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Safety Mats and Edges
Protect personnel AND equipment for less!

25 x 30mm Profi le
Starting at $36.00 (2-ft length)

 • Available in 2ft, 5ft, 20ft and 82ft lengths

 • Sections can be easily daisy chained

 •  Requires aluminum mounting rail
(included with 2ft and 5ft edges)

Tapered Safety Mats
Starting at $310.00 (24” x 36”)

SENTIR tapered mats have an integrated taper 

profi le ideal for placement without requiring 

additional edging.

 • 6m cable ideal for 4-wire circuits

 • Anti-slip surface

 • Tested to more than 6 million activations

 • Standard sizes available

 • Resistant to contaminants and moisture up to IP65

Straight Edge Safety Mats
Starting at $285.00 (24” x 36”)

SENTIR straight edge mats are designed with 

fl exibility in mind. The straight edge allows 

butting of additional mats and use of optional 

metal trim kits for securing to fl oor.

 •  Supports 4-wire or 2-wire circuits
(optional terminating resistor)

 •  Quick disconnect ends allow for easy single
or multi-mat wiring

 • Anti-slip surface

 • Standard sizes available

 • Resistant to contaminants and moisture up to IP65

25 x 45mm Profi le
Starting at $40.00 (2-ft length)

 • Available in 2ft, 5ft, 20ft and 82ft lengths

 • Sections can be easily daisy chained

 •  Requires aluminum mounting rail
(included with 2ft and 5ft edges)

Safety Edges
SENTIR Safety Contact Edges are pressure-sensitive 

sensors that ensure safety at the edges of crushing or 

shearing points which are prone to accidents. Install 

near automatic gates, machines, handling equipment 

or moving elements in order to protect individuals 

from bodily harm or machinery from damage.

the #1 value in automation

Order Today, Ships Today!
* See our Web site for details and restrictions.  © Copyright 2018 AutomationDirect, Cumming, GA  USA.  All rights reserved. 1-800-633-0405

Research, price, buy at:

www.automationdirect.com/
safety-mats

Protect personnel AND equipment for less!

Also Available
Safety Mat &
Edge Relays

Safety Light 
Curtains

Non-contact 
Safety Switches

Safety Limit 
Switches

Interlocking 
Safety Switches

Safety Mats & Edges
Safety mats and edges are used to

protect people and machinery from 

harm. Mats detect the presence of 

personnel on horizontal surfaces 

(usually the fl oor), while edges can 

be used on any surface, usually

near possible crushing or shearing 

points. Both mats and edges are 

wired to specialized safety relays

for fail-safe triggering of the

intended safety function.

http://automationdirect.com
https://www.automationdirect.com/


Think inside the box.
Control temperature.  Protect instruments.

ThermOmegaTech.com

ThermOmegaTech’s innovative, self-actuating

thermostatic valve technology maintains optimal 

interior temperature in instrument or analyzer

enclosures.  It’s a reliable, economical and safe way 

to keep your instrumentation from overheating.

To learn how we can improve your systems, 

please call us at (877) 379-8258 

or email valves@ThermOmegaTech.com.

Flow to the Nth Degree°

TVSC-A Valve

TVSC-I Valve

http://ThermOmegaTech.com
mailto://valves@ThermOmegaTech.com
http://ThermOmegaTech.com
mailto:valves@ThermOmegaTech.com
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driving manufacturing 
digital transformation
By Keith Chambers

Global megatrends must be recognized and 

accounted for when designing and implementing 

manufacturing software systems, as an integral part 

of a digital transformation strategy.

FACTORY AUTOMATION

22 Start with risk assessment 
to enhance safety
By John Ritter

Determining the level of risk near robotic equip-

ment is the first step in creating a safe environment 

for workers. Changes to RIA R15.06 reference ISO 

10218-1 & 2 and allow for “safety-rated” control 

software to be implemented.
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26 Steam trap monitoring 
enables predictive  
maintenance
By Tom Bass 

About 18 percent of steam traps in a large chemical 

manufacturing facility can fail in a given year, result-

ing in wasted energy costs up to $16,000 per trap.

AUTOMATION IT

34 Scale and scope
By J. Patrick Kennedy, PhD

Information is perhaps the only commodity in the 

world that gets more valuable the more people 

consume it. So why are companies struggling with 

digital transformation?

EXCELLENCE AWARDS

42 Facing a faster world
By Bob Felton

ISA’s awards program celebrates excellence  

in automation. This year’s winners worked 

in industrial data communications and 

process analytics.
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The pay raise  
engineers have 
been waiting for
By Cory Fogg

The salary of the average automation engineer has 
finally increased by more than 5 percent—for the first 
time since 2010.
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SPECIAL SECTION: PROCESS SAFETY

38 Shipped NGL producer 
improves commissioning, 
troubleshooting, and  
safety
By Glenn Schulz 

Device configuration and commissioning tasks  

are vital to the reliability and safety of an industrial 

facility but are time consuming, tedious, and prone 

to errors. Canadian company Inter Pipeline has 

streamlined plant startup and safety procedures 

with smart instrumentation information monitor-

ing and asset management solutions.
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Are you up to date on instrument calibration, cybersecurity, system 

migration, and industrial communications? Would you like to find out 

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

InTech Plus is ISA’s online eNewsletter that connects auto-
mation 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 automa-

tion 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, ISA’s premier 
electronic publisher of automation content. Automation professionals can 
subscribe to InTech Plus at www.automation.com/subscribe.

https://www.isa.org/InTech
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Ensure a Safe Pass With Your HART Data

When it comes to HART data, the SSX/SST Functional Safety 

Isolators and Splitters are game changers by passing on 

valuable HART data from your safety loops to your basic 

process control system or monitoring system.

Unlike other isolators, the SSX and SST allow critical HART 

diagnostic, process and calibration information to pass through 

from fi eld transmitters to HART enabled host systems and vice-

versa. They also serve as “blockers” to protect and isolate your 

Safety Instrumented System from inadvertent disconnections 

or failures in your auxiliary control or monitoring system.

Seize the opportunity to access valuable HART data for 

your Safety Instrumented Systems with the SSX/SST Safety 

Isolators and Splitters.

www.miinet.com/ssxsst

Visit our website and learn more about our SSX and SST 

HART Functional Safety Series Isolators and Splitter

Call Us at 800-999-2900!

Demand Moore Reliability

1968 - 2018

00505550Years of Reliabilty

http://www.miinet.com/ssxsst
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a computer in their 

home.” —Ken Ol-

sen, founder of 

Digital Equipment 

Corporation, 1977

A major contributor to progress is new 

ideas that first were met with rejection and 

skepticism. Recent industrial automation 

industry examples include the initial rejec-

tion of Direct Digital Control and Ethernet 

for industrial plant communications.

“The important thing is to not stop 

questioning. Curiosity has its own reason 

for existing.” —Albert Einstein

Creativity

Taking time to look at things differently can 

yield brilliant results. One useful mechanism 

I learned at the Creative Education Foun-

dation is to develop a number of alterna-

tives by asking, “in what ways might we,” 

about the issue, challenge, or application. 

This works when you initially suspend judg-

ing the ideas, no matter how strange they 

seem. Later you can go back to logically 

review them, and many times combining 

these thoughts leads to new insights.

“Imagination is more important than 

knowledge. Knowledge is limited. Imagina-

tion encircles the world.” —Albert Einstein

 Any intelligent fool can make things big-

ger and more complex . . . It takes a touch 

of genius—and a lot of courage—to move 

in the opposite direction.” —Albert Einstein

Collaboration

Better ideas and solutions can be created 

by collaborating with others who have dif-

ferent perspectives and ideas. In the context 

of industrial automation, this could include 

maintenance people, operators, IT people, 

and business managers.

Action

To be effective, the ability to think, create, 

and implement needs to be coupled with 

action that will lead to greater personal 

development.

Try not to become a man of success, 

but rather try to become a man of value. 

—Albert Einstein n

Your most important asset 
By Bill Lydon, InTech, Chief Editor

A
person’s most important asset is 

the ability to think, create, and 

implement. This requires keeping 

focused on some key elements:

Lifelong learning

Lifelong learning is an ongoing and self-

motivated pursuit of knowledge in your 

personal life and profession. This continu-

ous personal development expands the 

scope of your knowledge, keeps your mind 

active, and increases your ability to contrib-

ute to your profession and society. It makes 

you a more valuable employee. Learning 

is not confined to the classroom but takes 

place throughout life and in a range of 

situations. In addition to formal training, 

impactful learning takes place in our daily 

interactions with others and with the world 

around us. ISA is an important source for 

automation professionals to continue learn-

ing with formal training and informal net-

working opportunities.

Open mind

Keeping an open mind may seem obvious, 

but becoming more experienced many 

times leads to an automatic rejection of 

new ideas. History illustrates the rejection 

of new ideas that turned out to be win-

ners; here are some from the past:

Those who loaned Robert Fulton mon-

ey for his steamboat project stipulated 

that their names be withheld, for fear of 

ridicule were it known that they support-

ed anything so “foolhardy.”

In 1881 when the New York YWCA an-

nounced typing lessons for women, vig-

orous protests were made on the grounds 

that the female constitution would break 

down under the strain.

Men insisted that iron ships would not 

float, that they would be damaged more 

easily than wooden ships when ground-

ing, that it would be difficult to preserve 

the iron bottoms from rust, and that iron 

would deflect the compass.

“I think there is a world market for 

maybe five computers.” —Thomas Wat-

son, president of IBM, 1943

“There is no reason anyone would want 

mailto:blydon@isa.org
mailto:rzabel@isa.org
mailto:lfranke@isa.org
mailto:ccasper@isa.org
mailto:pking@isa.org
mailto:lstarck@isa.org
mailto:crobinson@isa.org
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T
hough the fourth industrial revolution was born in the 

factory, many manufacturers are falling behind in adopt-

ing broader digital transformation initiatives for the entire 

enterprise. In an August 2018 report, “Distinctive traits of digital 

front-runners in manufacturing,” Deloitte surveyed 193 C-level 

executives around the globe to identify the organizations in manu-

facturing that are leading on the path toward digital maturity and 

the distinctive traits they possessed. The report discovered these 

front-runners demonstrated the following characteristics:

n Adopting a long-term, dynamic approach to digital strategy: 

Front-runners were nearly two times more likely to connect 

investments in advanced technologies to increasing customer 

engagement than stragglers were.

n Using the power of the ecosystem: Leaders are 2.3 times more 

likely than stragglers to seek out ecosystem relationships that 

create new value for customers.

n Confidence in leadership and workforce talent: Front-runner 

manufacturers seem to have higher confidence in their ability 

to address these changes than overall respondents.

n Customer-centric innovation powered by technology: Front-

runners are more likely to be adept at translating technology 

into innovation that delivers customer value.

For more information, download the full report (www2. 

deloitte.com/insights/us/en/focus/industry-4-0/digital-leaders-

in-manufacturing-fourth-industrial-revolution.html). n

Deloitte reports distinctive traits of digital  
front-runners in manufacturing

Partnership for process safety integration

H
oneywell Process Solutions (HPS), an automation control, instrumentation, 

and services company, has entered into a reseller agreement with the software 

products division of Applied Engineering Solutions, Inc. (aeSolutions). Through 

the reseller agreement, aeShield is integrated into Honeywell’s Process Safety Suite, 

which centralizes and synchronizes disparate process safety data.

This integration pairs the hazardous operation/layer of protection analysis, safety 

requirements specification, and safety integrity level verification requirements from 

aeShield with Honeywell’s Safety Builder, Process Safety Analyzer, and Trace into a Pro-

cess Safety Suite. This suite will allow safety personnel to monitor process conditions 

by comparing actual performance from the plant historian with predefined hazard 

conditions from the risk analysis. n

Emerson acquires Aventics

E
merson announced 

it has completed 

the purchase of 

Aventics, a specialist in 

smart pneumatics tech-

nologies that power ma-

chine and factory auto-

mation applications. The 

acquisition is intended 

to expand the company’s 

reach in the $13 billion 

fluid automation market 

and solidify Emerson’s 

automation technology presence in Europe.

Aventics is a complement to Emerson’s capabilities and solutions in significant discrete 

and hybrid automation markets and creates a portfolio of fluid control and pneumatic 

devices that incorporate sensing and monitoring capabilities.

With central offices in Laatzen, Germany, Aventics has approximately 2,100 employees 

around the world and five manufacturing locations. n

Partnership to  
enhance industrial 
cybersecurity  
solutions

A
VEVA signed a partnership agree-

ment with Virsec giving AVEVA 

customers access to in-memory 

cyberprotection for industrial control 

and supervisory control and data acquisi-

tion systems. Virsec’s technology reduces 

the risks posed by targeted cyberattacks 

across information technology (IT) and 

operations technology (OT) systems.

Digital transformation at industrial and 

engineering organizations has prompt-

ed a renewed focus on securing digital  

assets. As IT and OT converge, there have 

been an increase in high-profile attacks 

targeting critical infrastructure that has 

raised security concerns. Virsec Trusted 

Execution provides a layer of protection 

against these advanced attacks by ensur-

ing applications perform only as designed.

On 30 January 2018, a partnership 

with Cylance was announced to provide 

end-point protection to AVEVA’s indus-

trial software portfolio. This protection—

combined with the complementary in-

memory security protection enabled by 

Virsec—strengthens the overall security 

of AVEVA’s industrial software portfolio. n

This content is courtesy of 

https://WWW.ISA.ORG/
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Codelco, the National Copper Corporation of Chile, has awarded 

a major contract with an approximate value of $50 million U.S. to 

Rockwell Automation to supply a number of important systems for 

the Chuquicamata underground mine, a “super cave” mine in Chile.

Rockwell Automation will collaborate in the transformation of the 

century-old, open-pit mine into a technologically advanced “super 

cave” mine that uses a block-caving extraction process. This ad-

vanced method is expected to extend the life of the mine by at least 

40 years, improving its asset utilization.

Cave mining techniques are becoming increasingly popular, be-

cause they yield high production rates at lower costs. Block caving 

is a mining method in which blocks of ore are undercut to induce 

caving, allowing it to break up and be drawn off, pulled by gravity.

The contract includes a detailed engineering, supply, configura-

tion, and assembly of four systems that comprise the mine’s control 

system. This consists of an integrated operational platform, security 

system, supervision and control network, predictive maintenance, 

and a general administrative network.

Rockwell Automation is currently working on the engineering and 

construction phase, in advance of a project startup by mid-2019. 

Annual production is projected to be 320,000 tons of fine copper 

and 15,000 tons of molybdenum. n
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Automation by the numbers

26 percent
IFS, a global enterprise applications com-

pany, has released a primary research study 

of 200 North American manufacturing exec-

utives that reveals more than half of respon-

dents expect their budgets for digital trans-

formation to increase in the next two years. 

The IFS study also reveals that substantial in-

vestments have already been made in digital 

transformation initiatives. These investments 

led to a 26 percent increase in companies 

saying their enterprise software did a very 

good or good job preparing them for digital 

transformation since a 2015 study. Based on 

the results from the study, IFS believes digital 

transformation will continue to accelerate in 

coming years, as only 5 percent of respon-

dents expected their budgets to decrease.

IFS’s results are corroborated by analyst 

research indicating a groundswell of invest-

ment in digital transformation. According to 

a study by IDC, spending on global digital 

transformation will reach $1.7 trillion by 

2019, increasing 42 percent over 2017. Ac-

cording to the 2018 Gartner digital business 

survey, 59 percent of midsize enterprises 

intend to pursue their digital ambitions by 

both optimizing and transforming their 

business for the digital era.

Rick Veague, IFS CTO, North America, 

said, “There are simple wins to be had 

by leveraging more accessible technolo-

gies like mobility and, increasingly, IoT 

[Internet of Things]. Now that enterprise 

software vendors have planned their of-

ferings around these technologies, the 

pace of change can pick up quickly. Those 

who cannot change at the pace of their 

competitors will be left behind.”

The study also sheds light on the type of 

digital transformation projects respondents 

have budgeted for. Analytics and mobility 

projects were the most frequently funded 

among respondent companies. n

22 percent
Manufacturing technology orders capped the first half of the year 

with another strong month in June, gaining 5 percent compared 

to June 2017 and bringing the annual growth rate to 22 percent 

for 2018. The latest U.S. Manufacturing Technology Orders Report 

from The Association for Manufacturing Technology (AMT) showed 

that orders totaled $417 million for the month, down 14 percent 

compared to May’s totals, and at $2.55 billion for the year.

“While many manufacturers are expressing concerns about trade 

wars, it doesn’t seem that it has slowed their need for additional 

capacity, and orders for new capital equipment remain strong,” said 

AMT president Doug Woods. “Trade issues and supply chain delays 

are certain to have an impact on the equipment market as we head 

into the fall. AMT supports a quick and fair conclusion to the issues.”

The only region to show month over month growth was the 

Northeast, where power generation and aerospace showed great 

strength in June. Metal cutting equipment in the South Central 

region posted a 25 percent decline in June from May levels but is 

nearly 40 percent ahead of the previous year’s order pace through 

the first six months of 2018. The strength is largely due to higher oil 

prices and growth in the contract machining industry, but significant 

orders in automotive have also pushed the numbers up. Activity in 

the North Central-West was softer in June but posted strong year-

to-date growth thanks to the mining and recreational equipment in-

dustries gearing up for additional demand. The strongest customer 

industries in June were aerospace and power generation equipment.

The key leading indicators for manufacturing technology were all 

positive in June. The purchasing managers’ index again moved above 

60, suggesting strong order growth through the end of the year. Con-

sumer sentiment and auto sales bounced back in June after small set-

backs in May. Capacity utilization for manufacturing continues to edge 

upward (76 percent in June), closer to the 80 percent that has histori-

cally signaled rapid acceleration for manufacturing technology orders. n

$50 million
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The pay raise  
engineers have  
been waiting for
Results from the 2018 salary survey

By Cory Fogg

https://WWW.ISA.ORG/
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T
he financial situation of the average 

automation engineer got a nice boost 

in 2018. As the salary of the average au-

tomation professional rose for the fifth consec-

utive year, our salary survey found incremental 

growth greater than 5% for the first time since 

2010 (5.3% in the U.S., 1.5% globally). So are 

today’s automation engineers finally getting 

their due? A bigger boost in salaries has been 

anticipated for quite some time. Manufactur-

ing and automation analysts have long pointed 

toward a looming skills gap, estimating more 

than 3 million jobs will need to be filled in the 

next decade. As this year’s survey shows, that 

certainly seems reflected in automation sala-

ries, as a career in the industry is increasingly 

becoming a financially rewarding decision.

With the rise of the Industrial Internet of Things 

and increasingly connected technology requiring 

advanced considerations in both cybersecurity 

and system design, the role of today’s engineer is 

more crucial and complex than ever. Yet for the 

past few years of this survey, we saw only mod-

est gains in salary. From 2013 to 2017, the average 

salary rose a total of 5.6%, just barely above the 

gain for 2018 alone. Some of the most prominent 

gains were:

l Average salaries for entry-level professionals 

in the U.S. (fewer than two years of experi-

ence) increased 13.7%.

l Average salaries for professionals with gradu-

ate school/advanced degrees increased 7.2%.

l The two largest raises, proportionally, went to 

engineering consulting (9.9%) and process/

plant/manufacturing engineering (10.7%).

While we still have not seen any signs that the 

labor gap is being bridged, we can say that the 

increasing demand for automation profession-

als has finally taken that significant step up that 

we have been expecting for years. With the need 

for experienced professionals still growing, we 

anticipate the demand to remain strong for 

engineers for the foreseeable future, with a great 

deal of opportunity for young graduates and 

those who are interested in a STEM career.

Five factors of salary determination
Through our years of conducting this salary 

survey, we have identified the five major factors 

that determine salary:

l geographic region

l job function

l level of education

l industry segment

l years of experience

Our survey collected more than 1,900 re-

sponses from automation professionals located 

around the world, including 1,290 from the U.S. 

