation data and
preparing their networks for 5G and all
it has to offer.

The amount of available data will
continue to grow. At the end of the day,
the most successful businesses will be
the ones that are able to determine
what data is critical to their business
and how to capitalize on what their
data tells them. m
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under the sea

New technology helps s
wet gas meters optimize
and gas operations

By Svein Eirik Monge
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he growth in offshore brownfield projects

and operators looking to develop new

fields in remote areas means it is more
important than ever to adopt cost-effective,
flexible, and innovative technologies that can
both negate production threats and optimize
subsea oil and gas production.

To this end, operators are looking for sophisti-
cated technologies that provide real-time informa-
tion on flow performance, protect well integrity,
ensure more effective production operations, and
preempt production threats. New salinity sensor
technologies exist today that can meet these sub-
sea oil and gas exploration challenges.

Subsea oil and gas operators face a variety
of challenges when it comes to identifying flu-
id composition and securing flow assurance.
These include a wide range of operating con-
ditions, particularly with the growth of wet gas
fields. In wet gas fields, the dangers of water
breakthrough and condensate increase, bring-
ing with them greater chances of saline forma-
tion water entering the flow.

Challenges

Formation water and salinity lead to scaling and
the formation of hydrates, corrosion, and overall
threats to the integrity and availability of subsea
wells and infrastructure. In worst-case scenarios,
formation water and water coning—a problem
in which bottom water infiltrates the perforation
zone in the near-wellbore area and reduces gas
production—in the reservoir can jeopardize hydro-
carbon production and lead to well shutdowns.

Another challenge is subsea tiebacks. This is
one of the more economical means of develop-
ing deep water fields, as it connects new discov-
eries to existing facilities in order to extend the
life of the production infrastructure. Industry
analyst Douglas-Westwood predicts expendi-
tures on subsea tiebacks will be around $94.3
billion from 2016 through 2020.

In a tieback setup, however, it can take hours or
even days before any onset of formation water is
detected by the topside or onshore measurement
system. The delay adds risk to the accompanying
potential dangers. It is in this context that
detecting changing fluid composition and water
salinity in real time is vital.

Salinity measurement, for example, tells the
reservoir engineer if formation water is entering
the flow and helps the process engineer adjust the
rates of scale and corrosion inhibitors. Once mea-
sured, fluctuating operating conditions can be ac-
commodated, risk reduced, and remedial action
taken against hydrates, scaling, and corrosion.

FOCUS ON SUBSEA OPERATIONS

FAST FORWARD

e Salinity measurement tells the reservoir engineer if formation water
is entering the flow and helps the process engineer adjust the rates

of scale and corrosion inhibitors.

e Although traditional detection was based on a fluctuating value,
new technologies provide quantitative measurements in many types

of field conditions.

e A salinity sensor based on microwave resonance technology gives
an immediate response to salinity changes and measures water

conductivity with a high level of accuracy.

Other remedial action might include adjusting the
choke setting or instigating zonal isolation.

Any one of these measurements must oper-
ate quickly and in real time. Given the right con-
ditions, hydrate formation can accelerate at an
alarming pace, with a critical time window of as
little as 20 minutes needed for preventative action.

Lastly, it should be noted that other key
drivers in subsea operations are safety, flex-
ibility, and the ability for subsea measurement
instruments to fit seamlessly within existing
infrastructure. The latter is an especially cru-
cial criteria for engineering, procurement, and
construction companies. The size, weight, and
compactness of instruments are essential, as
manifolds are often already crowded with instru-
mentation and have little room to spare.

Traditional vs. new techniques
Traditionally, operators have used several
techniques to address these challenges. Chief
among them are laboratory analysis of a water
sample and conductivity measurement.

Laboratory analysis of a water sample is used
to determine the salinity of the water. However,
this is a time consuming and costly process that
does not capture rapid variations in the water
salinity. Formation water detection has histori-
cally been based on an indication value that re-
mains stable if there is no salinity but increases
when more saline water enters the flow. The
downside of this form of measurement is that it
is only a qualitative indication, not a quantita-
tive measurement essential to flow assurance
and salinity detection in today’s operations.

There is a perception that subsea multiphase
and wet gas meters are unwieldy and expensive,
with operators put off by the perceived scale
and potential expense of such deployments.
However, there are alternatives on the market
now. One is a cost-effective and compact design
including salinity measurement.

Although traditional formation water detection
was based on an indication value that increased as
more saline water entered the flow, new technolo-
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Figure 1. Conceptual drawings of the ceramic salinity sensor based on microwave

resonance technology

gies provide quantitative measurements
in many types of field conditions. One of
these technologies (created by Emerson’s
Roxar unit) consists of a salinity sensor
mounted flush against the wall of a sub-
sea wet gas meter, which provides indi-
vidual flow rates of gas, condensate, or oil
and water. This salinity sensor design is
ceramic and based on microwave (MW)
resonance technology (figure 1).

Electromagnetic resonance field lines
go out of the ceramic sensor into the
metal surrounding it, including the two
small antennas below the ceramic cylin-
der. From a microwave sensor perspec-
tive, the sensor is categorized as a wave-
guide cavity resonator, shortened on
one end and open on the other, the side
that is facing the flow. As part of the MW
measurements, electromagnetic waves
bounce off reflective surfaces, such as the
metallic surface used in the ceramic sen-
sor. A resonance typically occurs when
a reflection bounces back and forth in
such a way that a constructive interfer-
ence between the incident and reflected
wave occurs. This is similar to how a
pressure wave creates resonances at cer-
tain frequencies in a flute or a brass horn.

Within this system, the higher the Q-
factor—a dimensionless parameter that
describes the resonator’s bandwidth
relative to its center frequency—the
“stronger” the resonance.

That means the energy dissipated per
cycle is small, with the Q-factor decreas-
ing if more energy is dissipated per cy-
cle. Higher water conductivity from in-
creased salinity causes the resonator to
leak more of its energy to the surround-
ings, which again results in a decreasing
Q-factor. The Q-factor shift versus the
frequency shift determines the conduc-
tivity of the water on the probe.

The result is an immediate response to
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salinity changes, and the ability to mea-
sure water conductivity with a high level
of accuracy. Small pockets of formation
water leaking into the flow can be detect-
ed instantaneously—something that no
other technology has achieved to date.

Performance testing

Extensive testing of the salinity sensor
took place at the Colorado Experiment
Engineering Station (CEESI) based on
a qualification process prescribed by a
leading operator. Three separate flow
tests took place at CEESI with close to
700 individual test points in total. Testing
was conducted along the full range of the
subsea wet gas meter from 85 percent to
100 percent gas volume fraction (GVF),
0-100 water liquid ratio, and a wide range
of conductivities. The sweet spot of the
salinity measurement technology (figure
2) is conductivity of < 2 Siemens per me-
ter and high GVE In the sweet spot, the
probe shows better performance than
+0.5 S/m and uncertainty is kept at up to
99.98 percent GVF at low conductivities.

