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As we close out the year and look ahead to 2026, I’m fi lled with 
optimism for the continued growth and infl uence of NETA in 
the electrical power testing industry. Our association remains a 
trusted leader in advancing standards, training, and professional 
excellence, and the opportunities before us have never been greater.
Across every sector, the demand for skilled testing and maintenance professionals 
continues to rise. As facilities face aging infrastructure and the challenges of 
modernization, the expertise of NETA members is critical to ensuring system 
reliability, safety, and performance. Our work directly supports the backbone of 
power systems that keep industries, institutions, and communities operating, and 
that’s something to be proud of.

NETA is expanding its impact through stronger collaboration with manufacturers, 
utilities, regulators, and educators. We are not only maintaining the highest technical standards 
but also preparing the next generation of technicians and engineers through certifi cation and 
continuing education. Th ese eff orts ensure that NETA’s name remains synonymous with quality, 
integrity, and technical excellence.

Th is Winter edition of NETA World highlights a central theme across our industry: life extension 
and modernization. In  “From Bolted Pressure Switches to Modern Breaker Technology: Th e 
Evolution of 480-V Distribution Systems,” authors Matthew Wallace and David Muir from Group 
CBS explore the transition from legacy bolted pressure switches to today’s safer, more capable 
breaker technologies. Likewise, in “Modernization – A Strategic Necessity,” Seth Kravetz of QUALUS 
Corporation examines how evaluating and upgrading aging systems enhances reliability, safety, and 
long-term value.

Together, these pieces refl ect the spirit of innovation and stewardship that defi nes NETA’s mission. 
As we move into the new year, let’s continue to lead our industry forward safely, smartly, and 
together.

Dan Hook, President
InterNational Electrical Testing Association

PRESIDENT’S DESK

PRESIDENT’S DESK

 WORKING TOGETHER FOR POWER SYSTEM 
LIFE EXTENSION AND MODERNIZATION
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This issue of NETA World’s “Insight and 
Inspiration” series features Ken Peterson, Vice 
President Testing and Commissioning, at Power 
Engineering Services, where he combines deep 
technical expertise with strategic business leadership 
to ensure the successful delivery and activation of 
critical infrastructure projects. He leads the full 
lifecycle of testing and commissioning and oversees 
marketing and sales efforts, bridging the gap between operational 
excellence and business growth. 

Peterson’s responsibilities include ensuring that 
every system brought online meets the highest 
standards of safety, quality, and performance. 
He leads cross-functional teams, develops robust 
testing protocols, and implements proactive 
solutions to keep projects on track and aligned 
with client expectations. He also plays a key 
role in driving regional commercial strategies by 
identifying new market opportunities, building 
strong client relationships, and helping shape 
go-to-market plans that support long-term 
growth. With a passion for delivering reliable 
infrastructure and creating value for clients, 
his mission is to be a driving force behind the 
company’s success across all company regions.

Peterson currently serves on the TechCon 
North America Technical Conference Planning 

Committee, the NETA New Membership 
Application Review Committee, the NETA 
Training Committee, the NETA Technical 
Resource Committee, and the NETA 
Promotions and Marketing Committee. He 
earned a BS in sociology and an MBA with a 
concentration in management and leadership 
at the University of La Verne in La Verne, 
California.

NW: What attracted you to the electrical 
testing field? 

Peterson: I consider myself fortunate to 
have had the opportunity to start my career in 
underground construction. After returning to 
college at the age of 21, I was offered a position 
at a small electrical testing company. As I 

KEN PETERSON: 
35 YEARS OF BUILDING 

RELIABILITY AND LEAVING 
FOOTPRINTS

KEN PETERSON
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advanced in the electrical testing field, I realized 
that I had better career prospects in this industry 
compared to the social science field. 

NW: Please share your 35-year career path 
in the electrical and power industry.

Peterson: After graduating from high 
school, I began working for a contractor in 
the telecommunications and underground 
construction industry. Realizing that I did not 
want to master the shovel, I returned to college 
and had the opportunity to start working for an 
infrared testing company. As time progressed, 
I transitioned from power quality and infrared 
scanning to maintenance and startup testing as a 
field supervisor. A few years later, I was offered a 
regional manager position that allowed me to focus 
on long-term preventative maintenance outages. 

During my early years as a regional manager, I 
had the opportunity to support the company 
as it looked at becoming an accredited 
NETA company and was exposed to NETA 
PowerTest conferences. Being introduced to 
NETA standards opened my eyes to the vast 

opportunities in the market, sparking my quest 
to be part of a NETA-accredited company. 

My first accredited company in the NETA 
industry was in 2006, when I became a field 
supervisor and project manager over a regional 
office. As we developed our region, we began 
working with local utilities, exposing me to the 
high-voltage market. This experience opened 
my eyes to even bigger opportunities within 
the sector. 

After turning 40, I transitioned to focusing on 
renewable and utility markets, starting a new 
division for my employer. After a few years of 
growing the business, I was promoted to the 
director level, where I continued to mentor 
and grow other managers. It was at this point 
in my career that I discovered the importance 
of delegation, mentorship, and developing 
others. After being appointed to my first vice 
president position, I pursued a graduate degree 
in leadership. As I continue to grow in my 
leadership role and responsibilities, I value 
raising others up and keeping them motivated 
with what they can achieve within our industry.
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NW: What about this work keeps you 
committed to the profession?

Peterson: I have experienced the peaks 
and the valleys of overcoming challenges in 
the industry. One of my favorite aspects is 
what I like to call “triage,” which involves 
customer recovery on a large scale, whether 
at a substation or a power generation facility, 
including renewable energy or gas turbine 
plants. The process of recovering and assisting 
customers in this industry is never dull. Just 
when we settle into a routine, a curveball comes 
our way, and the reward of seeing the customer 
back online is immensely satisfying.

Reflecting on those peaks and valleys, I began 
my career in the late 90s, so I witnessed the 
construction of data centers. Today, with 
the advancement of AI, we are experiencing 
another data center boom. I was also part 
of the early renewable energy race in the 
early 2000s, working on large-scale testing 
and commissioning opportunities for 
renewable projects that were initially just bid 
opportunities before government funding. 
Now, we see these projects integrated into 
the high-voltage grid, creating a mature 
market maintained by our testing industry. It 
is a full circle, driven by power demand and 
consumption in North America.

I believe it is a great time to be in the power 
industry. In recent years, my wife Carol and I 
have become empty-nesters, which has added a 
new dimension to my career. Having her as a 
companion on many of my work-related travels 
has made it easier to be away from home, as I 
have my best friend by my side.

NW: What has been the proudest moment 
of your career? 

Peterson: My proudest moment in the 
industry is watching two of my sons begin 
their careers alongside me. Recently, my middle 
son, Travis, began his journey as a journeyman 
electrician and is currently enrolled in the 
electrical power engineering program at Arizona 
State University. Last year, my youngest son, 

Matthew, began his journey as a pre-apprentice 
lineman at the age of 19. During his journey, 
he decided that building substations like his 
father was the path he wanted to pursue. We 
all have our own career paths, and leaving a 
legacy for the next generation is something I 
am absolutely proud of.

NW: What do you see as your mission?

Peterson: With 35 years in the power 
engineering industry, my mission has always 
been to ensure that every project I lead delivers 
the highest standards of safety, reliability, 
and performance. I am passionate about 
bridging deep technical expertise with strategic 
leadership — guiding teams, strengthening 
client partnerships, and driving growth, 
while keeping infrastructure dependable and 
communities powered. What fuels me most 
is the opportunity to combine engineering 
precision with a vision for long-term success, 
creating solutions that stand the test of 
time and add lasting value for clients and 
stakeholders.

REBUILDING PUERTO 
RICO’S ELECTRICAL GRID
Peterson recently spent 23 months on-site 
in Puerto Rico as Director of Substations — 
Large Projects at Luma Energy, rebuilding and 
managing the electrical grid and assisting with 
project planning and execution to modernize it. 
He worked in close collaboration with FEMA 
and local federal agencies to provide funding 
for the large substation projects.

NW: For those who missed PowerTest, 
please give us a 30,000-foot overview of 
your work with the Luma Energy project 
to rebuild and manage the electrical grid in 
Puerto Rico.

Peterson: In 2022, I had the opportunity 
to observe what Quanta was doing on the 
island of Puerto Rico. I learned they were 
seeking industry experts to support the 
rebuilding of the entire utility grid on the 
island. The task was to go to Puerto Rico 
and assist in building an internal utility-scale 
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construction and commissioning team. Early 
in the journey, it was crucial to ensure we had 
the right capabilities and resources to bring 
to the island and support the influx of high-
voltage breakers and transformers needed to 
stabilize the current grid. I was also tasked with 
evaluating contractors who would be awarded 
contracts for building utility-scale substations 
for long-term projects. As we developed the 
teams, we had the opportunity to support a 
few of the tropical storms that came through, 
which tested our ability to work under pressure 
while maintaining a safety culture. Overall, 
in my two years on the island, we successfully 
replaced the majority of the older oil circuit 
breakers and several transformers that were 
out of service due to past hurricane events. 
The overall goal was to rebuild a total of 48 
substations that would support the grid 
stabilization and modernization plans.

NW: Puerto Rico is using the latest 
technology in building a new power 
distribution infrastructure. What does that 
technology look like, and how is it different 
than the technology we find across the 
United States today?

Peterson: That’s a great question. In many 
ways, the technology used in Puerto Rico looks 
similar to what we see in the U.S. today. The 
difference is in how it’s being applied and the 
impact it has on reliability.

One of the first big improvements was the 
rollout of smart meters. These meters give the 
utility real-time information about outages 
and voltage issues across more than 1.5 million 
customers. Instead of waiting for customers 
to report problems or sending crews out to 
investigate, the utility can now see issues as 
they happen and respond more quickly.

Another major step has been the automation 
of the distribution lines. In the past, a single 
fault could take down an entire line, leaving 
as many as 2,000 customers without power. 
With automation, the system can now isolate 
the problem and limit the impact to a much 
smaller group of customers — sometimes just 

250. The system can also attempt to restore 
power automatically when faults are temporary, 
which often happens during storms.

Looking ahead, Puerto Rico’s modernization 
efforts are focused on building resilience. New 
projects include microgrids and energy storage 
systems that will help communities keep power 
during larger outages and recover faster when 
the main grid is affected. At the same time, 
the utility is replacing older infrastructure 
with hurricane-resistant poles and stronger 
transmission structures, making the grid better 
able to withstand severe weather.

Taken together, these upgrades — smart 
meters, automated lines, microgrids, storage, 
and stronger equipment — are creating a 
more reliable and storm-ready grid for Puerto 
Rico. For customers, that means fewer outages, 
quicker recovery, and a stronger foundation for 
clean energy growth in the years ahead.

NW: What is the utilities’ perspective on 
the current power maintenance requirements 
from NERC? Are utilities concerned about 
NFPA 70B?

Peterson: In my experience working with 
bulk electrical systems as a contractor, I have seen 
firsthand how asset management departments at 
utilities are heavily focused on compliance with 
North American Electric Reliability (NERC) 
standards. These requirements, particularly 
those related to protection and control (PRC), 
are taken very seriously because the penalties for 
non-compliance can be severe. For example, I 
supported a smaller municipal utility that faced 
more than $10 million in fines and was forced 
to update its entire maintenance program after 
deficiencies were identified. Situations like 
this underscore why utilities devote so much 
attention and resources to meeting NERC 
standards.

NFPA 70B provides recommended practices for 
the maintenance of electrical equipment. While 
these standards are sometimes referenced in the 
course of utility work, I have not seen the same 
level of concern from asset management teams 
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standards myself when developing test plans 
for large-scale utility projects, and I’ve noticed 
that their acceptance has grown steadily over 
the past 15 years. Today, NETA is viewed as an 
authoritative reference in utility projects across 
the industry.

The common ground between utilities and 
NETA is clear: reliability, safety, and standards. 
Just as utility standards are designed to ensure 
that power systems are installed, tested, and 
ready to operate as intended, our ANSI/NETA 
standards provide the framework to confirm 
that equipment performs reliably before being 
energized. On the safety side, utilities require 
every contractor to maintain a robust safety 
program as part of the qualification process. 
NETA certification also validates that accredited 
companies meet high safety standards, which 
creates a direct alignment between the two.

In short, utilities and NETA share the same 
goals: ensuring that power systems are safe, 
reliable, and held to consistent standards. My 
experience has shown that NETA’s role as a 
recognized authority in testing and certification 
makes it a valuable partner to utilities as 
they continue to build and maintain critical 
infrastructure. 

in the transmission, distribution, and substation 
areas where I’ve primarily worked. The focus 
there tends to remain squarely on NERC 
compliance. However, NFPA standards may 
have greater relevance in corporate facilities and 
property management, where building safety, 
fire prevention, and equipment reliability are 
directly tied to NFPA guidelines, but that has 
not been my focus within the utility space.

NW: Have you seen common ground 
between utilities and NETA? 

Peterson: From my experience, the 
relationship between utilities and NETA 
centers on the recognition of standards and 
technician certifications. Many utilities rely 
on contractors to support capital projects, and 
part of the vetting process is confirming the 
qualifications of the people doing the work. 
Over the years, I’ve seen NETA certification 
consistently recognized as a credible benchmark 
of technical competence and field experience 
during this qualification process.

More recently, I’ve also seen utilities go a step 
further by referencing ANSI/NETA testing 
standards directly in their project specifications 
for third-party work. In fact, I’ve used these 
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THE NFPA 70E AND NETA

BY RON WIDUP, Shermco Industries

If you work around electricity, your career…and maybe your life…
depends on what’s hidden in a bowl of alphabet soup. I’m talking about 
electrical acronyms: NFPA, OSHA, 70E, 70B, NETA, NEC, Z462, 
EASA, and so on. At fi rst, they may sound like code meant to confuse 
you. But once you crack that code, everything about your job makes 
more sense…and becomes a lot safer.

UPDATE: 2027 EDITION 
OF NFPA 70E 
First, here is the status of the current revision 
cycle for the 2027 edition of NFPA 70E.

Th e 70E Technical Committee met for the 
second draft (SD) meeting in August 2025 in 
Indianapolis. At that meeting, we acted and 
voted on 213 public comments and processed 93 
revisions required by the NFPA Manual of Style. 
Th e second draft report will be published soon, 
which will allow the public to review the actions 
and committee comments from the meeting.

As a reminder and recap, here is the basic 
process for the 70E standards-making process 
after receiving public comments.

First Draft Report: Th e process starts when the 
technical committee working on the standard 
publishes its fi rst draft report, based on public 
inputs (July 2024 in Memphis).

Second Draft Report: After the public 
comment period, the committee publishes 
a second draft report, outlining its final 
recommendations. (August 2025 in 
Indianapolis). Th e SD report will be issued on 
or before March 2026.

NITMAM Period: A deadline is published 
for submitting a Notice of Intent to Make a 
Motion (NITMAM). Anyone who disagrees 
with the committee’s recommendations in the 
SD can fi le a NITMAM by March 31, 2026.

KNOWING ELECTRICAL 
ACRONYMS MATTERS,
PLUS AN NFPA 70E–2027 UPDATE

NITMAM
The NFPA’s Notice of Intent to Make a Motion (NITMAM) is a formal step in the standards 
development process that allows anyone to propose an amending motion to a standard, 
such as NFPA 70E, for consideration and debate at the NFPA Technical Meeting. 

The process is in place to ensure that the standards development remains a public, 
consensus-based procedure, providing a fi nal opportunity for interested parties to address 
and amend the work of the Technical Committees
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Motions Committee Review: All submitted 
NITMAMs are reviewed by NFPA’s Motions 
Committee to ensure they are proper and valid 
(May 12, 2026).

Technical Meeting: Any certified NITMAMs 
are brought up for debate and a vote at the 
NFPA Technical Meeting, which is attended 
by NFPA members (June 25-26, 2026).

Standards Issuance: If no NITMAMs are 
filed, or if all are defeated, the document 
is considered a Consent Standard and goes 
directly to the Standards Council for final 
issuance.

We expect the 70E–2027 standard issuance, 
assuming all goes forward, in the fall of 2026.

THE ALPHABET SOUP 
OF STANDARDS AND 
ELECTRICAL SAFETY
The world of codes and standards has an 
inherent need — or maybe it’s a yearning — 
to abbreviate and shorten certain words and 
phrases that ultimately become commonplace 
and part of the communication channel for the 
industry.

Every trade has its shorthand. Doctors talk in 
Latin. Pilots speak in abbreviations. Electrical 
workers? We use acronyms. They save time…
but they also pack a lot of meaning.

When someone says, “Is this task compliant 
with NFPA 70E?” that’s not small talk. That’s a 
life-or-death check. Knowing what 70E is (and 
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what it means) separates a qualifi ed worker 
from a risky one.

Understanding key terms and abbreviations 
can help you, the worker in the fi eld, be more 
knowledgeable, and it will arguably make you 
safer as you execute your daily tasks on the job 
because you have a clearer understanding of 
key terms and abbreviations.

Here’s a list of some of the more important 
acronyms for electrical safety and standards.
And if you aren’t familiar with them already, 
get to know them…or maybe skim the article 
for now, and keep it handy to use on the job 
later!