Salaries from country to country and region to 

Region of world Average salary
Percent  
respondents

U.S. $119,354 72.1%

Canada $104,615 6.5%

Mexico $48,611 0.5%

Central America (including Caribbean) $74,000 0.6%

South America $54,384 3.6%

Europe (western) $95,526 5.3%

Europe (eastern) $44,230 1.5%

Africa $46,700 1.3%

Middle East $81,275 2.7%

Australia and New Zealand $105,769 0.7%

Asia and South Pacific $54,574 2.6%

South Asia $52,840 2.5%

Average salary by region of the world

FAST FORWARD

l Incremental salary growth was greater than 5% for the first time 
in eight years, and salary growth for entry-level engineers in the 
U.S. was more than 10%.

l Engineering consulting and process, plant, and manufacturing 
engineering received the largest raises, while engineering 
management and operations and maintenance decreased in  
average salary.

l Oil and gas continued to pay the biggest salaries, but was the 
only industry segment to report a decrease in average salaries.



12       INTECH SEPTEMBER/OCTOBER 2018       WWW.ISA.ORG

COVER STORY

region vary greatly, so our analysis sepa-

rates the U.S. responses in order to avoid 

skewing results. All of the results quoted 

in this article, other than average salary 

by region of the world, represent U.S. re-

sponses only.

Who were our respondents?
Our primary respondent (making up 

nearly 27% of total respondents) was a 

U.S.-based automation/control engi-

neer, but the 1,903 respondents come 

from all over the world, with a variety of 

job functions. Our respondents tended 

to be heavily experienced, with 63.2% 

counting more than 21 years of experi-

ence. Engineers continue to become in-

creasingly educated with over 70% of respondents having at 

least a bachelor’s degree and 21.6% an advanced degree. On 

the whole, 76.4% of our respondents reported some sort of 

salary increase this year, with the largest percentage (31.4%) 

seeing about a 3–4% increase.

Just over a fifth of our global respondents (22.1%) reported 

a salary in the $100,000–$124,999 pay range. The second larg-

est pay range reported (14.8%) was from $125,000 to $149,999.

Around the world
As the chart indicates, the typical engineer salary depends 

heavily on region, and more heavily on country. The typical 

U.S. engineer, for example, can expect 2.5 times the com-

pensation of an engineer in neighboring Mexico. Similarly, 

engineers in eastern Europe should expect to make less than 

half as much as a western European engineer. Talking about 

the western Europeans, they also saw the highest growth in 

salary (17.3% average rise!). South Asian respondents re-

ported a 24.4% increase in salary. That moves the region up 

four spots and out of the bottom in engineer compensation, 

where it was last year. African, South American, and Mexican 

respondents all reported salary decreases from last year. 

Spotlight on U.S. engineers
Where the U.S. engineer is concerned, however, the financial 

future continues to be bright. The average salary continues to 

rise, posting its biggest incremental gain in nearly a decade 

during 2018.

As we mentioned earlier, the period between 2013 and 

2017 saw salaries rise by a cumulative percentage that was 

just higher (5.6% to 5.3%) than 2018 alone. Over that five-

year period, the average salary increased around $6,200, 

compared to an average $6,300 raise in 2018. This continues 

a decade of strong growth that shows U.S. engineers increas-

ing their average salary by more than $20,000 per year since 

2010. Where we have voiced concern in past surveys that the 

financial compensation of engineers had not been rising 

significantly with the demand, 2018 showed the U.S. engi-

neer’s value clearly on the rise.

Does location matter for U.S. engineers?
Much like the world, all U.S. regions are not equal when it 

comes to engineer pay. The West South Central region, which 

includes engineer-rich Texas, has long held the title of best 

pay for engineers. The region was highest again in 2018, but 

the statistics showed the Pacific region, especially California, 

right on its heels. (*Regions are defined on Wikipedia.)

Only one region in the U.S., the South Atlantic region, 

reported an average salary decrease in 2018. The largest per-

centage increases were in the Pacific region (9.5% increase) 

and the West North Central region (6.9% increase).

In-depth look at automation/control
As nearly 40% of our U.S.-based survey respondents are in the 

automation/control job function, we always take an in-depth 

look at the statistics of this particular engineer. The automa-

tion/control engineers got their share of the pay increase, reg-

istering their own pay rise of more than 5%.

After seeing just a $6,487 (6.3%) rise in average salary over 

the 2012–2017 timespan, and a miniscule $1,393 (1.2%) in 

2017, automation/control engineers reported an average gain 

of over $6,300 in 2018. With all the concern about a looming 

skills gap, and the number of aging and retiring engineers 

Region of the U.S.* Average salary
Percent  
respondents

New England (Northeast) $123,389 4.6%

Mid-Atlantic (Northeast) $114,961 10.2%

East North Central (Midwest) $111,518 17.0%

West North Central (Midwest) $110,698 10.1%

South Atlantic (South) $106,083 13.4%

East South Central (South) $114,675 3.5%

West South Central (South) $134,188 21.0%

Mountain (West) $105,500 8.1%

Pacific (West) $133,483 12.0%

U.S. average salary by region of U.S.

Note: Survey was not held in 2009.

U.S. average salary by year
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followed closely by the process/plant/manu-

facturing engineers, who reported an increase 

of around $12,500.

ROI for engineering degrees
Although we cannot guarantee a return on in-

vestment (ROI) on a liberal arts degree today, 

engineering is very clearly a field where a degree 

can be quite lucrative. Seventy percent of our 

respondents were college graduates. Engineers 

with a graduate degree averaged salaries that 

were nearly $14,000 higher annually than those 

with a bachelor’s, and $29,000 more annually 

than those with solely a high school degree.

Student debt is the bane of many a young pro-

fessional’s existence, but those with engineering 

degrees should statistically not have much of a 

problem. With the increases for each level of degree, and the 

current financial statistics, the average engineer should be 

well placed to pay off his or her degree in just a few years.

Choosing the right industry
While education level is a big salary separator, the indus-

try an engineer works in also has a very significant impact. 

The average oil and gas engineer, for example, makes nearly 

$40,000 more than the typical water/wastewater engineer.

It is fascinating to note, however, that despite being the 

highest-paying industry segment, oil and gas was the only 

continuing to rise, this significant increase in compensation 

is a nice trend to see. Although automation/control engi-

neers probably cannot expect 5% gains every year, we see a 

favorable environment for today’s engineer and no signs of 

that environment waning any time soon.

Job function matters
Of course, there are plenty of job functions for engineers other 

than automation and control, and we did not ignore them. In 

fact, the number of functions and specializations available for 

today’s engineers continue to increase, as we included infor-

mation technology and education functions in the 2018 sur-

vey to better reflect all the options open for today’s engineer.

Every single job function registered an increase in the 

past year, save two. Engineering management and opera-

tions and maintenance were the only two functions that 

decreased in average salary. Engineering consultants were 

apparently in very high demand. They reported an average 

salary increase of almost $14,000 over 2017; their rise was 

Industry
Average 
salary

Percent  
respondents

Chemicals $130,373 10.1%

Education $111,562 1.2%

Engineering consulting or systems 
integration

$125,191 23.3%

Food and beverage $109,396 6.7%

Industrial machinery and equipment $115,000 10.5%

Oil and gas $134,150 11.6%

Pharmaceuticals $129,234 3.8%

Utilities – electrical, natural gas, nuclear $121,444 7.0%

Utilities – water/wastewater $96,000 7.8%

Other $110,172 18.0%

Average salary by industry segment

U.S. automation/control engineer average salary by year

Job function
Average  
salary

Percent  
respondents

Automation/control engineering $116,915 39.5%

Consulting engineering $140,566 4.1%

Design engineering $113,591 5.3%

Engineering management $149,650 7.8%

General or operations management $132,546 4.2%

Operations and maintenance $93,275 10.0%

Information technology $141,578 1.5%

Process/plant/manufacturing engineering $115,818 4.3%

Project management $125,735 4.3%

Sales – business development $131,573 6.9%

Teaching/instruction $107,954 0.9%

Other $110,184 11.4%

U.S. average salary by job function

Level of education
Average  
salary

Percent  
respondents

High school graduate $106,854 2.4%

Technical/trade school graduate $100,117 14.9%

Attended some college $105,593 11.8%

College graduate $121,792 49.6%

Graduate school/advanced degree $135,725 21.6%

Average salary by highest level of education

Note: Survey was not held in 2009.

$
1

1
6

,9
1

5

$
1

1
0

,5
7

7

$
1

0
9

,1
8

4

$
1

0
6

,6
2

9

$
1

0
3

,9
1

6

$
1

0
5

,6
5

0

$
1

0
4

,0
4

0

$
1

0
2

,6
6

0

$
9

9
,2

4
1

$
8

5
,0

8
3

$
8

2
,6

2
2

$0

$20,000

$40,000

$60,000

$80,000

$100,000

$120,000

$140,000

2018 2017 2016 2015 2014 2013 2012 2011 2010 2009 2008 2007

https://WWW.ISA.ORG/


Recipe to maximize your salary

As we do every year, we conclude our survey with a 

time-tested recipe* for how automation professionals 

can maximize their salaries. Like any great recipe, we 

tinker a bit, but the main ingredients have not changed 

much over the years.

n Get your bachelor of science degree (any type of engi-

neering will do). Then get your advanced degree (bo-

nus points if you get your company to pay for it).

n	 Live in the U.S. or Western Europe. California and 

Texas remain the highest-paying states for today’s 

engineers, but every U.S. region averages six figures.

n 	Get into engineering/integration consulting, an area 

of great momentum. Chemical and oil and gas are 

also well-paying options. If money is your primary 

goal, avoid water/wastewater.

n 	Show off your leadership attributes and get into man-

agement. Management gets paid.

n 	Become indispensable to your managers and com-

pany. Become an expert on useful, new technology 

and trends. Your company will not want to lose you 

if you make or save money.

n	 Stick with your profession—engineering has a lucra-

tive career ladder. There are not many industries that 

have six-figure earning potential within 10 years of 

entry.

n 	Advocate for yourself. At the end of the day, any 

profitable organization’s priority is the bottom line, 

which means the person who will best look out for 

your bottom line is you. Other companies want your 

skills, and it is not wrong to remind your boss of that 

with an offer sheet.

COVER STORY

segment to report a decrease in annual salary. Every other 

segment posted an average annual raise of more than $3,000. 

The chemical industry (9.4% increase) and the industrial ma-

chinery and equipment segments (9.3%) saw the highest av-

erage growth over the past year.

Pay your dues
Of all the salary differentiators, however, none matters nearly as 

much as experience. As it has for every year of the survey, the 30-

year veteran’s salary greatly outstrips that of the rookie wrench 

turner. This year’s numbers continue to tell the same story. 

If you have passed your 30-year mark in engineering, you 

are likely sitting pretty financially compared to the entry-level 

engineer, to the tune of an average salary almost $60,000 high-

er. This seems to be common sense, but it also gives us the big-

gest red flag when 

it comes to future 

engineering sala-

ries.

Although engi-

neers at all lev-

els of experience 

saw raises in 2018 

(except for the 

21–25 years of ex-

perience group, 

interestingly), we 

also noted that 

63.2% of respon-

dents came in 

with 21 or more 

Years of  
professional 
work experience

Average 
salary

Percent  
respondents

2 or fewer $72,954 1.7%

3–5 $83,526 4.3%

6–10 $97,704 9.5%

11–15 $117,485 9.5%

16–20 $122,697 11.8%

21–25 $116,381 14.7%

26–30 $126,898 18.7%

31 or more $130,313 29.8%

Average salary by years of  
experience

*Results may vary depending on attitude. n

years of experience, and just 6% with less than five years. 

There are many variables that prohibit us from reading 

into this statistic too heavily, but it does raise the ques-

tion whether or not closing the skills gap would actually 

decrease the average engineer salary.

Here again, however, this salary survey does not give 

us a definitive conclusion on how the skills gap is affect-

ing the industry, more that engineering is an increasingly 

lucrative field to get into, with a significant capability to 

improve that standing throughout a career.

Job satisfaction on the rise?
While a high salary can be a big driver to that end, job 

satisfaction is not necessarily based on financial com-

pensation. As such, we ask respondents to tell us if they 

are seeking other opportunities, in order to help gauge 

the mindset of today’s engineer. Positively, over half of 

all respondents tell us they are not seeking new opportu-

nities, passively or actively. Pay appeared to be a factor, 

as U.S.-based active job seekers had an average salary of 

$110,275—more than $14,000 less than those who were 

not seeking a new opportunity. The majority of job seek-

ers, however, were just passively looking. They made up 

37% of respondents, making about $3,000 more than 

active seekers and $10,000 less than nonseekers. Ap-

propriately, the average salary was $119,354, above the 

averages for active and passive seekers, but below the 

average salary for nonseekers. n
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By Keith Chambers

When designing software systems for man-

ufacturers, there is a temptation to create 

a number of point solutions to deal with specific 

problems. Although this type of “bottom-up” 

model may temporarily fix each issue, there is 

often a lack of coherence among the solutions, 

with no clear path to overall business perfor-

mance, and no vision for the future.

A better path is to design a “top-down,” multi-

site, operational software architecture that first 

aligns business goals and performance with 

existing and expected customer demands. This 

architecture then drives each aspect of the 

system—with all solutions aligned, coherent, 

and contributing to overall performance. Point 

solutions can still be delivered within this archi-

tecture, but the coherence and synergy among 

those solutions will now by assured within a 

future-proofed architecture. To do this, one 

should start by looking at the global megatrends 

directing present and future consumer demand.

Global megatrends
Economists and others who study trends often 

say demographics is destiny, in large part be-

cause these types of changes can be predicted 

with a relatively high degree of accuracy. There 

are three megatrends now driving how manu-

facturers must manage their operations while 

planning for the future.

1. The first megatrend encompasses two related 

demographic changes:

l An explosion of growth in the global middle 

class: More than 50 percent of this demo-

graphic group now lives in the developing 

economies of the Asia-Pacific region. There 

is a direct correlation between this new-

found affluence and increasing demand for 

branded products.

l An aging of the worldwide population: In 

just a few years, there will be more people in 

the world older than 60 than under age 6. This 

will affect manufacturers differently depend-

ing on what types of products they make and 

the regions they serve. For example, a com-

pany making toothpaste might now focus 

more on products geared to those with sen-

sitive teeth. Further, each of these shifts will 

have a major effect on the manufacturing 

workforce, demanding more efficient use 

of human capital and improved knowledge 

transfer from retiring to younger workers.

Latest software systems improve business performance

Global megatrends driving  
manufacturing digital  
transformation

Figure 4: Handheld devices, such as tablets  

hosting software, can be used to digitize  

production line operations.

https://WWW.ISA.ORG/
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2. The second important global megatrend is 

the push toward greater sustainability. For 

instance, agriculture is the leading user of 

freshwater worldwide, and water deficits are 

already a reality in many areas, creating a de-

mand for more intelligent use of this resource. 

Water treatment and other processes related 

to the environment must also contend with 

heightened regulatory compliance.

3. The third megatrend has to do with consumer 

expectations, with customers demanding 

an ever-wider variety of products tailored to 

their individual needs. A good example is the 

passenger car market, which has come a long 

way from Henry Ford’s “any color you want as 

long as it’s black” thinking.

After identifying the global megatrends, the 

next step is to examine their specific effects on 

manufacturing.

Manufacturing impacts
The first impact is pressure on margins due 

to volatile commodity prices, labor costs, and 

supply-chain shifts—affecting already thin mar-

gins. Sustainability affects commodity pricing, 

while aging populations increase labor costs, 

especially for those companies providing health 

care insurance. Supply-chain shifts are driven 

by changing consumer expectations.

Another impact is the need for variety. It is 

easy to see how this will affect manufacturers. 

Just take a trip down the “free from” aisle at your 

local grocery store to see how many consumer 

preference and allergy subsegments are being 

targeted, with corresponding higher prices.

Increasing regulatory obligations are driven 

by the sustainability trend—with safety, envi-

ronmental, and labeling regulations becoming 

increasingly pervasive. Consumer expectations 

also play a role, because brands with a poor 

reputation for environmental stewardship or 

unsafe products are rapidly shunned as stories 

go viral and global in minutes.

On the flip side, those firms seen as forward 

looking in this area can often charge higher pric-

es, as with organic and fair-trade food offerings. 

The aging population plays a part in labeling reg-

ulations and packaging requirements, as older 

consumers need clear and readable instructions, 

along with easy-to-open containers (figure 1).

In today’s “always on” world, manufacturing 

cycles have compressed to quickly meet chang-

ing customer tastes or respond to a safety recall. 

This has led to the need for real-time customer 

engagement. Connected consumers react imme-

diately to safety and quality incidents, potentially 

eroding brand equity. 

The global megatrend 

of changing consumer 

expectations directly 

drives this effect, as 

does sustainability 

to a lesser extent. Af-

ter identifying mega-

trends and the cor-

responding impacts 

on manufacturers, the 

next step is to see how 

manufacturers can best cope with these changes.

Coping with change
In today’s market environment, as described 

above, a traditional manufacturing approach no 

longer applies. These market dynamics dictate 

the need for a digital transformation.

Five strategic “pillars” are essential for a man-

ufacturing business to successfully achieve a 

digital transformation (figure 2). These pillars 

are to empower employees, optimize opera-

tions, engage customers, transform offerings, 

and adopt new business models. The pillars are 

an idea foundation to simultaneously address 

the market environment, manage costs, and 

increase revenues while using today’s technol-

ogy trends to achieve transformation. 

Figure 3 shows just what digital transforma-

tion means within a manufacturing operations 

context. The five pillars of digital transforma-

tion are shown on the left (depicted as symbols), 

as well as each of the five technology enablers: 

the cloud, industrial IoT, business process man-

agement, cybersecurity, and big data/analytics.

Together, these pillars harness technology 

trends to achieve operational excellence, encom-

PROCESS AUTOMATION

FAST FORWARD

l Manufacturing operations should be  
designed using a top-down approach,  
starting with a high-level look at global 
megatrends.

l This approach can produce a future-proof 
software system architecture.

l It will also allow organizations to incorpo-
rate current and future technologies,  
including hybrid architectures, big data 
analytics, IIoT, and mobility.

Figure 1. Manufacturers of packaged goods for consumers are affected by 

global megatrends, because they are required to make their packaging ma-

terials more sustainable and offer a greater variety of products to meet the 

demands of demographic changes in their markets.



18       INTECH SEPTEMBER/OCTOBER 2018       WWW.ISA.ORG

PROCESS AUTOMATION

passing most digital transformation 

initiatives across manufacturing orga-

nizations—beyond just implementing a 

manufacturing execution system (MES). 

Leading initiatives include asset perfor-

mance management, environmental 

health and safety, quality management, 

new product introduction, manufac-

turing operations management, and 

industrial energy management, just to 

name a few. In the digital age, the lines 

blur between these initiatives, because 

the same data can be used in different 

ways to improve processes and achieve 

operational excellence.

New digital framework
New operational software architectures 

are required to better enable and ac-

celerate implementation of these ini-

tiatives, including hybrid deployments 

(edge + cloud), mobile access, social 

collaboration, and access to big data 

and machine learning to better predict 

actions.

The text at the bottom right of figure 3 

shows the value proposition for imple-

menting digital transformation to drive 

operational excellence, encompassing 

the delivery of a host of capabilities. As 

companies begin their digital transfor-

mations, this type of operational archi-

tecture is critical for long-term success. 

It is tempting to simply skip over this 

step and start applying point solutions 

to achieve specific results. This is a mis-

take, as it results in a fractured land-

scape of disjointed systems that do not 

interoperate, with data often replicated, 

inaccessible, or siloed.

But just how does one design this 

type of operational architecture?

Model-driven approach
Using a model-driven approach to cre-

ate an operational architecture means 

building upon an industrial software 

platform to:

l define requirements via process map-

ping

l implement using “low code” technology

l separate “content” from technology

l reuse engineering

l avoid custom coding

Following these steps separates pro-

cesses from the underlying software 

technologies, allowing deployment 

across a wide range of activities and 

tasks. The first step is to define require-

ments via process mapping, using a 

methodology similar to business pro-

cess management mapping, long prac-

ticed with great success in commercial 

environments.