The testing results demonstrated that
the new salinity probe can perform effec-
tively in a wide range of conductivities,
detecting changes in water conductivity
aslow as +0.004 S/m.

With oil and gas wells being produced
over a broader range of process condi-
tions, and water salinity and conductiv-
ity being a key operational parameter
for reservoir management and flow
assurance, new salinity and subsea
multiphase measurement devices are
enabling oil and gas companies to
expand their operations into areas that
were not previously feasible.

The new measurement tool described
in this article helps to meet the need
for decision support based on accurate
process information, which is crucial
for operators in identifying production,
safety, and environmental threats. Be-
ing able to respond quickly and judi-
ciously to these situations goes a long
way toward minimizing downtime, re-
ducing risk, and increasing operational
efficiency, which in turn translates into
greater profitability. m
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HOW tO

measure
liquidlevel
In vessels

Radar level instruments can be used in
hazardous applications such as fuel vessels.
(Shown is Emerson’s Rosemount 5900S

to be quantified and sent electronically to an
automation system, which requires some type
of instrument. Sorting through the instrument
selection process begins by determining what
data is needed for the application and how it can
be obtained as simply as possible. Level measure-
ments are generally concerned with these points:
e Level of liquid—How close is the vessel to
being full or empty?
e Volume of liquid—How many liters or gallons
is in the vessel?
e Level has reached a high limit—Will the vessel
overflow?
o Level has reached a low limit—Will the vessel
run dry?
The first two points require a continuous
measurement, which tracks the liquid level in
real time as it moves throughout the tank. The

I n most applications, level measurements need

Radar Level Gauge.)

third and fourth points may only be of concern
when the level has crossed a specific point, but
in many situations knowing when the level is
both too high and too low will be necessary.

Frequently, all these readings may be used
with the continuous measurements provided
to control room operators, while the high- and
low-limit measurements are tied to alarms to
avoid either extreme. Both continuous and
point measurements can be used in safety-
instrumented functions to prevent overfill,
typically tied into a separate control system
specifically for safety.

Point versus continuous level

If the objective is to determine if liquid has
moved to or beyond a given point, a point-level
measuring device, also known as a level switch,
can be inserted through a vessel wall or inserted

INTECH SEPTEMBER/OCTOBER 2019
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from above. Older switch designs used
floats. Newer designs might use a vi-
brating fork (figure 1) that vibrates at a
different frequency when immersed in
liquid than when exposed to air.

Because the vibrating forks are not
mechanical devices, they are more suit-
able when a switch is needed for a safe-
ty application. As the name implies, a
level switch can only indicate if liquid is
present or not. If it isimmersed, there is
no way to tell if it is just below the sur-
face or under many feet of liquid.

If continuous measurement is nec-
essary, as it is when an application
requires knowing where the liquid is
inside the tank at all times, there are
many instrumentation options, but the
majority fall into two categories: mea-
suring from the top or bottom.

presence of a liquid, which
is sufficient for many level
measurement applications.
(Shown is Emerson’s Rose-
mont 2140 Level Detector.)

Figure 1. A vibrating-fork
level switch can identify the

R

The bottom approach uses one
technology for all practical purposes:
static pressure. A pressure instrument
reads through a penetration in the ves-
sel wall and registers pressure created
by the weight of the liquid. If the ves-
sel contains water and is vented to
atmosphere, a pressure reading of 4.34
pounds per square inch indicates there
is 10 feet of water above the instrument.

This concept is straightforward in
theory but can be complex in practice
for three reasons:

1. The position of the pressure instru-
ment relative to the vessel penetra-
tion will change the reading. That
means it is critical to know where the
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actual sensing point is if the instru-
ment is mounted.
2.Liquid density affects the reading,
so the density characteristics of the
process fluid must be understood
to determine its effect on the
measurement.
3. A single pressure reading works only
if the vessel is vented to atmosphere.
If the system is closed and above or
below atmospheric pressure, a dif-
ferential pressure (DP) reading is
necessary. The high side of the read-
ing is the weight of the liquid, and
the low side is connected to a second
penetration at the top of the vessel to
sense the head space pressure.
Newer differential pressure level
options—including tuned-system as-
semblies or electronic remote sensor
systems—significantly improve the
performance of DP level systems and
make specification less complex. Using
DP for level is an excellent approach,
because it is unaffected by equipment
or structures inside the vessel, or by
turbulence and foam, with minimal
effects related to liquid characteristics
outside of density.

When the level instrument is mounted
on top of the vessel, there are multiple
technology choices. Older approaches
are more mechanical in nature, for
example, a float connected to a tape.

Over the past decade or so, many
more nonmechanical methods have
emerged. Radar level measurement
options in particular have increased,
because of improvements in cost and
their ability to measure easily in many
conditions.

For all radar options, the common
denominator is bouncing a microwave
radar signal off the liquid surface and
measuring the time necessary for it to
go down and come back to a sensor.
This can be accomplished by mea-
suring time of flight for a microwave
pulse, or the degree of frequency shift
with a frequency-modulated continu-
ous wave (FMCW) signal. In any case,
top-down techniques determine the
distance from the instrument to the
liquid surface.

WWW.ISA.ORG

Radar can measure the distance very
accurately regardless of the liquid char-
acteristics, with no compensation nec-
essary for changes in density, dielectric
constant, or conductivity.

The two main types of radar instru-
ments are guided-wave radar (GWR)
and noncontact radar (NCR). With GWR
instruments (figure 2), a metal probe
extends down through the air or vapor
space and into the process medium.
This helps concentrate the pulse, so the
reflection is less affected by reflections
from vessel walls, internal structures,
or agitators. On the other hand, if there
are moving agitators, the probe could
get wrapped around them, so a noncon-
tacting method might be better.

NCR level transmitters provide con-
tinuous level measurements, but with-
out touching the process medium. Some
models use a microwave pulse, while oth-
ers send an FMCW signal to perform the
measurement. With pulse radar, the same
time-of-flight technique used by GWR
determines distance.

With FMCW instruments, the trans-
mitter sends microwaves in a continuous
signal sweep (figure 3) with a constantly
changing frequency. The frequency of

Figure 2. A guided wave radar (GWR)
instrument uses a metallic probe to guide
the pulse to the surface and back. (Shown
is a Rosemount 5300 Level Transmitter.)



the reflected signal is compared with
the frequency of the signal transmitted
at that moment, and the difference be-
tween these frequencies is proportional
to the distance from the radar to the
surface, providing the data required to
determine level.