Standards-Making Organizations 
and Regulatory Agencies
Knowing and understanding the relevant 
electrical safety standards-making organizations 
is important to the electrical worker in the 
fi eld. Not only will you see and hear many 
references to certain numbers, acronyms, 
and sections, but it will also be important to 
understand their content and intent so you can 
perform your work safely. 

Don’t be confused by the various numbers and 
acronyms — embrace them! Each one writes 
part of the rulebook for how we install, test, 
maintain, and repair electrical systems. Miss 
one, and you’re missing part of the safety net.

 ANSI American National Standards 
Institute

ASTM American Society for Testing and 
Materials

CIGRE Council on Large Electric Systems 
(English Translation)

CSA Canadian Standards Association
EASA Electrical Apparatus Service 

Association
IEC International Electrotechnical 

Commission
IEEE Institute of Electrical and Electronics 

Engineers
ISO International Organization for 

Standardization
NFPA National Fire Protection Association

NESC National Electrical Safety Code 
(IEEE C2)

NEC National Electrical Code (NFPA 70)
OSHA Occupational Safety & Health 

Administration
UL Underwriters Laboratories

Common Electrical Terms and 
Acronyms
Why should you study and understand 
something as exciting as a list of acronyms and 
standard numbers? Besides curing insomnia, it 
helps you be a better technician/engineer/boss. 

• Building your electrical safety program? 
Use NFPA 70E or CSA Z462 
and include OSHA 1910; train to 
1910.331–335, and implement LOTO 
with 1910.147. 

• Trying to fi gure out what electrical 
maintenance and testing you should do? 
Whip out NFPA 70B, CSA Z463, and 
the ANSI/NETA ATS and ANSI/MTS 
standards. 

• Concerned about arc fl ash-related 
topics? Better grab IEEE 1584 for 
incident energy calculations; label it per 
NEC 110.16; reduce energy via NEC’s 
articles 240.67 and 240.87. 

• What about PPE needs? Refer to ASTM, 
IEC, NFPA, and OSHA.

Read and understand these – it’s important!

 AFCI Arc Fault Circuit Interrupter 
AR Arc Rating or As Required (NFPA 

70E)
ATPV Arc Th ermal Performance Value 
AFHA Arc Flash Hazard Analysis 
AFB Arc Flash Boundary 
CB Circuit Breaker
DCR Dallas Cowboys Rock!
EJHA Electrical Job Hazard Analysis 
EMP Electrical Maintenance Program
EMS Energy Management Systems 
EEWP Energized Electrical Work Permit 
ESWP Electrical Safe Work Procedure 
ESW Electrical Safety Watch/Standby 

Person 
FR Flame Resistant (material) 
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GFCI Ground-Fault Circuit Interrupter 
HRC Hazard/Risk Category or Arc-fl ash 

PPE Category 
JHA Job Hazard Analysis
JSA Job Safety Analysis
LOTO Lockout/Tagout
MCC Motor Control Center 
OCPD Overcurrent Protective Device 
SOP Standard Operating Procedure
SPD Surge Protective Device (replaces 

TVSS) 
SR Selection Required (NFPA 70E)
UPS Uninterruptible Power Supply

OSHA REGULATIONS
It’s important to spend a little more time 
understanding key aspects of the OSHA 
regulations that relate to electrical topics. 
OSHA is a federal agency within the U.S. 
Department of Labor (DOL) that works to 
ensure safe and healthy working conditions 
for employees. On the electrical side, here are 
important sections you should be familiar with.

1910 Subpart S – Electrical
Th is is OSHA’s standard for electrical safety in 
the workplace, covering the design, installation, 
and maintenance of electrical systems to 
protect employees from electrical hazards. It 
includes regulations for the safe installation of 
electrical equipment, protective work practices, 
and maintenance requirements.

• 1910.331 Scope and Applicability. 
Applies to qualifi ed and unqualifi ed 
persons who work on, near, or with 
certain electrical installations

• 1910.332 Training. Outlines training 
requirements

• 1910.333 Selection and Use 
of Work Practices. Requires 
deenergizing live parts before work, 
when possible

• 1910.334 Use of Equipment.
Provides rules for the use of electrical 
tools and devices

• 1910.335 Safeguards for Personnel 
Protection. Rules for using and 
maintaining PPE and other protective 
equipment and tools

• OSHA 1910.147 General 
Environmental Controls. Applies 
to lockout/tagout (LOTO) rules and 
requirements

• OSHA 1910.269. Electric Power 
Generation, Transmission, and 
Distribution. Applies to electric 
power generation facilities and the 
employees who work on them

SUMMARY: ACRONYMS = 
AWARENESS = SAFETY
Electrical work is unforgiving. You don’t get 
second chances with an arc fl ash or backfeed. 
When you see NFPA 70E Article 130, you 
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to for answers as the subject matter expert 
or trusted advisor. Th at’s how promotions, 
certifi cations, and leadership roles happen.

So keep a cheat sheet, print it out, and post 
it where you work. Use it daily when writing 
reports and summaries, and reference the 
standard or section number.

Electrical acronyms aren’t just letters — they 
are the DNA of our trade. Th e more fl uent 
you become, the better your decisions, your 
reputation, and your odds of going home in 
one piece.

Because in this business, the alphabet really can 
save your life.

Besides the very important DCR, remember 
this: Always…Test Before Touch! (IYKYK). 

Ron Widup is the Vice Chairman, Board 
of Directors, and Senior Advisor, Technical 
Services for Shermco Industries and has been 
with Shermco since 1983. He is a member of 
the NETA Board of Directors and Standards 
Review Council; a Principal member of 
the Technical Committee on Standard for 

Electrical Safety in the Workplace (NFPA 70E); Principal 
member of the National Electrical Code (NFPA 70) Code Panel 
11; Principal member and Chairman of the Technical Committee 
on Standard for Competency of Th ird-Party Evaluation Bodies
(NFPA 790); Principal member and Chairman of the Technical 
Committee on Recommended Practice and Procedures for 
Unlabeled Electrical Equipment Evaluation (NFPA 791); 
a Principal member of the Technical Committee Standard for 
Electrical Equipment Maintenance (NFPA 70B); and Chair 
of IEEE Std. P902 (Yellow Book) Recommended Practice 
for Maintenance and Operational Safety of Electrical Power 
Distribution Systems in Industrial and Commercial Facilities.
He is Chairman of the Texas State Technical College System 
(TSTC) Board of Regents, a NETA Certifi ed Level 4 Senior 
Test Technician, State of Texas Journeyman Electrician, a Senior 
Member of the IEEE Standards Association, and an NFPA 
Certifi ed Electrical Safety Compliance Professional (CESCP).

should instantly know it’s about safe work 
practices and is not something to look up later.

When you can talk fl uently and confi dently 
about 70E boundaries, OSHA lockout rules, 
or NETA testing requirements, you’re not just 
another worker — you’re the one people turn 

BONUS SIDEBAR!
Technical Grammar: It’s a real thing! Here are a couple of 
examples.

Electrical Bus
An electrical conductor, or bus, is spelled “bus”, not “buss.” “Buss” 
is the name of a fuse by Bussmann (now Eaton). The plural of bus 
is “buses.” The electrons on the bus go round and round….

Shock vs. Electrocution
Shock = nonfatal contact with electricity. (Like Frankenstein: He’s 
alive!!)

Electrocution = fatal contact with electricity (combines “electric” 
and “execution”).

Arcing Bus
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BY MOSE RAMIEH, CBS Field Services

Th e days of low-voltage breakers being simple devices with basic 
overcurrent protection are long gone. Back then, the biggest challenge 
was to fi gure out how to defeat a ground fault or remember which 
jumper disabled thermal memory. Today, manufacturers are leveraging 
digital technology to add layers of protection and functionality. Th ese 
advancements can quickly derail a routine day of testing if you’re not 
prepared. Th e key is to study the manuals, share lessons learned, and 
stay familiar with new features. 

 MODERN 
LOW-VOLTAGE 

BREAKERS:
EMERGING CHALLENGES
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COMPLEX LOW-VOLTAGE 
BREAKERS 
This article highlights common challenges and 
lessons from the field so the next technician 
doesn’t have to learn them the hard way.

Complex Controls
What used to be straightforward control 
circuits have become increasingly complex. The 
control drawing in Figure 1 may look like it 
came from a medium-voltage lineup, but it’s 
actually for a 208-V feeder breaker. 

These drawings document the entire control 
system. From auxiliary contacts for status 
lights to zone selective interlocking (ZSI), 
and everything in between, these drawings 
are essential for proper acceptance testing and 
troubleshooting. For reliable operation, these 

circuits must be functionally tested — not just 
assumed correct.

The catch is that this level of control complexity 
is seldom recognized during bidding or early 
project planning. Estimators, project managers, 
and technicians must budget time for these 
verifications. Competitors who skip this scope 
may undercut pricing but deliver incomplete 
testing. Make it your role to educate clients on the 
risks and the value of thorough functional checks.

Pro Tip: Review control drawings before 
mobilizing. For example, the ERMS excerpts 
in Figure 2 and Figure 3 show connection 
points and power requirements. Having this 
knowledge upfront allows you to develop 
effective methods of procedure (MOPs) and 
avoid surprises on-site.

Figure 1: Complex 280-V Feeder Breaker 
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Ground Fault Defeat
Ground-fault protection has been standard for 
decades, but it still causes headaches. For legacy 
trip units, many of us have relied on cheat 
sheets to remember the right method, whether 
it’s installing a jumper, moving a neutral lead, 
or using the proper secondary test set. 

With today’s modern trip units, it is more 
critical to ensure that you have the correct 

software to allow for ground fault defeat. 
Th ose who have found themselves in the fi eld 
downloading software tell a story of frustration. 
Reviewing drawings ahead of time also ensures 
you’re ready for the required primary current 
tests — trip and no-trip of the ground 
fault system — which confi rms proper CT 
orientation and wiring. Figure 4 illustrates the 
neutral CT connections and provides a note 
about removing a factory-installed jumper. Th e 
devil is in the details.

Zone Selective Interlocking
ZSI has been around for years. It allows 
downstream devices to clear faults while 
signaling upstream breakers to delay tripping. 
If the upstream breaker doesn’t receive that 
signal, it trips faster to clear the fault.

During testing, technicians must simulate this 
input to verify proper time-delay operation per 
the manufacturer’s trip curves. Th is is often as 
simple as installing a jumper between the ZSI 
input. In Figure 5, note the jumper needed 
between Z3 and Z4.

Pro Tip: Always confi rm that ZSI asserts 
when a feeder fault occurs. Review drawings 
carefully, as shipping splits (circled in red in 
Figure 5) often reveal incomplete wiring. Some 
ZSI systems can be verifi ed with manufacturer 
software, while others (like GE Entelliguard) 
require a dedicated test set.

Figure 2: ERMS Drawing Schneider Electric
Note: ERMS is off with the switch closed.

Figure 3: ERMS Drawing LS Electric
Note: ERMS is off with the switch open.

Figure 4: Neutral CT Diagram
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SPECIFIC BREAKER 
CHALLENGES

Siemens WL Breakers with ETU 
Trip Units
Siemens WL breakers with ETU trip units 
require ZSI to be deactivated before removing 
the breaker from its cell. If not, trip times 
default to instantaneous rather than the 
expected long-time delay. See Figure 6 for a 

picture of the device and plan accordingly to 
defeat ZSI.

We recently encountered phase-loss sensitivity 
on the ETU776 (Figure 7). It’s hidden under 
protective parameters, but it can be disabled if 
you know where to look. 

Th ere is a catch, and it is in Siemens’ own 
literature and took some digging to fi nd.

Figure 5: ZSI Drawing Schneider Electric; Interconnect Wiring Points Circled in Red

Figure 6: Siemens ZSI Module Figure 7: PowerSen Setting
PHOTO COURTESY JOE GOSS
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Pro Tip: Ensure that Set A and Set B short-
time delay parameters are above 20 ms to avoid 
phase-loss creating testing problems.

Schneider Masterpact MTZ with 
6.0X Trip Units
On MTZ breakers with 6.0X trip units, ERMS 
can be disabled before removing the breaker 
as long as 24-VDC control power is applied 
and EcoStruxure software is available. If the 
breaker is pulled fi rst, you’ll need a 24-VDC 
power supply and secondary plugs to power the 
trip unit outside the cell and then deactivate 
ERMS through software. See Figure 8 for a 
basic layout of the connections required.

Pro Tip: Build a dedicated kit for these various 
breaker types: Use a 24-VDC supply (most 
common, although some use 120  VAC), 
appropriate secondary plugs (don’t use a paper 
clip as seen in Figure 9), a cradle interlock 
defeat tool, and other tricks of the trade.

Pro-Tip: Use primary current connection 
plates of the correct thickness, which varies 
by manufacturer. To avoid breaker primary 
fi nger damage, ensure you are using the correct 
thickness. For example, for the MasterPact 
and LS Electric breakers, 3/8 inch is too thin; 
½   inch is too thick.

Phase Loss Sensitivity
When single-phase testing, make sure that the 
short-time delay is not set to the 20-ms setting. 
In this position, the phase-loss sensitivity function 
is enabled. Th is function is designed to protect 
motors from heavy imbalances and loss of one 
or more phases. When active, and the trip unit 
detects that the least heavily loaded phase is 50% 
lower than the most heavily loaded phase, the 
long-time pickup setting (IR) is reduced to 80% 
of the setting indicated on the display or dial. 
When this unbalance condition no longer exists, 
the setting is returned to normal. Single-phase 
testing will be recognized as a phase unbalance, 
and long-time trip timing will be faster than 
indicated in the trip curves. For an ETU776, 
phase-loss sensitivity is controlled by the PhaseSen 
menu item under the protective parameters. 
When a short-time delay is set to 20 ms, phase-loss 
sensitivity cannot be turned off .

Figure 8: MTZ Breaker Power Supply Connections for ERMS Defeat 
PHOTO COURTESY JESSE MASSMAN

Figure 9: Paper Clip Used as a Jumper  
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Service Life of MTZ Breakers
At PowerTest25, panelists raised a question 
about MTZ breaker life expectancy. My follow-
up research confi rmed that MTZ breakers and 
their 6.0X trip units have a documented 15-
year service life, though conditions play a big 
role. Many units in service today may already 
be a third of the way, or more, through their 
life span. End of life can be checked using 
EcoStruxure error codes (Table 1).

LS Electric Breakers
Our fi rst encounter with LS Electric breakers 
came during a maintenance outage. The 
customer had secondary test sets for powering 
up the trip units and defeating ground faults. 
However, upon testing the fi rst breaker, the trip 
unit displayed odd readings — about 30 amps 
(Figure 10) on all three phases during a 1000-
amp single-phase test. After repeated failures, 
we contacted the manufacturer.

Table 1: Examples of MTX Breaker Error Codes

0x1442 Contact wear > 100%. 
Replace CB

The contact wear indicator 
reached the threshold of 
100%.

Replace the circuit break-
er. Consult contact wear 
interpretation on EcoStruxure 
Power Device app in order to 
estimate the circuit breaker 
ability to isolate withstand 
rated duty, operate, trip.

0x1444 CB has reached the max 
number of operations

The circuit breaker reached 
the maximum number of 
operations.

Replace the circuit breaker.

0x1446 Micrologic control unit has 
reached the max service 
life

Micrologic control unit 
reached 15 years of service 
life. 

Replace the Micrologic X 
control unit.

Note on 6.0X replacement: Unlike earlier Micrologic versions that unplugged easily, the 6.0X appears 
hardwired to CTs deep within the breaker frame. Replacement is no simple task.

Figure 10: 30-Amp Current on All Th ree 
Phases    

Figure 11: Proper Current Display



26   •  WINTER 2025  MODERN LOW-VOLTAGE BREAKERS: EMERGING CHALLENGES

IN THE FIELD

Th e issue: Not all LS Electric trip units are 
self-powered. Secondary test sets alone don’t 
provide proper control power. External control 
voltage must be applied to these units in the 
same way as a switchboard. Once we supplied 
120-Vac control power, the breakers tested as 
expected (Figure 11).

Supportive information from LS Electric when 
power control is lost:

• Th e trip unit shuts down (will not power 
on).

• Protective functions may not operate, 
and the breaker may fail to trip.

• Long-term operation without control 
power may degrade the microcontroller. 

LS Electric suggests three mitigations:

• UPS installation for critical loads
• UVT coil to force a trip on loss of 

control power. Not recommended for 
system reliability; imagine an entire 
substation going down for a blown 
control fuse.

• Alarm integration to alert operators to 
control power loss.

LS Electric does off er self-powered trip units. 
Users should confi rm which model they’re 
ordering and how that impacts the system 
operation. 

Insulation Resistance Testing 
Many modern trip units include voltage 
sensing. Some older versions required pulling 
fuses or removing rating plugs. Eaton’s Power 
Defense line (PXR) now uses internal 6-MΩ 
resistors for metering. During insulation 
resistance tests, these low values will be noted. 
Having the manufacturer’s literature will save 
you time second-guessing yourself. 