Process mapping requires manufac-

turers to digitize, standardize, and im-

prove. Digitizing means assessing and 

documenting current processes—along 

with touch points to other systems, 

such as automation and lab. Digitiz-

ing a task simply means to take what is 

in the minds of plant personnel when 

they perform an activity and to docu-

ment it by putting it in writing, and 

then to enter this information into the 

appropriate software system (figure 4, 

see page 16). It also requires the cre-

ation of needed workflows and user 

interfaces—along with integration to 

MES and other systems. 

Although standardizing a task or 

activity without digitizing it is theo-

retically possible, it is very difficult and 

expensive, and it is almost impossible 

to integrate with all of the other tasks 

required to produce products. Once a 

task or activity has been digitally trans-

formed, it can easily be standardized, 

because all plant personnel follow the 

same steps. Standardization allows 

manufacturers to:

l account for needed variations among 

sites

l create libraries of practices that are 

centrally governed

l define and measure performance 

metrics

l build deployable packages and push 

to the sites

Figure 2. The five pillars of digital transformation link the market environment and its 

impact on manufacturers with technology trends.

Figure 3. Digital strategies and technology enablers drive operational excellence initia-

tives via new operational architectures.

https://WWW.ISA.ORG/
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l establish and document baselines to 

measure future process improvement

Digitization and standardization beget 

improvements, because performance 

can now be viewed, tracked, compared, 

and optimized. As the old saying goes, 

nothing can be improved until it is mea-

sured, and this is as true for manufactur-

ers as it is for other businesses.

With digitizing and standardizing, 

manufacturers manage governance of 

each point solution centrally, with re-

mote deployment and support of local 

software solutions. The result is continu-

ous improvement of processes based on 

rich data collection. To illustrate how this 

model-based approach works in prac-

tice, let’s look at an application example.

Material receiving and tracking
Many plants and facilities receive raw 

materials via truck (figure 5), as with this 

example where a food plant receives 

vegetable oil for use in its baking opera-

tions. As with many plant processes, this 

one can be digitized, standardized, and 

improved.

The first step is to notify appropriate 

personnel when a truck arrives. A sam-

ple of the vegetable oil is then taken 

and sent to the on-site lab for analysis 

and recording of results. If the sample 

fails, the truck is sent away. If the sam-

ple passes, the operator connects the 

truck to a nearby tank and starts the 

pumping process. If the tank fills before 

the truck is empty, the operator must 

disconnect the truck from the first tank 

and hook it up to a second tank. This 

process is repeated until the truck is 

empty.

Although seemingly simple, there are 

many ways this process can go wrong 

if the proper steps are not taken in the 

right sequence. There are also numer-

ous opportunities to digitize, standard-

ize, and improve upon the process.

When the truck arrives, the operator 

should ask the driver how long he or she 

has been waiting. This data should be 

digitized by entering it into the appro-

priate software platform, perhaps us-

ing a handheld tablet. The waiting time 

can be tracked, recorded, and improved 

upon if it is excessive, perhaps by using 

a sensor to indicate truck arrival and 

sending this information to plant per-

sonnel via a mo-

bile alert.

The times when 

personnel take a 

sample, send it 

to the lab, and re-

ceive results are 

also measured as 

part of the digitali-

zation. This shows 

how long it takes 

the lab to turn the 

sample around 

and can also indi-

cate when escala-

tion to a super-

visor is required 

because the lab 

is behind. These 

types of indicators 

are all apparent 

in the data, allow-

ing for continuous 

improvement in 

this collaborative 

process.

There are many 

ways to deter-

mine when a 

tank is full or a 

truck is empty, 

and various plants across the enterprise 

do things differently. For example, one 

plant may measure tank level by weight, 

while another may use a continuous liq-

uid level instrument.

Once all the steps are digitized, a stan-

dard procedure for unloading vegetable 

oil from trucks to tanks can be created. 

This procedure can be adjusted as re-

quired to describe unloading of all types 

of liquids from trucks to tanks through-

out the plant and across the enterprise.

During the standardization step, areas 

for improvement will be revealed as dif-

ferent truck unloading events are com-

pared within a plant or across multiple 

plants within a company. For example, 

the time taken to sample product in a 

lab may be excessive across all plants, 

leading to implementation of an online 

analyzer to provide near real-time results 

at the unloading station. Level measure-

ment by weight at a few plants might be 

found to be lacking due to changes in 

product density, so all plants within a 

Figure 5. Truck 

unloading liquid to 

a tank. Digitizing 

the unloading of 

liquids from trucks 

to tanks can help 

plants and facilities 

standardize and im-

prove operations.

https://www.arjayeng.com


        

20       INTECH SEPTEMBER/OCTOBER 2018       WWW.ISA.ORG

PROCESS AUTOMATION

company might implement continuous 

level instrumentation for a local reading 

of tank level.

Once this process is digitized, stan-

dardized, and improved upon—the 

next process can be mapped. The com-

pany can then make further improve-

ments by linking one process to the 

next to optimize the operation of an 

entire plant or a facility.

Looking to the future
Taking a top-down approach when 

implementing a software architecture 

in a manufacturing enterprise ensures 

a future-proof solution closely aligned 

with business performance goals. The 

technologies and techniques discussed 

above enable this type of approach 

now, with three future trends expected 

to further ease implementation.

The first is a move toward hybrid ar-

chitecture, a combination of on-prem-

ise and cloud-based software solutions. 

This change is already underway. Cer-

tain functions, such as real-time con-

trol, are best left on premise. Big data 

analytics, however, is an example of an 

activity best performed in the cloud, to 

take advantage of higher performance 

processing power and to ease collabo-

ration of the results. And of course, 

these two types of scenarios must 

readily communicate with each other 

securely. Data from real-time control 

systems feeds big data to cloud-based 

analytics, which in turn feed informa-

tion regarding suggested improve-

ments to plant personnel.

The second trend is the growing pro-

liferation of big data, as a direct result 

of now living in a digital age. When 

tasks are accomplished without writ-

ten instructions, or when such instruc-

tions are written on paper, little or no 

data is produced. But when tasks are 

digitized, data is produced in the form 

of instructions, and more data is pro-

duced as each task is accomplished 

and recorded. This data becomes 

the basis for the

continuous im-

provement at the 

heart of most op-

erational excel-

lence programs.

The third trend 

feeds directly 

from the second

as this big data 

from the plant 

becomes filtered 

and contextual-

ized, becoming 

valuable business

intelligence. An example of this activity 

is the use of materials traceability data. 

When recorded digitally within the plant, 

this data can be used to more effectively 

inform consumers of a product’s prov-

enance should the need arise for a safety 

recall or to identify counterfeit or stolen 

products.

These digital trends are happening 

today and are only gaining momentum. 

Those manufacturers that look to im-

plementing more than just a traditional 

manufacturing execution system—but 

instead to an operations architecture 

and platform to manage their digital 

transformation—will be better prepared 

to adapt quickly to new opportunities in 

the digital age. Implementing an enter-

prise-wide software architecture, one 

designed from the ground up to deal 

with current and future global mega-

trends and corresponding manufactur-

ing impacts, is a great strategy to be best 

prepared for the future. n
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these advances in technology.

Unfortunately, understanding and assessing 

these risks—and ensuring compliance—is not a 

simple task. Let’s break it down by starting with 

risk assessments, before diving into possible 

machine guarding solutions, and then ending 

with a brief history lesson on some of the indus-

try’s changing safety standards.

The basics

The first step for facility and safety professionals 

is to identify and understand all codes and regu-

lations that are applicable to their facilities and 

operations. For managers who have stayed up 

to date, this is not a difficult task. For those who 

have not, this might not be quite so simple.

The second step is to examine the prevailing 

machine guarding choices for those operations 

to validate their safety system and its compo-

nents. Although many guarding methods and 

products are available, not all can be applied 

universally. Every machine guarding applica-

tion has its own unique challenges and associ-

ated risks. The choices a facility manager makes 

for one application might not be the same—or 

appropriate—for the next.

In most cases, safety-conscious managers 

would not guard an industrial robot the same 

way they guard other equipment, because the 

risk associated with each differs greatly. Risk may 

even vary between similar operations, depend-

ing upon employee exposure and other factors. 

Conducting a thorough risk assessment is the 

best way to maintain a safe work environment, es-

pecially when adding new automated processes. 

Proper risk assessments are not just good practice, 

however. When RIA R15.06-2013 went into effect 

several years ago, they became mandatory.

L
ook before you leap. This sage advice 

holds true in today’s manufacturing 

world, especially as it pertains to ma-

chine guarding. That is why it is always a good 

idea to perform a proper risk assessment before 

installing or upgrading new equipment. Under-

standing all of the possible dangers associated 

with new operations can help a facility protect 

against hazards before an accident occurs.

And yet, according to the Occupation Safety 

and Health Administration (OSHA), “machine 

guarding,” which pertains to machine gen-

eral requirements for general industry (29 CFR 

1910.212), consistently falls in the top ten most 

frequently cited OSHA standards violated in any 

given year. The multitude of robotic applications 

and the growth of robot use and automation in 

all industries seemingly make ensuring safety 

more difficult. But facility managers who start 

with a risk assessment need not be troubled by 

By John Ritter

Start with risk  
assessment to  
enhance safety
Automated barrier doors create safer workflow
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Creating a safe 

environment for 

workers near robotic 

equipment
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perimeter guarding around the entire process. 

However, in most situations, a machine operator 

needs to interact with the process by loading or 

unloading materials (such as metals to be welded) 

and “running” the machine.

Point-of-operation guarding is where things get 

tricky. Many details must be considered when it 

comes to this area, including the layout or design 

of the process and the limits of the system. Also, 

facilities must properly identify all associated haz-

ards and devise methods for hazard elimination 

and risk reduction.

Once the severity of the potential hazard has 

been determined, the frequency or duration of 

exposure and the possibility of eliminating or lim-

iting exposure should be considered before mak-

ing any machine guarding decisions. Also, using 

the distance formula identified in OSHA guide-

lines can help in this analysis. Per this formula, 

the safeguarding device has a prescribed location 

based on a number of factors, including second-

ary hazards that might harm a machine operator.

Presence-sensing devices
Light curtains, laser scanners, and other presence-

sensing devices are a commonly used and widely 

accepted method of machine guarding in manu-

facturing facilities—from tier 1 automotive to small 

machine shops and fabrication facilities. With 

presence sensing, the automated process ceases 

once the safety device’s infrared beam is tripped.

These devices often provide acceptable safety. 

RIA R15.06-2013
When it arrived earlier this decade, the RIA R15.06 

standard made life easier for manufacturers and 

end users by being compliant with international 

standards already in place in Europe. RIA R15.06-

2013 references ISO 10218-1 & 2, which addresses 

robots, robot systems, and integration. This stan-

dard requires better hazard identification related 

not only to robotic motion, but also to the task be-

ing performed. Additionally, it requires validation 

and verification of the safety systems employed 

and requires designs that incorporate protective 

measures for the robot cell and the operator.

Some of the biggest changes with the RIA R15.06 

industrial robot standard have to do with safety-

rated motion and allowing advanced programma-

ble safety devices to be used. This means software 

is allowed “safety-rated” control of various aspects 

of the robot’s function, limiting the area in which 

the robot operates and the speed of robot motion. 

This is a departure from older standards, which 

did not allow programmable safety controls.

As mentioned earlier, risk assessments are re-

quired as part of this standard. Many professionals 

responsible for plant safety have been conducting 

risk assessments to increase safety as a matter of 

practice; the new regulations mandate them.

Point-of-operation danger
When performing a proper risk assessment, 

point-of-operation guarding is probably the 

most involved aspect. It is relatively easy to place 

FACTORY AUTOMATION

FAST FORWARD

l Point-of-operation dangers become  
much more apparent after a proper risk  
assessment.

l Are you taking advantage of “safety-rated” 
control allowed by RIA R15.06?

l Physical barriers can improve worker safety 
by minimizing primary and secondary  
hazards that are common to hazardous 
work cells.
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Increasingly complex manufacturing 

processes require more complex systems 

to monitor their safe operation and keep 

machine operators safe. Automated pro-

cesses, robotics, and even time-tested 

operations all require considerable at-

tention to ensure they are both efficient 

and safe. EN ISO 13849-1 is ultimately 

making a much safer manufacturing 

environment, because it accounts for 

the regulatory gaps that were starting to 

show in the older standards.

RIA R15.06 is similar to ISO 13849-1 in 

that it takes on a quantitative approach to 

hazard identification. A functional safety 

requirement of D (performance level 

[PL] “d”) will be required of all robotic 

systems, as well as structure category 3 

(dual channel), unless a risk assessment 

determines otherwise. PL safety and 

category ratings will offer a much more 

measurably reliant way to gauge safety.

Safety begins with a proper risk 
assessment
As regulations like RIA R15.06 and EN 

ISO 13849-1 are adopted, it is impor-

tant to adopt the latest and greatest 

safety technologies available to match 

the right product to the right process, 

taking not only potential machine haz-

ards into consideration, but the task be-

ing performed. Advances in design and 

available technology make automated 

barrier doors an option to guard the ma-

chine and protect operators, ultimately 

increasing productivity and the level of 

safety for years to come.

Regardless of the safety device select-

ed for machine guarding, facility man-

agers need to remember to perform a 

proper risk assessment. Although they 

can be tricky, this process will ultimately 

make a facility safer for workers and stay 

in compliance with RIA R15.06. n
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However, they are not always the best 

choice in all applications, especially 

after a risk assessment is performed.

Physical barriers offer more protection
Although light curtains may be the right 

choice in some applications, a fast-

acting automated barrier door or roll-up 

curtain may be the better choice. They 

restrict workers’ access into hazardous 

areas and can eliminate exposure to both 

the dangerous movement of the machine 

and secondary hazards produced by the 

process, such as smoke, flash, splash, 

mist, and flying debris. Thus, they more 

comprehensively diminish the potential 

risk and the severity of exposure.

Another benefit to physical barriers is 

that they take up a much smaller foot-

print than presence-sensing devices. 

This is because barriers with properly 

integrated safety interlocks (up to PLe 

per EN ISO 13849-1) render certain as-

pects of OSHA’s distance formula moot. 

With no depth penetration factor, au-

tomated barriers can be placed much 

closer to the hazardous area. This re-

duced safety zone allows workers to be 

much closer to the automated process, 

which saves floor space.

ISO 13849-1 and EN 62061 emerge
The move from EN 954-1 to ISO 13849-1 

and EN 62061 represented one of the larg-

est regulatory shifts in decades. While 

approval of this harmonized standard was 

a hotly contested fight 10 years ago, all has 

been well since it went into effect in 2012.

At its core, ISO 13849-1 is a clearly de-

fined set of rules to follow when design-

ing the safety system as applied to indus-

trial machine control systems. Officially 

defined as “safety of machinery, safety-

related parts of control systems, general 

principles for design,” this regulatory 

shift was made necessary by advances 

in technology for safety control systems 

and methodology.

The ISO 13849-1 standard is more 

quantitative than EN 954-1. It applies 

common sense and forces facility man-

agers to validate their safety systems. 

Previously, EN 954-1 was conceptual and 

only required facilities to apply safety de-

vices (controls), properly specifying non-

programmable, out-of-date technology.
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Steam trap  
monitoring
enables predictive  
maintenance

Monitoring identifies steam traps and downstream equipment 
issues to maintain plant efficiency

By Tom Bass

Figure 2. Steam is a valuable way to heat 

products in the pharmaceutical and food 

and beverage industries, as in these brew 

kettles.
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S
team distribution systems support manu-

facturing across a huge range of indus-

tries, from craft brewing to oil refining and 

most everything in between. Steam can carry 

enormous amounts of energy, and it is valuable 

as a highly controllable heat source. On the other 

hand, producing steam is energy intensive, and 

an ineffective distribution system can be waste-

ful. Boiler designs can be highly efficient, but 

this efficiency can be rapidly lost with a poor 

distribution system.

Boiler design and efficiency factors have been 

the topic of countless articles, so here we will 

concentrate farther downstream and examine 

the distribution itself, especially steam traps 

(figure 1). They are the primary tools for sepa-

rating condensate from steam. A steam trap 

failure can be predicted to some extent through 

nonintrusive ultrasonic acoustic event detec-

tion using data generated by a wireless acous-

tic transmitter. Fixing failed traps early can 

also help to prevent problems in downstream 

equipment caused by passing condensate slugs 

through traps.

Condensate is sent back to the boiler as feed-

water, which makes it valuable for two reasons. 

First, boiler feedwater is heavily treated with 

expensive chemicals to avoid boiler fouling, so 

any that can be recaptured saves money. Sec-

ond, condensate is usually hot, which reduces 

the amount of energy needed to turn it back 

into steam. Consequently, condensate collec-

tion is critical for overall system efficiency, and 

it depends on steam traps.

Steam for heat transfer

We will explore more about transferring heat 

from steam in a moment, but steam is also used 

to capture heat. The term heat-recovery steam 

generator (HRSG) has become more common 

with the higher energy costs and carbon foot-

print concerns of recent years. Where older 

plants might have simply blown hot exhaust or 

process gases out a stack, they are now more 

commonly channeled into an HRSG and used 

to generate steam (see sidebar).

A prime example is a combined-cycle gas tur-

bine power plant. Where a few years ago the hot 

exhaust from the gas turbine would have been 

blown to the atmosphere, now it is put through 

an HRSG and the steam runs a second turbine. 

This ability to recover what was regarded as 

waste heat contributes to the high efficiency of 

these generating units.

Steam is typically used to transfer heat to 

another fluid, such as a large-jacketed reac-

tor or kettle used in a brewery (figure 2) or 

other food-and-beverage applications. Steam 

flows through passages and heats the product 

through the kettle walls or an internal coil. This 

can provide very even and carefully controlled 

heat, so the product is not burned. During the 

initial heating phase when the product is cold, 

steam condenses quickly, and the condensate 

collects in the lowest point. A steam trap sepa-

rates condensate from the incoming steam and 

sends it back to the boiler as feedwater.

This is a critical point in the process and has 

a major effect on the efficiency of the kettle. To 

transfer all the heat possible from the steam, 

all of the steam should condense in the jacket. 

Early in the heating process, the temperature 

FAST FORWARD

l If not properly monitored and maintained, steam traps waste energy 
and can often cause catastrophic failure of downstream equipment.

l Manual inspection rounds are expensive, labor intensive, and often 
ineffective.

l Wireless acoustic monitors are a better solution, with continuous 
updates and early warning of impending issues.

Figure 1. Steam traps are an important part of a distribution system, but 

often receive little attention.
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forming correctly, and tagging the bad 

actors for maintenance, requires an 

appropriate tool to evaluate tempera-

ture, such as an infrared viewing de-

vice. These can do the job, but a techni-

cian has to get to wherever the steam 

trap is and make the evaluation. Unless 

manual rounds by a very highly quali-

fied and experienced technician hap-

pen regularly and frequently, one or 

many steam traps can malfunction for 

quite a while. A recent study suggests 

that 18 percent of steam traps in a large 

chemical manufacturing facility can 

fail in a given year, resulting in wasted 

energy costs up to $16,000 per trap.

One traditional approach to moni-

tor a steam trap involves finding a way 

to mount a temperature sensor on the 

trap itself to measure the trap’s condi-

tion. But this is an invasive solution, 

and the data it provides requires exten-

sive interpretation and knowledge of 

what the just-right temperature should 

be under the operating conditions.

Hearing the solution
Most steam traps do not release con-

densate continuously. Although such 

situations are possible, under normal 

conditions and if sized correctly, all 

steam trap designs open intermittently 

and discharge condensate in slugs. The 

internal turbulence when this happens 

creates noise that transmits through the 

adjacent piping. Someone listening to 

a properly working steam trap should 

hear these periodic releases interrupt-

ing times of silence as appropriate 

amounts of condensate accumulate.

An acoustic transmitter mounted 

on the pipe adjacent to a steam trap 

(figure 3) can listen to the noise it 

makes. It is sensitive to ultrasonic fre-

quencies, so it can hear the cycling, and 

an algorithm can be applied to learn 

the characteristic activity for each trap. 

Data can be sent from the transmitter 

via WirelessHART to a central data col-

lection and analysis platform, where 

operators can see how the steam traps 

equipped with acoustic transmitters in 

all parts of the plant are performing.