Level versus volume

When a volume measurement is needed,
accuracy is typically important, because
inventoryvalue or product custody trans-
fer could be at stake. Level instruments
do not measure volume. If a volume
value is necessary, it has to be calculated
based on the vessel dimensions, which
must be fully understood. A radar instru-
ment often has an accuracy of +0.12 inch
(3 millimeters). But if the vessel diameter
measurement is off by several inches, the
calculated volume will not be accurate.
Higher-accuracy applications may call
for radar instruments with *0.02-inch
(0.5 millimeter) accuracy, but additional

It

)

Frequency, f (GHz)

Figure 3. A frequency-
modulated continuous wave
(FMCW) instrument delivers
more powerful reflections to
provide a higher degree of
accuracy than most pulse-
based radar transmitters.
(Shown is a Rosemount 5408
Level Transmitter.)

methods are needed to get an accurate
volume calculation.

For example, situations where the
volume measurement must be very
precise require “strapping” where the
tank diameter is measured critically
at multiple points, with the values in-
corporated into a look-up table so
a change at any level will reflect the
correct volume change. This is par-
ticularly important with distorted or
odd-shaped vessels, such as spherical,
conical, and horizontal cylinders.

A change of 10 inches near the top of
the vessel may represent a much differ-
ent volume than the same change near
the bottom. Additionally, temperature
and pressure measurements may also
be required to get a full picture of the
actual volume inside a very large ves-
sel. Such situations are rare outside of
custody transfer applications where
money changes hands based on prod-
uct volume measurements.

AUTOMATION BASICS

In many real-world applications,
repeatability alone is sufficient, and
the level measurement by DP or radar
level instruments can certainly deliver.
A company will have to examine the
needs of each application to determine
which type of measurement and instru-
ment is appropriate for its needs. Fortu-
nately, there is no shortage of options. m
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The Cambashi lloT
Software Observatory
analyzes lloT case stud-
ies published by suppli-
ers to produce insights
about the kinds of

lloT applications being

hen you hear the terms “Industrial Internet
of Things (lloT)” and “industrial digitaliza-
tion,” what comes to mind? “We're hear-

ing from customers that they're confused,” says Alan
Griffiths, principal analyst at Cambashi, a global mar-
ket research and consulting firm based in Cambridge,
U.K. “They're being bombarded with platforms and
technologies at the bottom end, and from the top end
they're being told to transform their businesses. There's a
general perception that lloT might be hype, while at the
same time there’s a tendency to go to a technical solu-
tion before they know what business drivers can make
the Industrial Internet of Things a success.”

From the supplier perspective, 2018 was “quite a
signification year” for lloT, says Griffiths, with lots of
reorganization within supplier companies, and a lot of
change. The standards are developing separately as well.
“There is a clear distinction between [T/enterprise and
OT/industrial providers,” he says, “and we are observing
the formation of new relationships and ecosystems. We
expect further significant changes and consolidation in
the next few years.”

That is why analysis of lloT solution providers can be
so useful right now to engineers, operational strategists,
and decision makers in companies large and small. The
past couple years have seen many in process plants or
manufacturing facilities assigned to their company’s
“transformation initiative” or “digitalization commit-
tee.” Others are being told, “We need an lloT pilot proj-
ect. Find out what that is and get me one!” Some do
not know where to start.

This summer, Cambashi announced new research
results on “the lloT and Connected Applications.” The
research focused on 18 top vendors of lloT solutions
and brings in background from 200 additional ven-
dors. Called the Cambashi lloT Software Observatory,
this “global market-sizing project” estimates provider
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revenue to size the market and analyzes lloT case studies
published by suppliers to produce insights about what
kind of lloT applications are being implemented—an
indicator of where success can be found in the future.

The results are illuminating, in part because they show
that the lloT is not just hype. Initial analysis of hundreds
of case studies shows the most popular lloT use cases to
be asset management, performance monitoring, and
predictive maintenance. All use cases can be grouped
into nine areas of connected application: connected
production, connected asset, connected supply chain,
connected city, connected product, connected infra-
structure, connected transportation, connected worker,
and connected building.

“The asset management and performance monitor-
ing use cases have the most published case studies,” says
Griffiths, “while the top 10 use cases all strongly feature
in the connected production and connected asset market
areas.” Such a sort can be a boon to users wondering
where to start transforming their businesses, or where
to implement lloT applications. It also points to who is
available to help.

Griffiths says some of the major players in connected
applications software include Microsoft, Siemens, ABB,
Amazon Web Services, and IBM. Microsoft, IBM, and
Amazon come at lloT from an information technology
(IT) perspective, while others like Siemens and ABB have
an OT legacy.

The lloT as a whole “is gradually coming of age as use-
ful applications are developed and deployed by leading
providers, supported by technology that is now advanced
and robust,” says Griffiths. “Some of the major IT ap-
plications, such as cdoud computing and analytics are
playing off of OT applications like industrial automation,
PLCs, and semiconductor. It will be interesting to see how
these two groups of providers—T and OT—compete
and/or work together to deliver solutions to industry.”

Some of the major players are already working to-
gether—SAP with Honeywell, Oracle with Mitsubishi,
IBM and Bosch—and this helps the lloT and connected
industry overall. Griffiths says his data also points to suc-
cess using packaged software rather than build-it-your-
self pilot projects and other initiatives. “Where lloT got
traction was when there was a solid product to down-
load, rather than a toolkit you have to learn,” he says.

Griffiths had another bit emerge from his research:
“OT people don't like the terms ‘loT’ and ‘Internet’.
Their focus is on ‘robust’ and ‘proprietary,” while IT
people talk about ‘clouds’ and ‘transformation.””

That won't come as a surprise to anyone reading
InTech. m
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ISA celebrates excellence, announces 2019 honors,
awards, and fellows

25-28 October in San Diego, will bring

together ISA leaders from around the
world to engage, share best practices,
and network while enhancing the profes-
sional competence of Society members.
The educational event also provides an
opportunity to celebrate the best of the
best at the Honors and Awards Gala.

Individual accomplishment and commit-
ment are driving forces behind ISA's mission
to meet the needs of automation profes-
sionals and advance the automation pro-
fession. ISA's honors and awards programs
let the Society formally showcase and cel-
ebrate the achievements of its members,
partners, and other automation profession-
als. And the honorsgo to . . . .

2019 ISA Fellows. ISA members are
organized into grades: Honorary, Fellow,
Senior Member, Member, and Student
Member. Elevation to the distinguished
grade of ISA Fellow is granted to ISA Se-
nior Members in recognition of outstand-
ing achievements in scientific or engi-
neering fields as recognized by ISA peers.
ISA named two Fellows this year.

ISA’s Annual Leadership Conference,

= =
-

Edward J. Farmer

Kelvin Erickson, PhD

Kelvin Erickson, PhD, of Missouri Uni-
versity of Science and Technology in
Rolla, Mo., was honored for furthering
the creation of an industrial automation
program for engineers. Edward J. Farmer
of EFA Technologies, Inc., in Sacramento,
Calif., was honored for furthering revolu-
tionary developments in the pipeline leak
detection methods and systems.

Excellence in Leadership. This award
recognizes an individual who has made
significant contributions to the industry
and/or profession to advance automa-
tion. Thomas Burke of OPC Foundation
in Scottsdale, Ariz., won the award for his
leadership and initiative in driving the OPC
UA communication standard’s develop-
ment, application, and global awareness,

and through it, making a powerful impact
on interoperability of automation systems.