Pro Tip: If you see low readings that don’t 
meet the minimums in ANSI/NETA ATS 
and ANSI/NETA MTS, double-check 
yourself, document the results, and call the 
manufacturer’s rep before wasting time chasing 
a bad test.

FAILURES IN THE FIELD
Are failures more common now? Maybe, maybe 
not. But during recent acceptance testing of 
800-A bolt-in breakers, three out of four failed 
to trip on A-phase during primary injection 
testing. Secondary injection showed that the 
trip units functioned properly and confi rmed 
that the CTs were good. 

At the manufacturer’s direction, the trip unit 
was installed in a new breaker. A-Phase still 
failed. Th e lesson learned, once the trip unit 
was removed: In this breaker/trip unit design, 
the CTs are integral to the trip unit. Th e other 
lesson is that secondary injection does not 
identify all trip unit issues. Th e red arrows in 
Figure 12 point to the CTs on the trip unit.

In contrast, a Micrologic 6.0 trip unit relies 
on CTs that are integral to the breaker and 
provide input to its processor via a plug 
connection(s) circled in red (Figure 12). Th is is 
an important distinction to understand when 
troubleshooting trip unit failures and corrective 
recommendations. 

Figure 12: CTs Integral to the Breaker (left) vs. Integral  on a Trip Unit 
(right) 
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FINAL THOUGHTS
As technicians, we’re responsible for the safe 
and reliable operation of low-voltage power 
systems. Technology is moving fast, and 
our procedures must keep pace. Whether 
it’s interpreting control drawings, learning 
manufacturer software, or digging deep into 
manuals, we must commit to continuous 
learning.

Sharing lessons across companies and engaging 
manufacturers early saves time and minimizes 
frustration. One technician’s hard-earned 
experience can raise the competence of the 
entire NETA community. Hopefully, this 
article contributes to that eff ort.

Be safe, stay curious, and keep learning. 

Mose Ramieh is Vice President of Business 
Development at CBS Field Services. 
A former Navy man, Texas Longhorn, 
Vlogger, CrossFit enthusiast, and slow-
cigar-smoking champion, Ramieh has been 
in the electrical testing industry for more 
than 25 years. He is a Level IV NETA 

Certifi ed Technician with an eye for simplicity and utilizing the 
KISS principle in the execution of acceptance and maintenance 
testing. Over the years, Ramieh has held positions ranging 
from fi eld service technician, operations, sales, and business 
development to company owner. To this day, he claims he is 
on call 24/7/365 to assist anyone with an electrical challenge. 
Th at includes you, so be sure to connect with him on the socials.

https://www.belyeapower.com
https://www.belyeapower.com
mailto:sales@belyeapower.com
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BY STEVE TURNER, Consultant

Stator ground faults are one of the most common disturbances for 
high-impedance grounded generators. A resistor is connected across the 
secondary of a single-phase distribution transformer connected from the 
machine neutral to ground to insert the high-impedance ground. Th e 
purpose of the high-impedance ground (Figure 1) is to limit the magnitude 
of single line-to-ground fault current fl owing in the stator windings.

SIZING THE NEUTRAL 
GROUNDING RESISTOR FOR

SUBHARMONIC 
VOLTAGE INJECTION
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Figure 1: High-Impedance Ground
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Voltage-based protection, such as measuring 
the voltage drop across the neutral grounding 
resistor (RN), is used for stator ground fault 
protection since the ground current magnitude 
in the stator is very low (e.g., 5 amps primary 
or less). Equation 1 calculates the distributed 
capacitive reactance.

 [Equation 1]

Great care should be exercised when selecting the 
ohmic value, especially depending on the type of 
stator ground fault protection selected, such as 
subharmonic voltage injection (64S). This article 
illustrates such an example. Figure 2 is the single-
line diagram for applying such protection.

Subharmonic voltage injection (64S) is unique 
because it uses a current measurement to detect 
stator ground faults, is very reliable, and can 
protect the entire winding.

Equation 2 is used to calculate the size (in 
Ohms) for RN. Nt is the turns ratio of the 
grounding transformer. It is crucial to note that 
it determines the minimum required value, 

which is often not a good choice for the neutral 
resistor when applying 64S protection

 [Equation 2]

EXAMPLE
This example shows how to calculate the 
minimum value for RN. The purpose of RN is 
to limit overvoltage so that it will not damage 
the generator insulation.

Power System Parameters

Grounding Transformer Turns Ratio

Neutral Grounding Resistor

Figure 2: Subharmonic Voltage Injection for Stator Ground Fault 
Protection
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Th e 60 Hz component neutral current fl owing 
on the secondary side of the grounding bank 
(Figure 3) is calculated as follows for a ground 
located at the generator terminals:

Th is large neutral current fl ows into the generator 
relay neutral current input (IN) and can swamp 

the input circuitry. A 5.0 Ohm resistor would 
limit the secondary current to 48 amps.

CONCLUSION
This example illustrates that using the 
minimum required value of resistance can have 
a negative impact on the overall performance of 
64S protection. Some European manufacturers 
are aware of this condition and state how to 
properly size RN in their literature. 

Steve Turner is a Consultant at Sargent 
& Lundy. He was previously in charge of 
system protection for the Fossil Generation 
Department at Arizona Public Service 
Company for fi ve years. Turner formerly 
held positions at Beckwith Electric 
Company, GEC Alstom, SEL, and Duke 

Energy, where he developed the fi rst patent for double-ended 
fault location on overhead high-voltage transmission lines and 
was in charge of maintenance standards in the transmission 
department for protective relaying. He has BSEE and MSEE 
degrees from Virginia Tech University. Turner is an IEEE Senior 
Member and a member of the IEEE PSRC and has presented at 
numerous conferences.

3RN

Z0

-jXCV0

I0CI0R

I0
Figure 3: Zero-Sequence Network

JET Electrical Testing, LLC is a 24/7 full 
service testing company founded upon the 
premise of providing exceptional customer 
service and the most highly skilled 
technicians in the industry. The team of 
project managers, engineers, support staff, 
and field technicians form the cohesive 
team in which customers have relied on 
year after year. JET specializes in 
commissioning, preventative maintenance, 
equipment repair, apparatus testing, and 
emergency response/troubleshooting. 
Electrical system reliability is JET’s goal.

24/7/365 Emergency Services:
609.285.2800

100 Lenox Drive, Lawrenceville NJ 08648
www.JETElectricalTesting.com
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The most common injury in any industry is a slip, trip, or fall. Whether 
a fall occurs on the same level — or worse, from a higher level — any fall 
can cause significant injury, resulting in production downtime, reduced 
maintenance activity, loss or reduction of wages for the employee, loss 
of profit for the company, trips to doctors and specialists to get back to 
100% capabilities, OSHA 300 log entries, and increases in insurance 
costs. The employer and the employee benefit from working together to 
prevent potential slips, trips, and falls. 

CAUSES OF SLIPS, TRIPS, 
AND FALLS
Let’s review some of the causes and how they 
can be mitigated or prevented.

Work Area
Keeping a clean work area goes a long way 
to preventing incidents. Ensure that trash 
receptacles are available and that employees use 
them on the job site. Employees should place 

them near where the work is being performed 
so they can dispose of things as they go. 
Stripped sheathing, scrap wire, wire nuts, and 
other detritus create a hazard. 

Spills
Should a spill occur, stop what you are doing 
and clean it immediately. If necessary, place a 
barricade around the spill to prevent another 
employee from inadvertently walking in it. 

WALKING AND 
WORKING 
SURFACES
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Some chemicals require specialized materials 
for their removal; for instance, oleophilic (oil-
attracting) materials should be used when 
petrochemical products are spilled. 

If a petrochemical spill during disposal is a 
certain quantity, is absorbed into the ground, or 
runs into a storm drain or a body of water, you 
may need to contact the state environmental 
offi  ce. It is important to be familiar with your 
state’s rules for spills before working with these 
chemicals. Clear walkways also ensure that 
employees have easy egress in case they need 
to evacuate in an emergency or if emergency 
rescue personnel need to enter the work zone.

Uneven Terrain
Walking outdoors presents a hazard. Uneven 
terrain, such as on a right-of-way or on rip 
rap used as a weed barrier, can contribute to 
slips and falls. Employees should use caution 
and wear appropriate footwear when working 
in these areas. Above-the-ankle boots with 
fl at soles will help prevent sprained ankles. If 
an area sees freezing conditions, immediately 

clear snow and ice using shovels and an ice-
melt product to prevent slips and falls. In some 
areas, choosing to supply traction footwear 
devices can mitigate potential slips. 

Many commercial buildings have linoleum 
or vinyl fl ooring, which can become slippery 
when foot traffi  c brings in outside moisture due 
to rain. Use signage to indicate the fl oor may 
be slippery and use carpets to increase traction 
and capture surface moisture. 

Raised and Uneven Surfaces
Walking surfaces that are 4 feet or more above 
a lower level — and even less over operating 
machinery or liquids — require top rails, mid 
rails, and toe boards that meet building code 
requirements. In a construction zone, those 
requirements are diff erent, and the person 
erecting those temporary railings must know 
what materials to use and how to set them 
at the correct height. If railings are not used 
in construction zones that are 6 feet above a 
lower level, fall protection equipment must 
be used. All openings to the lower level 
should have a gate or be guarded. Floor holes 
must have a cover strong enough to support 
the weight of any vehicles, equipment, or 
personnel on that level and be marked HOLE 
or COVER. If a cover is not used, the hole 
must be barricaded with railings. Stairs should 
be uniform to prevent tripping, meet building 
code requirements, and be constructed with a 
handrail and/or railing on unprotected sides. 
Long runs may require landings and must meet 
building code requirements.

Ladders
Whether permanently affi  xed or temporary, 
ladders should always be clear of entanglements, 
and the rungs must remain clean and slip-free. 
Th ey must be inspected daily before fi rst use. 
Check ropes, rungs, and wear and tear; look 
for cracks, fading, worn feet, loose rivets, or 
general looseness. Never climb a ladder if any 
of these are found. Check boot soles before 
climbing any ladder. 

Temporary ladders should be tied off  at the top. 
If that is not possible, another individual must PH
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foot the ladder. An employee should never reach 
and should ensure their belt buckle moves to the 
outside of the ladder’s rails. 

Ascending and descending ladders should be 
done using three points of contact: Two feet and 
one hand, or two hands and one foot, must be 
in contact with the ladder at all times. Carry 
tools up using a tool pouch or belt, or use a rope 
and bucket to hoist them up after you fi nish 
your climb. 

Ladders must extend 3 feet above the upper 
level to provide a grab for employees to climb 
off  or onto the ladder. Employees must never 
climb above the marked rung on a stepladder 
(usually the third from the top) or stand on the 
back bracing. Never exceed the weight rating on 
any ladder. Permanent ladders that have a cage 
and several landings along the climb require a 
harness and rope-grab fall-protection system.

Scaffolding
Scaff olding works well to temporarily elevate a 
working surface. Th ey are far more convenient 
for long-term use than a ladder. However, they 
must be constructed by a qualifi ed person, 
and daily inspection must be documented. 
Scaff olding must have top rails, mid rails, and 
toe boards on unprotected sides. Climbing 
them can be as hazardous as using a ladder, so 
the same rules apply.

Buckets and Baskets
Working in a bucket or basket adds many 
potential hazards. Bucket trucks, crane baskets, 
and mobile aerial work platforms (AWPs), also 
known as manlifts, are generally used to work 
at a greater height than those requiring scaff olds 
or ladders. Th ese machines can be wobbly and 
sway, causing employee imbalance, and insects 
such as bees and hornets sometimes nest in 
elevated equipment, contributing to a fall. 

Other hazards may increase the potential for 
falling from a raised platform. Electric shock 
and blast factors, as well as environmental 
conditions such as wind, rain, ice, snow, and 
vehicular traffi  c, can interact with the base of 
the machine. 

In most buckets and baskets, you must wear 
fall protection at all times. A retractable lanyard 
is preferred to limit the distance the employee 
could fall. For example, if an employee falls 
from 10 feet above the ground but wears a 
regular lanyard that extends up to 6.5 feet, 
they would be fi ne. But what if the base of 
the machine is partially below the basket? Th e 
distance the employee could fall might be less 
than 6.5 feet, but a retractable lanyard would 
prevent the employee from falling onto the base 
of the equipment. Retractable lanyards are also 
more out of the way than standard lanyards 
and cannot dangle down into the leg area, 
potentially causing further tripping hazards.

CONCLUSION
Injuries are not fun, and they are costly. 
Employees don’t want to get hurt, and 
companies don’t want their employees to get 
hurt. Both parties can identify and mitigate 
areas where a potential injury could occur. 
Identifying and correcting areas where slips and 
falls could occur will prevent a large number of 
injuries annually. 

Paul Chamberlain has been the Safety 
Manager for  Asplundh Electrical Testing, 
LLC since 2009. He has been in the 
environmental health and safety fi eld since 
1998, working for various companies and 
in various industries. He received a BS 
from Massachusetts Maritime Academy.
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POWER SYSTEM LIFE EXTENSION
BY MORGAN GIENI,  Magna IV Engineering

All electrical equipment has a fi nite lifespan. Recognizing the signs of aging and 
understanding how to assess equipment health is essential. As NETA Certifi ed 
Technicians, we play a critical role in helping to extend the operational life of electrical 
systems by implementing proactive maintenance strategies that enable our customers 
to maximize performance and reliability for as long as possible.

1.  Which of the following is the U.S. standard 
for electrical equipment maintenance?
a. NFPA 70E
b. NFPA 70B
c. NFPA 70
d. NFPA 70C

2. What are the two main focuses for proper 
electrical maintenance?
a. Effi  ciency and cost savings
 b. Ease of access and minimizing process 

interruptions
c. Simplicity and automation
d. Safety and reliability

3.  Which of the following maintenance 
activities improves the condition of a circuit 
breaker?
a. Measure contact resistance 
b. Lubricate moving parts
c. Perform dielectric withstand
d. Record contact timing

4. Which of the following is the most cost-
eff ective way an asset owner can anticipate 
equipment issues? 
a. Visual inspections and walkthroughs
b. Scheduled maintenance
c. Research in equipment failure
d. Online monitoring

5. Which of the following observations may 
indicate loose connections?
a. Powdery white residue
b. Discoloration
c. Rust
d. Bulging insulator

6. Which of the following is an inevitable 
outcome for electrical equipment?
a. Electrical failure
b. Maloperation
c. Deterioration
d. Adaptation

No. 150



See answers on page 116.

7. How can a company develop an appropriate 
electrical maintenance program (EMP)?
a. Itemize all equipment assets and 

designate criticality.
 b. Develop a system to track and manage 

maintenance activities. 
c. Ensure qualifi ed personnel (internal or 

external) perform the work.
d. All of the above  

Morgan Gieni, CET, PSE, is the 
Technical Support Lead — Technical Field 
Services (TFS) at Magna IV Engineering. 
He is a Certifi ed Engineering Technologist 
through ASET — The Association 
of Science & Engineering Technology 
Professionals of Alberta and a Power System 

Electrician. Gieni has extensive knowledge and experience 
regarding the commissioning, repair, and maintenance of 
electrical power systems equipment. He has spent the past 
few years of his career building technical training programs, 
providing technical support, and mentoring fi eld service 
employees. Gieni holds NETA Level IV Senior Technician 
Certifi cation and is on NETA’s Technical Resource Committee.
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BY JACOB RIOUX, Hood Patterson & Dewar, Inc.

As testers, where should we start? The standards! For grounding testing, 
the industry reference is IEEE Std. 81, Guide for Measuring Earth 
Resistivity, Ground Impedance, and Earth Surface Potentials of a Grounding 
System. As with most standards, familiarity and interpretation are key. 

It can be a challenge to understand the intent, 
methods, and implementation of the prescribed 
testing. Fall of Potential (FOP) testing is a 
commonly specified test method to (attempt to) 
measure the impedance to earth of the ground 
grid under consideration. Unfortunately, we 
have found that many testing firms perform this 
test incorrectly, thus obtaining invalid results. As 
the test results are frequently used for ground 
grid commissioning, it is imperative to acquire 
valid data. We will present case studies and test 
reports that show common testing mistakes and 
recommend how to correct these testing pitfalls 
to create a successful outcome.

The concept of remote earth is integral to 
successful FOP testing. Per IEEE Std. 81, 
remote earth is defined as:

A theoretical concept that refers to a zero 
impedance placed at an infinite distance away 
from the ground under test. In practice, remote 
earth is approached when the mutual resistance 

between the ground under test and the test 
electrode becomes negligible. Remote earth is 
normally considered to be at zero potential.

Successful FOP testing requires many 
conditions that are frequently unmet or 
ignored in testing:

• Isolated ground grid. No connection to 
power, water, telecom, etc.
–  Must perform due diligence and testing 

to verify if the site is isolated. Many sites 
believe they are isolated, but they may be 
bonded through construction power or 
other forgotten connections.

• Simple site geometry. Invalid for large, 
complex, or interconnected ground grids due 
to long lead lengths that would be required.
–  Long leads act as an antenna. EMI and RFI 

noise may interfere with the test signal. The 
signal-to-noise ratio must be considered 
with conventional, low-power test meters.