Dashboards display (figure 4) which 

steam traps are working correctly and 

which are in one failure mode or the 

wastes energy. Consequently, there 

are different steam trap designs that 

remove condensate under different 

circumstances. Again, there are many 

more in-depth resources available, but 

some types of steam traps only release 

condensate when its temperature falls 

below a specific threshold; whereas 

others are simply concerned with liq-

uid volume. The application will dic-

tate which is most appropriate.

Functionally, a steam trap is a valve 

that opens and closes automatically in 

response to its situation. All designs, 

therefore, have some moving parts 

and a seating surface. Thermodynamic 

traps are very simple with only a single 

moving part; whereas mechanical de-

signs (e.g., float and inverted bucket) 

are more complex. Unfortunately, 

where there is a mechanism, there is an 

opportunity for malfunction, but these 

types of problems can be predicted.

Steam trap failure modes
Steam is not always clean. Although 

feedwater is heavily treated, it is still 

possible for scale, which can break free 

and be carried by the steam and con-

densate, to form in the system. Such 

particles have an uncanny ability to 

come to rest in problematic spots, such 

as valve seats or mechanisms. Similar-

ly, if feedwater treatment chemicals get 

out of balance, excess corrosion can 

result. Operating conditions, such as 

water hammer and vibration, also take 

a toll on valves, fittings, and steam traps.

A steam trap can fail in one of two 

ways: it sticks open and releases steam, 

or it sticks closed and does not release 

anything. Inspectors on plant rounds 

checking traps generally classify them 

by diagnosis:

l	 There is an obvious steam leak—a 

major mechanical failure.

l	 The trap is too hot—it is the same 

temperature as the steam line, be-

cause it is releasing steam directly 

into the condensate line or to the 

atmosphere.

l	 The trap is too cold—it is stuck closed, 

and no condensate is being released.

l	 The trap is just right—it is releasing 

warm condensate.

Finding these “Goldilocks” units per-

differential between the steam and 

product is at its greatest. The steam 

transfers its heat into the product 

quickly and condenses. If the process is 

aiming at the quickest heat up, this is 

the time when steam flow is highest. As 

the product temperature increases and 

heat transfer slows, steam flow has to 

be reduced or steam will be blown from 

the outlet, which wastes heat.

Condensate runs into a steam trap, 

which allows the liquid to escape and 

return to the boiler via a collection sys-

tem, but the trap stops steam, trapping 

it in the jacket. A steam trap is actually 

a condensate separation device. It has 

an enormous effect on the efficiency of 

the application. If it does not remove 

condensate fast enough, the conden-

sate backs up into the steam passages, 

which reduces heat transfer. If it allows 

steam to blow past, heat is wasted. If 

the steam trap is sized properly and 

uses an appropriate design for the ap-

plication, its action should be automat-

ic, provided it is functioning correctly.

Steam trap designs
The discussion so far suggests that all 

condensate needs to be removed from 

steam, but the situation is more nu-

anced. Small amounts of condensate 

in a high-pressure steam line will be at 

a high enough temperature that it will 

flash into steam if it reaches a point 

where the pressure drops. Condensate 

carries a great deal of heat itself, so 

removing it when it is not needed also 

Figure 3. An acoustic transmitter mounts 

next to the steam trap on the pipe, so no 

shutdown is required for installation.
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sight into what is happening with the 

process, the same applies to produc-

tion assets. Steam traps are just one 

example. There are now many sensors 

and analysis tools available to use with 

a range of plant assets, such as pumps, 

heat exchangers, and pressure relief 

valves. When data is available, mainte-

nance departments can find new ways 

to develop better predictive main-

tenance programs to treat problems 

sooner, or before they even fully sur-

face. This saves maintenance costs, but 

more importantly reduces losses from 

unscheduled shutdowns, and often 

prevents serious incidents. n
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other. The software can estimate lost 

energy and resulting costs at any time. 

Maintenance can see at a glance which 

steam traps need attention, so they can 

plan activities appropriately and can 

predict and deal with small problems 

before they become serious issues.

Naturally the data may need some 

interpretation. For example, a steam 

trap reported as cold could be mal-

functioning, or it could be cold because 

the equipment only operates intermit-

tently and may simply be shut off. On 

the other hand, a steam trap attached 

to a process that runs continuously or 

at least regularly should develop char-

acteristic discharge patterns. If these 

change, such as from a sudden increase 

in condensate volume, there may be 

some other cause for a deviation from 

the normal process operation.

Predictive maintenance can take 

many forms and provide many types 

of information. Just as measuring and 

watching process variables gives in-

Figure 4. A dashboard supported by analytical software can capture and display performance and condition information for steam traps 

throughout a facility, enabling a predictive maintenance program.
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http://www.linkedin.com/in/tom-bass-91241414
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Case study: Steam generation, distribution, and efficiency

Figure 5. HRSGs added to the exhaust stacks from the main 

cooking lines provide steam capacity, so conventionally fired 

boilers do not have to produce as much steam.

Amajor North American snack food manufacturer was 

undertaking a project to improve energy efficiency and 

reduce its carbon footprint across its fleet of manufacturing 

facilities. In one location, built around three large-scale pro-

duction lines, it was clear that an enormous amount of energy 

was being wasted, blown out of stacks from the main cook-

ing units. Early research determined that exhaust volumes and 

temperatures were high enough to make adding HRSGs prac-

tical (figure 5), and these units would be capable of creating 

much of the steam necessary for the plant.

This installation would be part of a larger project to deter-

mine the amount of energy used in the facility, divided by each 

production line on a British thermal unit per ton produced 

basis. Looking at the larger data picture would indicate to unit 

leaders how well each line was performing and if there were 

wasteful areas needing to be fixed within the context of a 

predictive maintenance program.

Adding the HRSG units was a major step toward higher 

efficiency, because the steam they generated did not have 

to be produced by conventionally fired boilers. Building 

on this initial gain would have to include serious analysis 

of the plant’s steam distribution system, since steam pro-

duction was one of the most energy-intensive elements of 

manufacturing.

To give an indication of the size of the steam system, the 

plant had about 400 steam traps distributed throughout the 

facility. At the beginning of the larger improvement program, 

none of the steam traps had any type of diagnostic sensor in-

stalled. The only monitoring was an annual audit where techni-

cians compared actual performance against ideal parameters. 

This was a largely manual and very time-consuming undertak-

ing. Unfortunately, it was also inconsistent and inaccurate. To 

make matters worse, given the time interval involved, a steam 

trap that developed a problem shortly after the audit could 

malfunction for almost a year before being discovered.

The larger efficiency program created a list of objectives 

to improve steam generation and distribution efficiency, 

including:

n improve boiler efficiency

n maximize condensate capture and return

n maintain heat exchangers more consistently

n repair and upgrade pipe insulation

n reduce system upsets that cause releases through pressure-

reducing valves

n monitor and maintain steam traps by implementing a pre-

dictive maintenance program

The last point proved to be particularly critical. Implemen-

tation began with purchase and installation of 50 acoustic 

transmitters on the most critical steam traps based on capacity, 

criticality to the process, and difficulty of inspecting by manual 

methods. Installation was not without its challenges. The facili-

ties manager responsible for the project observed, “The bulk 

of our time was spent getting to the traps, since many of them 

were in hard-to-reach places. We discovered that proper instal-

lation is crucial. We had to ensure proper pipe contact with 

each device to prevent false cold readings.”

The new monitors provided continuous data on those 

units, which maintenance technicians began to analyze using 

a specifically designed data collection and analysis software 

tool. Within the first two months of operation, they identified 

12 malfunctioning steam traps—24 percent of those being 

monitored.

With the ability to check steam traps daily, maintenance 

soon began to schedule service and repairs much more 

quickly, stopping leaks and problems before they wasted sig-

nificant amounts of energy. The facilities manager calculated 

that fixing just those 12 steam traps resulted in annualized 

savings of $27,800 and a CO
2
 reduction of 205 metric tons. 

Payback for the initial deployment was 20 months. More 

detailed analysis allows predictive maintenance by anticipat-

ing the development of major problems, virtually eliminating 

complete failures of any of the monitored steam traps. The 

plant now monitors 100 steam traps using acoustic transmit-

ters and plans to add 100 more as the savings that have been 

realized pay for the next group. n

Adding the HRSG units was a major step 

toward higher efficiency, because the 

steam they generated did not have to be 

produced by conventionally fired boilers.



A
large steel manufacturer wanted to 

use its operational data to improve its 

competitive position. By concentrating 

on condition-based maintenance and product 

quality, the manufacturer increased equipment 

availability by 13 percent and boosted the per-

centage of “prime” product from 76 to 91 per-

cent, while slashing the percentage of mainte-

nance conducted in the more costly reactive 

mode from 80 percent of the total to 20 percent.

On paper, the company looks like a success 

story for Industry 4.0 or a similar Internet of 

Things (IoT) initiative, but this story is older 

than either of those buzzwords. The above ex-

ample comes from a presentation by Dofasco 

(now part of ArcelorMittal) in 2002. The phrase 

“Industrie 4.0” would not be coined at Han-

nover Messe for another nine years.

The automation industry has always liked 

buzzwords and standards. People debate the 

definition of concepts like big data, IoT, machine 

learning, Industry 4.0, digital transformation, 

and digital twins, but they are all a single effort 

to drive change by increasing two factors: scope 

and scale. By increasing scope (the number of 

data sources) and scale (the amount of data col-

lected), companies broaden and deepen the 

information they tap into for a more accurate, 

actionable picture of reality. The greater the 

scale and scope, the greater the opportunity to 

increase the productivity, efficiency, safety, and 

ultimately the health of your business.

What is different about what is occurring today 

versus 2002, or even 1992? From one perspec-

tive, it is business as usual. Good engineers are 

never happy with just the data they have on 

hand. They should always be (and usually are) 

seeking out new ways to do things better and 

looking for numbers that can either support 

their hypotheses or prove them wrong.

On the other hand, everything is different. 

Moore’s Law, artificial intelligence, increasing 

global competition, and a changing economic 

environment have created a new business land-

scape. Producers now have to be more sensitive 

to the demands of suppliers, regulatory bodies, 

and their customers, and there is a new premi-

um on intelligence, efficiency, and agility. Com-

panies can no longer simply be manufacturers. 

They have to be software companies and manu-

facturers. The scope and scale of your data have 

fundamentally changed how industry operates.

Industry 4.0 is well documented. In this article, 

I will use it as a model to describe the real-world 

requirements of businesses and how data archi-

tectures need to be designed to meet those goals.

Quick history of historians
The new demands being wrought by increases 

in scope and scale have sparked an evolution in 

historians and data infrastructures. Early data 

systems collected information from individual 

assets. Later, those systems were expanded 

and enhanced to collect data across plants and 

entire enterprises. And right now, data archi-

tectures are being implemented that will allow 

enterprises to seamlessly exchange information 

with each other to improve supply chains. Sev-

en years ago, many large industrial companies 

would have blanched at the idea of sharing their 

data or putting it on the cloud. Now, most are 

studying ways to build digital communities.

Likewise, the community of users of this infor-

mation is expanding, moving from engineers and 

FAST FORWARD

l Digital transformation is about one thing: gaining control over 
the expanding scope and scale of data generated by industrial 
operations.

l The key of success is to control expenditures by implementation, 
not goals.

l Transparency, usability, and interoperability of data between 
systems becomes increasingly important as sharing information 
becomes the norm.
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operators to CFOs, capital planning ana-

lysts, buyers, and others. We are also see-

ing old assets from the ‘70s and ‘80s being 

wired into the main corporate networks 

for the first time thanks to more robust, 

less expensive wireless technologies and 

data management strategies.

Golden rule for growth
Information gets more valuable the more 

people consume it, so we should always 

look beyond the benefits of a single proj-

ect. Building too quickly, however, can 

also cause projects to collapse. The pri-

mary rule for balancing ambitious goals 

with real-world constraints on budget and 

time is this: Control your expenditures by 

rate of implementation, not your goals.

Most projects I have seen fail to return 

large benefits fall into two categories: 

either the projects were more complex 

than anticipated, requiring extensive 

on-site remedial work, or the scope of 

the projects was too small, requiring 

outsized amounts of time, energy, and 

money. Both are failures that must be 

addressed at the architectural stage, not 

the implementation.

In the first case, the job was not ad-

equately scoped—it needed more than 

data alone could accomplish—and 

required expensive customization to 

meet user expectations. The second case 

was a failure to follow the rule above by 

attacking a problem that was too small 

to carry the proper benefits. There is 

a mistaken belief that a smaller goal 

involves less risk. 

That is incorrect. 

Small projects can 

contain as much 

technological risk 

as larger ones. With 

the proper goals, 

average engineer-

ing procedures will 

eventually succeed, 

but with the wrong 

goals, no amount 

of brilliance will 

succeed. The ideal 

situation is to cre-

ate a system that 

can meet imme-

diate needs while 

leaving headroom 

for the future.

To build a system that can scale, first 

look at the underlying models. In indus-

trial facilities, there are three types of 

asset models: the physical model, the 

process model, and the product model. 

We first observe that historically scal-

able systems are all based on a physical 

model—i.e., here is a sensor, record its 

output with as high a fidelity as you can, 

and keep the data for all time. (This is 

the basic design principle of supervisory 

control and data acquisition, program-

mable logic controllers, distributed con-

trol systems, and other automation equip-

ment. The applications that use today’s 

information infrastructure are nearly 100 

percent software based, but this does not 

mean that they will be small value. After 

all, the Apple iPhone is mostly software, 

as is Uber, Airbnb, Lime, and others.)

By contrast, manufacturing execu-

tion systems are based on the process 

model and, while quite valuable in 

some cases, have inherent issues of 

scale and customization when you 

are trying to integrate metadata into 

the overall system. The same is true of 

product life-cycle management sys-

tems, which are based on the product 

model. Both of these latter cases can 

provide immense value.

Once the architecture for scaling has 

been decided, there are other meta-

data models that need to be defined, 

e.g., digital twins to arrange, aggregate, 

cleanse, and view or analyze the data 

in such a way that it makes sense to 

people. A reliability application will pull 

from the same overall source as process 

views or other applications, but the 

calculations, individual data sources, 

and cleansing techniques can and will 

be different. The solution is to separate 

the process of data management from 

the applications that use the data and 

develop a clean, open interface between 

them. Once you have reliably built a 

data management infrastructure that 

can truly scale and support data, shap-

ing, reliability, security, and privacy, you 

have a massive data repository.

As users expand to include other ap-

plications, such as supply chain and en-

terprise optimization, the scope of data 

projects often extends to include suppli-

ers, vendors, and customers. Resistance 

to upgrades will frequently emerge. It is 

often rooted in the perceived reliability 

(or unreliability) of large software sys-

tems, which in turn creates a perception 

that there will be increased costs or add-

ed security complexities. This sounds 

like an impossible task until you go back 

to the original premise: to create an ar-

chitecture that will scale, you need to 

control your expenditures by the rate of 

implementation, not scope. Done prop-

erly, addressing proper scope should 

not cost significantly more money.

How does this architecture and in-

frastructure approach map to the four 

requirements of Industry 4.0?

Interoperability
At the lowest layer is streaming data 

management designed for the scope of 

the project. Streaming is characterized 

by extremely high data rates and new 

information coming in unsolicited. Cur-

rently, there are systems that operate in 

the millions of new events per second, 

and this tendency will only increase as 

we dig deeper into the fidelity of the 

data and accommodate additional 

smart sensors and equipment. As noted 

above, take care to design information 

collection without regard to its use. For 

example, a comment from an opera-

tions user that all he needs is 15-minute 

averages would create a data manage-

ment system that would not be useful to 

automation or maintenance.

Figure 1. Welcome to my time machine: Dofasco main site, 2002
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Processing stream data, especially at 

these rates, is a high load on real-time 

systems. One of the design objectives 

should be to remove any unneeded cal-

culation and processing from this layer. 

A comment that includes the phrase 

“computers are fast, and memory is 

cheap” is a giant red flag that there are 

problems in the architecture.

The next step is to design simple, 

discoverable microservices to manage 

exchange of data between modules. 

Discoverability is important, because 

it allows apps to automatically attach 

to the data and its history to support a 

“plug and play” design—an essential 

requirement in large systems, where 

building with the expectation of manual 

configuration limits scale.

Transparency
There can be quite a lot of information 

generated from sensors and other com-

puters (e.g., NOAA Weather for a power 

grid). Often, a curated 

view is provided to al-

low better interpretation 

of the information. The 

Industry 4.0 standard 

specifically addresses the 

need to have models to 

provide this added con-

text. While the complete 

function is an application, 

managing the shaping or 

metadata is an essential 

part of the infrastructure, 

so that different applica-

tions can present similar 

views. Although part of 

the digital twin definition, 

shaping is also used for 

reporting, viewing, and 

production calculations, 

as well as models. When 

implemented online and 

used for operations, the 

digital twin requires the 

same level of technical 

support as the streaming 

data infrastructure.

Technical support
Unsupported software 

quickly becomes unus-

able. Technical support 

includes bug and error fixes, new logic, 

security updates, and a “help” function. 

Layering the parts of Industry 4.0 and 

defining the service architecture pro-

vides the base requirements for service-

able software and addresses the need 

for both interoperability and an open 

infrastructure. Finally, the system needs 

to be designed to be resilient in the face 

of abnormal events, whether caused ex-

ternally (e.g., an exploit from a hacker), 

internally (e.g., fault or error in logic), or 

by a standard procedure (e.g., a system 

update). This often results in the use of 

high availability or redundant systems. 

In addition, the infrastructure needs to 

be monitored for detectible faults.

Decentralized decision making
The final requirement of Industry 4.0 

includes two requirements for the ar-

chitecture. I would like to emphasize 

caution on this: Automation should 

be done by a control system designed 

for the task. Most articles that extoll 

the value of having IoT start your car, 

open your door, or take other actions 

have not sufficiently addressed the 

potential for abnormal events that 

could bring harm to people or equip-

ment. The same is true on alerts and 

alarms. At one of the American Petro-

leum Institute committees on alarms, 

a user noted that there are multiple 

cases in a refinery where it is safer to 

burn down a heater than shut it down. 

The procedure for handling alarms is 

thus more complex than it appears 

and requires knowing the larger con-

text of the action.

In another example, one cause of 

the Northeast blackout of 2003 was 

the transient caused by the protec-

tive equipment. From an architecture 

perspective, the best protection is to 

provide all the information needed, 

a robust system, and tools for imple-

menting automation. My belief is that 

control belongs in the on-premise 

equipment designed for this task.

Many of the new efforts to use com-

puters to improve the management of 

industrial processes, variously called 

big data, Internet of Things, artificial 

intelligence/machine learning logic, 

Industry 4.0, or digital transformation, 

are merging into an approach that 

Professor Michael Porter called the 

“system of systems.” 

No individual system or piece of 

equipment has exclusivity on the use of 

digital computation, from lowest (e.g., 

the hardening of a sensor or smart me-

ter processor) to highest (e.g., better 

management of the power balance of a 

country). The only difference between 

a small system and a large one is scope, 

and to have the proper scope, the sys-

tem of systems must scale. n
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Source: Wikipedia

Interoperability: the ability of machines, 

devices, sensors, and people to connect and 

communicate with each other via the Internet 

of Things (IoT) or the Internet of People (IoP).

Information transparency: the ability of 

information systems to create a virtual copy of 

the physical world by enriching digital plant 

models through the aggregation of raw sensor 

data into higher-value context information.

Decentralized decisions: the ability of 

cyber-physical systems to make decisions on 

their own and to perform their tasks as au-

tonomously as possible. Only in the case of ex-

ceptions, interference, or conflicting goals are 

tasks delegated to a higher level.

Technical assistance: first, the ability of  

assistance systems to support humans by ag-

gregating and visualizing information com-

prehensively for making informed decisions 

and solving urgent problems on short notice. 

Second, the ability of cyber-physical systems 

to physically support humans by conducting a 

range of tasks that are unpleasant, exhausting, 

or unsafe for their human coworkers.