Excellence in Technical Innovation.
This award, endowed by Honeywell UOP,
recognizes an individual who has played
a critical role in the conception, design,
and/or implementation of an innovative
product, process, and/or service. Jayesh
Barve of the GE Global Research Center,
Bangalore, Karnataka, India, was hon-
ored in recognition of his conception and
contribution to research and develop-
ment projects related to next-generation
technology.

Excellence in Technical Presentation.
This award recognizes the author(s) of the
most outstanding paper, article, presenta-
tion, or document published and/or pre-
sented on behalf of ISA that introduces
a new technology or explains an existing
automation process. Brian Mast of Copper
Bell Consulting LLC, in Seattle, Wash., was
awarded for his outstanding presentation
on “Summary of the King County, Wash-
ington, West Point WWTP Flood of 2017.”

Excellence in Education. The honor
recognizes an individual who has devel-

In memoriam

Our industry lost a great man and pioneer
on 6 September 2019. Leonard W. Moore
(Len), PE, who was founder and owner of
Moore Industries-International, Inc. (Wwww.
miinet.com), passed away at the age of 85.
Moore was a pioneer of the automation
industry who was inducted into ISA's revered group of Honorary
Members in 2009. That distinction recognizes individuals who
profoundly support and/or contribute to the advancement of the
arts and sciences of instrumentation, systems, and automation.

At the time, Moore said, “When | learned about this honor,
and this might sound corny, the first thing that came to mind
was all of the talented people that have come through our door
to earn an honest living, and that we have supported them
with a great place to work . . . . While | have been involved with
many exciting product and business development pursuits dur-
ing our 40-year history, | think what | am most proud of is the
culture we have created at Moore Industries.”

Starting with one signal isolating/converting instrument, the
SCT Signal Converter and Isolator, Moore and his “troops” went
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on to design, build, and support more than 225 different products
that isolate, protect, convert, alarm, monitor, control, and interface
with any industrial or automation control and monitoring system.

After graduating from lowa State University with a BS in elec-
trical engineering, Moore entered the Army in 1953 as a weap-
ons guidance specialist and spent time at Fort Sill, Okla., and
Fort Bliss, Texas. He then served in Japan training and teaching
soldiers how to operate, calibrate, and repair various guidance
and artillery weapon systems. It was here where Moore realized
he had a passion for instruments and control circuits. After his
tour in Japan, he left the Army and returned home to lowa.

In 1958, newly married to wife Martha Moore and eager to
start his career, he took a job with Hughes Aircraft in El Segun-
do, Calif. In 1968, he founded Moore Industries-International,
Inc. in North Hills, Calif. With one employee and a very small
budget, he set out to design rugged industrial instrument solu-
tions that he knew the industry needed. He used to say that at
Moore Industries “we are an engineering company that solves
customer’s problems by manufacturing bulletproof solutions.”

Moore was an accomplished race car driver, competing on
the Trans Am Race Circuit. Flying was always a hobby, and he
got his pilot’s license in 2005 at the age of 73. m



oped and/or enhanced established educa-
tional programs to advance the automa-
tion profession in educational institutions.
Ravindra Thamma, PhD, of Central Con-
necticut State University in New Britain,
Conn., was honored for establishing a ro-
bust Robotics Mechatronics and Engineer-
ing Technology ABET-accredited program
at Central Connecticut State University.

Mentoring Excellence. This award
recognizes a member who, in the previ-
ous year, has excelled in mentoring stu-
dents and/or young professionals in auto-
mation or student sections in advancing
the mission of the Society. Mary Cannon
of Pentair Valves & Controls, Sugar Land,
Texas, received this honor for active in-
volvement mentoring students in ISA for
many years in the Houston area.

Excellence in Enduring Service. This
honor recognizes dedicated volunteer
service to the Society at the grassroots
level. It may be presented to up to five
honorees. This year's honoree is Luay
Awami of Saudi Aramco, Qatif, Eastern,
Saudi Arabia, for years of dedicated ser-
vice and leadership to the Society and the
ISA Saudi Arabia Section.

Excellence in Society Service. This
honor recognizes distinguished and dedi-
cated volunteer service to the Society.
This year Jerry Clemons of ABB Process
Analytics, Lewisburg, W.Va., received the
honor for his dedicated service and long-
term support, activity, and accomplish-
ments across every aspect of the Society.

Standards Excellence. This award
recognizes an ISA standards committee
member for exceptional efforts in organi-
zation, development, and/or administra-
tion to further the development of ISA
standards and for services to advance the
mission of the Society. Ted Trost of Car-
gill, Hopkins, Minn., received the award
for strong contributions and understand-
ing of the topics covered by ISA99 WG6.

Volunteer Leader of the Year. This
award went to Don Dickinson of Phoenix
Contact, Cary, N.C., for outstanding service
to lead the move of the ISA Water/\Waste-
water and Automatic Controls Symposium
to the Washington, D.C. area in 2018.

To find out who won the awards for
excellence and leadership at the division
and section levels, visit www.isa.org/isa-
annual-leadership-conference. m

Certification Review | association news

ISA Certified Automation
Professional (CAP) program

Certified Automation Professionals (CAPs) are responsible for the direction, design,
and deployment of systems and equipment for manufacturing and control systems.

CAP question

Which of the following practices will
not necessarily enhance login security
for process control system software?

A. Use a firewall as a gatekeeper be-
tween the network system and the
Internet and set up a system to auto-
matically install software upgrades.

B. Use alphanumeric passwords with at
least one capital letter if the protec-
tion system is case-sensitive.

C. Change passwords regularly.

D. Assign a user access level commensu-
rate with job function.

CAP answer

The correct answer is A, “Use a firewall
as a gatekeeper between the network
system and the Internet and set up a
system to automatically install software

upgrades.” Answers B, C, and D all de-
scribe ways to enhance login security for
process control system software through
application of best practices: password
complexity, user access level manage-
ment, and aging of passwords.

Allowing automatic software updates
through a firewall between the control
network and the Internet is not a good
security practice. Software updates should
be initiated from within the control system
network after being fully tested and vetted
in a nonproduction environment that is
representative of the control network. This
prevents critical automation systems from
being shut down or halted erroneously.

Reference: Sands, Nicholas P. & Verhap-
pen, lan, A Guide to the Automation
Body of Knowledge, Third Edition, ISA
Press, 2018.

ISA Certified Control Systems
Technician (CCST) program

Certified Control System Technicians (CCSTs) calibrate, document, troubleshoot, and
repair/replace instrumentation for systems that measure and control level, temperature,

pressure, flow, and other process variables.

CCST question
What must be done to reverse the
direction of a three-phase motor?