• Homogeneous soil. Very rare

FALL OF 
POTENTIAL 
TESTING 

GONE WRONG
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The FOP method is the most commonly 
specified ground-grid test method. It was 
developed in the 1930s, when the United 
States was less developed. Proper setup includes 
locating the current return probe at a minimum 
of five times the diagonal of the site under test. 
The larger the site, the longer the distance 
required — up to 10 times the diagonal. The 
potential (voltage) probe should be located 
every 10% of the current return distance, 
looking for a plateau in the measurements, 
which should theoretically be at 61.8% of the 
distance to the current return (Figure 1).

In homogeneous soil, remote earth has 
been determined to be approximately 62% 
of five times the diagonal distance of the 
ground system under test. This mathematical 
determination has led to the commonly 
employed 62% rule, where only one 
measurement is taken at the assumed 62% 
distance from the grid under test to remote 
earth. Problems arise from this assumption: 
Most sites are not homogeneous soil, and if the 
system under test is bonded to other structures 
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Figure 1: The ground grid impedance value is the plateau at around 62% 
of the measured distance.
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or infl uenced by other buried objects, the 
resulting data can be skewed with no additional 
data points to confi rm or refute the result.

CASE STUDIES
Testing, commissioning, and consulting fi rms 
not only test grounding but also have the 
opportunity to review test data from other 
companies. Based on our experience and the 
results of others, we have compiled some 
common mistakes and best practices for 
successful grounding testing using the FOP 
method.

Example 1 – Not Enough Data
In the real world, the expected curve with 
a plateau at 62% doesn’t always show up 
(Figure 2). While this curve doesn’t line up with 
the traditional curve shown in Figure 1, the 
data may still be valid. To improve the results, 
increase the resolution of the curve by adding 
additional test points. Greater resolution may 
show the plateau.

It is also possible that the data/curve is aff ected 
by other buried objects. Ensure you are paying 
attention to the test area and noting buried 

Figure 2: Th e expected plateau at 62% is missing.
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pipelines, fences, etc., that could aff ect the 
results. Th is report is also missing information 
required to verify or replicate the results. 
Th e site address (or GPS coordinates), test 
direction, and current probe placement are not 
included. Since the size of the site could not 
be verifi ed, it is also possible that the current 
return probe was not placed far enough away 
from the site under test — a very common 
 testing mistake.

Example 2 – Site Not Isolated 
An engineering fi rm was hired to perform FOP 
testing on the two substations with a shared 
ground grid (Figure 3, red squares). Th e larger 
red square is the collector yard, and the smaller 
one is the utility’s point of interconnect (POI). 
Th e diagonal of the two substations is 500 feet, 
so the planned FOP current probe was placed 
2,500 feet away (green line). Th e measured 
impedance was reported as 7.4 ohms while the 
design value was 0.89 ohms. Th is discrepancy 
in values was a red fl ag that something was off .

Next, a testing fi rm was brought in. Th ey 
essentially repeated the same method, going 
in a diff erent direction with their current wire 
(yellow line). Th ey obtained a value of 1.48 
ohms at 62%. Th is value was lower but still 
above the desired 1-ohm design value.

Next, we were hired to test this site with the 
specialized, computer-based smart ground 
multimeter (SGM) prescribed in IEEE Std. 81. 
After our initial test, a high error in the SGM 
data reported by the SGM software indicated 
that something was amiss. We discovered that the 
solar arrays were bonded to the inverters, which 
were then bonded to the substations through 
the concentric neutrals. Th e new diagonal of 
the combined sites is now 6,600 feet. For FOP 
testing, the current return probe should have 
been placed at fi ve times 6,600 feet, which equals 
33,000 feet or 6.25 miles (Figure 4).

Th e site had a signifi cant amount of metallic 
interference, including fencing (black lines), 
railroad tracks (purple line), a transmission 
line (dashed white lines), and the arrays 
themselves (blue fi gures). Due to the size, 

Figure 3: Nearby sites must be investigated for potential bonding to the 
site under test.

Figure 4: Th e solar arrays were bonded to the substations, making the 
required diagonal distance for FOP to remote earth 6.25 miles.
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• Get a site address and GPS coordinates 
and look at the site on Google Earth; 
drop in street view if available. Identify 
nearby challenges such as:
– Possible interconnected substations/

buildings/arrays
– Fences
– Pipelines
– Transmission/distribution lines

• Review the Geotech report and soil 
resistivity data, if available.

• Verify through testing that the site under 
test is isolated.

• Determine the diagonal of the site and 
the distance required for the current 
return probe; make sure you take 
enough current-return wire.

• Determine the test path and property 
access requirements.

• When on site, previously unknown 
challenges may require a change in the 
test plan.

CONCLUSION
Many project specifi cations will call for the 
FOP test. Know its limitations, be familiar 
with IEEE Std. 81, and follow best practices 
for a successful outcome. 

 REFERENCE
[1] IEEE. IEEE Std. 81–2012, Guide for 

Measuring Earth Resistivity, Ground 
Impedance, and Earth Surface Potentials of 
a Grounding System. 
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technology with a minor in electrical engineering technology 
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surrounding interferences, and the fact that the 
utility’s substation was bonded and energized, 
it is impossible to test this site with the FOP 
method. 

Th e SGM allows testing in these conditions 
if aided by a software model of the ground 
grid and other connected sites and grounded 
objects. We reduced the required remote earth 
distance by disconnecting the concentric 
neutrals from the inverters, isolating the 
substation grids from the solar arrays. Although 
we were still bonded to the utility system, the 
site could now be tested with  the SGM. We 
measured 0.74 ohms versus the design value of 
0.89 ohms.

PLAN FOR SUCCESS
Preplanning can go a long way towards testing 
success. For any large site such as a solar farm, 
wind farm, generation plant, urban location, 
campus, or other complex site, ask lots of 
questions!

http://www.apparatustesting.com/
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BY SETH KRAVETZ, QUALUS Corporation

Power infrastructure failure is a common challenge across commercial, 
industrial, and utility sites. Failure of the underlying power system can 
lead to unplanned outages and equipment damage, so the benefits of 
prevention far outweigh the consequences of failures. 

It is important to evaluate the health of a facility’s 
power system. Following the industry-recognized 
maintenance practices in NFPA 70B®, Standard 
for Electrical Equipment Maintenance®, and ANSI/
NETA MTS, Standard for Maintenance Testing 
Specifications for Electrical Power Equipment and 
Systems, can serve as an early warning system for 
potential upcoming failures. 

This is where power equipment modernization 
comes into play. By actively evaluating a power 
system and mitigating the risks posed by aging 
or failing equipment, it is possible to bring a 
power system up to current standards, use the 
newest technologies in protection and control, 
improve personnel safety, and greatly increase 
the reliability and lifespan of the equipment, 
thereby reducing maintenance and operation 
costs over the life of the equipment. Since a 
facility’s electrical system forms the backbone 
of critical operations, modernization is not an 
option; it is a necessity. 

There are many approaches to modernization, 
and this article explores the risks associated with 
keeping aging or damaged equipment in service, 
as well as specific methods of modernization, 
including the benefits, use cases, and technical 
considerations of each method. 

IDENTIFYING THE NEED 
FOR MODERNIZATION
The first point of discussion is the need for 
modernization and the risk factors that should 
be identified and prioritized. Equipment 
that has had significant exposure to a harsh 
environment, has been damaged, or has 
a negative test report indicating an item 
of concern should all be considered when 
determining whether equipment needs to be 
modernized. 

Problem
Equipment exposed to a harsh environment, 
such as in a facility that processes corrosive 
chemicals or in high humidity areas, should be 
regularly evaluated for signs of corrosion and 
should undergo a more frequent maintenance 
cycle. Corrosion can have a negative impact on 
the structural integrity of switchgear, causing 
moisture buildup inside the equipment and 
corrosion on current-carrying components 
such as hardware on a busbar joint or 
cable connection, and leading to increased 
temperatures and thermal failures emdash 
or even arc flash. Humidity can also damage 
sensitive electronics, leading to device failure, 
which in turn can lead to mis-operation or 
non-operation of a circuit breaker. 

MODERNIZATION – 
A STRATEGIC NECESSITY

COVER STORY
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Internal damage to switchgear is a sure sign 
of a problem, including tracking seen on 
insulating components (Figure 1), burned 
or melted insulators, discolored conductors 
(Figure 2), pitting or erosion of conductors, 

and more. Many of these hazards hide inside 
switchgear and only come to light during 
infrequent outages, or when the equipment 
itself experiences dielectric failure or a thermal 
event. 

PHOTO: © ISTOCKPHOTO.COM/PORTFOLIO/KOSSSMOSSS

Figure 2: Discoloration of a conductor and 
insulation is a sign of thermal failure. Corrosion on 
hardware can increase the severity of overheating.

Figure 1: Tracking is an indication of 
insulation breakdown, which can lead to more 
significant failures.

http://www.ISTOCKPHOTO.COM/
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Regular maintenance and testing, and a 
thorough review of the test results, can do 
a good job of predicting when a piece of 
equipment is at risk. Common indicators 
include changes to breaker trip time or breaker 
mis-operation, poor transformer oil sample 
results pointing to insulation failure, or failure 
of a relay to produce a proper trip signal when 
secondary injection testing is performed. In 
each of these cases, it is time to evaluate options 
for replacing the failed equipment. 

When these risks go undetected, the outcome 
of a failure is almost always the same: an 
unplanned outage and emergency recovery. 
Many of these failures can lead to arc fl ash 
events or cause signifi cant property damage. 
Recovery from an unplanned outage can 
be costly and take a long time, negatively 
impacting production and increasing operating 
costs. If personnel are present during an event, 

there is also a signifi cant safety risk due to the 
hazards of electrical shock and incident energy 
released during an arc fl ash. 

Solutions
With the problem established, solutions can be 
evaluated. Full equipment replacement is almost 
always an option, but it can be costly and require a 
signifi cant amount of time to complete. In a time 
of ever-extending lead times, it is not unrealistic 
to wait more than a year for new switchgear. 

Th is is where modernization can truly shine. 
The core of modernization is this: Leave 
what is good and upgrade the rest. Looking 
at another defi nition, taken from IEEE Std. 
C37.59–2018, IEEE Standard for Requirements 
for Conversion of Power Switchgear Equipment, 
conversion is defi ned in Chapter 3 as:

the process of altering existing power switchgear 
equipment from any qualifi ed design.

Modernizing power equipment follows the 
process laid out in this standard: Keep existing 
qualifi ed equipment and alter it using modern 
technology. Th is can mean leaving the wiring 
in place when replacing a protective relay or 
leaving the bus and sheet metal in place and 
replacing an obsolete circuit breaker. 

When considering these options, it should be 
noted that standards have been established for 
this type of work. Vendors who perform this 
work must understand the standards for the 
equipment they are modifying, as installations 
that do not meet the minimum design 
requirements or have not undergone the required 
rigorous testing can put an entire facility at risk. 
IEEE C37.59 is one such standard, along with 
the type-specifi c standards established by IEEE 
and other standards organizations.

MODERNIZATION CASES
Two common use cases of modernization are 
presented here: protective relay upgrades and 
circuit breaker retrofi lls. Th ese are by no means 
the only methods to consider, but they are 
good solutions to common problems found in 
aging equipment. 

Figure 3: Results of an arc fl ash in a section of low voltage busway. 
Th e root cause was determined to be water ingress.
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Protective Relay Upgrades
Protective relays have come a long way since 
their initial development over 100 years ago. 
Th e relays that were installed in much of 
the industrial world through the 1950s and 
1960s were electromechanical relays — single-
function devices such as a single phase 50/51 
overcurrent protection relay, although many 
other purpose-driven devices existed as well. 

Electromechanical relays continued to be 
used even after digital protection relays were 
developed in the 1970s, and many of those 
relays can be found protecting equipment today. 

Electromechanical relays have stood the test 
of time, but they present many challenges in 
the modern world. For example, these devices 
can be sensitive to physical movement, sending 
inadvertent trip signals sometimes triggered 
just by opening or closing a compartment door.

They also have limited functionality. For 
example, if a three-phase system required 
both overcurrent protection and undervoltage 
protection on each phase, then six separate 
relays were required. Th e space required for 
these devices often led to additional control 
cabinets installed across switchgear aisles or on 
top of a section of switchgear, consuming fl oor 
space that could be used for other equipment 
(Figure 4). 

Using multiple devices also leads to additional 
points of failure and additional components 
to test and evaluate, extending the duration of 
maintenance outages. Aside from the physical 
constraints, there are also capability constraints. 
While technology has improved to include 
more complex monitoring, control, and 
communications systems, electromechanical 
relays have remained the same, and they cannot 
be integrated into these systems. 

One solution is to modernize electromechanical 
relays to microprocessor-based relays. 
Microprocessor relays provide expanded 
protection and metering capabilities, and 
integration into existing SCADA and building 
automation systems. The modernization 

process is straightforward. First, a minimal 
outage is required to verify existing wiring 
and all connections to the existing devices. 
Once design and in-shop assembly and 
testing are completed, a new relay door can be 
installed during another short-duration outage 
(Figure 5). Some manufacturers off er kits that 
act as a direct replacement for obsolete relays, 
further reducing the required downtime for 
replacement. 

Figure 4: MV Switchgear before Relay Upgrade

Figure 5: MV Switchgear after Relay Upgrade
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eventually a vacuum-encapsulated contact, 
which is now widely used in medium-voltage 
power distribution. 

Technology also improved for low-voltage circuit 
breakers, moving far beyond the capabilities 
of the thermal-magnetic breaker, which had 
limited capability for adjustments. Oil dashpots 
were one early invention that allowed a delay to 
be introduced. Later innovations in electronics 
eventually led to electronic trip units that, like 
a protective relay, support a broad range of 
adjustments, improving breaker coordination 
and safety and reducing the risk of arc-fl ash. 

With the rapid rise in the need for electricity 
and rapid improvement in technology, a 
signifi cant number of circuit breakers have been 
installed using obsolete technology. Even with 
proper maintenance, devices installed in the 
1960s are well beyond their expected lifecycle, 
putting an electrical system at risk. Continued 
use will lead to worn or fused contacts, tracking 
in insulation, oil and gas leaks, and more. 

A common challenge is how to handle the 
replacement of these devices as a preventive 
measure or in response to failure. While full 
switchgear replacement is a consideration, 
the costs of this type of replacement can be 
extensive. It can also be challenging to move 
equipment into and out of a building that has 
been built around an electrical room, and the 
required downtime for a full replacement may 
not be reasonable. In these situations, a circuit 
breaker retrofi ll is a good option. 

While the circuit breaker may experience failure 
or not meet modern requirements, the switchgear 
that contains it may not have the same issues. Th e 
copper, aluminum, and steel used in switchgear 
construction have not seen the same changes as 
the functional components of circuit breakers and 
can often be left in place and reused when the 
older circuit breaker is removed. 

The process for a retrofill, like a relay 
replacement, begins with data collection. A site 
visit is performed to thoroughly inspect the 
switchgear and collect the required data for the 

Th e benefi ts of upgrading to modern protective 
relays are extensive. Th e key benefi t is the 
extended service life that comes with updating 
the equipment. Once a relay has been upgraded, 
it should not need replacement again for more 
than 20 years if properly maintained. Modern 
relays also have added functionality that allows 
for improved device coordination and reduction 
of arc-fl ash risk through the addition of light 
detection, working in conjunction with current 
sensing and logic. Th ey also provide multiple 
protection elements, which can reduce the overall 
number of relays that require maintenance. 

Beyond these benefi ts, the ability to implement 
logic calculations and communications allows 
more complex protection and automation 
schemes to be implemented and integrated into 
building automation and SCADA systems.

Circuit Breaker Retrofi lls
Another modernization method is to perform 
circuit breaker retrofi lls in low- and medium-
voltage switchgear. But fi rst, there is some 
history to discuss. 

Th e use of electricity introduces risks of damage 
to equipment and harm to those operating 
electrically powered equipment. With the 
need for protection from these risks, Th omas 
Edison developed early devices using fuses as 
the protective element, and fuses are still used 
for the same purpose. While there is a place for 
using fuses, there are also drawbacks, such as the 
need to replace them each time they operate. 

The need for improved operation drove 
innovation that led to the development of 
what we now know as the modern circuit 
breaker. Early devices used the thermal-
magnetic properties of bi-metals to force the 
circuit breaker contacts open, using air as an 
insulator to extinguish the arc between the 
contacts. As voltage and current requirements 
increased, these breakers had to be larger to 
handle the added load and interrupt current, 
and air alone was eventually not a suffi  cient 
insulator to extinguish the arc. Th is led to 
the introduction of insulation mediums to 
extinguish the arc, including oil, SF6 gas, and 
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design and installation of a new breaker during a 
planned outage. Th ese details include nameplate 
data of the switchgear and breaker, detailed 
dimensional information for the construction, 
and a thorough evaluation of switchgear 
components. Th ose details are fed into the 
design, where the appropriate circuit breaker 
is specifi ed, and components are designed to 
integrate the new breaker (Figure 6).