The four principles of Industry 4.0
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By Glenn Schulz

Shipped NGL producer improves 
commissioning, troubleshooting,  
and safety

FDT technology for smart instrumentation information  
monitoring and asset management

D
evice configuration and commission-

ing tasks are traditionally time con-

suming, tedious, manual, and prone to 

errors. Yet, they are vital for the reliability and 

safety of an industrial facility. Canadian compa-

ny Inter Pipeline Ltd. streamlined plant startup 

and safety procedures with smart instrumenta-

tion information monitoring and asset manage-

ment solutions. Having open access to device 

intelligence is essential to enhanced reliability, 

reduced failures, and faster startup times.

The following article describes how Inter 

Pipeline recently commissioned a new liquids 

extraction plant with smart HART devices, and 

how it used field device tool (FDT) technology 

to access information to effectively streamline 

precommissioning, configuration, and trouble-

shooting of field instruments.

Inter Pipeline is a major petroleum transpor-

tation, storage, and natural gas liquids (NGL) 

processing company based in Calgary, Alberta, 

Canada. It owns and operates facilities through-

out western Canada and Europe.

In 2016, Inter Pipeline acquired a Canadian 

midstream business. The company now oper-

ates the Pioneer 1 and Pioneer 2 liquids extrac-

tion plants near Fort McMurray, Alberta, a frac-

tionator near Redwater, Alberta, and a pipeline 

system that connects these facilities.

The Pioneer 1 extraction plant, which began 

operations in 2002, processes off gas from oil 

sands upgraders. The Pioneer 2 plant began 

production in February 2016 and is committed 

to boosting domestic NGL production while 

reducing emissions of carbon dioxide (CO2) 

and sulfur dioxide (SO2).

Challenges with field devices
The “connected plant,” with its promises of smart 

equipment sharing data and allowing manufac-

turers to make informed business decisions, can 

only be a reality if instruments are properly set up 
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and successfully connected to the plant’s network. 

Commissioning and configuring field devices typ-

ically is one of the final, critical tasks before a plant 

can be formally started up. However, completing 

these tasks accurately and on time often winds up 

being a critical hurdle before actual production.

Configuration and commissioning must be 

performed for each device—each with many 

configurable parameters. With many devices in 

a typical process plant installation, technicians 

have mountains of data to enter and verify. For 

example, a typical guided wave radar level and in-

terface transmitter has more than 500 parameters 

to configure.

During commissioning and startup at Inter 

Pipeline’s Pioneer 2 facility, approximately 700 

HART instruments from different suppliers were 

connected throughout the plant. However, inter-

mittent failures occurred with specialized radar 

and magnetic level measurement instruments. 

These devices are part of a crucial safety control 

system in voted configuration, whereby taking 

sensor signals and comparing them in the central 

processing unit (CPU) and executing the applica-

tion logic accomplishes the voting elements.

Inter Pipeline’s lead instrumentation and con-

trol engineer, Japan Shah, stated, “Voting degrada-

tion on Pioneer 2’s safety system had the potential 

to cause unwanted downtime and also lowered 

confidence in the installed instrumentation. This 

situation was unacceptable to plant management 

and created an urgent need to an effective device 

troubleshooting and maintenance solution.”

Integration and data delivery agility
To optimize device configuration and com-

missioning and ensure the continued safety 

of plant personnel and assets, Inter Pipeline’s 

project team employed FDT for smart instru-

mentation information monitoring. Recog-

nized as an international (IEC 62453), North 

American (ISA-103), and Chinese (GB/T 29618) 

standard, this enabling technology creates a 

common communication method between 

devices and control or monitoring systems for 

life-cycle management—to configure, operate, 

maintain, and diagnose intelligent assets.

FDT remains one of the automation indus-

try’s best-kept embedded software secrets. It 

is not a communication protocol, but rather 

an integration and data delivery technology 

powered by an open architecture that is inde-

pendent of protocols and vendors. This allows 

seamless interoperability and integration in 

support of fully connected operations. The data 

collected by various management systems from 

field instruments and other assets can be used 

to schedule preventive maintenance—avoiding 

costly plant downtime from breakdowns.

Ongoing advancement of FDT leverages ma-

jor developments like the Industrial Internet of 

Things (IIoT) and Industry 4.0 through the FDT 

IIoT Server to help end users realize the potential 

of decentralization, interoperability, integration, 

as well as a unified view of all data and functions 

across process, factory and hybrid control appli-

cations.

FDT technology 

comprises two main 

software components: 

the FDT Device Type 

Manager (FDT/DTM) 

and the FDT FRAME. 

The FDT/DTM is a 

software component 

for an intelligent de-

vice or communica-

tion component within 

a digital network. It is 

similar to a device driv-

er (like the driver used 

to set up a new printer), 

FAST FORWARD

l Proper device configuration and commissioning are vital for a reliable 
and safe industrial facility.

l Canadian company Inter Pipeline streamlined plant startup and safety 
procedures with smart instrumentation information monitoring and 
asset management.

l Open access to device intelligence enhanced reliability, reduced fail-
ures, and improved startup times.
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Figure 1. Inter Pipeline’s Pioneer 2 plant is a testament to innovation in the 

production of NGLs and olefins, and the reduction of emissions.

Figure 2. Today’s “connected plant” can only be 

a reality if instruments are properly set up and 

connected to the plant’s network.
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which is created by the instrument sup-

plier, who has the most knowledge of the 

full capability of the device. DTMs can 

range from a simple graphical user in-

terface for setting device parameters to a 

highly sophisticated application that can 

perform complex calculations for diag-

nostics and maintenance. They include a 

user-friendly graphical interface to sim-

plify device configuration, maintenance, 

and troubleshooting. Their simple and 

clear interface standardizes the train-

ing required to configure an intelligent 

field device—shortening setup time and 

reducing configuration errors.

Conversely, the FDT/FRAME provides 

access to all devices, gateways, and com-

munication components with single-point 

access to operational assets. It can be em-

bedded in any control system, configura-

tion tool, or engineering application that 

needs seamless access to the installed base 

of intelligent devices. This component al-

lows DTMs to extract performance-driven 

data from all connected devices and multi-

plexers on a control network.

Inter Pipeline used FDT/DTMs to en-

sure field devices were precommissioned 

and configured properly. Device manufac-

turers provide FDT/DTM software for their 

products, and the FDT/FRAME communi-

cates and reads those DTMs—regardless 

of protocol—for each device. This enables 

complete life-cycle access for configura-

tion, operation, and maintenance, no mat-

ter the supplier, device type/function, or 

communication protocol.

Inter Pipeline monitored and trouble-

shooted multivendor instruments at the 

Pioneer 2 facility using PACTware soft-

ware. An open-source program available 

to members of the PACTware Consor-

tium, PACTware functions as a frame or 

“container” application that instantiates 

DTM driver objects (including display-

ing the device user interfaces) and allows 

connections between them. It is intended 

for flexible parameter adjustment of field 

instruments, remote I/O, and commu-

nication modules in digital bus systems 

and networks. It supports integration and 

interoperability capabilities that allow us-

ers to operate field devices from different 

manufacturers and communication pro-

tocols with a single, standard PC-based 

application.

PACTware is a simple solution for de-

vice configuration, and at the same time, 

it provides a path from basic applica-

tions to complex asset management. 

The incorporation of .NET technology 

not only enables greater independence 

from the hardware platform, but it also 

opens up new opportunities for a more 

advanced graphical user interface.

Addressing instrument failures
Inter Pipeline instrument technicians 

integrated DTMs with PACTware soft-

ware to investigate, analyze, and correct 

instrument failures. In doing so, they 

eliminated spurious trips during startup 

of the Pioneer 2 facility. According to 

Shah, personnel at the Pioneer 2 facility 

found that using DTMs did not require 

a high level of technology expertise, but 

rather provided graphical access to smart 

device measurements and diagnostics 

for quick problem identification and 

resolution. “Device DTMs proved to be 

valuable when configuring and trouble-

shooting complex instruments like radar 

and magnetic level gauges,” Shah said. 

“Technicians were able to see the devices 

clearly, know their condition in advance, 

and act with agility throughout their 

workflows.”

DTMs support a more robust diagnos-

tic capability than Device Descriptions 

(DDs) and Electronic Device Description 

Language (EDDL), which provide mini-

mal information on how to address mal-

functions and configuration issues with 

smart instrumentation. The DTMs are a 

handy tool for less experienced techni-

cians to solve instrument problems in a 

short time.

Device suppliers can embed intelli-

gence in a DTM in a way that is very dif-

ficult to accomplish with DD files, such 

as graphical constructs that cannot be 

expressed within DD technology. More-

over, the DTM is specific to the device 

and revision, so it has knowledge about 

the particular version of each device on 

the control network. For example, mag-

netic level gauges installed at the Pio-

neer 2 plant have a DTM interface with a 

user-friendly troubleshooting menu. Be-

ing able to set sensitivity values through 

the intuitive DTMs helped resolve device 

performance issues and allowed person-

nel to do remote configuration, trending, 

and diagnostics.

In another instance, guided wave radar 

instruments had problems during tank 

filling. Personnel could adjust signal sup-

pression and other parameters via DTMs. 

They gained visualization of echo curves, 

trends, and vessel configuration, along 

with the ability to store, review, save and 

email data on instrument configuration.

Simon Huang, lead electrical in-

strumentation tech for Inter Pipeline, 
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Figure 3. The FDT/DTM has a user-friendly graphical interface to simplify device  

configuration, maintenance, and troubleshooting.
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believes FDT technology will be an ef-

fective, long-term maintenance and 

operations solution for the Pioneer 2 

facility. He said, “Our site maintenance 

teams now use DTMs as a day-to-day 

tool to tune a wide range of process and 

safety instruments—ensuring the plant 

runs without downtime, and, most im-

portantly, stays safe. Personnel can re-

motely monitor the health of installed 

assets from a laptop in the control room 

without having to endure harsh condi-

tions in the field.”

Rakesh Keezhuveetil, DCS engineer 

at the Pioneer 2 site, stated, “The com-

bination of measured values and device 

diagnostics helps in identifying specific 

deviations in operation and instrument 

performance, and has substantially re-

duced troubleshooting time. This capa-

bility also allows the rapid segregation 

of the team that must act to address is-

sues involving maintenance, operation, 

or processes. When an adverse situation 

arises, online information is crucial to 

mitigate the source of the problem.”

Advancing innovation
Inter Pipeline has continued to advance 

the innovation of the Pioneer 2 plant 

by achieving a flexible device configu-

ration and commissioning capability, 

as well as a higher level of efficiency 

across its maintenance and trouble-

shooting work practices. Key to these 

improvements was the implementa-

tion of FDT technology to make certain 

all installed assets are used to the best 

of their ability. The facility has signifi-

cantly reduced device commissioning 

cycle times and improved the quality 

of configuration. Operators, engineers, 

and technicians can now be confident 

in the reliability of their plant’s safety 

system and instrumentation loops. n
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View the online version at www.isa.org/intech/20181006.
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Figure 4. Monitoring and troubleshooting multivendor instruments at the Pioneer 2 

facility was performed using PACTware software.
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Facing a faster world
By Bob Felton Shaping tomorrow’s communications 

technology
For leading a global effort to solve the skills gap 

in automation control systems through new de-

velopment and education in industrial data com-

munications, this year’s Excellence in Leadership 

Award goes to Don Bartusiak, PhD, chief engi-

neer for process control at ExxonMobil Research 

and Engineering.

Bartusiak received a BS in chemical engineering 

from the University of Pennsylvania, then spent 

seven years researching process development 

aimed at minimizing waste at Bethlehem Steel. Dis-

satisfied there with the opportunities to contribute 

to environmental improvement, he followed up 

with master’s and doctoral degrees in chemical en-

gineering from Lehigh University. He then moved 

to ExxonMobil, where he has spent the past 30 

years in process control and advanced computing. 

His process control applications have exploited 

artificial intelligence, linear and nonlinear predic-

tion, and real-time optimization, and are in use in 

both the U.S. and the U.K. in both engineering and 

manufacturing facilities. Since the mid-1990s, he 

has held supervisory or senior technical positions 

with responsibility for instrumentation, process 

analyzers, control systems, and control applica-

tions at facilities in Texas and Virginia. From 2000 

to 2002 he was a lecturer and adjunct professor of 

chemical engineering at Rice University.

In 2016, building upon research that he had done 

at ExxonMobil, Bartusiak helped launch the Open 

Process Automation Forum, with the purpose of 

developing a secure and standards-based control 

architecture that meets the technical and business 

requirements of a broad range of processes.

Though his career has been devoted to develop-

ing and implementing forward-looking technol-

ogy, he attaches no less importance to mentoring 

young engineers and technologists. As he said 

when he was inducted into the Control Process 

Automation Hall of Fame, “My current position 

has two main components: to set a very forward-

looking technical strategy that will make ours the 

best company in the world and to foster the next 

generation of technologists. The way Exxon Chem-

ical’s engineering group was set up, people on the 

technical ladder have to also train and mentor the 

less experienced. It’s the way we learned to work. 

We’re expected to impart our knowledge, to train 

and develop.”

Bartusiak is a former national director of the 

Computing and Systems Technology (CAST) di-

vision of the American Institute of Chemical En-

gineers (AIChE), process control programming 

chairman for the Ethylene Producers Commit-

tee, and a member of Technical Committee 6.1 

for Chemical Process Control in the International 

Federation of Automatic Control (IFAC). Currently, 

he is a managing director in the Standards and 

Practices Board of ISA and cochair of the Open 

Process Automation Forum of The Open Group. In 

2011, he received the Computing Practice Award 

from the CAST division of AIChE. He was induct-

ed into Control Engineering’s Automation Hall of 

Fame in 2015, and in 2016 was named to Smart 

Industry’s Top 50 Innovators. He has published 10 

journal articles, addressing topics ranging from 

development of nonlinear predictive controllers 

to technical problems associated with real-time 

optimization, and is the coinventor of five patents 

answering needs as diverse as a method for recov-

ering carbon and iron-bearing particles to devel-

oping a system for modular distributed control.

Editor’s Note: ISA contin-

ues its tradition of hon-

oring leaders throughout 

the automation profes-

sion. The Automation 

Founders Circle features 

the personal stories of 

outstanding automation 

professionals who carry 

on the legacy of industry 

pioneers and ISA found-

ers Albert F. Sperry, inno-

vator and first ISA presi-

dent (1946), and Arnold 

O. Beckmann, inventor, 

founder of Beckman 

Instruments, and ISA 

president (1952).
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EXCELLENCE AWARDS

Speeding up process analytics
For developing a new wavelength range for tun-

able diode laser absorption spectroscopy gas 

analyzers, this year’s Award for Excellence in Ana-

lytical Technical Innovation goes to Peter Geiser, 

PhD, the chief technology officer at NEO Monitors 

of Norway.

Geiser earned his undergraduate and master’s 

degrees in physics at Clausthal University of Tech-

nology in Germany in 2002, and then joined the 

staff of the Department of Applied Photonics at 

the Institute for Physics and Physical Technolo-

gies at Clausthal, earning his PhD in 2006. He 

then became a research scientist at Norsk Elektro 

Optikk AS, where he was the project leader for 

development of mid-infrared spectroscopy and 

led the development of the “LaserGas Q” prod-

uct family. In 2015–2016, he served the company 

as acting chief technology officer, and in 2017 he 

was appointed to that position.

Geiser is a member of the Optical Society of 

America (OSA) and has served as a publications 

reviewer for the Institute of Electrical and Elec-

tronic Engineers and OSA. Further, he served 

on the technical program committee for CLEO 

Europe 2015 on the topic of photonics in defense 

Don Bartusiak, PhD

Peter Geiser, PhD

and security, and in the same role for the 2018 Norwegian Electro-Optics 

Meeting. He is the coauthor of four refereed journal papers, on topics rang-

ing from continuous emissions monitoring using lasers to chemical detec-

tion using lasers. Additionally, he has presented more than a dozen papers 

at professional conferences.

The Laser-Q sensor line developed by Geiser provides real-time deter-

mination of gas concentrations in process streams by sending a light beam 

through the gases to a detector on the opposite side of the stream. The sen-

sor emits a different light frequency for each gas it measures. By measuring 

the intensity of the light that passes through the stream, and its absorp-

tion, the sensor returns a report of the gas concentration in less than one 

second. The need to sample the gas, and transport the sample elsewhere, 

is eliminated. As NEO describes the sensor, “The single frequency charac-

teristic of the diode laser makes it possible to measure the absorption of a 

particular gas using only one single absorption line, thus avoiding effec-

tively the interference from other gases in the same gas volume, resulting in 

a highly accurate instrument capable of measuring very low concentration 

levels when required.”

A unique frequency is required for each gas, and the sensor presently 

measures concentrations of four gases: SO2, O2, CO, and CH4. The ability to 

measure additional gases is in development.

In addition to measuring gas concentrations, the sensor has found appli-

cation in cement manufacturing, where concentrations of explosive dust 

must be avoided. The improved speed of the measurement improves the 

speed of response to problematic conditions, enhancing safety, and the 

sensor is less susceptible to problems arising from exposure to dust or its 

accumulation, minimizing the need for service and maintenance. n
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ing the current condition of the asset, managers 

are able to predict and remedy functionality issues 

before they even happen—eliminating setbacks 

and costly shutdowns.

As businesses implement IoT, digital twin, or 

other digital technology, they’re generating a 

wealth of information and the ability for greater 

insights and transparency. Blockchain is one exam-

ple that has the potential to lessen the burden of 

these challenges by creating a secure digital led-

ger that eliminates inefficiencies or inaccuracies in 

manufacturing operations, automation processes, 

and financial calculations. With blockchain, opera-

tions managers will have an accurate record of a 

product’s entire life cycle.

How do you see the manufacturing 

space evolving in the next few years?

According to research firm Gartner, 20 billion con-

nected “things” will be in use by 2020. While we’re 

already seeing vast global adoption of the IoT, in the 

next few years, we’re going to see a proliferation 

of organizations implementing connected technol-

ogy to become truly intelligent enterprises. Further, 

as customers increasingly expect fast delivery times, 

organizations are going to need to adopt more dis-

tributed manufacturing models to shorten transpor-

tation time and ensure products get to consumers 

as quickly as possible. We’re in a critical time where 

companies need to evolve their strategies or risk 

losing valuable customers. Outdated manufacturing 

processes will prevent organizations from thriving in 

our increasingly customer-centric world.

In addition, with demand for personalized prod-

ucts and faster delivery times growing rapidly, more 

manufacturers will turn to 3D printing to deliver on 

customer expectations. Three-dimensional printing 

enables businesses to create personalized products 

in small batches and to decentralize inventory, so 

there’s no need for mass production, and products 

can be made to meet the customers’ unique needs, 

and often, printed closer to the delivery location.

While it’s an exciting time in the manufacturing 

space, it can also seem daunting as technology 

innovation quickly reshapes traditional processes, 

and operations managers are forced to rethink 

the way things have always been done. Digital 

transformation in manufacturing is inevitable, 

and it’s what will allow organizations to compete 

in today’s consumer-driven world. n

I
nTech had the opportunity to connect with 

SAP’s Hans Thalbauer, senior vice president, 

digital supply chain and IoT, to explore digital 

manufacturing questions:

What should manufacturers focus on 

to start their journey in the new digital 

world?

There’s no doubt we’re in the midst of a fourth 

industrial revolution driven by large scale integra-

tion between digital and physical assets, IoT, and 

digital twin technologies. With manufacturers 

under increasing pressure to execute with speed, 

precision, and personalization, digital transforma-

tion is shifting from a forward-looking initiative to 

“mission critical” for the manufacturing industry.

But, implementing innovative technology like 

IoT [Internet of Things] to streamline operations 

isn’t an easy task. According to Sikich’s Annual 

Manufacturing Report published in 2018, only 

10 percent of manufacturers are using IoT, and 

almost a third don’t have a clear understanding of 

the technology. With a cluttered market, extensive 

hype, and uncertainty about true business impact, 

we recommend organizations start small and focus 

on attaining measurable, business-driven results 

before widespread implementation.