A. Turn off one phase

B. Put DC to the stator

C. Reverse any two input leads
D. Switch all three phases

CCST answer

The correct answer is C, “Reverse any
two input leads.” In a three-phase induc-
tion motor, reversing any two of the three

wires will change the rotation direction.
The windings in a three-phase motor,
when activated by a three-phase supply,
produce a rotating magnetic field in the
rotor of the motor. Swapping phase A
with phase B reorders the fluxes so that
the flux rotates in the opposite direction.
Swapping B with C does exactly the same
thing, so does swapping A with C.

Reference: Goettsche, L. D. (Editor),

Maintenance of Instruments and Sys-
tems, Second Edition, 1SA, 2005.
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channel chat | Tips and Strategies for Integrators

Six easy steps that will make you rethink your

business model

By Lisa Richter

s director of the Control System Integrators Association
A(CSIA), a not-for-profit, global trade association that

seeks to advance the industry of control system integra-
tion, a major goal is to help members grow business. It is impor-
tant to periodically review your business model.

When was the last time you really thought about your business
model? What? You haven’t? Or it was so long ago you think you
might have been sporting an epic 70s ‘stache or rocking a groovy
pair of bell bottoms? With Q4 comfortably settling in—strategiz-
ing and budgeting season—there has never been a better time to
grab a beverage, go dark, and really take some time to dig into
what makes your business tick and how you are going to position
it for success in 2020. Let's get started.

1. Gather your leadership team: It is time for The Talk. Set

aside some time to unflinchingly go through a set of questions

about your customers and company. Some examples of ques-

tions about your customers:

e How well do you understand your customers’ needs?

¢ Can you formulate the key unmet needs of your customers?

¢ What is the monetary implication of not meeting these needs?

e What would resolve those unmet needs?

e Are there solutions available today that could solve your cus-
tomers’ problems? Why haven’t they been implemented yet?

Some examples of questions about your company:

e What are your key areas of deep expertise? What are key
areas where additional expertise or mastery is needed?

¢ What are areas of weaknesses?

e Who are considered competitors? Only other system inte-
grators (Sls)? How do you differente from competitors?

e How is the market segmented?

Pro tip: Consider breaking this list up and tackling it in separate
sessions to ensure your team stays fresh.

2. Play matchmaker. Next, have your team match the unmet

needs of your customers with your capabilities and areas of deep

expertise. Avoid the temptation to design the solution to the ulti-

mate detail. Assume that technology is available to solve problems,

and focus on identifying your customers' issues. Pare the list down

to three-to-five options to flesh out further. Some things to consider:

¢ Are there solutions to key customer problems that leverage
your capabilities/areas of expertise?

¢ What part of the solution do you consider to be critical to master?

¢ What part of these solutions can you provide?

e Which parts can you develop?

¢ |f you can’t, who can you partner with?

e Are there other industry verticals that could use them?

e What is the addressable market?
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3. Write it down. Take the time to document the ideas that came
out of the brainstorming sessions and start to do some due dili-
gence. Some things to think about: Have these ideas already been
commercialized? If so, are your solutions better mousetraps and
are they adding real value?

4. Bump against other businesses. Now it is time to analyze
your best solutions from the perspective of their associated busi-
ness models. Do not forget, the innovation may come from deliver-
ing an exisiting solution through a different business model.

Pro tip: You might find this book useful: Business Model
Generation: A Handbook for Visionaries, Game Changers and
Challengers by Alexander Osterwalder and Yves Pigneur.

5. Innoculate against analysis paralysis. Continue to refine
your concept, but be mindful of reaching the point of diminish-
ing returns. At some point, research and analysis will start cutting
into time to market—or worse, open a window for a competitor to
climb through. (Speaking of which, now would be a good time to
look into patenting your work.) Remember, perfection is the enemy
of done. Some things to consider at this stage:

¢ Are you comfortable with rapid prototyping and failing fast?
Can you and your organization quickly move past a failure to
learn and regroup for a new launch?

¢ How much of your time and resources do you plan to dedi-
cate to this venture and not risk your current operation?

¢ How far out will you plan in pursuit of the new business?

e Serial venture capitalists consider having one out of four
investments pan out as quite normal. This failure rate is unac-
ceptable from the perspective of a traditional SI. Can you and
your organization cope with this?

6. Create a business plan. Finally, you need to put together a sol-
id business plan to share with investors, including how you will sell
your plan. This sounds daunting, but there are plenty of resources
available to help, including CSIA's A Business Model Analysis Guide
for System Integrators. (This is normally a member-only resource,
but is now available for download.) It is not easy—or particularly
fun—to scrutinize your business and contemplate a pivot. But you
owe it to your business to buckle down and do it. Right on, man. =

ABOUT THE AUTHOR

Lisa Richter, industry director for CSIA, helps members grow
their business, share industry expertise, and advance the indus-
try of control system integration. She is also host of the Talk-
ing Industrial Automation podcast. Founded in 1994, the CSIA
(www.controlsys.org) has more than 500-member companies in
40 countries. Send questions and comments to LeAnne Munoz,
Imunoz@staff.controlsys.org
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product spotlight | Machine & Process Safety

Safety mats, edges, bumpers

Safety mats, edges, and bumpers are used to protect
people and machinery from harm. Mats detect the
presence of personnel on horizontal surfaces (usually
the floor); edges can be used on any surface, usually
near possible crushing or shearing points; and bum-
pers are used in applications involving vehicles or other
. moving equipment.

Diamond plate safety mats are available in 24 x 36 and 24 x 48-inch sizes with a diamond
plate aluminum surface for heavy industry applications, steel wheel carts, and similar equipment.
They can survive welding debris, hot parts, metal chips, and foundry splatter.

Safety edges with 15 x 10-mm profiles are factory assembled in 12 edge lengths from 4 inch-
es to 4 feet. Mounting rails and end caps are included and are factory installed. Unassembled
safety edges with 15 x 25-mm profiles are available in 2- and 5-foot lengths. Safety bumpers
with 60 x 100-mm profiles are available in five lengths and include mounting rails. Safety bum-
pers are insensitive to vibration, wire the same as safety edges, and are used in standard safety
edge applications and other transport vehicle and industrial fork truck applications.
AutomationDirect, www.automationdirect.com

Safety switch for doors and more

The PSRswitch safety switch is for smart door safety and position
monitoring in machines and assembly lines. WWhen combined
with the PSR-MC42 PSRmini safety relay, machine builders
can use 10-Link diagnostics to adapt their safety system for
an Industrial Internet of Things—enabled future. Capable

of connecting up to 30 sensors in a series while achieving =& &
SIL 3/PLe, the safety switch provides an RFID, noncontact = ﬁ e
safety door switch system with M12 connections. It canbe % 8§ B

connected in a series with Y distributors, bridge plugs, and

SAC cabling. The PSRswitch is suitable for small-to-midsize machines, conveyor
systems, or robot manufacturing cells with multiple access doors or maintenance
panels that require safe shutdown of stored hazardous energy.