New components typically involve copper 
busbar conductors and sheet metal or 
insulating material structural members and 
barriers. Th e new components are specifi cally 
designed to meet the established standards for 
current-carrying capacity and short-circuit 
withstand capability. In some cases, these 
designs can be completed without type testing, 
but the best practice (and required practice for 
most IEEE standards) is to qualify a standard 
design by performing short-circuit and heat-
rise testing. Using a qualifi ed design ensures 
that the new installation can withstand the 
extreme forces and high currents of a short-
circuit event and safely operate under normal 
circumstances without overheating. Once the 
design is complete and materials are fabricated, 
the installation can be scheduled. A retrofi ll 
of a single low-voltage circuit breaker can 
generally be completed in less than two days, 
compared to much longer installation time for 
a new section of switchgear. With the retrofi ll 
completed, a new circuit breaker with modern 
technology and little or no expanded footprint 
has been installed without tearing out a full 
section of switchgear. 

FINAL CONSIDERATIONS
Modern technology has resulted in signifi cant 
improvements in power distribution. Beyond 
relays and circuit breakers, other new devices, 
such as arc quenching devices and light-based 
arc fl ash monitors, reduce the risks associated 
with arc fl ash, and thermal sensors can actively 
monitor potential hot spots. 

Constant innovations in this fi eld regularly 
lead to new technologies to improve safety and 
reliability. While improving one area, additional 

solutions can be installed, creating an even more 
robust electrical system. Th e reasons to consider 
modernization can include cost, the need to 
improve capacity, safety, or more. In the end, 
modernization results in a more robust and 
reliable electrical system, renewing the life of the 
equipment it contains and reducing the risk of 
injury to personnel operating it. 

Modernization is more than responding 
to aging infrastructure. It is a proactive 
investment in reliability, safety, and effi  ciency. 
Facilities that prioritize modernization position 
themselves to meet today’s demands and 
tomorrow’s challenges with confi dence. 

Seth Kravetz, PE, is an Engineering 
Manager at Qualus, specializing in 
electrical modernization. He began his 
career designing modernization solutions 
for power equipment before moving into 
his current role. He now leads a team of 
engineers who help clients improve system 

reliability and safety. Seth shares his expertise through client 
education, technical papers, and conference presentations. He 
holds a BS in electrical engineering from the University of 
Kentucky.

Figure 6: 3D CAD Model of an LV Circuit 
Breaker Retrofi ll
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Th e bolted pressure switch (BPS) once occupied a central role in 480-
V distribution systems across industrial, commercial, and institutional 
facilities. Known for its rugged construction and ability to withstand 
high fault currents, the BPS was a workhorse of mid-20th-century, low-
voltage power distribution. By using spring-driven mechanical force 
to bolt contacts together, the BPS ensured a low-impedance path for 
current fl ow, even under heavy load conditions.

However, the BPS was designed primarily as 
an isolating device rather than a true switching 
or protective device. While it could reliably 
carry current, it could not safely interrupt 
load or fault current. As a result, operators 
were expected to de-energize systems prior to 
operation — a practice that relied heavily on 
human factors and was not always followed.

In the modern context of arc fl ash awareness, 
OSHA regulations, and NFPA 70E 

compliance, the limitations of the BPS are 
clear. High incident energy levels, lack of 
protective integration, and mechanical aging 
of these devices present risks to personnel 
and equipment. In contrast, today’s breaker 
technologies — molded-case circuit breakers 
(MCCBs) and insulated-case circuit breakers 
(ICCBs) — provide integrated protection, 
fault-interrupting capability, and arc fl ash 
mitigation features that were not possible in 
the BPS era.

FROM BOLTED PRESSURE SWITCHES 
TO MODERN BREAKERS: 

THE EVOLUTION 
OF 480-V 

DISTRIBUTION 
SYSTEMS

FEATURE



NETAWORLD   •   51FROM BOLTED PRESSURE SWITCHES TO MODERN BREAKERS:  
THE EVOLUTION OF 480-V DISTRIBUTION SYSTEMS

FEATURE

HISTORY OF THE BOLTED 
PRESSURE SWITCH IN 480-
V SYSTEMS
The bolted pressure switch emerged in 
the 1950s and 1960s as an answer to the 
limitations of earlier knife switches and fused 
disconnects. At the time, the electrical industry 
was expanding rapidly as hospitals, universities, 
factories, and data centers required robust 
distribution systems operating at 480 Volts. 

The BPS quickly gained adoption because it could:

• Withstand short-circuit currents until 
upstream fuses cleared

• Provide visible isolation, useful for 
maintenance and lockout/tagout 
(LOTO)

• Operate without oil or gas interrupters, 
simplifying maintenance

Common installations included:

• Service disconnects between utility 
transformers and main switchboards Figure 1: 3,000-A Fused Eaton Pringle Switch  
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• Feeder switches supplying large motor 
control centers

• Institutional and industrial distribution 
panels

Despite its prevalence, the BPS was never 
designed for load-break duty. Unlike 
breakers, it did not extinguish arcs in a 
controlled manner, leaving operators exposed 
if switching was attempted on energized 
systems.

TECHNICAL DRAWBACKS 
OF THE BOLTED PRESSURE 
SWITCH

No Load-Break Capability
The BPS relies on a bolted mechanical 
connection. Opening the device under load 
produces uncontrolled arcs that can persist 
until interrupted by upstream protection. 
Modeling based on IEEE Std. 1584, IEEE 
Guide for Performing Arc-Flash Hazard 
Calculations, shows that even a modest 480-V 
arc can release energy over 20 cal/cm² within 
a few cycles. Without arc chutes, vacuum 
bottles, or magnetic blowout features, the BPS 
is inherently unsafe for load switching.

Mechanical Wear and 
Degradation
• Springs lose elasticity, reducing contact 

force
• Lubricants dry out, increasing mechanical 

friction
• Contact erosion increases resistance, 

generating heat at the interface

Elevated contact resistance can lead to localized 
heating, insulation breakdown, and eventual 
phase-to-phase or phase-to-ground faults. 
Many BPS failures manifest as catastrophic bus 
faults during operation.

Limited Protective Functionality
The BPS provides isolation only — no 
overcurrent or short-circuit protection — 
and ground fault capabilities are through 
external GFR relays to a shunt trip device. 
Coordination must rely on external fuses 

or upstream breakers. Th is introduces three 
issues:

• Lack of adjustability compared to solid-
state circuit breaker trip units

• Poor selectivity in complex feeder 
systems

• Slower clearing times at moderate fault 
currents

Arc-Flash Hazards
Th e BPS era predated the formal recognition 
of arc fl ash hazards. NFPA 70E, Standard for 
Electrical Safety in the Workplace (fi rst issued 
in 1979) and IEEE 1584 (2002) formalized 
methods to calculate and mitigate arc energy. 
Many legacy 480-V BPS lineups test at 
incident energy levels above 30–50 cal/cm², 
requiring PPE Category 4 and higher, which 
are impractical for maintenance.

Th e incident energy equation per IEEE 1584:

E = k
I t1.4731.473
D
arc

Where:
• E = incident energy (cal/cm²)
• Iarc = arcing current (kA)
• t = clearing time (s)
• D = working distance (mm)
• k = empirically derived constant

Since clearing time (t) is directly proportional, 
the slow clearing times associated with fuse/
BPS systems result in disproportionately high 
incident energy values.

Aging Infrastructure and Parts 
Obsolescence
Most BPS devices in service today are more 
than 15 to 40 years old. Some manufacturers no 
longer provide replacement parts, and insulation 
systems have often exceeded their rated lifespans. 
Due to the aging equipment and the immense 
amount of spring pressure and force experienced 
during an operation, the typical BPS mechanism 
and internal parts suff er a higher failure rate. 
Continued operation represents safety, reliability, 
and liability issues.
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TRANSITION TO MODERN 
BREAKER TECHNOLOGIES
By the late 20th century, MCCBs (UL 489) and 
ICCBs (UL 1066) replaced BPS systems in most 
new construction. Breakers integrate switching 
and protective functionality into a single device, 
eliminating the need for separate fuses.

Key technical advantages include:

• Load and fault interruption. Arc 
chutes and magnetic blowout paths 
extinguish arcs in less than 3 cycles.

• Trip unit integration. Long-time 
(L), short-time (S), instantaneous (I), 
and ground-fault (G) elements can be 
tailored to system coordination.

• Electronic trip units. Adjustable curves 
allow coordination studies per ANSI 
C37.13/16, Low-Voltage AC Power 
Circuit Breakers Used in Enclosures, 
which was superseded by IEEE Std. 
C37.13 IEEE, Standard for Low-Voltage 
AC Power Circuit Breakers Used in 
Enclosures.

• Reduced maintenance. Self-contained 
operating mechanisms with limited 
moving parts.

• Arc-fl ash mitigation. Zone-selective 
interlocking (ZSI), arc fl ash maintenance 
switches, and arc-resistant enclosures 
signifi cantly reduce incident energy.

Th ese features make breakers far more suitable 
for compliance with NFPA 70E and OSHA 
1910 Subpart S Electrical.

INCIDENT ENERGY 
AND ARC FLASH 
CONSIDERATIONS
One of the most important reasons to replace 
legacy BPS systems is the opportunity to reduce 
incident energy levels.

• Legacy BPS systems. Clearing times 
governed by upstream fuses result in 
high arc fl ash energies (20–50 cal/cm²).

• Modern breaker systems. Faster 
clearing times reduce incident energy to 
<8 cal/cm².

• Maintenance mode. Temporarily 
decreasing instantaneous pickup further 
reduces incident energy to <4 cal/cm², 
often within PPE Category 1.

REAL-WORLD EXAMPLE: 
FUSE/BPS TO BREAKER 
UPGRADE
A 480-V distribution system fed by a 2,500-
kVA transformer (5% impedance, infi nite bus 
primary) originally used a fused BPS.

Figure 2: 3,000-A Square D MTZ Replacement Circuit Breaker Retrofi t

Table 1: Fuse/BPS to Breaker Upgrade

Protection Scheme Incident Energy (cal/cm²) PPE Category
Fused BPS (legacy design) 23.7 Cat. 3–4 (high hazard)
Breaker (LS only) 8.16 Cat. 2
Breaker w/ Maintenance Mode 2.91 Cat. 1–2
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Figure 3: Side-by-Side Incident Energy Comparison: (Left) A bar chart highlights the incident energy reduction achieved 
when upgrading from a fused BPS to a modern breaker (normal and maintenance modes). (Right) A simplifi ed TCC comparison 
shows how breakers clear faults much faster than legacy fuses, further reducing arc fl ash energy.

Figure 4: TCC of a BPS vs. a Power Circuit Breaker
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Th e time-current curves (TCCs) reinforce this 
result (Figure 3):

• Fuse curve: slow clearing at moderate 
faults (hundreds of ms)

• Breaker (normal mode): faster clearing 
with short-time trip

• Breaker (maintenance mode): 
instantaneous clearing (<50 ms), 
dramatically reducing arc fl ash energy

The differences between the fused bolted 
pressure switch (left) and the power circuit 
breaker (right) are clear (Figure 4).

Th e fused BPS relies on fuse characteristics, 
resulting in longer clearing times at moderate 
fault levels — in the range of tenths to several 
seconds — before the fuse melts and clears. 
Th is extended duration allows more fault 
energy to be released, which translates directly 
into higher incident energy levels and greater 
stress on downstream equipment. 

In contrast, the power circuit breaker incorporates 
electronic trip units that can act in the 
instantaneous region, clearing faults in tens of 
milliseconds at similar current levels. Th is faster 
clearing dramatically reduces arc fl ash exposure to 
personnel and limits damage to the distribution 
system, often making the diff erence between 
minor repairs and major equipment replacement. 

Th e implication is also clear: While the BPS 
can carry and withstand fault current, only 
the breaker provides the controlled, rapid 
interruption needed to align with modern 
safety standards and minimize both personnel 
risk and equipment downtime.

Impact
• Personnel safety improves dramatically, 

moving from Category 4 PPE to Category 
1–2.

• Equipment stress is reduced, leading to 
minor repairs rather than catastrophic 
failures.

• Operational uptime is preserved, avoiding 
costly downtime from equipment 
replacement.

LEGACY SYSTEMS AND 
MODERNIZATION OPTIONS
Facilities with BPS equipment typically face 
three options:

 1. Maintain. Continue operating with 
inspections, lubrication, and training. 
Risks remain high.

 2. Retrofi t. Replace BPS switchboard cells 
with breaker retrofi ts. Preserves structure, 
lowers cost, and reduces incident energy.

 3. Replace. Completely replace with 
breaker-based switchgear. Highest upfront 
cost but ensures compliance, safety, and 
long-term reliability.

An added benefi t of modern circuit breakers 
is that programming for remote operation is 
possible, further enhancing employee safety 
by ensuring that personnel are not positioned 
directly in front of the gear when opening 
or closing the breaker. While bolted pressure 
switches can also be adapted for remote 
operation through third-party devices such as 
ArcSafe’s RSA-135 remote operator (Figure 5), 
these solutions may not immediately be 
available for urgent switching requirements and 
often come at an additional cost.

Modernization programs are often justifi ed by 
reduced PPE requirements, lowered insurance 
liability, and prevention of downtime losses 
from major equipment failures.

CONCLUSION
Th e bolted pressure switch represented an 
important stage in the evolution of low-
voltage distribution systems, bridging the gap 
between crude mechanical disconnects and the 
sophisticated protective devices used today. 
For decades, the BPS served facilities reliably 
by providing a means of isolating circuits and 
withstanding the thermal and mechanical 
stresses of high short-circuit currents. In its era, 
the BPS was considered a rugged, dependable, 
and relatively low-maintenance solution.

However, its design limitations are unmistakable 
when viewed against modern requirements. Th e 
BPS lacks the ability to interrupt load safely, 
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instead relying on external fuses or upstream 
devices for fault clearing. Th is dependence 
not only limits coordination but also prolongs 
clearing times, directly leading to higher 
incident energy levels. Furthermore, decades of 
service have left many BPS installations suff ering 
from mechanical wear, degraded insulation, 
and obsolescence, with spare parts increasingly 
unavailable. Combined with the fact that these 
devices were never engineered with arc fl ash 
mitigation in mind, continued operation of 
BPS lineups exposes personnel to hazards well 
above acceptable thresholds under NFPA 70E 
and IEEE 1584 guidance.

By comparison, modern molded-case 
(MCCB) and insulated-case (ICCB) circuit 
breakers embody the integration of switching, 
protection, and safety functions in a single 
device. Th ese breakers provide precise trip unit 
coordination per ANSI C37, instantaneous 
clearing capabilities that drastically reduce 
arc fl ash exposure, and compatibility with 
advanced safety features such as zone-selective 
interlocking (ZSI) and maintenance mode 
arc fl ash reduction switches. Breakers also 

support remote operation and racking, keeping 
personnel outside the arc fl ash boundary and 
aligning with OSHA’s emphasis on minimizing 
exposure through engineering controls.

Th e benefi ts extend far beyond personnel safety. 
Faster fault-clearing signifi cantly reduces the 
energy let-through to the system, limiting damage 
to bus structures, cables, and connected loads. 
Where a fault cleared by a fuse/BPS might result 
in severe damage requiring weeks of repairs and 
production downtime, the same fault cleared by a 
breaker can often be followed by moderate repairs 
and rapid return to service. In this sense, breaker 
modernization is as much about operational 
continuity and asset preservation as it is about 
compliance and worker protection.

Ultimately, the transition from bolted pressure 
switch technology to modern breakers is 
not a matter of convenience or incremental 
upgrade. It is a safety-critical modernization 
strategy that directly impacts personnel well-
being, equipment reliability, and facility 
productivity. For organizations still operating 
legacy BPS lineups, proactive retrofi tting or 

Figure 5: Bolted Pressure Switch Operator RSA-135 by ArcSafe
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replacement is no longer optional but essential. 
Such upgrades reduce risk exposure, ensure 
compliance with NFPA, IEEE, ANSI, and 
OSHA standards, and future-proof facilities 
against the increasingly stringent demands of 
electrical safety. By investing in breaker-based 
systems, facility owners protect not only their 
workforce but also the operational resilience of 
their entire electrical infrastructure. 
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Infrared thermography has long been a cornerstone of electrical panel 
maintenance, traditionally performed through periodic, time-based 
inspections using handheld infrared cameras. This method has been 
widely adopted as a best practice due to its ability to detect early signs 
of failure, mitigate catastrophic risks, and support the longevity of 
electrical infrastructure. 

However, recent regulatory changes have 
elevated the role of infrared inspections from 
recommended practice to mandatory standard. 
Specifically, the 2023 edition of NFPA 70B®, 
Standard for Electrical Equipment Maintenance® 

now requires infrared thermography as 
an integral component of all electrical 
maintenance programs.

Under NFPA 70B Section 9.3.1.3, electrical 
equipment is categorized into three conditions 
based on its operational status and maintenance 
history. Condition 3 represents a significant 
deviation from normal operating parameters 
and is assigned when equipment has missed 
two consecutive maintenance cycles, undergone 

major repairs or replacements, or triggered alerts 
through continuous monitoring or predictive 
diagnostics such as infrared thermography. 
This classification underscores the urgency 
of intervention and the necessity of robust 
monitoring systems and now requires infrared 
inspections to be performed every six months.