Digital transformation initiatives require organiza-

tion-wide buy in (especially from key stakeholders), 

skilled talent for implementation, and often a shift 

in IT department structure. Change won’t happen 

overnight, but identifying a few areas where tech-

nology adoption will align with key business initia-

tives and derive true ROI will help create the build-

ing blocks to develop a digitally driven organization.

How are technologies like digital twin 

and blockchain reshaping the manufac-

turing industry?

Digital twin, or digital representations of physical 

assets, such as a compressor or motor in a plant, 

can give operations managers unprecedented 

insight into the behavior of physical assets. They 

reduce the need for physical inspections and 

replace them with “digital inspections,” mean-

ing maintenance checks can be done regularly 

and efficiently, helping ensure that equipment is 

functioning at its best with reduced maintenance 

costs, increased asset availability, and improved 

customer satisfaction. With real-time data show-

Digital manufacturing
By Hans Thalbauer
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User-created function blocks increase productivity
By Bill Lydon

Tips and Strategies for Integrators | channel chat

independent, worldwide association for 

industrial suppliers and users to create 

specifications that increase the value and 

productivity of IEC 61131-3-based control-

lers. For example, the standards based on 

PLCopen OPC UA for controllers improve 

automation system device interoperability. 

This simplifies sensor-to-enterprise, cloud, 

and Internet communications with PLC-

open web services function blocks based on 

the OPC UA standard. The PLCopen OPC 

UA functions are a universal, secure, and 

reliable network communication method 

in IEC 61131-3-based systems. This enables 

frictionless information exchange based on 

computer industry standards.

Function blocks are also available for 

direct machine-to-machine communica-

tions between multiple vendor control-

lers to coordinate automation. These new 

function blocks simplify the integration of 

packaging and other machines into these 

new architectures. Examples of PLCopen 

function certifications include:

For more information about PLCopen 

standards and certifications, visit www.

PLCopen.org. n
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messages, served-up web pages, and 

OPC UA messages communicating 

with enterprise systems using the stan-

dard IEC 61131-3 PLCopen/OPC Foun-

dation functions. The communication 

versatility allows information to be 

sent to local displays for a wide range 

of purposes, including maintenance 

advisories, alarms, and machine fault 

information.

Once the function is created and tested, 

it can be reused with confidence over and 

over in any project. Functions can easily 

be shared with other application engi-

neers on a server, via email, or using other 

methods. The function can be added to a 

library that is available for the project and 

for general use by other engineering staff 

members in the organization.

There are a number of advantages to 

creating function blocks for a project or 

general library of functions that can be 

reused with confidence, including:

n reusing tested code, which reduces 

errors and increases reliability

n self-documenting – easily understood

n developing password-protect functions, 

which protects intellectual property

n capturing and systemizing knowledge 

(information and procedures)

n lowered mean time to repair

n standardized specifications

Continuous improvement

The libraries of functions created can 

always be updated with improvements 

to the functions. If the logic and cal-

culations of the functions are the only 

change, existing applications can be up-

dated simply by changing the function 

library in the application project.

Increasing power and scope

Industry 4.0, Industrial Internet of Things, 

and smart factory applications are grow-

ing. Implementation is simplified with user-

created function blocks and a range of other 

standards that conform to the IEC 61131-3 

standard and others defined by PLCopen.

PLCopen was founded in 1992 as an 

O
ne of the most powerful capabil-

ities of programmable logic con-

trollers (PLCs) that conform to 

the IEC 61131-3 standard is the function-

ality that allows application engineers to 

create function blocks that can be reused 

with confidence, increasing project effi-

ciency and quality. In addition, the grow-

ing demands for more control system 

functionality can be efficiently satisfied by 

creating functions for applications. These 

include:

n real-time data links to information 

technology systems

n “make to order” manufacturing de-

mands

n process synchronization

n control to optimize processes (i.e., in-

crease quality and save energy)

n real-time maintenance information

Function blocks have inputs, defined 

operation, and outputs that are linked to-

gether to create applications. PLCs come 

with a number of functions that are stan-

dard, for example, ADD, SUBTRACT, MUL-

TIPLY, DIVIDE, PID, TIMER, DELAY. PLCs 

conforming to the IEC 61131-3 standards 

enable control and automation engineers 

to create their own function blocks for 

applications. This is a powerful tool for 

improving quality and productivity. The 

application engineer simply defines:

n Inputs to the function, including data 

type for each (including field point in-

puts, integer data, floating-point data, 

string data, time, and array data)

n Logic and calculations for the func-

tion. This can be done using ladder 

logic, structured text, or other function 

blocks. The functions can be simple logic 

or complex calculations (e.g., scaling a 

nonlinear sensor, staging multiple com-

pressors, part load control strategies, 

communicating your messages, overall 

equipment effectiveness calculations, 

and performance calculations).

n Output of the function, for example 

control outputs, constants, local vari-

ables, and global variables. The out-

puts can also be email messages, SMS 

mailto:blydon@isa.org
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I
SA has appoint-

ed automation 

industry veteran 

Mary Ramsey as 

its new executive 

director. Ramsey, 

who has been serv-

ing as ISA’s interim 

executive director 

since January, has 

more than 25 years of industrial auto-

mation experience. She specializes in 

leadership, change management, and 

strategy development/execution. Before 

serving as interim executive director, she 

was senior vice president of process au-

tomation, Americas region, at Schneider 

Electric, where she was responsible for 

a $550 million profit/loss statement and 

1,200 employees. She has also served as 

senior vice president of industry business 

USA and senior vice president of industry 

business Europe within Schneider. Before 

joining Schneider Electric, Ramsey held 

several business development roles within 

Matrikon International, Instrinsyc, Intellu-

tion, Inc., and GE Fanuc, among others. 

Ramsey holds a BSEE degree from the 

University of Kentucky and a MBA with 

a specialty in finance and strategy from 

Loyola University.

A search committee comprised of nine 

ISA members and leaders from around the 

world reviewed dozens of resumes and 

conducted a series of interviews over the 

past several months. “The search com-

mittee has dedicated significant time and 

effort to make this decision. We are confi-

dent that Mary’s leadership and extensive 

experience will serve the organization, its 

members, and the automation community 

well for years to come,” said executive 

search committee chair Steve Pflantz.

“It’s an honor to serve as ISA’s execu-

tive director,” said Ramsey. “I’m excited 

to work with staff, members, and leaders 

to bring a fresh perspective to this impor-

tant organization. ISA is truly unique in its 

ability to bring the automation community 

together to solve difficult technical prob-

lems and provide leadership on critical is-

sues facing our industries. We have a lot of 

work to do, and with the help and support 

of individuals and companies around the 

world, we will advance ISA’s mission and 

create a successful future.” n

ISA and The Open 
Group to advance 
interoperable process 
control architecture

I
SA and The Open Group have agreed 

to a liaison memorandum of under-

standing (MOU) to facilitate coopera-

tion in advancing and harmonizing the 

development of a multivendor, interoper-

able, and secure control architecture for 

application across the process industries. 

Activities will include sharing best prac-

tices, document review, and joint forums.

The Open Group is an industry consor-

tium that develops open, vendor-neutral 

technology standards and certifications. 

The new liaison agreement pertains spe-

cifically to The Open Group Open Process 

Automation Forum (OPAF), which devel-

ops a standards-based, open, secure, and 

interoperable process control architecture.

ISA is known for developing standards in 

an open consensus process accredited by 

the American National Standards Institute 

(ANSI). The Geneva-based International 

Electrotechnical Commission (IEC) has 

adopted many of ISA’s American National 

Standards as international standards.

Key ISA/IEC standards on cybersecurity 

and enterprise-control integration are pri-

mary motivating factors in the agreement, 

points out Dennis Brandl, cochair of the 

OPAF Standards Working Group, chair of 

the OPAF Technology Architecture subcom-

mittee, and long-time leader and primary 

editor in the development of the ISA-95 

series of standards. “This MOU shows 

the commitment from ISA and The Open 

Group to develop open standards that im-

plement the best practices in the industry,” 

states Brandl. “The widely used ISA/IEC 

enterprise-control system integration stan-

dards [ISA-95] and ISA/IEC 62443 standards 

[ISA-99] for the security of automation and 

control systems are key elements of the 

OPAF specifications. In addition, elements 

from ISA/IEC standards on alarm manage-

ment [ISA-18], process safety [ISA-84], 

and batch process control [ISA-88] are 

being considered for inclusion as part of 

the OPAF specifications. We look forward 

to both groups working together.” n

ISA announces Mary Ramsey as 
executive director

Frederick Albert Meier, PE, died on 14 July 2018 in Chapel 

Hill, N.C., where he was a long-term resident. Born in Mor-

ristown, N.J., Meier served in the Army Reserve Specialized 

Training Program during World War II. After the war, he 

graduated from Stevens Institute of Technology in Hobo-

ken, N.J., as a mechanical engineer and later earned an 

MBA from Rutgers University.

Meier had an interesting engineering career that took 

him to four continents, and he closed out his work career 

as the staff engineer for ISA in Research Triangle Park, N.C. 

He also coauthored a popular book, Instrumentation and Control Systems Documen-

tation, Second Edition (www.isa.org/instdocument), with his son Clifford A. Meier.

His son and coauthor said, “Dad was happiest outdoors on Sunday hikes . . . He was  

a caring teacher, scout master, and unconditionally loving father. He was almost 

always the smartest guy in the room, but he was also the quietest until something 

needed to be said, or if he was laughing, or, to be honest, sneezing, which could 

be heard a block away.” n

In memoriam
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New CAPs and CCSTs

Q
ualifying for and passing one of ISA’s certification exams is a noteworthy accomplishment. The exams are rigorous and 

require a solid command of various disciplines in automation and control. Below is a list of individuals who have recently 

passed either our Certified Automation Professional (CAP) or one of the three levels of our Certified Control System Techni-

cian (CCST) exam. Congratulations to our new certification holders! For more information about the ISA CAP and CCST certification 

programs, please visit www.isa.org/training-and-certifications/isa-certification.

Name Company Location

Level 1

Kirk D. Snyder Bayer Crop Science U.S.

Michael R. Murphy Bayer Crop Science U.S.

Daryl McGill Bayer Crop Science U.S.

Phillip J. Bliss Bayer Crop Science U.S.

Travis L. Dieckmann Bayer Crop Science U.S.

Michael A. Romanowski Bayer Crop Science U.S.

Jordan C. Sullard Bayer Crop Science U.S.

Robert Craig Tompkins Bayer Crop Science U.S.

Brandon Lee Taylor Zeon Chemicals U.S.

Greg J. Norman None U.S.

Timothy J. Nichols None U.S.

Jacob W. Santonas Williams U.S.

Timothy A. Majewski Williams U.S.

Richard H. Fitzsimmons None U.S.

Raymond J. Eye M David & Sons Inc. U.S.

Stanislaus M. Mrozek None U.S.

Philip S. Price Ethos Energy U.S.

Derek S. Harrison None U.S.

Kevin D. Whitlock Virginia Tech U.S.

Joel Mosebach None U.S.

Isai Garcia None U.S.

Chidiebere Kenneth Opara None U.S.

Matthew D. Walker None U.S.

Christian Humberto 
Perez Cruz

None Mexico

Felipe Moniel Pascual None Mexico

James J. Timony Invenrgy LLC U.S.

Jeremy R. Mitchell None U.S.

Marc Nick Lubenetski None U.S.

Bradley A. Betzen None U.S.

John M. Mills Invenrgy LLC U.S.

Chad E. Buchanan None U.S.

Erik M. Sherman Nestle Gerber Products U.S.

Christopher E. Wilbur None U.S.

Scott C. Grimm None U.S.

Joseph C. Howes None U.S.

Name Company Location

Level 2

Richard A. McIntire None U.S.

Brandyn D. Nelli None U.S.

Jose E. Mixon None U.S.

Jeremy D. Jones Elanco U.S.

Arlan I. Gozon None U.S.

John D. McPheron None U.S.

Scott M. Atkinson None U.S.

Lamngern Keonakhone D.C. Water & Sewage U.S.

Paul M. Kuebrich Lewis & Clarke 
Community College

U.S.

Level 3

Donald K. Burton BAE Systems Inc. U.S.

Craig A. H. Johnson None U.S.

Brian C. Hetzel Flint Hills Resources U.S.

Nicholas A. Chaplin Williams U.S.

Certified Automation Professionals

Name Company Location

Yousef Khalil Alyousef SABIC Saudi 
Arabia

Kenneth C. Kmack None U.S.

Kyle Cook None U.S.

Patrick D. Bunce Columbia River 
Carbonates

U.S.

Jeremy W. Schlosser None U.S.

Matthew L. Walter Wavid Solutions U.S.

Andre P. Wedderburn Champion Controls Inc. U.S.

Kevin J. Castille None U.S.

Amit Kumar None Japan

Abdulelah Muhammad 
Al Shawareb

None Saudi 
Arabia

Kevin M. Curtin None U.S.

Zain Ali Fatima Fertilizer Co. Ltd. Pakistan

Certified Control System Technicians

https://www.isa.org/training-and-certifcations/isa-certifcation
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association news | Certification Review 

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.

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.

ISA Certified Control Systems Technician (CCST) 
program

CAP question

Why must voltage be reduced along with 

frequency in a variable frequency speed 

controller?

A. to let the motor cool off

B. because of capacitive reactance

C. to maintain the volt/hertz ratio

D. to keep the motor from over speeding

CAP answer

The correct answer is C, “to maintain the 

volts/hertz ratio.” To maintain a constant 

(rated) flux density, the applied voltage 

must also be changed in the same propor-

tion as the frequency (per Faraday’s law).

Varying the frequency affects both the 

motor speed and the strength of the mag-

netic field. When the frequency is lowered 

(to obtain a slower motor speed), the 

magnetic field increases, and excessive 

heat is generated. When the frequency 

is increased (to obtain a higher motor 

speed), the magnetic field decreases, and 

lower torque is produced. In order to keep 

the magnetic flux constant, the V/Hz ratio 

must remain constant. This keeps torque 

production stable, regardless of frequency.

References:

Trevathan, Vernon L., A Guide to the Au-

tomation Body of Knowledge, Second 

Edition, ISA, 2006.

CCST question

The Reynolds Number for a flowing fluid 

is most affected by which of the following 

parameters?

A. viscosity

B. pressure

C. friction factor

D. temperature

CCST answer

The answer is A, “viscosity.” The Reynolds 

Number for a flowing fluid can be gener-

alized as the ratio of kinetic (or inertial) 

forces divided by viscous forces. Although 

friction factor and temperature do affect 

inertial forces and viscosity to some de-

gree, and therefore, Reynolds number, 

viscosity has the most direct effect upon 

the value of the Reynolds Number.

Reference: 

Goettsche, L. D. (Editor), Maintenance of 

Instruments and Systems, Second Edition, 

ISA, 2005.

https://WWW.ISA.ORG/
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reliability, and cybersecurity vulnerabili-

ties. It covers many of the problems and 

industry concerns associated with IACS 

patch management for asset owners and 

IACS product suppliers. It also describes 

the effects poor patch management can 

have on the reliability and operability of 

an IACS.

The technical report provides a defined 

format for the exchange of information 

about security patches from asset owners 

to IACS product suppliers, and definitions of 

activities associated with the development 

of the patch information by IACS product 

suppliers and deployment of the patches by 

asset owners. The exchange format and ac-

tivities are defined for use in security-related 

patches, but may also be applicable for other 

types of patches or updates.

For information on viewing or obtain-

ing any of the ISA/IEC 62443 standards, 

visit www.isa.org/findstandards. For infor-

mation on ISA99 and the ISA/IEC 62443 

series of cybersecurity standards, contact 

Eliana Brazda, ISA Standards, ebrazda@

isa.org or +1-919-990-9200. n

ISA112, SCADA Systems 

12 October

ISA101, HMI (working groups)  

15–17 October

ISA18, Management of Alarms 

16 October

ISA75, Control Valves  

15–16 October

ISA96, Valve Actuators  

17–18 October

For more information, visit www.isa.

org/isa-annual-leadership-conference

New ISA/IEC 62443 standard specifies security  
capabilities for control system components

New Benchmarks & Metrics | standards

cycle includes security requirements defini-

tion, secure design, secure implementation 

(including coding guidelines), verification 

and validation, defect management, patch 

management, and product end of life.

Looking ahead

Another key ISA/IEC 62443 standard ex-

pected to be completed in the coming 

months is ISA/IEC 62443-3-2, Security 

Risk Assessment, System Partitioning and 

Security Levels, which is based on the un-

derstanding that IACS security is a matter 

of risk management. That is, each IACS 

presents a different risk to an organization 

depending upon the threats it is exposed 

to, the likelihood of those threats arising, 

the inherent vulnerabilities in the system, 

and the consequences if the system were 

to be compromised. Further, each orga-

nization that owns and operates an IACS 

has its own tolerance for risk.

For these reasons, ISA/IEC 62443-3-2 

will define a set of engineering measures 

to guide organizations through the pro-

cess of assessing the risk of a particular 

IACS and identifying and applying security 

countermeasures to reduce that risk to 

tolerable levels. A key concept is the ap-

plication of IACS security zones and con-

duits, which were introduced in ISA/IEC 

62443-1-1, Concepts and Models. The 

new standard provides a basis for specify-

ing security countermeasures by aligning 

the identified target security level with 

the required security level capabilities set 

forth in ISA/IEC 62443-3-3, System Secu-

rity Requirements and Security Levels.

ISA99 is also working on converting 

ISA/IEC TR62443-2-3, Patch Manage-

ment in the IACS Environment, into a 

standard by adding normative language. 

The current technical report addresses 

the installation of patches, also called 

software updates, software upgrades, 

firmware upgrades, service packs, hot 

fixes, basic input/output system updates, 

and other digital electronic program up-

dates that resolve bug fixes, operability, 

T
he ISA/IEC 62443 series of stan-

dards, developed by the ISA99 

committee and adopted by the 

International Electrotechnical Commis-

sion (IEC), provides a flexible framework 

to address and mitigate current and fu-

ture security vulnerabilities in industrial 

automation and control systems (IACSs). 

The committee draws on the input and 

knowledge of IACS security experts from 

across the globe to develop consensus 

standards that are applicable to all indus-

try sectors and critical infrastructure.

A new standard in the series, ISA-

62443-4-2, Security for Industrial Auto-

mation and Control Systems: Technical 

Security Requirements for IACS Compo-

nents, provides the cybersecurity techni-

cal requirements for components that 

make up an IACS, specifically the embed-

ded devices, network components, host 

components, and software applications. 

The standard, which is based on the 

IACS system security requirements of ISA/

IEC 62443-3-3, System Security Require-

ments and Security Levels, specifies secu-

rity capabilities that enable a component 

to mitigate threats for a given security 

level without the assistance of compen-

sating countermeasures.

“The standard definition of the secu-

rity capabilities for system components 

provides a common language for prod-

uct suppliers and all other control system 

stakeholders,” emphasizes Kevin Staggs 

of Honeywell, who led the ISA99 devel-

opment group for the standard. “This 

simplifies the procurement and integra-

tion processes for the computers, appli-

cations, network equipment, and control 

devices that make up a control system.”

The new standard follows the February 

2018 publication of ISA/IEC 62443-4-1, 

Product Security Development Life-Cycle 

Requirements, which specifies process re-

quirements for the secure development of 

products used in an IACS and defines a se-

cure development life cycle for developing 

and maintaining secure products. The life 

Standards meetings at 
the 2018 ISA Leaders 
Conference, Montreal, 
Quebec

https://www.isa.org/fndstandards
mailto:ebrazda@isa.org
mailto:ebrazda@isa.org


S
ome material in this section may seem self-

evident to recent engineering graduates. 

However, it is worth establishing some basic 

concepts as a springboard to what follows. It does 

not hurt to review basic material from time to time. 

It is surprising what one forgets—or never learned.

Compressibility of all fluids

Many terms used in the field of hydraulics are 

simplified descriptions of reality. Sometimes these 

didactic simplifications are useful; sometimes they 

are not. They help younger people over early hur-

dles and hinder them in their later comprehension. 