Phoenix Contact, www.phoenixcontact.com

Explosion-proof receptacle with disconnect
switch

An explosion-proof receptacle with a dis-
connect switch for use in Class |, Divisions 1
and 2 hazardous locations provides a secure
power connection for portable or stationary
s % electrical equipmen.t in
5 flammable  locations.
The EPO-100A-PS re-
ceptacle is 100-amp
rated and has a hous-
ing made of copper-free
aluminum with an epoxy
5 powder coated finish.
<" ¥ The housing has room for
wiring and two tapped NPT

9
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conduit openings at the top and bottom of
the unit. It has receptacle contacts that are
deeply recessed to avoid accidental contact
and an interlocked safety switch that allows
safe connection and disconnection within
hazardous locations. It is made of nonspark-
ing aluminum and plug contacts. This three-
wire, four-pole unit has an integral inter-
locking nonfused motor circuit switch for
safe connection and disconnection. This
unit is rated 600V AC (max) and 250V DC
(max) and rated at 100 amps.

Larson Electronics,
www.larsonelectronics.com

WWW.ISA.ORG

Safety /0 modules

These safety I/O modules can meet the
needs of producers in process and heavy
industries that require fixed field-wiring
terminations or both vertical and horizontal
I/0 mounting in their distributed safety ap-
plications. They have safety reaction times
as fast as 4.5 milliseconds to help designers
create smaller smart machines and equip-
ment. They also have diagnostics to help
users identify faults based on real-time
data. The modules are TUV certified for use
in fail-safe applications up to SIL 3 and PLe,
Category 4. They can be directly connected
to copper and fiber networks.

Rockwell Automation,
www.rockwellautomation.com

Virtual sensor for
servo drives

The company has developed a virtual sen-
sor for its ACOPOS P3 servo drive, the
Safe Speed Observer. It determines speed
in accordance with SIL 2/PL d/CAT 3 re-
guirements, eliminating the need for a
safe encoder. From the electrical variables
of a permanent magnet synchronous mo-
tor, the device calculates two redundant
models of the motor, achieving a safety
level for the calculated speed. The virtual
sensor can be used for both linear and
rotary synchronous motors. The observer
is configured in the Automation Studio en-
gineering environment via the respective
encoder interface. The user can implement
the safety functions available for the safe
axis from the safety library.

B&R, www.br-automation.com
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“Which solution is right for me?”
“How do we speed implementation?”
“What are my costs?”

“What are my risks?”

“How can we build consensus
within our team?”

ARC knows your first priority is to run
your business, not select technologies.
That’s why we’ve developed the ARC
-STAR Supplier Evaluation and Selection
Process. It provides the intelligence and
analytics you need to ensure you make

the most informed decision possible,

saving you time and money.

A Proven Roadmap for a Successful Selection Process

For More Information and to See a Demo:
Visit www.arcweb.com/services/supplier-selection/
or call 781-471-1175.

Advisory’Group
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Datafiles list useful literature on products and services that are available
from manufacturers in the instrumentation and process-control industry.
To receive free copies of this literature, please contact each manufacturer
via their provided contact information.

a A

USB HART MODEM

The HM-USB-ISO USB HART modem meets
industry standards for USB and HART
connectivity. The small size, light weight,
and durability of the HM-USB-ISO make it
ideal for portable use. Operating power is
derived from the USB connection. An easily
installed Virtual Serial Port driver allows use
in any Windows-based application.

It is the lowest cost USB Modem certified by the FieldComm Group
to meet the HART communication specifications.

ProComSol, Ltd, Process Communications Solutions
Tel. 216.221.1550; Fax 216.221.1554
sales@procomsol.com; www.procomsol.com

Toll Free 877.221.1551

classifieds

Maintenance Management

Software/ CMMS
FastMaint CMMS

Your FAST TRACK to maintenance management™
For Utilities, Manufacturing Plants,
Industrial & Commercial Facilities

Fast to setup. Easy to use. From USS$ 995
Download 30-Day Trial/ Web Demo

www.smglobal.com (919) 647-9440

SMGlobal Inc, 5448 Apex Peakway #308
Apex, NC 27502 USA

Plus Maintenance Boo

Tips & Training

NATIONAL ) Serving the Contr_ols and
En neerl Process Automation
RESOURCES® Industry for over 25 years

Bringing Candidates and Great Companies together!
Go to www.nerinc.com to view available Career Opportunities
800-665-7610 ext. 110

Controls@nerinc.com
www.NERINC.com

Contact: Evy Trost
Linkedin.com/in/evytrost

Sample of Jobs Available at Jobs.isa.org

15A)

V- ISA Members post resumes at no charge.

Senior systems engineer

General Dynamics Electric Boat: The company’s department 413
in Groton, Conn., is seeking engineers to support design and
development of Virginia Class and next-generation submarines.
The department is responsible for fluid systems, including hy-
draulic, auxiliary, habitability and life support, HVAC, seawater,
and compressed gas systems. The position requires a completed
ABET-accredited BS in mechanical, aerospace, or chemical
engineering with demonstrated coursework in fluid mechanics,
thermodynamics, and heat transfer and four to nine years of re-
lated experience. An advanced engineering degree and previous
submarine experience is preferred . . . see more at Jobs.isa.org.

SCADA operations graduate engineer

City of Austin: This is an essential position in Austin, Texas, requir-
ing on-call availability on a rotating basis and mandatory service in
certain situations, which include nights, weekends, and holidays.
Minimum qualifications vary by engineer grade but include grad-
uation from an accredited four-year college or university with ma-
jor coursework in engineering or a field related to the job. Texas
Engineer-in-Training certification and a State of Texas Professional
Engineer license are also desired . . . see more at Jobs.isa.org.

Mechanical designer

Engineering System Solutions: The successful candidate for
this Las Vegas position will perform all levels of engineering,
including providing competent and appropriate correspon-
dence with all involved disciplines, designing appropriate
mechanical and plumbing systems in accordance with current

See more at Jobs.isa.org, where you can search for available jobs or advertise positions available within your company.

code requirements and sound engineering principles, assist-
ing with the development of complete sets of construction
drawings, and contributing to the amicable working environ-
ment. The position requires a BS in mechanical engineering
and three to five years of experience. REVIT experience is
beneficial . . . see more at Jobs.isa.org.

Electrical engineer intern

General Motors: This engineer in Toledo, Ohio, is responsible
for controls engineering and electrical support for engine pro-
grams. He or she will manage electrical projects, including new,
replacement, operations improvements, and periodic repair and
replacement. The engineer with participate in functional area
plant meetings to represent engineering and to assist in reaching
the plant’s performance goals. The successful candidate will be
pursuing a BS in electrical engineering or electrical engineering
technology from an accredited college or university and have a
minimum 3.0 cumulative GPA . . . see more at Jobs.isa.org.