The shift toward more frequent inspections 
reflects a growing consensus on the critical role 
of infrared diagnostics in maintaining electrical 
safety and reliability. These inspections not only 
extend the lifespan of aging infrastructure but 
also reduce the risk of injury to maintenance 
personnel by identifying hazardous conditions 
before they escalate.

CONDITION-BASED 
MAINTENANCE USING 
REMOTE INFRARED 
CAMERA SYSTEMS

INDUSTRY TOPICS



NETAWORLD   •   59

INDUSTRY TOPICS

CONDITION-BASED MAINTENANCE USING REMOTE INFRARED CAMERA SYSTEMS

INSPECTION 
REQUIREMENTS
NFPA 70B further refines inspection frequency 
by linking it to the physical condition of the 
equipment. Equipment is classified as:

• Condition 1 (like-new)
• Condition 2 (minor deviations)
• Condition 3 (urgent action required) 

This condition-based approach replaces the 
traditional one-size-fits-all model, allowing for 
tailored inspection schedules that reflect the 
specific risks associated with each asset.

However, the new standard introduces a 
significant increase in inspection frequency. 
For example, while some manufacturers of new 
switchgear recommend thermal inspections 
every 60 months, NFPA 70B now mandates a 
maximum interval of 12 months for all electrical 
equipment — regardless of age or manufacturer 
guidelines.

This increase in inspection requirements 
presents logistical and financial challenges. 
Maintenance teams, already stretched thin due 

to staffing shortages and demanding schedules, 
may struggle to meet these new standards. 
Missed inspections are not only common 
but also now carry regulatory consequences. 
Under OSHA’s General Duty Clause, failure to 
comply with NFPA 70B can result in citations 
and fines, further emphasizing the need for 
reliable and scalable inspection solutions.

INFRARED CAMERA 
TECHNOLOGY
Recent advancements in fixed infrared camera 
technology offer a compelling solution to these 
challenges. These systems enable continuous, 
condition-based monitoring, eliminating 
gaps in coverage and reducing reliance on 
manual inspections. The latest generation of 
compact, remote infrared cameras represents a 
transformative shift in how electrical panels are 
monitored and maintained.

These bi-spectral cameras — capable of capturing 
optical and infrared images — deliver high-
resolution visuals with exceptional sensitivity. 
This allows precise identification of thermal 
anomalies, such as overheating components, that 
may indicate impending failure. For example, 
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a single bi-spectral camera installed inside a 
wind turbine panel can simultaneously capture 
infrared and optical images, revealing critical 
issues like an overheated wire with remarkable 
clarity. Th is system is especially critical in wind 
turbine work, as technicians are not permitted 
inside the nacelle while it is energized. Th is 
means any use of handheld cameras would be 
totally worthless.

Accompanying software platforms enhance 
functionality by enabling customizable alert 
systems. Users can defi ne regions of interest 
using polygonal overlays and set diff erential 
temperature alarms (delta-T), as well as 
independent high/low temperature thresholds. 

Alerts can be confi gured to trigger email 
notifi cations or audible alarms, ensuring that 
anomalies are promptly addressed.

Installation
Installation of these systems is safe and effi  cient. 
Cameras can be mounted on de-energized 
panel doors, eliminating live electrical exposure 
during setup. Many models support Power over 
Ethernet (PoE), allowing for rapid deployment 
by trained personnel. 

Operation
Once installed, these cameras can operate 
for up to two years without maintenance, 
requiring only a brief recalibration that can be 
scheduled to occur during the annual routine 
cleaning of the panel. With a typical drift rate 
of less than 1/1000th°F per year and delta-T 
the primary alerts of concern, the accuracy of 
alarms remains reliable over time.

Some units feature magnetic mounts, allowing 
for fl exible placement on cabinet doors without 
compromising the structural integrity of the 
enclosure. Their wide-angle lenses provide 
comprehensive views of internal components, 
including wires, connectors, and fasteners, 
facilitating holistic monitoring without the need 
to open the cabinet.

Th is approach not only enhances safety by 
eliminating the need for personnel to access 
live panels but also removes the requirement 
for viewing windows, often installed to 
accommodate handheld inspections. By 
replacing manual inspections with automated, 

Figure 1: Side-by-side infrared and optical images from a single bi-spectral camera inside a wind 
turbine electrical panel reveal an overheated wire.  

Figure 2: A compact camera is attached 
magnetically to a panel door, with Ethernet 
providing communication and power.
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real-time monitoring, organizations can achieve 
compliance with NFPA 70B while improving 
operational effi  ciency and reducing risk.

DATA MANAGEMENT AND 
RECORD KEEPING
Beyond automating inspections, modern 
infrared camera systems offer robust data 
management and reporting capabilities. Many 
of these systems integrate seamlessly with 
enterprise-level platforms, enabling real-time 
visualization of system health through live 
feeds, charts, and historical trend analysis. Some 
systems off er reporting capabilities that can 
be generated using threat levels aligned with 
the Electric Power Research Institute (EPRI) 
hierarchy, providing actionable insights based on 
the severity of thermal anomalies. Th ese features 
empower maintenance teams to make informed 
decisions and prioritize interventions based on 
risk, not routine. NFPA 70E requires reporting 
so automating these systems can help provide 
solutions to increased regulatory requirements. 

Th e ability to integrate thermal monitoring 
systems into existing enterprise data 
management platforms (EDMPs) enhances 
operational transparency. Th ese integrations 
allow stakeholders to view system health in 
real time, track performance metrics, and 
receive alerts through centralized dashboards. 
Th is level of visibility fosters confi dence in the 
reliability of electrical systems and supports 
proactive maintenance strategies.

CONTINUOUS CONDITION-
BASED MAINTENANCE
In aging electrical infrastructure, even brief 
lapses in monitoring can lead to rapid 
escalation of faults. Unexpected shutdowns 
are costly and disruptive, and often avoidable 
with early detection. Fixed, non-contact 
infrared camera systems eliminate these gaps 
by providing continuous, condition-based 
monitoring, ensuring that no inspection is 
missed and no anomaly goes unnoticed.

CONTACTLESS INSPECTIONS
Th e concept of safety by design has gained 
traction across industries, emphasizing the 

importance of engineering solutions that 
inherently reduce risk. In the context of 
electrical maintenance, remote infrared 
monitoring exemplifi es this principle. A 2013 
report published in the May 31, 2013, edition 
of Industrial Safety & Hygiene News estimates 
that, on average, 30,000 arc fl ash incidents 
occur every year in the United States, or about 
5–10 per day. Th e report went on to say that 
those incidents resulted in annual totals of 
7,000 burn injuries, 2,000 hospitalizations, 
and 400 fatalities. Costs incurred from arc 
fl ash damage can reach millions of dollars in 
employee claims, insurance costs, equipment 
replacement, and lost productivity.

Th e risk, frequency, and severity of arc fl ash 
events make it imperative that plants employ 
a host of mitigation processes to pave a safer 
path for workers who maintain electrical 
distribution, power control, and protection 
systems.  Proper installation of these systems 
throughout an entire facility with the panels 
placed in lock-out/tag-out after installation, 
would mean technicians could do their jobs 
without ever opening electrical enclosures 
under electrical load or having physical contact 
with live electrical panels.

A TRANSFORMATIVE 
SOLUTION
Fixed infrared camera systems offer a 
transformative solution. By combining high-
resolution thermal and optical imaging with 
intelligent software, these systems enable 
comprehensive health assessments without 
requiring personnel to open cabinet doors. 
Th is not only dramatically reduces the risk of 
arc fl ash during inspections but also aligns with 
NFPA 70E Article 105, which mandates hazard 
elimination as the top priority in safety-related 
work practices.

While infrared viewing windows have 
historically provided a safer alternative to 
opening enclosures, they are inherently limited. 
These windows offer only point-in-time 
snapshots and often suff er from misalignment 
with critical components. In many cases, 
thermographers must still open cabinets to 
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ADVANTAGES OVER 
THERMALCOUPLES
Th ermocouple-based systems have long been 
used for condition-based monitoring, off ering 
valuable temperature data from specific 
contact points. However, their limitations are 
increasingly apparent. Th ermocouples cannot 
detect anomalies in components they are not 
physically attached to, nor can they monitor 
wiring or connectors that may exhibit early signs 
of failure.

Th ermal cameras, by contrast, provide a holistic 
view of the entire panel, including wires, bolts, 
and connectors. This broader perspective 
enables earlier detection of issues — often 
months in advance — and supports root cause 
analysis that thermocouples alone cannot 
achieve. For example, wiring may begin to 
overheat long before the connected component 
shows signs of stress. Identifying these early 
indicators can prevent failures and improve 
system reliability.

FINANCIAL BENEFITS
Th e fi nancial benefi ts of infrared thermography 
are well-documented. By preventing equipment 
failures, reducing downtime, and improving 
energy effi  ciency, these systems contribute to 
signifi cant cost savings. As the demand for 
qualifi ed thermographers driven by NFPA 
70B compliance increases, the cost of manual 
inspections is expected to rise. With an aging 
workforce and limited availability of trained 
personnel, reliance on handheld inspections 
may become unsustainable.

Fixed infrared systems mitigate these 
challenges by automating inspections and 
reducing dependence on human expertise. 
They also eliminate common sources of 
error, such as incorrect emissivity settings or 
misinterpretation of refl ective surfaces. Early 
detection of overheating components can 
prevent fi res, reduce insurance claims, and 
protect critical infrastructure.

Th e new NFPA 70B requirements mandating 
thermal inspections up to fi ve times more 
frequently than previous standards have placed 

achieve the necessary angle, defeating the 
purpose of the safety measure.

Moreover, internal barriers such as plexiglass 
shields — installed to protect personnel — can 
obstruct infrared readings. Because IR energy 
refl ects off  these surfaces, cameras cannot 
detect heat signatures behind them. To comply 
with inspection standards, these barriers 
are often removed, increasing risk. Fixed 
infrared cameras resolve this issue by allowing 
installation during de-energized conditions. 
Once installed, the system operates under 
lockout/tagout protocols, maintaining safety 
while delivering uninterrupted monitoring.

HIGH ENERGY HAZARDS
High-energy electrical systems pose signifi cant 
hazards during manual inspections. Many 
thermographers avoid opening cabinets with 
incident energy ratings exceeding high.  Some 
set their personal threshold rating as low as 34 
cal/cm² due to the extreme risk of arc fl ash. 
Since fi xed camera systems eliminate the need 
for physical access, they enable safe monitoring 
of even the most dangerous equipment.

Additionally, to accurately detect heat-related 
issues, NFPA 70B requires that inspections 
be conducted under normal load conditions, 
typically at or above 40% of rated capacity. 
Scheduling handheld inspections during peak 
load periods can be impractical or unsafe. 
Continuous remote monitoring ensures that 
data is captured during optimal load conditions, 
improving diagnostic accuracy and reducing risk.

THERMOGRAPHER 
MISINTERPRETATION
One of the most significant advantages 
of fi xed infrared systems is their ability to 
deliver consistent and accurate data. Regions 
of interest can be predefi ned, and emissivity 
values can be calibrated during installation. 
With fi xed camera angles and stable settings, 
the risk of human error is minimized. Unlike 
handheld inspections, which vary based on the 
thermographer’s skill and interpretation, fi xed 
systems provide standardized readings that can 
be trusted and acted upon with confi dence.
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unprecedented pressure on maintenance 
operations. Scheduling conflicts, aging 
infrastructure, a shrinking pool of qualifi ed 
personnel, and operational disruptions caused 
by manual inspections all point to a clear need: 
Automated, condition-based maintenance is no 
longer a luxury. It is a necessity.

Fixed infrared camera systems off er a low-
cost, high-impact solution that aligns with 
regulatory demands while enhancing safety, 
accuracy, and effi  ciency. Th ese systems not only 
fi ll the gaps left by traditional inspections but 
also empower organizations to stay compliant, 
reduce risk, and optimize performance.

CONCLUSION
As aging infrastructure faces increasing strain 
and regulatory standards push maintenance 
teams to their limits, the need for smarter, 
safer solutions has never been greater. Infrared 
thermography remains one of the most eff ective 
tools for detecting early signs of electrical 
faults, whether caused by loose connections, 
dust accumulation, or component degradation.

While handheld infrared inspections have 
served the industry well, they are inherently 
limited by their point-in-time nature and 
the risks they pose to technicians. These 
inspections often leave large gaps in system 
knowledge and expose personnel to hazardous 
conditions. Fortunately, the technology needed 
to overcome these limitations is already here.

Th e latest generation of fi xed infrared cameras and 
intelligent software platforms enables continuous, 
real-time monitoring of electrical panels. Th ese 
systems support preventive and predictive 
maintenance, off ering actionable insights that 
reduce downtime, improve safety, and extend 
equipment life. By automating inspections and 
integrating with enterprise data systems, they also 
reduce the burden on maintenance crews and 
ensure compliance with evolving standards.

Ultimately, the goal of every maintenance 
program is uptime, and uptime depends on 
knowing when to act. With fi xed infrared 
systems, organizations gain the foresight needed 
to replace components before failure, protect 
personnel from arc fl ash incidents, and maintain 
operational continuity.  Every time a panel door 
is opened, it is logged automatically, meaning 
your records are always up to date. In a time of 
rising demands and shrinking resources, these 
technologies off er a path forward that is both 
practical and transformative. 
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This article discusses best practices for managing inspection data 
in electrical utilities, emphasizing the importance of standardized 
collection, metadata tagging, and compliance with IEEE 1808-2024. It 
highlights the value of integrating data from multiple sensors, including 
RGB, thermal, and ultraviolet imaging, with geographic and asset 
information, and applying structured, industry-based diagnostics. These 
practices support traceable condition assessments, consistent severity 
scoring, and risk-informed maintenance planning.

THE CHANGING 
LANDSCAPE OF  
GRID INSPECTIONS
The worldwide power grid infrastructure 
is undergoing significant strain. Aging 
transmission lines, growing demand, and 
heightened regulatory expectations converge 
with environmental stressors, including 
extreme weather events. Utilities are being 
asked to deliver improved resilience and 
reliability while simultaneously optimizing 
costs and resources.

Traditional inspection practices — visual 
patrols, thermal scanning, and ultraviolet 
corona detection — have been integral 
for decades. Yet these methods have often 

been fragmented, with data recorded in 
separate systems, analyzed independently, 
and interpreted inconsistently across teams. 
The result is a patchwork of valuable but 
underutilized information. In an environment 
where predictive maintenance and regulatory 
compliance are central, utilities can no longer 
afford to leave inspection data siloed or 
subjective.

The move toward standardized, computer-
based data management is therefore not 
optional but essential. Inspection information 
must be collected in structured ways, combined 
with contextual metadata, and processed 
through frameworks that ensure consistency, 
traceability, and interoperability. Various 

ADVANCING MULTI-SENSOR 
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standards now provide clear frameworks 
for this transition, defining how inspection 
data can evolve from disparate reports into a 
strategic asset for decision-making.

ASSET MANAGEMENT 
METHODOLOGIES
At the core of utility operations lies asset 
management: the structured discipline 
of planning, operating, maintaining, and 
ultimately retiring infrastructure assets in a way 
that balances cost, risk, and performance. For 
power systems in particular, asset management 
is not just about prolonging equipment life; it 
directly underpins grid reliability and resilience. 
Poorly managed assets can lead to cascading 
failures, widespread outages, and regulatory 
penalties, whereas well-managed assets 
contribute to stable operations, optimized 
capital expenditure, and improved public trust.

The sophistication of asset management 
practices varies considerably across utilities, often 
reflecting organizational maturity, regulatory 

environments, and resource availability. In 
general, these practices can be viewed as evolving 
through four progressive stages.

 1. The most rudimentary stage is reactive 
replacement, where assets are operated 
until failure and only then repaired 
or replaced. This approach is highly 
unpredictable and expensive. It places 
operators in a constant firefighting 
mode, creates risks of collateral 
damage, and undermines power system 
reliability because failures occur without 
warning and may escalate into service 
interruptions.

 2. A modest improvement is the lifecycle 
replacement strategy, which replaces 
equipment based on a predefined service 
life. While this approach introduces 
planning and budget predictability, it 
often fails to reflect actual asset condition. 
Components that still have years of useful 
life may be retired prematurely, while 

PHOTO: © ISTOCKPHOTO.COM/PORTFOLIO/YELANTSEVV
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others in harsher environments may fail 
before their planned replacement, again 
threatening reliability.

 3. Th e third stage, condition-based 
replacement, integrates inspection and 
monitoring data into decision-making. 
Here, equipment is serviced or replaced 
based on observed degradation, 
such as hotspots, partial discharges, 
or mechanical wear. Th is method 
reduces unnecessary replacements and 
helps utilities extend asset life while 
preventing sudden failures. However, 
without standardized data collection 
and interpretation, condition-based 
practices may still be inconsistent, 
fragmented, and diffi  cult to scale across 
large systems.