The name of the term, itself, can lead to concep-

tual errors. For instance, the distinction between 

an incompressible fluid and a compressible one is 

just a matter of degree. There may be orders of 

magnitude between the compressibility of a gas 

and that of a liquid; nevertheless, it is wise to bear 

in mind that all fluids are compressible to some 

degree—even the ones we call “incompressible.” 

Later, we will show how compressibility helps ex-

plain another logical inconsistency—fluid friction.

Mechanism of flow

It is obvious to anyone who has ever used a gar-

den hose that water flows when there is a higher 

pressure upstream than downstream. When we 

open a tap, or faucet, the higher pressure in the 

pipe causes water to flow. This common observa-

tion leads to the assumption that a higher pres-

sure upstream than downstream is always associ-

ated with flow. The assumption is not correct. It 

is true a higher pressure is required upstream to 

start a fluid flowing across a restriction. However, 

once a fluid is flowing, it has momentum. As will 

be developed in greater detail when we discuss 

the Bernoulli equation, pressure is associated with 

one form of energy, static energy, and energy can 

take on different forms. One of these forms is 

kinetic energy. When a high velocity fluid flows 

from a small diameter pipe through a swage 

to a larger diameter pipe, the fluid slows down 

because of the continuity principle. In slowing 

down, some of its kinetic energy is changed to 

static energy. This change can cause the pressure 

downstream to be greater than the pressure up-

stream of the swage. This phenomenon is called 

pressure recovery.

It is not necessary to have a higher pressure 

upstream in order to initiate flow. If a pipe is 

connected to an open reservoir—for instance,

a water tower in a city water distribution net-

work—flow will begin once a valve is opened.

The pressure on the surface of the water in the 

reservoir is approximately equal to the pressure 

in a kitchen sink. In this case, there is no differ-

ence in pressure between the ends of the piping 

system, but flow occurs. There is more than just 

pressure difference involved in the flow of wa-

ter. An unbalanced force in the direction of the 

flow is necessary.

50       INTECH SEPTEMBER/OCTOBER 2018        WWW.ISA.ORG

By Raymond Mulley, PE

Editor’s note: The Basics 

department this month 

is  an excerpt from 

the ISA book Flow of  

Industrial Fluids – The-

ory and Equations by 

Raymond Mulley.

https://WWW.ISA.ORG/


Reestablishing equilibrium

The phenomenon of flow in conduits (pipes) is 

best thought of as an attempt to reestablish an 

equilibrium state in a fluid constrained by conduit 

walls. In a closed system under pressure, when 

all valves are shut, all forces are accompanied by 

equal and opposite forces. The fluid is stationary. 

In an open system, when valves are open, there 

is an imbalance of forces, and the fluid moves 

in a direction that will reestablish equilibrium. If 

mass and energy are added continuously to an 

open system, flow will be continuous.

The mass added could be water flowing to a res-

ervoir behind a dam, or water pumped to a head 

tank. Once there, the water has energy by virtue of 

its position. This energy is potential energy or the 

potential to do work. Upstream of a closed tap, 

faucet, or valve, the water will be subject to the 

weight (force) of the water above it. It will exert 

a pressure (force per unit area) to equilibrate this 

force. This pressure is the result of repulsion aris-

ing when molecules approach one another. The 

pressure is associated with a static fluid and with a 

form of energy called static energy.
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of incompressible fluids

It is not necessary to have a higher 

pressure upstream in order to  

initiate flow.

Flow of Industrial Fluids–Theory and Equations 

provides context—both theoretical and practical—

to all who wish to understand fluid flow. The book’s 

purpose is to link fluid flow theory to practice in 

sufficient detail to give readers understanding of 

both theory and practice. The theoretical detail is 

limited to that necessary to understand practical 

problems—to the application of equipment and 

devices, not to their design. Insight is the primary 

goal. Basic theory and equations of fluid flow are given in an understand-

able but not overly simplified manner. To satisfy a broad intended audi-

ence, the book has a parallel structure of chapters and appendices. The 

chapters contain a logical, common sense description of the concepts and 

the equations of fluid flow. The appendices contain detailed derivations of 

the equations and detailed explanations of the subject matter of the cor-

responding chapters. More than 60 illustrations and 20 tables graphically 

represent data and ideas and allow the reader speedy access to precise 

data. Technical caveats found throughout the book also encourage the 

reader to pay particular attention to specific topics and thus avoid costly 

errors or misunderstandings. Many texts deal with instruments to measure 

and control the flow of fluids. They describe how devices work and only 

discuss fluid mechanics and dynamics incidentally. This text takes a different 

approach and is intended to be complementary to the above-mentioned 

ones. It discusses fluid flow in a way that gives the reader a clear grasp of 

the fundamentals that affect his or her work. The fundamentals are then 

linked to entire fluid systems.

Flow of Industrial Fluids – Theory and Equations is available at the ISA 

bookstore at www.isa.org/store/flow-of-industrial-fluids-theory-and-

equations/116438.

ABOUT THE BOOK

AUTOMATION BASICS

https://www.isa.org/store/fow-of-industrial-fuids-theory-andequations/116438
https://www.isa.org/store/fow-of-industrial-fuids-theory-andequations/116438


nal elevation of the surface of the reservoir. 

The incremental internal energy flows as 

heat through the pipe walls and is lost to 

practical use. It warms up the atmosphere. 

In a well-insulated pipe, it remains with the 

fluid for a longer period of time and is seen 

as a higher fluid temperature.

Logical inconsistency of fluid 

friction

The term “fluid friction” is commonly 

used to explain losses in mechanical forms 

of energy associated with fluid flow. A 

little knowledge of physics shows it is a 

poorly chosen term. Friction is a macro-

scopic phenomenon—such as when two 

blocks of wood slide over one another, or 

when the rubber hits the road. There is a 

definite resisting force to be overcome—

the force of friction.

Fluid molecules do not touch

Fluids are made up of molecules, and 

molecules do not touch in the fluid state. 

Collisions of gas molecules are actually re-

pulsions that prevent the molecules from 

touching. Liquid molecules are less ener-

getic than gas molecules. They slide past 

one another or remain at an equilibrium 

distance. The equilibrium distance is estab-

lished by a balance between an attractive 

force and a repulsive force. If molecules do 

not touch, how can there be “friction”?

The answer is found in the compressive 

forces that occur when local flow is slowed 

down by obstructions of any kind. These 

obstructions can be large objects, such as 

valves or fittings; they can be eddies within 

the flowing stream; they can be other mol-

ecules that have diffused between two lay-

ers of fluid moving at different velocities. n

ABOUT THE AUTHOR

Raymond Mulley, PE, was the author of 

the book, where he shared his more than 

30 years of professional experience, which 

included Flour Daniel, Dravo Chemplants, 

International Nickel, and private practice in 

the field of process hazards and control. 

Mulley passed away in 2008.

AUTOMATION BASICS
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If the valve is opened, the water will 

flow through it by virtue of the pressure 

difference across it. The pressure upstream 

of the valve will decrease for two reasons. 

First, some of the pressure energy has been 

converted to kinetic energy, the energy a 

body has by virtue of its motion. Second, 

some of the energy of the water has been 

converted to internal energy because of 

what is commonly called “fluid friction” in 

the upstream piping. The increase in inter-

nal energy is accompanied by an increase 

in temperature—hence, the loose term, 

“thermal energy.” This loose term shortly 

will be explained more fully.

The kinetic energy is recoverable. It can 

be transformed back to static (pressure) 

energy by closing the valve or to poten-

tial energy by connecting an open, vertical 

pipe to an elevation equal to that of the 

reservoir. The incremental internal energy 

is not completely recoverable to one of the 

mechanical forms of energy. This is the rea-

son the water in the previously mentioned 

vertical pipe cannot quite reach the origi-

...once a fluid  

is flowing, it 

has momentum

Build it, See it, Price it, Order it.
Point and click or tap to specify valve type, 
end connections, actuator, and accessories.

Model number, price, description, and 
photo all update instantly!

Try one today at:

We Make Valve Automation Easy!

Online Valve Configurators
Quickly & Easily Specify a Complete
Automated Valve Assembly
on Your PC, Tablet, or Phone

Wherever you see this image

http://assuredautomation.com
https://WWW.ISA.ORG/


Improve safety and reliability 
of modern process manufacturing 
and industrial operations

Introducing two new books by widely acclaimed 
expert, Douglas H. Rothenberg!

Alarm Management for Process Control, 

Second Edition: A Best-Practice Guide 

for Design, Implementation, and Use of 

Industrial Alarm Systems is an essential 

book that provides a comprehensive, 

integrated approach to alarm manage-

ment for today’s modern industrial 

operations—particularly in the area of 

chemical processing and other process 

industries.

Situation Management for Process Control 

describes a unified technical framework 

that ties together all the traditional control 

room elements (e.g., procedures, the 

human-machine interface, design, alarm 

systems, abnormal situation management, 

and shift operations) into a technology 

for understanding and designing effective 

control room management operations 

for enterprises.

isa.org/Industrialalarms2ndisa.org/situationmgmt

http://isa.org/situationmgmt
http://isa.org/Industrialalarms2nd
https://isa.org/Industrialalarms2nd
https://isa.org/situationmgmt


product spotlight | Flow

The Promass A flowmeter measures sub-

stances drop for drop. Promass A measures 

values with repeatability, even in cases 

where process and ambient conditions 

fluctuate. The measuring device is suited 

for installations including modular process 

facilities and skids.

The sensor system is mounted on a base 

plate that acts as a “shock absorber,” shield-

ing the Coriolis measurement from out-

side interference, such as pipe vibrations. 

Other contributing factors are the oscilla-

tion frequency of the measuring tube and 

its completely balanced oscillation behavior. 

At a specified maximum measured error of 

±0.1%, high-precision measurements down 

to 8 g/min are possible. If the maximum error 

is permitted to be ±1%, even a quantity of 

less than 1 g/min can be measured.

Device options include nominal diam-

eter, material, process connection, certifi-

cation, and transmitter type or degree of 

protection, and it can be used in numerous 

applications. The measuring device has a 

nominal diameter DN 1 (1/24”), so it can 

also be installed in extremely tight spaces, 

such as in skids. There are a multitude of 

process connections available, such as 

flanges, lap joint flanges, couplings, inter-

nal threads, and tri-clamps. Promass A can 

be used at process temperatures between 

–50°C and +205°C (–58°F and +401°F).

The wetted parts are manufactured 

from stainless steel or Alloy C22 and are 

compliant with the requirements accord-

ing to NACE MR0175/MR0103. As a re-

sult, the entire measuring system has high 

corrosion resistance and is suited for ap-

plications in the chemical and process in-

dustries. Because the entire sensor hous-

ing surface consists of corrosion-resistant 

stainless steel, it is especially suited for 

harsh ambient conditions in the offshore 

and onshore sectors where there is ag-

gressive, salty air. Process connections are 

available in different pressure ratings up 

to a maximum of 430.9 bar (6250 psi).

Endress+Hauser

www.us.endress.com/en

Flow switch monitor
Machinery manufacturers and plant engi-

neers relying on the pneumatic control of 

automated assembly lines and end-to-end 

packaging equipment are a focus of the 

FS10i flow switch monitor. The measure-

ment of compressed air flow lines with the 

FS10i switch/monitor gives information to 

the equipment’s control system to optimize 

the air flow. It monitors and alarms for air 

leaks, which can occur due to failures of 

process piping, tubing, or compressor seals.

The dual function flow switch/monitor 

is suitable for trending the rate of air flow 

with its 4–20 mA flow monitoring output. 

It includes a relay output for low-flow trip 

point detection. The trip point and flow 

range are set in the field by technicians un-

der actual operating conditions using tactile 

feedback buttons. By simulating a high and 

low flow while in the calibration mode, the 

FS10i will range the 4–20 mA output signal 

over that span and indicate flow.

The switch/monitor operates over a flow 

range from 0.25 FPS to 400 SFPS. Repeat-

ability is ±0.5% of reading. It is designed 

for simple insertion into threaded tees in a 

0.5-inch (13-mm) or larger diameter pipe.

The FS10i is repeatable to both increas-

ing and decreasing changes in flow rate. 

This capability gives engineers the ability to 

adjust compressed air levels to variable pro-

duction line demand. The device has a top/

front-mounted 10-LED array. It has both a 

visual indication for plant technicians that 

the trip point has been exceeded (LED 

flashes on/off) and of the relative flow rate 

(10 percent increments) across the flow 

range. The switch/monitor’s wetted parts 

are 316L stainless steel with the flow sen-

sor’s thermowells constructed of corrosion-

resistant Hastelloy C-22.

Fluid Components International

www.fluidcomponents.com

EL-FLOW Prestige in the company’s line 

of mass flowmeters and controllers for 

gases can now be 

equipped with an 

onboard pressure 

sensor. In combina-

tion with the “dif-

ferential 

tempera-

ture bal-

anc ing” 

s e n s o r 

technolo-

gy and an 

incorpo-

rated gas database with physical properties, 

the instrument automatically compensates 

for inlet pressure variations. As a result, the 

accuracy and control stability will not be 

affected by these pressure changes.

The multigas and multirange functional-

ity of the device enables the user to select 

any of the installed gases and to adjust the 

measuring range within the boundaries of 

the device. Also, the dynamic behavior of 

the mass flow controller can be tuned on 

site, by adjusting the controller speed pa-

rameters. These settings can be changed 

using free software tools FlowTune or 

FlowPlot. The latter tool can also be used 

for device diagnostics or alarm and coun-

ter settings.

Bronkhurst

www.bronkhorstusa.com
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Coriolis mass 

flowmeter

Mass flow controller with onboard pressure sensor

https://www.us.endress.com/en
http://www.fluidcomponents.com
http://www.bronkhorstusa.com
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Flowmeters and transmitters

The sister companies have 

expanded their TRICOR line 

of Coriolis mass flowmeters. 

It now includes both stan-

dard and advanced flowmeters and the TCD 9000 series transmit-

ters that incorporate digital signal processing (DSP).

The TCM “CLASSIC” series meets general industrial require-

ments out of the box, while the TCMP “PRO” series has units with 

performance specifications and diagnostic capabilities for operation 

in challenging environments. The classic series includes TCE 8000 

transmitters with an interface, standard calibration, and optional 

custom-calibrated meters with specifications.

The pro series includes TCD 9000 transmitters with digital sig-

nal processing and diagnostics, applicability for challenging liquid 

fluid conditions, logging and traceability functions, report fraction 

concentrations of two-part mixtures, I/O configurations with one-

to-four channels fully configurable with programmable I/O options. 

The TCD 9000 series of transmitters has performance, diagnostics, 

and connectivity options. With a modern human-machine interface 

and a logging functionality, the DSP transmitters are a configura-

tion and analysis tool.

Other site features of the TCD 9000 series transmitters include 

gas void fraction improvement, application adaptive filtering, and 

sensor-checking and troubleshooting wizards. Operating from one 

universal power supply (24 V to 240 V), the TCD 9000 series flow 

transmitters have a graphical display, SD card connectivity, and log-

ging and traceability functions. Units are available with direct or 

remote mounts and Profibus PA, Profibus DP, Modbus, or HART 

communication protocols. The transmitter is also available with 

Modbus-only communication without display.

AW-Lake Company

http://aw-lake.com

KEM Küppers Elektromechanik GmbH

www.kem-kueppers.com

Modbus flow totalizer

The ModQ Sentry is a Modbus flow totalizer that interfaces with 

pulse-type inductive turbine (and other) flowmeters to provide flow 

rates, accumulated totals, and status information. Units are configu-

rable for volume and time settings and offer op-

tions to configure the K factor to match the turbine.

Powered by an internal lithium battery for 

standalone operations or an external 6–36 VDC 

power source, the ModQ Sentry provides a local 

display along with a Modbus RS485 data port to inte-

grate with programmable logic controller/supervisory 

control and data acquisition and distributed control sys-

tems. The ModQ Sentry maintains an internal thirty-day log of 

daily flow totals for historical analysis or backup storage.

The ModQ is pending Class 1 Division 2 certification for us-

age in hazardous locations. Packaged in a polycarbonate housing 

rated NEMA 4X, the units are weathertight for outdoor environ-

ments. Configured with local LCD and push buttons (or by using 

the company’s tool kit), the ModQ manages data of turbine flow-

meters in new and retrofit installations for a variety of industrial 

applications, such as oil and gas, metals and mining, water and 

wastewater, chemical, power, food and beverage, pulp and pa-

per, aerospace, and pharmaceutical.

SignalFire Wireless Telemetry

www.signal-fire.com

Explosion-proof flow computer

The E126 explosion-proof flow 

computer for corrected gas and 

liquid volume measurement mea-

sures the actual flow, tempera-

ture, and pressure and converts 

it with a gas formula to gas vol-

ume at reference conditions. Daily and plant operations for run-

ning work permit procedures are not interrupted, and even partial 

plant shutdowns can be avoided, as the covers do not need to 

be opened to operate, set, and modify the display functionalities 

because of the through-glass keypad.

Fluidwell

www.fluidwell.com

Gas metering

Measurement IQ monitors the 

health of midstream metering sys-

tems for operations, maintenance, 

and leadership teams. With diag-

nostics, dashboards, and intelli-

gence analytics, the system enables 

operators to increase metering 

reliability in the face of skills shortages, dispersed operations, and a 

complex hydrocarbon mix. Users can detect and correct mismeasure-

ment and anticipate equipment failure.

The system connects assets across all enterprise metering sta-

tions and captures the data in the company’s secure data center. 

Users can connect from any device with a web browser and receive 

customizable alerts on their mobile phones with the Experion App.

Honeywell Process Solutions

https://honeywellprocess.com

Gas measurement rate and total computer

The HIT-4G is a gas measurement rate and total com-

puter with temperature, pressure, and AGA-8 compress-

ibility compensation. The HIT-4G is the second 

release in the company’s HIT-4 series.

The HIT-4G provides temperature- and pressure-

compensated gas flow measurement and also has 

dual totalizers, Modbus, and data logging. With a 

six-digit rate display and separate eight-digit reset-

table and nonresettable flow totalizers, the computer is configu-

rable for 4–20 mA loop power or DC power.

Several enclosure options are available, including the explo-

sion-proof enclosure (North America, ATEX, and IEX), which is 

available in a powder-coated aluminum or stainless-steel option 

for maximum flexibility to meet harsh installation conditions. 

Hoffer Flow Controls

www.hofferflow.com
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http://www.signal-fire.com
http://www.fluidwell.com
https://honeywellprocess.com
http://www.hofferflow.com


56       INTECH SEPTEMBER/OCTOBER 2018       WWW.ISA.ORG

ad index

Advertiser Page #

Allied Electronics .............................. Cover 4

www.alliedelec.com

ARC Advisory Group ...........................29, 56

www.arcweb.com

Arjay Engineering Ltd. .............................. 19

www.arjayeng.com

Advertiser Page #

Assured Automation ................................. 52

www.assuredautomation.com

Automation Direct.......Cover 2, insert at 15

www.automationdirect.com

Endress + Hauser ....................................... 13

www.us.endress.com

Advertiser ............................................Page #

Fluid Components .................................... 24

www.fluidcomponents.com

Inductive Automation ................. Belly band

www.IgnitionBuild.com

ISA...................................................... Cover 3

www.isa.org

MAVERICK .......................... Cover tip, 30, 31

www.mavtechglobal.com

Momentum Press....................................... 53

www.momentumpress.net

Moore Industries ......................................... 6

www.miinet.com

Opto 22....................................................... 25

www.opto22.com

ProComSol, Ltd. ......................................... 20

www.procomsol.com

Rockwell Automation ............................... 21

www.rockwellautomation.com

Thermomega Tech ....................................... 3

www.thermomegatech.com

Turck......................................................41, 43

www.turck.us
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Email: rsimpson@automation.com
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Chris Nelson

Advertising Sales Representative

Phone: +1 612-508-8593

Email: chris@automation.com

Kelly Winberg

Advertising, Classifieds Section

Phone: +1 267-718-8197

Email: kwinberg@comcast.net

Chris Hayworth

Advertising Materials Coordinator

Phone: +1 919-990-9435

Email: chayworth@ISA.org

View and download the InTech media  

planner at www.isa.org/intechadkit

http://arcweb.com/services/supplier-selection/
https://WWW.ISA.ORG/
https://www.alliedelec.com/
https://www.arcweb.com/
https://www.arjayeng.com/
https://www.assuredautomation.com/
https://www.automationdirect.com/
https://www.us.endress.com/
http://www.fluidcomponents.com
https://inductiveautomation.com/buildanything
https://www.isa.org/
http://www.mavtechglobal.com
http://www.momentumpress.net
http://www.miinet.com
https://www.opto22.com/
https://procomsol.com/
https://www.rockwellautomation.com/
http://www.thermomegatech.com
http://www.turck.us
mailto:rsimpson@automation.com
mailto:lmartinez@automation.com
mailto:chris@automation.com
mailto:kwinberg@comcast.net
mailto:chayworth@ISA.org
https://www.isa.org/intechadkit


classifieds

INTECH SEPTEMBER/OCTOBER 2018       57

Sample of Jobs Available at Jobs.isa.org
See more at Jobs.isa.org, where you can search for available jobs or advertise positions available within your company.  
ISA Members post resumes at no charge.