Principal engineer antenna design

Raytheon Missile Systems: The successful candidate for this Tuc-
son, Ariz., position will lead and shape antenna, radome, and
antenna measurement system technology. He or she will lead
a diverse team, provide technical oversight, delegate tasks, and
work with the engineering organization to enable moderniza-
tion, and contribute to general innovation. A minimum of eight
years of applicable experience, the ability to obtain an active DoD
secret clearance, and a BS in math, engineering, science, or a
related technical field is required. . . see more at Jobs.isa.org.
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the final say | views from Automation Leaders and Automationscom

Is your automation asset management out of sync?

By Bill Lydon

P 4

ABOUT THE AUTHOR

Bill Lydon (blydon@isa.
org) is an InTech contrib-
uting editor with more
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try experience. He trav-
els globally to attend
automation events and
regularly provides news
reports, observations,
and insights here and
on Automation.com.
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utomation asset management should be
Apart of the business strategy for a manufac-

turing company to remain competitive, and
automation professionals need to help their organi-
zation properly plan investments.

The accounting and financial systems in many
manufacturing organizations treat the useful life of
equipment and automation systems as the same.
Production equipment typically has a significantly
longer useful and productive life than automation
and control systems. Defining the same useful and
productive life for automation and control systems
really doesn’t make sense with the rapid changes in
technology. An unfortunate example of this is the
number of older PCs running in plant operations
with old operating systems, such as Windows 3.x
versions that have known cybersecurity risks and
are not capable of running newer, more secure
software. This hardware remains in place, since it
has not reached the end of its financial deprecia-
tion time. In this case, financial considerations take
precedence over secure operations.

As another example, the president of a machine
builder that designs and builds a range of machines
gave me a tour of his operations. He demonstrat-
ed a highly flexible machine for a manufacturing
customer that featured impressive controls and
automation. In contrast, as we toured the facility,
he showed me some very large older machines that
had been shipped to them from a major manu-
facturer to be renewed with new bearings drives
and other fundamental maintenance items. | asked
why that manufacturer did not purchase the new,
more flexible and efficient machines? He told me
they had advised the manufacturer to do just that,
but the accounting department would not allow it,
because the machine had not been fully written off
on the financial books. He further emphasized that
the new machines would provide much greater
efficiency and flexibility in manufacturing. This
is another example of how not focusing on the
overall goal of the organization can be a counter-
productive.

Accounting systems use depreciation based on
the useful life of an asset for financial write-offs.
Once these depreciation schedules are defined for
an asset, it is difficult if not impossible to change,
since there are tax and investment implications. It
is critical to define the useful life of automation
systems up front.

WWW.ISA.ORG

Thinking of asset life-cycle management (ALM)
separately for production equipment and automa-
tion and control systems is a better way for manu-
facturers to manage. The classical definition of ALM
is the process of optimizing the profit generated by
your assets throughout their life cycle. Separating
the useful and productive life of automation and
control systems, so they can be changed through-
out the life cycle of the production equipment to
make manufacturing more efficient, will keep your
company competitive.

In addition to replacing automation and control
systems, significant upgrades need to be estimated
in advance and built into ALM investment plans.

Rather than complaining that management
doesn’t understand the need for improved auto-
mation and control, automation professionals need
to frame the discussion around the need for the
company to invest to remain competitive. Automa-
tion and control systems orchestrate manufacturing
assets to gain the greatest flexibility, productivity,
quality, and efficiency to keep manufacturers com-
petitive. Considering this from another perspective,
keeping older automation and control systems in
place can make manufacturing noncompetitive,
leading to lost profits.

ALM is particularly important with the move to
manufacturing digitalization that requires invest-
ment in a wide range of new technology, including
smart sensors, edge computing devices, and high-
speed communications to create a more responsive
and competitive holistic manufacturing system. The
benefits of these investments include more respon-
sive operations, higher quality, lower maintenance
costs, and greater productivity. These investments
bring the opportunity for providing data for full
end-to-end analytics and benchmarking operations
against virtual digital twins. Smart sensors and edge
computing devices may require separate deprecia-
tion schedules.

Automation professionals need to serve multiple
stakeholders throughout the manufacturing orga-
nization in this new environment, providing deci-
sion makers with the information needed to suc-
cessfully run the business. This requires investment
in automation and control systems to support these
efforts. Stakeholders should be reminded that
technology is a competitive weapon to be used to
gain an advantage relative to other manufacturing
competitors in your industry. m



PRESENTING THE 24TH ANNUAL ARC

INDUSTRY FORUM

Driving Digital Transformation
in Industry and Cities

FEBRUARY 3-6, 2020 o ORLANDO, FLORIDA

There are countless ways to conduct your digital transformation journey, many technologies and suppliers to evaluate,
and endless choices to make along the way. Embedded systems, networks, software platforms, augmented reality, and
machine learning may play a role as you begin to improve uptime, optimize operating performance, enhance service,
and re-think business models. Join us to learn more about how digitizing plants, factories, cities, and infrastructure
will benefit technology end users and suppliers alike. Discover what your peers and industry leaders are doing today

and what steps they are taking in their respective journeys. Forum programs include:

» Cybersecurity and Safety

« IT/OT/ET Convergence
« Al and Machine Learning

+ Automation Innovations
« Asset Performance Management

« Industrial loT Platforms and Edge Devices
« Blockchain for Industry

- Digital Twins and Connected Smart Machines

Don’t Miss the Premier Networking and Learning Event:

Go to www.arcweb.com/events/arc-industry-forum-orlando/ or call 781-471-1000

Visit digitaltransformationcouncil.com for more on ARC’s Digital Transformation Council
ARC Co-Sponsored by InTech

Advisory’Group
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s it cold in here or did your boss just walk in?

We have a sensor for that.

Shop Allied. It makes sense.

‘> 1.800.433.5700 Get your A&C fill at ® alliedelec.com

© Allied Electronics & Automation, 2019
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With unlimited high-performance tags,
instant web-deployment, and tools for
building pure-web applications in HTMLS5,
Ignition 8 will revolutionize the way you
control your industrial processes.
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Multivariable control
Safety system design
Enterprise IT and automation

Process automation data

Machine safety spotlight

DOWNTIME
IS SCARY

MAVERICK’S
GOT YOU COVERED.

. 'y Operatlonal
Ny Support.
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MATVERICK N
TECHNOLOGIES IF YOU
A Rockwell Automation Company DARE

Setting the Standard for Automation™
www.isa.org/intech



mavtechglobal.com 888.917.9109

J

ARE YOU AFRAID
OF DOWNTIME
IN THE DARK?

Get the Operations Support You Need

24/7/365

Just Keeping Your Facility Running Is Hard Enough.
How Do You Keep It Running Better Every Day?
MAVERICK Technologies’ PlantFloor24*® team of experts

use industry-leading best practices to deliver on-site and
remote management and monitoring services. Let us help
you identify and resolve your operational challenges quickly.
Our PlantFloor24 team is ready and on-call 24/7/365.