 4. Th e most advanced stage is risk-based 
asset management, which considers the 
condition of the equipment but also 
evaluates the impact of its failure. In 
this framework, utilities assess not only 
what is wrong with an asset but also 
the consequences if it fails. A cracked 
insulator in a redundant rural feeder 
may pose little system risk, while the 
same defect in a critical substation 
feeding a hospital demands urgent 
intervention. By combining condition 
data with contextual information such 
as redundancy, customer criticality, and 
regulatory implications, risk-based asset 
management allows utilities to prioritize 
resources where they matter most.

BEST PRACTICES FOR 
ASSET AND INSPECTION 
DATA MANAGEMENT AND 
REGULATORY ALIGNMENT
Eff ective management of inspection data is 
increasingly recognized as a cornerstone of utility 
operations. As grids expand and regulatory 
oversight grows more stringent, utilities are 
expected to perform inspections and ensure that 
the resulting data is accurate, structured, and 
actionable. Best practices in this area encompass 
the entire data lifecycle, from fi eld collection 

through validation, analysis, storage, and long-
term use in asset management.

• A key principle is structured data 
collection. Inspection results should be 
entered into systems that standardize 
formats and include relevant metadata 
rather than captured in free-form reports 
or images stored without context. 
Parameters such as asset identifi ers, 
location, environmental conditions, and 
inspection methods provide the traceability 
needed for future reference and analysis. 
Without this context, inspection results 
lose much of their operational value.

• Equally important is data quality 
assurance. Utilities must be able to trust 
their inspection data, which requires 
mechanisms for validation, error checking, 
and repeatability. Standardized workfl ows 
and consistent methodologies reduce the 
variability that can arise from inspector 
subjectivity, shifting the emphasis from 
individual judgment to reproducible 
outcomes.

• Interoperability is another best practice 
that cannot be overlooked. Inspection data 
should integrate seamlessly with existing 
enterprise systems such as GIS platforms, 
enterprise asset management software, and 
regulatory reporting tools. By ensuring 
interoperability, utilities avoid the pitfalls 
of siloed data and can embed inspection 
results directly into planning, operations, 
and compliance workfl ows.

Several industry references provide guidance on 
how to implement these practices. IEEE Std. 
1808-2024, Guide for Collecting and Managing 
Transmission Line Inspection and Maintenance 
Data, offers a framework for utilities to 
transition from fragmented or paper-based 
inspection practices to modern, computer-based 
systems. It emphasizes structured collection, 
metadata tagging, quality assurance, and long-
term data governance, and has quickly become 
a touchstone for organizations seeking to 
formalize their inspection data processes.
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Complementing IEEE standards, the EPRI 
fi eld guidebooks provide practical frameworks 
for analyzing inspection results and deriving 
actionable insights. They bridge the gap 
between raw inspection imagery — whether 
from ultraviolet, thermal, or visual sensors 
— and condition assessments that can be 
integrated into asset management. EPRI’s 
methodologies are particularly valuable for 
utilities aiming to standardize severity scoring 
and risk evaluation across teams, ensuring 
consistent decision-making that extends 
beyond individual inspector experience. 

Taken together, these practices and references 
demonstrate a shift in the industry: Inspection 
data is no longer treated as an operational 
byproduct but as a strategic resource. When 
managed correctly, it provides traceable, 
auditable, and actionable intelligence that 
supports both regulatory compliance and long-
term improvements in grid reliability.

SENSOR TECHNOLOGIES IN 
GRID INSPECTIONS
Inspection practices rely on multiple sensor 
technologies, each of which detects distinct 
physical processes in assets.

• RGB imaging provides the most familiar 
perspective: visual documentation of 
physical condition. It captures issues such as 
broken hardware, contamination, structural 
degradation, or vegetation encroachment 
while off ering valuable context for situating 
other fi ndings.

• Infrared thermography identifi es thermal 
anomalies, such as heating at joints, loose 
connections, or overloaded components. 
Th ese issues may not be visible to the 
naked eye, but they present as temperature 
gradients indicating ineffi  ciencies or 
impending failures. 

Figure 1: RGB Imaging — Insulator 
Corrosion

• Ultraviolet imaging detects corona 
partial discharges. Unlike infrared, 
which identifi es heating eff ects, UV 
reveals electric fi eld phenomena that 
often precede thermal symptoms. Th is 
makes it an essential early-warning tool 
for insulation degradation, damaged 
components, improper installation, and 
contamination issues.

Figure 2: Infrared Th ermography

Figure 3: Ultraviolet Imaging 

Individually, these sensors provide useful but 
incomplete perspectives. Integrated together, 
they reveal a more comprehensive picture 
of asset condition, with each technology 
validating and contextualizing the fi ndings of 
the others. 
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registries, network topology, and especially 
geographic information systems (GIS), they 
are transformed from isolated observations into 
actionable intelligence.

GIS integration plays a central role because 
it anchors inspection fi ndings to the physical 
structure of the grid. By connecting each detection 
to a specifi c tower, pole, or substation with precise 
coordinates, utilities can organize inspection 
records in ways that mirror the real-world layout 
of the system. Th is ensures that when a hotspot 
is found or a corona discharge is detected, 
maintenance crews know exactly where to 
intervene. Accurate location data is also critical for 
downstream processes such as issuing work orders, 
scheduling crews, or planning outage windows. 
Without geospatial grounding, even high-quality 
inspection data risks being underutilized.

Beyond basic localization, GIS enables utilities to 
track asset condition over time. By maintaining 
a georeferenced history of inspections, teams can 
monitor how defects develop and whether they 
stabilize, worsen, or recur after maintenance. 
Overlays of inspection results across the network 
can also reveal spatial patterns of degradation 
— clusters of hotspots along a line segment or 
concentrations of corona activity in regions with 
heavy contamination or adverse weather. Th ese 
patterns provide insights into systemic risks that 
would not be visible from isolated reports.

By embedding inspection results within 
asset management planning, utilities create a 
continuous improvement cycle. Data collected 

MULTI-SENSOR DATA 
INTEGRATION
Th e movement toward integrated platforms 
now enables UV, IR, and RGB data to 
be ingested into a single environment, 
synchronized in time and location, and 
combined with geographic or asset metadata. 
Th is fusion of data types represents more than 
just convenience. It allows diff erent physical 
phenomena to be observed simultaneously, 
providing a layered and more accurate 
understanding of component health.

UV and infrared imaging, for example, are 
not interchangeable ways of detecting the 
same defect; they reveal diff erent underlying 
processes. Ultraviolet cameras highlight corona 
discharges and surface discharges, which 
indicate high electric fi eld stress often linked to 
insulation degradation or contamination. 

Infrared imaging, on the other hand, records 
thermal emissions, making it particularly 
eff ective for detecting resistive heating in 
conductors, connectors, and other current-
carrying parts. A corona discharge identifi ed 
by UV does not necessarily produce detectable 
heat, while a thermal hotspot may develop 
independently of any UV activity. Observing 
both together provides a far more complete 
diagnostic profi le than either could alone.

RGB imaging plays an equally important 
role. Inspectors use RGB imagery to identify 
physical defects, such as cracked insulators 
or loose fi ttings, that may explain anomalies 
captured by the other sensors. Th is cross-
referencing ensures that inspection data is 
not abstract; it’s grounded in a verifi able 
representation of the equipment.

INTEGRATION OF 
INSPECTION DATA INTO 
ASSET MANAGEMENT
Th e true value of inspection data emerges when 
it becomes part of the larger asset management 
framework. On their own, images and sensor 
readings highlight anomalies, but without 
context, they remain diffi  cult to prioritize. 
When inspection results are linked with asset 

Figure 4: Geospatial Risk Dashboard
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in the fi eld informs daily operational decisions, 
validates long-term strategies, and feeds into 
investment optimization. Over time, structured 
integration ensures that inspections evolve from 
being snapshots of component condition into 
a strategic instrument for safeguarding power 
system reliability.

DIAGNOSTICS AND THE 
SEVERITY METHODOLOGY
One persistent challenge in inspection data is 
subjectivity. Visual interpretation can vary not 
only between inspectors but sometimes even for 
the same inspector under diff erent conditions, 
such as lighting, weather, or workload. Th is 
variability undermines consistency and makes 
it diffi  cult to compare results across teams or 
over time. To address this problem, structured 
severity methodologies have been developed to 
convert qualitative fi ndings into standardized, 
quantitative assessments.

Condition Assessment
Th e foundation of this methodology rests on two 
dimensions. Th e fi rst is condition assessment, 
which is derived directly from inspection 
data. Ultraviolet imaging provides evidence of 
corona activity, infrared thermography identifi es 
overheating at joints and connectors, and visual 
imagery documents cracks, contamination, or 
physical wear. On their own, these observations 
risk being interpreted subjectively; structured 
methodologies provide guidance on how to 
classify and score them.

This is where the EPRI field inspection 
guidebooks have become indispensable. 
Th ese guides provide utilities with detailed 
procedures for interpreting inspection results, 
ensuring that fi ndings are not left to individual 
judgment. Instead of relying on inspector 
intuition, evaluators follow a step-by-step 
framework that translates imagery and sensor 
readings into standardized categories of severity. 

For example, a corona discharge observed 
at a certain location on a component will 
correspond to a specifi c severity class, while 
thermal anomalies above defi ned thresholds are 
mapped to graded risk levels. By anchoring the 

interpretation process in published criteria, the 
EPRI guides reduce variability and promote 
uniformity across organizations.

Importantly, the EPRI methodology does not 
stop at classifi cation. It also off ers actionable 
insights and recommendations. Each severity 
level is associated with guidance on what 
actions should be taken: 

• High-severity fi ndings may require 
immediate intervention or shutdown.

• Medium-severity issues may be scheduled 
for near-term maintenance.

• Low-severity fi ndings may simply be 
monitored over time. 

In this way, the EPRI frameworks directly link 
diagnostic results to operational planning, 
turning inspection data into a driver of 
decision-making rather than a static report.

Impact Parameters
Th e second dimension in structured diagnostics 
is the evaluation of impact parameters. 

Figure 5: EPRI-Based IR Inspection Report
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While condition assessments describe what 
is happening at the component level, impact 
analysis refl ects why it matters. Factors such 
as customer criticality, system redundancy, 
environmental exposure, and regulatory 
implications all infl uence how a defect should 
be prioritized. A cracked insulator may carry 
different levels of urgency depending on 
whether it is located on a redundant rural 
line or a substation that supplies critical 
infrastructure.

Severity Score Matrix
When combined, these two dimensions — 
condition and impact — form a severity score 
matrix. Each fi nding is placed within this 
framework, resulting in a numerical severity 
score that balances technical evidence with 
operational context. Th is approach reduces 
ambiguity, ensures traceability, and aligns 
maintenance actions with real-world priorities. 

The benefits extend beyond consistency. 
Because the methodology is structured and 
auditable, inspection results can stand up 
to regulatory scrutiny and internal quality 
assurance reviews. Utilities can demonstrate 
that maintenance priorities are based on 

standardized, industry-validated frameworks 
rather than subjective judgment. Over time, 
the accumulation of structured severity scores 
also enables trend analysis, predictive modeling, 
and benchmarking across fl eets of assets.

AI INTEGRATION AND 
FUTURE DIRECTIONS
Artifi cial intelligence is rapidly reshaping how 
inspection data is processed, analyzed, and applied 
in utility environments. Traditional inspections 
depended heavily on human interpretation, 
but AI models trained on ultraviolet, thermal, 
and RGB imagery now automate much of this 
work. Th ese models are capable of autonomously 
detecting anomalies, distinguishing genuine 
events from noise, and quantifying their 
frequency and spatial distribution. By automating 
event detection, AI reduces dependence on 
subjective human judgment while producing 
consistent, auditable records that can be tracked 
across inspection campaigns.

AI’s role is also expanding from detection to 
multi-sensor correlation. By analyzing UV, 
thermal, and RGB data together, AI can 
recognize when anomalies across modalities 
reinforce each other, such as a corona discharge 
that coincides with resistive heating and a 
visible crack in an insulator. 

Conversely, when anomalies are isolated to one 
modality, AI can fl ag them as lower confi dence, 
reducing false positives and unnecessary 
maintenance. Th is fusion of data increases 
diagnostic accuracy and provides a stronger 
foundation for risk-based asset management.

Geospatial AI
A further step forward is the application 
of geospatial AI (GeoAI), which integrates 
inspection findings with GIS and 
environmental datasets. Once anomalies 
are geolocated, GeoAI can analyze their 
distribution in relation to surrounding 
conditions such as climate zones, pollution 
sources, or vegetation encroachment. Th ese 
spatial analyses are particularly powerful when 
applied to the impact dimension of severity 
scoring. For instance, a cluster of corona Figure 6: EPRI-Based Severity Inspection Report
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discharges in a coastal region with high salt 
exposure may indicate systemic vulnerability, 
while hotspots concentrated near heavily 
loaded substations can highlight areas of 
elevated operational risk. By embedding 
geospatial context into the evaluation, AI 
contributes to detecting what is wrong and also 
quantifi es why it matters.

Predicative Modeling
Looking ahead, AI will evolve beyond 
descriptive and diagnostic roles into predictive 
modeling. Probabilistic risk models, trained on 
large datasets of inspection fi ndings and failure 
histories, will estimate the likelihood of asset 
degradation and failure over time. Instead of 
merely fl agging existing anomalies, AI systems 
will forecast emerging risks, allowing utilities 
to intervene before reliability is compromised. 
Th is represents a decisive shift toward predictive 
and risk-informed maintenance planning, where 
inspection data serves not just as a record of the 
present but as a tool for anticipating the future.

SUMMARY: FROM 
DATA COLLECTION TO 
ACTIONABLE INSIGHTS
Utilities today are collecting more inspection 
data than ever before. Advanced sensors ranging 
from ultraviolet and thermal cameras to high-
resolution RGB systems produce large volumes 
of imagery and associated metadata during 
every inspection cycle. At the same time, 
drones, mobile platforms, and fi xed monitoring 
systems continue to expand the scope of what 
can be captured. Th e result is an abundance 
of information, but the central challenge has 
shifted: Th e critical task now is not collecting 
data, but extracting insights from it in a 
consistent, traceable, and decision-oriented way.

Meeting this challenge requires the adoption 
of new technologies such as computer vision 
models that detect anomalies, machine-
learning methods that recognize patterns 
over time, and risk-focused AI models that 
estimate probabilities of failure. When properly 
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integrated, these tools transform inspections 
from passive observations into predictive and 
risk-informed decision support. 

However, the application of these technologies 
must be anchored in industry best practices and 
standards. Frameworks such as IEEE Std. 1808-
2024 provide guidance on how data should be 
structured, validated, and integrated, while 
the EPRI fi eld guides ensure that diagnostic 
methodologies remain standardized, auditable, 
and linked to actionable recommendations.

Th e ultimate goal is for inspection data to 
be organized in ways that directly support 
prioritization. Findings must fl ow into reports and 
dashboards that are consistent across inspectors 
and teams, structured around severity and risk, 
and designed to inform both operational and 
fi nancial decisions. Utilities rely on these outputs 
to guide immediate interventions as well as to 
plan long-term investments, justify expenditures, 
and demonstrate compliance with regulators.

By combining structured data management, 
advanced sensing technologies, and AI-driven 
analysis, and aligning these processes with 
recognized industry standards, utilities can 
transform the growing volume of inspection 
data into a strategic asset. Done correctly, this 
approach supports regulatory compliance 
and enables smarter maintenance planning, 
optimized investments, and ultimately, improved 
reliability and resilience of the power grid. 

REFERENCES
[1] IEEE. IEEE Std. 1808-2024, Guide for 

Collecting and Managing Transmission Line 
Inspection and Maintenance Data.

Sheyna Reizes is Vice President of Product 
at OFIL Systems. She has broad experience 
in B2B product management across multiple 
industries and works closely with cross-
functional teams, including R&D, sales, and 
marketing. She holds a BS in mechanical 
engineering from Tel Aviv University and an 
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BY JOEL WILBUR, CBS Field Services

Low-voltage protection is undergoing rapid evolution. For decades, 
microprocessor-based protective relays have been the gold standard for 
medium- and high-voltage power systems, offering highly configurable 
protection, metering, and communication capabilities. Meanwhile, 
circuit breaker trip unit technology remained relatively static for many 
years, remaining confined to the breaker frame and focused primarily 
on basic overcurrent functions.

This is no longer the case. The latest generations 
of trip units have evolved into powerful, 
intelligent devices with capabilities rivaling 
— and in some cases, matching — dedicated 
protective relays. They combine advanced 
protection, power quality monitoring, 
event logging, and digital communication, 
transforming the once stand-alone breaker 
accessory into an integral component of 
modern electrical protection schemes.

This convergence brings opportunities and 
challenges. Engineers, technicians, and facility 
owners must now treat trip units with the same 
design, testing, and maintenance rigor as they 
do with protective relays because, in many 
cases, a trip unit is indeed a relay by another 
name.

TRIP UNIT VS. PROTECTIVE 
RELAY ARCHITECTURE
Trip unit architecture first evolved beyond 
thermal magnetic overcurrent protection to 
systems consisting of current sensors, adjustable 
dial settings, and the introduction of additional 
features such as short-time and ground fault 
protection. Later, new microprocessor-based 
generations added digital displays, metering 
capabilities, and trip indication/logging, 
allowing easier event analysis. 