E&I maintenance technician

Alsip MiniMill LLC: The technician is 

responsible for maintaining the safety 

and operational readiness of mill fa-

cilities through planned, preventive, and 

emergent maintenance, with a primary 

emphasis on electrical systems in this 

company located near Chicago. The 

technician will work in a multicraft team 

with day maintenance and operations 

management and technicians. A mini-

mum of a high school diploma or GED 

and five years of journeyman-level electri-

cian experience with demonstrated com-

petence in a heavy industrial continuous-

process environment is required  . . . see 

more at Jobs.isa.org.

Senior code compliance electrical 

engineer

New York Power Authority: The engineer 

is accountable to the director of QA and 

code compliance in this position desig-

nated as code compliance manager for 

projects affecting buildings, structures, 

premises, and equipment under NYPA’s 

custody that are subject to the permitting 

requirements of Title 19, NYCRR, Part 

1204. A working knowledge of the NYS 

building, fire, mechanical, plumbing, 

and fuel gas codes; the ability to perform 

objective plan reviews of all disciplines; 

good knowledge of building construc-

tion processes and related inspection 

and testing within a utility environment; 

and ability to work effectively indepen-

dently or in a team are required . . . see 

more at Jobs.isa.org.

Supplier manufacturing engineer

Northrop Grumman Corporation: Re-

sponsibilities of this position, based in 

Melbourne, Fla., include supplying base 

technical management to the acquisi-

tion of electronic, electrical, electrome-

chanical, and electro-optical components 

and assemblies; providing producibility 

reviews and technical evaluations of sup-

plier proposals; and providing technical 

expertise to answer supplier questions 

and solve process issues related to the 

production of electronic hardware. Basic 

requirements are a BS in science, tech-

nology, engineering, or math and nine 

years of experience in an aerospace or 

military engineering/manufacturing role; 

an active DoD secret security clearance; 

and the ability to obtain and maintain a 

Special Access Program clearance. Up to 

25 percent travel is required . . . see more 

at Jobs.isa.org.

Mechanical design engineer

Primotek Associates Limited: The com-

pany is a third-generation, family-

owned business located in Johnstone, 

Renfrewshire, Scotland, that designs, 

assembles, tests, and sells thermostatic 

control valves for water, steam, and gas. 

The engineer role is very hands on and 

includes design of new products and 

supervising all aspects of the manufac-

ture and testing of prototypes; assess-

ment of competitors’ products; analysis 

of test data; and identification and im-

plementation of product improvements. 

The ideal candidate will have a degree 

in mechanical engineering, IMechE 

Chartered Engineer status, and a mini-

mum of five years of experience in a role 

involving product design, project man-

agement, and designing and supervis-

ing batch-manufacturing processes  . . . 

see more at Jobs.isa.org.

FastMaint CMMS 
Your FAST TRACK to maintenance management™ 

For Utilities, Manufacturing Plants, 

Industrial & Commercial Facilities 

Fast to setup. Easy to use. From US$ 995 

Download 30-Day Trial/ Web Demo 

www.smglobal.com  (919) 647-9440
SMGlobal Inc, 5448 Apex Peakway #308 

Apex, NC 27502 USA 

Maintenance Management 

Software/ CMMS 

Plus Maintenance Books, 

Tips & Training 

datafile

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

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.

mailto://sales@procomsol.com
http://www.procomsol.com
http://smglobal.com
http://www.nerinc.com
http://Linkedin.com/in/evytrost
mailto://Controls@nerinc.com
http://www.NERINC.com
https://jobs.isa.org/
https://jobs.isa.org/
https://jobs.isa.org/
https://jobs.isa.org/
https://jobs.isa.org/
https://jobs.isa.org/
https://www.smglobal.com/
mailto:sales@procomsol.com
https://procomsol.com/
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nesses. Provide extra monitoring and checking 

where required. It is tough to tell your boss or 

PM that you might miss a deadline. Maybe you 

can issue the document with holds or partial in-

strument bid packages if they are representative 

enough to get a bid and select the vendor.

5. Do not blindly accept the process data provided 

for measurement and control devices. Work 

with the process department to make sure you 

are using good data. Good measurements, and 

properly sized final control devices, are the keys 

to good control loop performance and flexibility. 

6. I&C device specifications are about more than 

just filling out datasheets. The end user is pay-

ing for engineering and experienced device 

specifiers. It is OK to review device applications 

and required accessories with your quality ven-

dors. It is not OK to leave the majority of the 

fields blank or with an asterisk for «vendor to 

furnish». I have seen more than a few data-

sheets using this approach with missing or mis-

leading information. The vendor can only work 

off the information provided on the datasheet 

without the benefit of a piping and instrumen-

tation drawing or pipe specification.

7. Accurate reporting is a pain. Juggling hours 

sometimes is a necessity. Try to be fair to both 

without worrying about the last chargeable hour. 

It does not help anyone to make it just “look” 

like everything is on schedule or on budget.

8. Total quality improvement programs are about 

more than just taking 10 minutes to complete a 

checklist. Sometimes it seems that it is only an ex-

ercise done by lead engineers at the last minute. 

Interdisciplinary checks require time in the design 

schedule that is rarely taken into consideration. 

9. Project teamwork includes the other disciplines. 

Work with the other leads. Be aware of their 

needs and how you are going to support them. 

We have a natural tie with electrical, but piping 

design also requires I&C input and review.

10.Speaking of electrical, on any given job the tech-

nical strengths of the electrical and I&C leads will 

vary. Work out the overlapping technical design 

issues: motor control (including local control de-

vice requirements and intelligent MCCs), power 

distribution, grounding, communication cabling, 

etc. If there are different opinions, get the disci-

pline manager involved. n

I
enjoyed being an instrumentation and control 

(I&C) engineer and collaborating with all available 

resources in completing assignments, often asking 

for help from vendors or other engineers. That said, 

I have witnessed a decline in the quality of work in 

many areas of I&C engineering in the past 10 years. 

In my almost 40 years of experience in the I&C dis-

cipline, I have observed changes in instrumentation 

and control engineering and the shifting of engineer-

ing to vendor inside sales forces. This has affected the 

quality of measurement and control device specifica-

tions in the past 15–20 years. Also, reduced train-

ing budgets in engineering firms have resulted in 

younger I&C engineers who are not as knowledge-

able as they should be to be effective. Some old work 

standards and methods seem to have gone by the 

wayside in today’s engineering world. 

I created a list of challenges that an I&C lead en-

gineer faces that might help a younger engineer:

1. Proposal and budget preparation. This is some-

times frustrating, because the task “hourly fac-

tors” are not always known or transferrable 

from project to project and the time frame given 

is usually less than desirable. The “deliverables” 

should be identified, and for the most part can 

be selected from the work breakdown structure–

based estimating forms.

2. Multitasking on one or more projects. Keep 

organized and make/update “to-do” lists either 

daily or weekly as necessary. Many fail at this and 

wind up with a lot of half- or almost-done tasks.

3. Working with the varying levels of client I&C in-

volvement. Be open minded about the control 

system. Concentrate on the hardware and soft-

ware functional requirements. The same is true 

for the I&C devices. Stay with quality manufactur-

ers. Yes—cost is a factor. However, performance 

and installed life costs are more important than 

the lowest initial cost. It is also true that a proj-

ect has a finite amount of funds, and sometimes 

sacrifices have to be made. Use client-approved 

vendors and plant standards when available, but 

be open to looking at new technology as well.

4. Resist the temptation to send out unchecked or 

incomplete work. There are many pressures, and 

we have to count on other team members to 

complete their assignments. We have to dele-

gate but are also responsible for the end product. 

Know your team members’ strengths and weak-

ABOUT THE AUTHOR

Mike Laspisa worked in 

the I&C discipline for 

more than 37 years be-

fore retiring in 2012. He 

started at an EPC firm 

learning the field and 

control devices while 

creating instrument in-

dexes and project man-

uals. He advanced to 

specifying I&C devices 

and creating construc-

tion document pack-

ages/scopes and even-

tually moved to leading 

projects in a variety of 

industries. Laspisa was 

recognized by ISA as a 

25-year senior member 

in 2009.

Challenges of being an I&C lead engineer –  
One man’s opinion
By Mike Laspisa
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https://WWW.ISA.ORG/


ISA salutes 
our partners.
Through the ISA Corporate Partnerships Program, 
leading companies have joined together to invest 
in the future and work together to solve the 
problems our industries face. Automation 
professionals around the world will benefit 
from their support of ISA, and we’re 
proud to recognize their contributions.

We accomplish more together than we 
ever could alone. So, on behalf of ISA 
members, leaders, and customers 
everywhere, let us humbly say...
Thank you.

Learn more about our partners at 

www.isa.org/partners 

Learn more about becoming a partner at

www.isa.org/partnershipsoverview 

ISA salutes 
our partners.

https://www.isa.org/partners
https://www.isa.org/partnershipsoverview


Automation & 

Control Freak? 

Same here.

We carry more automation & control brand names 

than any other distributor in North America.  

It’s true – we checked.

© Allied Electronics & Automation, 2018 alliedelec.comGet your A&C fill at 1.800.433.5700

http://alliedelec.com
https://alliedelec.com/


See the possibilities at inductiveautomation.com/ignition

The Unlimited Platform for SCADA  

and So Much More

http://inductiveautomation.com/ignition/
https://inductiveautomation.com/ignition


  

  

  

  

  

• Unlimited licensing

Connect, design, and deploy 

without limits:

• SCADA, IIoT & MES on  

   one platform

• Totally cross-platform

• Built on open IT standards

• Installs in minutes

Discover the Unlimited Solutions 

You Can Create with Ignition

Download Ignition for free at:

inductiveautomation.com

http://inductiveautomation.com
https://inductiveautomation.com/
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Machine safety

Predictive maintenance
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ATIONDIRECT.COM

The #1 Value in Automation

1-800-633-0405

99.7% of orders ship complete same day

http://automationdirect.com


99.7% of orders ship complete same day!

See for yourself at www.AutomationDirect.com

You need quality products  
at great prices.  
Since 1994 our prices have been typically  
50% less than traditional suppliers.

For decades we’ve been offering a better value on industrial controls by  

running our business efficiently and passing the savings on to our customers.  

www.AutomationDirect.com/price

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

AutomationDirect has always maintained a huge inventory, allowing us to ship 

97.5% of orders complete the same day.

*Order over $49, and get free 2-day (transit) shipping within the U.S. and Puerto Rico.  
(Certain restrictions apply; Canadian orders may take longer based on destination)

You want to be confident  
you’re buying quality products. 
We stand behind our products  
and guarantee your satisfaction.

We want you to be pleased with every order. That’s why we offer a  

30-day money-back guarantee on almost every stock product we sell,  

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

  You insist on getting better service  
  and you want it FREE. 
Our technical support has been 

  voted best in service for 15 years  
  in a row. And it won’t cost you a cent!

Many independent industry magazine reader surveys have placed us at  

the top of their lists for service. In Control Design magazine alone, we’ve been voted 

tops in service for multiple product categories fifteen years in a row.

www.AutomationDirect.com/service

  You want complete product information  
  to make the right purchase decision.
We have FREE documentation, hundreds  

  of FREE videos, FREE software, and  
  FREE CAD drawings available 24/7 online.

Whether you’re deciding on purchasing our products or learning our products after 

you buy, why should you have to pay for the manuals? That doesn’t make sense.

Download the manuals - no purchase necessary. 

We have hundreds of videos online for you to get up to speed quickly  

and learn about our products. When shopping online, if a product you’re  

looking at has video, it will be available right there for you to view.

And for almost-FREE online videos that dive deeper into our PLC and HMI 

product lines, go to www.interconnnectingautomation.com for intuitive  

and in-depth training libraries.

Programming software for a complex product can be costly, so we try to 

help you out by offering FREE fully enabled software for a number of our most 

popular products, including the Do-more PLCs, Productivity series controllers, 

CLICK PLCs and C-more Micro HMI. No license or upgrade fees to deal with,  

and our support is free too!

In addition to software and documentation online, we have FREE CAD 

drawings for the majority of our product lines. 

www.AutomationDirect.com/support

AutomationDirect:
much more than 

just a “.com”
AutomationDirect is a non-traditional  

industrial controls company using the best 
ideas from the consumer world to serve the 

automation market. Because of that approach, 
we can deliver quality products to you for 

much less than traditional suppliers. 
See below . . . 

Product
AutomationDirect 

Price/Part Number
Competitor

Price/Part Number

AC Drive, 5 hp, 460V

Proximity sensor, 18 mm,  
3-wire PNP DC shielded,  
with quick disconnect

NEMA 12 Enclosure, steel,  
wallmount (20” x 16” x 8”)

$14.00
PBK-AP-1H

$410.00
GS2-45P0

$253.00
N12201608

$88.16
A-B 872C-D5NP18-D4

$1,400.00
A-B 22B-D010N104

$480.93
Hoffman A-201608LP

*All prices are U.S. published prices, subject to change without notice.  AutomationDirect prices as of 6/20/2018.
Hoffman prices are taken from www.newark.com 7/15/2018. Allen-Bradley prices are taken from www.wernerelectric.com 7/15/2018. 

Prices may vary by dealer.  Many other part numbers are available from vendors. 

AutomationDirect.com  
Engineering, Development and Research

AutomationDirect.com HQ and warehouses

AutomationDirect.com HQ, Development Center and Warehouses

Our campus is located about 45 minutes north of Atlanta, GA, USA. 

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

accounting, and of course our huge warehouses and speedy logistics team. 

http://www.AutomationDirect.com/service
http://www.AutomationDirect.com/price
http://AutomationDirect.com/support
https://www.automationdirect.com/price
https://www.automationdirect.com/ser
https://www.automationdirect.com/sup
http://www.newark.com
https://www.wernerelectric.com/
https://www.automationdirect.com
https://www.automationdirect.com
https://www.automationdirect.com
http://www.automationDirect.com


99.7% of orders ship complete same day!

See for yourself at www.AutomationDirect.com

  You insist on getting better service  
  and you want it FREE. 
Our technical support has been 

  voted best in service for 15 years  
  in a row. And it won’t cost you a cent!

Many independent industry magazine reader surveys have placed us at  

the top of their lists for service. In Control Design magazine alone, we’ve been voted 

tops in service for multiple product categories fifteen years in a row.

www.AutomationDirect.com/service

  You want complete product information  
  to make the right purchase decision.
We have FREE documentation, hundreds  

  of FREE videos, FREE software, and  
  FREE CAD drawings available 24/7 online.

Whether you’re deciding on purchasing our products or learning our products after 

you buy, why should you have to pay for the manuals? That doesn’t make sense.

Download the manuals - no purchase necessary. 

 for you to get up to speed quickly  

and learn about our products. When shopping online, if a product you’re  

looking at has video, it will be available right there for you to view.

And for almost-FREE online videos that dive deeper into our PLC and HMI 

 www.interconnnectingautomation.com for intuitive  

Programming software for a complex product can be costly, so we try to 

FREE fully enabled software for a number of our most 

popular products, including the Do-more PLCs, Productivity series controllers, 

CLICK PLCs and C-more Micro HMI. No license or upgrade fees to deal with,  

In addition to software and documentation online, we have FREE CAD 

 for the majority of our product lines. 

www.AutomationDirect.com/support

For over twenty years our sole focus has been customer service.  

That takes many forms: great prices, fast delivery, and quality  

products. 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 this one goal in mind - serve the customer. It’s a simple philosophy 

that many companies forget or make too complex and fail at. 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 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 FREE software on many  
products instead of charging licensing fees?  
Yes, this is good for our customers.”

“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 offer more selection by consistently  
introducing more new quality products  
with great prices monthly, sometimes weekly?  

Yes, this is good for our customers.”

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

“Should we be fiscally responsible and run  
an efficient business so customers can  
rely on us decade after decade after decade?  
Yes, this is good for our customers.” 

All these are discussions we’ve had internally and all have had certain 

aspects of  “can we do that?”, “that will be hard to accomplish”, “no one 

else is doing that, how can we?”. But if you bring it back to the simple 

answer, “Yes, this is good for our customers”, then the perceived  

obstacles really don’t matter.

Our company has evolved dramatically since 1994 and it’s this type  

of decision making by all our team members over the years that keeps 

our customers coming back and new customers checking us out daily. 

If you’re a current customer, we sincerely thank you for your business. 

We wouldn’t be here if it wasn’t for you and promise to do our best  

for you every day.  If you’re new and checking us out for the first time, 

we hope you give us an opportunity to serve you. 

This “.com” is powered  
by “.awesomepeople”!

AutomationDirect.com HQ and warehouses

AutomationDirect.com HQ, Development Center and Warehouses

Our campus is located about 45 minutes north of Atlanta, GA, USA. 

-  our sales and technical support teams, purchasing,  

accounting, and of course our huge warehouses and speedy logistics team. 

http://AutomationDirect.com
http://www.automationDirect.com
http://automation.com
https://www.automationdirect.com


A quality product line, with FREE #1 rated technical support and quick shipping!
Call 1-800-633-0405 or visit us at: www.AutomationDirect.com

#1 Value in Automation

Programmable  
Controllers

Field I/O Software Operator Interface AC & DC Drives

Motors and
Motor Controls

Power Transmission Pneumatics Process

Relays & Timers Sensors Pushbuttons,  
Switches and Lights

Terminal Blocks
and Wiring

Safety

Communications Power Products Enclosures

Motion Control

Circuit Protection Tools

Reuben in HUNTINGDON VALLEY, PA wrote :
“Been shopping here for years and I don’t plan 
on stopping! Great products at a great price. 
Can’t beat the customer service!”

Lal in POLAND, OH wrote :
“Automation direct is among the best web sites 
to use in terms of price, selection and order 
tracking.”

Trent in COOLIDGE, AZ wrote :
“Always accurate with estimated delivery time, 
support responsive and helpful, product selec-
tion grows every time I visit the site.”

Jeff in SHERMAN, NY wrote :
Love the products! Productivity PLC lines are 
awesome, Dura Pulse VFDs are awesome. Great 
prices on everything.

Murph in CHICAGO, IL wrote :
“Love this product, I specify materials for 
breweries and distilleries and all of the panels 
I 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 consis-
tently excellent.”

Terri in CLINTON TOWNSHIP, MI wrote :
“Website is easy to navigate. I can always find 
what I need. Product has always been in stock 
and received in a timely manner.”

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

Allen in NASHVILLE, TN wrote :
“I have had nothing but excellent service from 
Automation Direct. The purchases that I have 
made have worked perfect and arrived quicker 
than I expected. A+A+A+”

Gregory in CINCINNATI, OH wrote :
“I was able to design and built a control system 
in weeks. Your website and technical informa-
tion that was available allowed me to do this. In 
addition, the shipping was flawless. Great job.”

Brian in LONE BUTTE, BC wrote :
“My candid and detailed response is there are 
so many good choices from this company, I use 
them whenever I can. Always a pleasure to deal 
with, and the products consistently outperform 
their price point.”

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!

The best values in the world . . . 

http://www.AutomationDirect.com
http://www.AutomationDirect.com
https://www.automationdirect.com/
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