(=75,

E“’#é"‘% Learn more about our §

é—%% Eﬂ around-the-clock remote PLANT@ M ER’CK
EL=eE? management services FLOOR\j TECHNOLOGIES

mavtechglobal.com/intech-graveyard-shift Online, all the time. A Rockwell Automation Company.


http://mavtechglobal.com/intech-graveyard-shift
http://mavtechglobal.com

YAUTOMATIONDIRECTS

The best values in the worid ...

We've shopped around to bring you the most practical industrial
control products that are in-stock, ready to ship and at the right prices!

Reuben in Huntingdon Valley, PA:
“Been shopping here for years and

I don't plan on stopping! Great
products at a great price. Can't

beat the customer service!”

Trent in Coolidge, AZ:

“Always accurate with estimated
delivery time, support responsive
and helpful, product selection
grows every time | visit the site.”

PROGRAMMABLE CONTROLLERS FIELD I/0 SOFTWARE

Jeff in Sherman, NY:

“Love the products! Productivity
PLC lines are awesome, Dura Pulse
VFDs are awesome. Great prices
on everything.”

AC & DC DRIVES MOTORS & MOTOR CONTROLS POWER TRANSMISSION

Murph in Chicago, IL:

“Love this product, | specify
materials for breweries and
distilleries and all of the panels

| design are exclusively AD.

Love the fact that we can get
replacements sent to anywhere
in the US in 2 days. Tech support
has been consistently excellent.”

Terri in Clinton Township, MI:
“Website is easy to navigate. | can
always find what | need. Product
has always been in stock and
received in a timely manner.”

William in Seymour, TN:
“Products are good. Shipping is top
notch. However, tech support keeps COMMUNICATIONS TERMINAL BLOCKS & WIRING
me coming back. They are patient
and look for solutions not just
answer questions. Good job!”

Allen in Nashville, TN:

“I have had nothing but excellent
service from Automation Direct.
The purchases that | have made
have worked perfect and arrived
quicker than | expected. A+A+A+"

CIRCUIT PROTECTION PROCESS SAFETY

Gregory in Cincinnati, OH:

“l was able to design and built a
control system in weeks. Your
website and technical information

A quality product line, with FREE
#1 rated technical support and quick shipping!
dohis. In adition, e shipping Call 1-800-633-0405 or visit us at:
was flawless. Great job. www.AutomationDirect.com




The #1 Value in Automation
vAUTOMATIONDIRECTS

www.AutomationDirect.com |-800-633-0405

Over 25,000 quality industrial control products at
great everyday prices are available on our webstore 24/7/365,
and each one comes with the customer service you deserve.



AutomationDirect:
much more than just ¢

AutomationDirect is a non-traditional industrial controls col
ideas from the consumer world to serve your automation r
quality products fast for much less than traditional supplie

You need quality products at gre

AutomationDirect

Price/Part Number

Product

1T

e PP 0 e, $14.50 @
with quick disconnect PBK-AP-1H

Our campus is located about 45 minutes north of Atlanta, GA, USA. AC Drive, 5 hp, 460V 635244?#00 @

We're all here - our sales and technical support teams, purchasing,

accounting, and of course our huge warehouses and speedy logistics team. NEMA 12 Enclosure, steel, $28400 @
wallmount (20" x 16" x 8") N12201608

You want complete product information
to make the right purchase decision.
Whether you're deciding on purchasing our products or learning

our products after you buy, why jump through hoops or even
pay for the information you need? That doesn’t make sense.

For over two decades, we've been offering a bet
controls by running our direct business efficient
on to you. No complex pricing structures or pen
low everyday prices on everything from fuses to

We have exhaustive documentation, including overviews,
technical specifications, manuals and CAD drawings online,

and it’s all free to access with no limitations.

We have over 1,000 videos online to get you up to speed
quickly. When shopping online, if a product you're looking
at has video, it will be available right there for you to view.

We even provide FREE online PLC training
to anyone interested in learning about
industrial controls.

www.AutomationDirect.com/plc-training

Many independent industry magazine reader surveys

have placed us at the top of their lists for service. In Control
Design magazine alone, we were voted tops in service for
multiple product categories fifteen years in a row.

www.AutomationDirect.com/support

Programming software for products can be cost
so we help you out by offering FREE software f
our most popular products, including all our lat
PLC families and C-more Micro HMI. No license c
upgrade fees to deal with!

www.AutomationDirect.com/price

You don’t want to wait for your c
We have same-day shipping, and it's FREE
if your order is over $49.*

AutomationDirect has always maintained a huge inve
us to ship over 97% of orders complete the same day

6pm EST; certain items may have earlier order deadlir
for details by part).

*Order over 549, and get free 2-day (transit) shipping within the
Certain restrictions apply; Canadian orders may take longer b

You insist on getting better service and

you want it FREE.

Our technical support has been voted best in service ni
for 15 years in a row. And it won’t cost you a cent! g&ed‘ _

Located in
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This “.com” is powered <%,

For almost 25 years, our primary focus has been
customer service. That takes many forms: quality
products, great prices, fast delivery, and helpful assistance.

But regardless of our product selection and other tangibles like pricing,
the intangible value of customer service is something that cannot be
faked, automated or glossed over.

Our team members here at AutomationDirect.com approach every day
with one goal in mind - serve the customer. It’s a simple philosophy that
many companies forget. If the answer to any decision is “Yes, this is
good for our customers”, then we do it.

It’s common sense.

“Should we have all our
documentation online for FREE so
people can access anytime, even
before they choose to purchase?
Yes, this is good for our customers.”

“Should we have real upfront pricing
online and realtime stock availability?
Yes, this is good for our customers.”

“Should we have FREE tech support
before, during, and after any sale
instead of charging yearly fees for
tech support?

Yes, this is good for our customers.”’

“Should we offer more selection by
consistently introducing more new
quality products almost continually?

“Should we offer FREE software on Yes, this is good for our customers.

many products instead of charging
licensing fees?
Yes, this is good for our customers.”

“Should we offer FREE shipping for
orders over $49?
Yes, this is good for our customers.”

All these are discussions we’ve had internally and all have made us
wonder “can we do that?”, “that will be hard to accomplish”, “no one else

Y, is doing that, how can we?”. But if you bring it back to the simple answer,
)rt “Yes, this is good for our customers”, then the perceived obstacles really
is don’t matter.
Our company has evolved dramatically since 1994, and it’s this type of
S decision making by all our team members over the years that keeps our
fordeta® customers coming back and new customers checking us out daily.
rder. " ] .
o? %860‘ You want to be confident in our products and
55\, > @ our commitment to you.
, ,S% I l |2 We stand behind our products and guarantee your satisfaction.
ntory, allowing @
(if ordered by ,’5? We want you to be pleased with every order. That's why we offer a 30-day
es, see Webstore \\_/b money-back guarantee on almost every stock product we sell, including

> U.S. and Puerto Rico.
1sed on destination)

our software. (See Terms and Conditions online for exclusions.)

Check us out at: www.automationdirect.com