In most cases, the entire protection system 
still existed within the confines of the circuit 
breaker frame. The newest smart trip units now 
include voltage and power-based protection 
options, arc flash reduction protection, zone-
selective interlocking, programmable digital 
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Table 1: Comparing Traditional Protective Relays and Modern Smart Trip Units

Feature Traditional Protective Relay Modern Smart Trip Unit
Primary Function Protection, monitoring, control  Protection, monitoring, control

Protection Elements Wide range: overcurrent, voltage, frequency, 
directional, differential, etc.

LSIG overcurrent, voltage, frequency, reverse 
power, directional ground fault, arc flash reduc-
tion, ZSI

Measurement Accuracy High-accuracy current and voltage sensing via 
external CTs/PTs

High-accuracy current and voltage sensing via 
internal sensors

User Interface LCD or touchscreen; relay-specific menus; PC 
apps

Touchscreen or LCD; breaker-integrated menus; 
mobile/PC apps

Logic Programming Fully customizable via relay logic 
editor

Programmable logic and digital I/O (varies by 
model)

Communication Protocols Modbus, DNP3, IEC 61850,
proprietary vendor protocols

Modbus RTU/TCP, Profibus, EtherNet/IP, Prof-
inet, IEC 61850, Bluetooth

Event Logging Time-stamped fault and operations 
log; waveform capture

Time-stamped fault and operations log, includ-
ing waveform capture on advanced models

Integration Scope Switchgear, control systems, 
distributed I/O

Within the breaker frame and cell, plus integra-
tion to switchgear and SCADA

Testing Methodologies Secondary injection, logic testing, end-to-end 
testing

Primary and secondary injection, controls test-
ing, breaker timing

Maintenance Requirements Periodic settings review, firmware updates, 
functional testing

Same as relay, plus mechanical breaker inspec-
tion and calibration

Upgrade Path Firmware or hardware replacement Software/firmware upgrades, modular function 
add-ons

Installation Footprint Separate from breaker; mounted in control 
panel

Integrated into breaker; optional remote inter-
face modules

http://istockphoto.com
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I/O capabilities, communication protocols, 
and computer-based user interfacing. Th ese 
capabilities have extended the trip unit 
architecture beyond the circuit breaker frame 
and cell to include external components such 
as control switches, contact inputs and outputs, 
power supplies, and networking modules.

In comparison, protection relay architecture 
is quite similar. Instrument transformers 
provide current and voltage signals. Relays 
provide metering, computer-based interfacing, 
and digital, analog, and communication 
inputs. Th ey record indications and events, 
produce direct trip commands, initiate 
communications-based trip schemes, and 
complete other logic-driven processes. Relays 
still maintain an edge over trip units in terms 
of customization, advanced fault recording, and 
I/O and logic processing, but the diff erences 
are becoming indistinguishable. 

BRIDGING THE TECHNOLOGY 
PROFICIENCY GAP
Protection engineers have become well-versed 
in creating relay protection and control schemes 
and corresponding settings, and technicians are 
profi cient in testing and troubleshooting these 
systems. However, even as newer trip units now 
have the same capabilities as relays, the approach 
to integrating and testing low-voltage protection 
systems is comparatively underwhelming.

As with any rapid technological shift, adoption 
lags capability. Barriers include:

 1. Cost concerns. Upgrading to more 
capable devices often carries a higher 
upfront investment.

 2. Reluctance to change. Engineers and 
facility managers may prefer familiar 
and proven equipment over newer, less 
familiar, and more complex systems.

 3. Knowledge gaps. Many engineers 
and technicians remain unaware of the 
required settings and the full range of 
features modern trip units off er.

Th is last point is particularly critical. Protection 
engineers integrating new trip units often limit 
their coordination studies to basic LSIG (long, 

short, instantaneous, and ground (LSIG)) pickups 
and delays, unaware of the required additional 
settings and available advanced functions that 
could dramatically improve system performance. 

As a result, technicians frequently encounter:
• Mismatched settings between studies 

and available trip unit parameters (i.e., 
multiples of pickup vs. amperage-based 
pickup settings

• Desired setpoints that the installed trip 
unit cannot support

• Missing critical settings entirely (i.e., 
desired trip curve, external vs. internal 
ground fault current detection)

When this happens, test technicians must 
act as both troubleshooters and educators 
— informing clients and engineers of the 
discrepancies and working together to develop 
a solution.

CASE STUDY
On a recent commissioning project at a data 
center, the main low-voltage switchgear systems 
were comprised of circuit breakers with ABB 
Ekip Touch trip units. Th e commissioning 
technicians encountered an issue regarding 
ground fault protection, particularly how the 
trip unit senses ground fault current. In addition 
to the standard pickup and time delay settings, 
there is a setting for external vs. internal sensing. 
While many trip units rely on phase summation 
to calculate residual ground current and may 
even have inputs for an external sensor, they 
do not have a specifi c setting to diff erentiate 
between the two. Th e ABB Ekip Touch does. 
However, this was omitted by the engineer of 
record in the issued settings. 

Although a review of system drawings and 
visual inspection revealed no external sensors, 
and a reasonable assumption could be made 
that the setting should be set to internal, it 
is ultimately the engineer’s responsibility to 
provide values for all available settings and for 
the technician to verify them. 

Problems like these are an increasingly 
common occurrence as smart trip units become 
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more widely adopted. Where there once were 
only basic protection functions and settings, 
trip units now have dozens of settings, and each 
one must be accounted for by engineers and 
technicians alike.

TESTING METHODOLOGIES
Th e similarity in function between trip units 
and relays means trip unit testing should mirror 
relay testing in many respects:

1. Acceptance and commissioning testing
• Pickup and delay setting verifi cation 

against coordination studies
• Functional checks of all protection 

elements
• Communication and SCADA point 

verifi cation
2. Primary injection testing*

• Confi rms sensor accuracy, protection 
timing, and breaker operation under 
simulated fault current

3. Secondary injection testing
• Allows verifi cation of trip unit functions 

but varies widely in scope between test 
sets

4. Functional logic testing
• Essential for advanced trip units with 

arc energy reduction, zone selective 
interlocking (ZSI), remote trip, or load-
shedding schemes

5. Firmware and settings verifi cation
• Ensures correct versions and backups are 

maintained, just as with protective relays

*Some manufacturers are now releasing 
guidance suggesting that primary injection 
testing drastically reduces breaker life and is 
no longer preferred, emphasizing secondary 
injection as lower risk. An exception to this 
would be ground fault protection testing in 
accordance with NEC 230.95.

  Th e standards for low-voltage circuit breaker 
testing are outlined in ANSI/NETA ATS, 
Acceptance Testing Specifi cation for Electrical 
Power Equipment and Systems, Section 7.6.1.1 
and Section 7.6.1.2. For breakers with smart 
trip units, instead of focusing on pickup and 

timing tests, greater emphasis should be placed 
on testing the integrated protection system in a 
manner more closely resembling Section 7.9.2, 
Protective Relays, especially when verifying trip 
unit communications, digital inputs, contact 
outputs, and SCADA functions.

BEST PRACTICES FOR 
RELIABILITY AND 
EFFICIENCY 
1. Involve protection engineers early. Ensure 

all trip unit capabilities are reviewed during 
design, not just basic overcurrent elements.

2. Perform settings validation at 
commissioning. Cross-check the 
coordination study with the actual trip 
unit’s available settings.

3. Train fi eld technicians. Include both 
protective relay and trip unit programming 
in technician skill development.

4. Document everything. Firmware versions, 
settings backups, and communication 
confi gurations should be part of the 
maintenance record.

5. Use manufacturer tools. PC software 
(e.g., ABB Ekip Connect) or mobile apps 
(e.g., EPiC) can streamline confi guration, 
testing, and upgrades.

CONCLUSION
The evolution of trip units from simple 
breaker accessories to multifunctional 
protection devices has transformed low-voltage 
protection. Modern trip units now rival — and 
sometimes replace — standalone protective 
relays in capability, requiring a shift in how 
they are specifi ed, tested, and maintained. For 
engineers, technicians, and facility operators, 
the lesson is clear: If it walks like a relay, talks 
like a relay, and protects like a relay — it’s time 
to treat your trip unit as one. 

Joel Wilbur is a NETA Level 4 Senior 
Technician and Regional Manager for CBS 
Field Services. A Navy Nuke veteran, he 
has been in the testing industry since 2007.
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The rapid growth of electrical systems in the industry is placing 
increasing demands on infrastructure and on medium-voltage (MV) 
networks. Utilities and service providers are expected to deliver higher 
reliability at lower cost. In this environment, unplanned outages caused 
by insulation failures are no longer acceptable.

Shutdowns remain important opportunities for 
electrical maintenance, but these windows are 
narrow and heavily scheduled. To meet modern 
reliability expectations, maintenance strategies 

SHUTDOWN  
PD SURVEYS: 

ENHANCING MAINTENANCE WITH 
CONDITION-BASED INSIGHT 

Figure 1: Contact-Type Sensor, Usually for 
TEV or Contact-Type Acoustic

are shifting to be driven by objective data, such 
as on-line partial discharge (PD) measurement 
before and after shutdown.

PD surveys address this challenge by providing 
a non-invasive diagnosis of insulation health. 
Conducted on-line while the equipment 
remains energized, PD testing detects the 
earliest signs of localized insulation weakness. 
In this way, PD surveys bridge the gap between 
increasing demands for reliability and the 
realities of limited maintenance windows in 
today’s electrical world.

PARTIAL DISCHARGE AS AN 
EARLY INDICATOR
Partial discharge is a localized electrical 
discharge that occurs within a small portion 
of an insulation system without completely 
bridging the electrodes. In practical terms, it 
is a microscopic breakdown of the insulation 
material caused by voids, cracks, sharp edges, 
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surface contamination, or aging stresses. 
Although each individual discharge carries 
only a small amount of energy (low-energy 
arcing), repeated activity progressively weakens 
the insulation and can eventually lead to 
catastrophic failure.

One critical value of PD testing lies in its role 
as an early indicator of insulation weakness. 
Because PD usually appears well before a 
complete breakdown, its detection provides 
asset owners with an opportunity to intervene 
while the defect is still manageable. Identifying 
PD at an early stage allows maintenance teams 
to prioritize repairs during planned shutdowns, 
rather than waiting for an unexpected outage. 
This makes PD surveys one of the most powerful 
tools for proactive, condition-based maintenance 
(CBM) of medium-voltage equipment.

By trending PD activity over time and 
correlating patterns with asset type, utilities and 
service providers can detect insulation defects 
at their inception, verify the effectiveness of 
corrective actions, and prevent recurrence. 

Figure 2: MV Unshielded Cable between 
Transformer and Switchgear Showing Surface 
Tracking, Corona Activity, and Degraded 
Insulation Material 
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In short, PD is not just a symptom of aging 
insulation; it is a warning signal that, if 
captured early, protects equipment reliability, 
system uptime, and worker safety.

WHY PD TESTING MATTERS 
FOR MV ASSETS
Medium-voltage (MV) assets — cables, 
switchgear, transformers, rotating apparatus, 
breakers, or bushings — are all built around 
one thing: insulation. When that insulation 
starts to break down, failure is just a matter of 
time. Th e tricky part is that insulation problems 
are usually not visible from the outside. A 
splice may look fi ne, and a transformer may 
pass a visual check, but inside, tiny electrical 

discharges are eating away at the insulation. 
Th at’s where PD testing comes in.

PD testing is essentially the electrical equivalent 
of listening for a slow leak in a tire. According 
to IEC 60270, High-Voltage Test Techniques – 
Charge-Based Measurement of Partial Discharges, 
PD is a localized electrical discharge that only 
partially bridges the insulation. It doesn’t 
short the system immediately, but repeated 
discharges erode insulation until one day it 
fails. Standards such as IEEE Std. 400.3, Field 
Testing of Shielded Power Cables with VLF and 
PD, recognize PD as one of the most reliable 
indicators of insulation health. In practice, that 
means catching issues before they escalate into 
an unplanned outage.

PD ENERGY AND PD 
DETECTION — PD SENSORS
Partial discharge is both a challenge and an 
opportunity. On one hand, each discharge 
event releases energy that gradually degrades 
the surrounding insulation, leading to long-
term deterioration and eventual failure if left 
unaddressed. On the other hand, this same 
energy produces electrical, acoustic, and 
electromagnetic signals that can be detected 
with specialized sensors. By capturing these 
signals, maintenance teams can identify 
and locate insulation defects well before 
catastrophic breakdowns occur.

For most portable on-line PD measurements 
— commonly called PD surveys — the 
primary sensors are HFCTs, TEV sensors, 
acoustic probes, and capacitive voltage dividers. 
Together, these tools off er a practical way to 
capture PD activity across a wide range of 
MV assets. Th e main detection approaches are 
outlined below.

Electromagnetic Radiated and 
Conducted Signals
• Clamp-on high-frequency current 

transformers (HFCTs) are widely used 
in portable PD surveys. Installed on 
grounding leads, they detect high-
frequency PD currents as they return 
to ground. HFCTs are sensitive, easy to 

Figure 3: PD inside a Cable Termination

Figure 4: PD emits various types of energy, and diff erent ways are 
available to detect PD defects.

PD

ChemicalHeatAcousticElectrical

Radiation
(Antenna) DGAConductive
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deploy, and suitable for many types of 
medium-voltage assets.

making them useful for detecting surface 
PD or corona activity, especially in 
switchgear or open bus structures. Th is 
method is based on the vibration of air 
molecules caused by PD rather than the 
electrical signal itself, and the results are 
very sensitive to the distance from the 
defect location.

Ultrahigh Frequency (UHF) 
Sensors
• UHF antennas detect electromagnetic 

radiation in the gigahertz range. While 
their use is less common in portable 
surveys, UHF detection can be valuable 
in specifi c applications such as large 
substations or gas-insulated switchgear 
(GIS) yards, where traditional sensors may 
be less eff ective.

Installed Capacitive Sensors
• In some facilities, capacitive sensors such 

as coupling capacitors or capacitive voltage 
dividers are permanently installed as part 
of the system design. Th ese sensors provide 
a convenient way to capture PD signals 
during routine surveys or continuous 
monitoring without additional hardware 
setup.

It is worth noting that ultraviolet (UV) 
detection methods also exist, but their 
application is limited to open-air corona or arc 
tracking. Th ey are generally not used in routine 
MV PD surveys, so they are not covered further 
here.

PRE-SHUTDOWN PD 
SURVEYS
By conducting pre-shutdown PD testing while 
equipment is energized, service providers can 
identify insulation defects that are actively 
developing in medium-voltage assets such 
as cables, switchgear, transformers, rotating 
apparatus, and bushings. Because PD activity 
often begins long before a complete insulation 
failure, the ability to pinpoint these early 
warning signals while equipment is still in 
service provides maintenance teams with 
critical foresight.

Figure 5: HFCT Clamped on the Cable 
Termination at the Grounded Cable Gland

• Transient earth voltage (TEV) sensors
detect electromagnetic pulses that strike 
metal surfaces and travel to ground. Th ey 
are particularly useful for switchgear and 
other metal-enclosed equipment where 
internal PD can couple eff ectively to 
grounded enclosures.

Acoustic Signals
• PD activity also produces tiny mechanical 

vibrations, and acoustic sensors — such 
as ultrasonic microphones or contact 
probes — capture these sound waves, 

Figure 6: Acoustic PD Measurement Using 
an Airborne Sensor
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strengthens reliability, justifi es maintenance 
decisions, and supports long-term condition-
based asset management.

In combination, pre- and post-shutdown 
surveys form a closed-loop strategy: One 
identifi es and prioritizes defects for action; the 
other validates and documents the eff ectiveness 
of those actions. Together, they ensure that 
shutdowns not only address existing problems 
but also deliver measurable improvements in 
system reliability.

CHALLENGES IN ON-LINE 
PD MEASUREMENT
While on-line PD measurement is a powerful 
tool for assessing insulation condition under 
real operating stresses, it is not without 
challenges. One of the primary obstacles is the 
presence of electrical noise and disturbances in 
fi eld environments. Modern MV systems are 
fi lled with switching devices, power electronics, 
and background electromagnetic activity that 
generate signals in the same frequency range 
as PD. Th ese external disturbances can easily 
mask or mimic true PD activity, complicating 
the interpretation of results.

In practice, this means that weak PD signals 
— especially those originating from defects 
located farther away from the sensor — may 

Th e insights gained from pre-shutdown surveys 
directly infl uence outage planning. Instead of 
approaching the shutdown with only generic 
work orders or assumptions based on historical 
issues, teams can prioritize specifi c components 
that exhibit measurable insulation stress. For 
example, a PD survey may reveal localized activity 
in a particular cable termination or switchgear 
cubicle, enabling the repair crew to plan targeted 
interventions rather than broad, time-consuming 
inspections. Th is focused approach avoids wasted 
effort, reduces unnecessary teardowns, and 
ensures that the most at-risk components are 
addressed within the limited outage period.

In short, pre-shutdown surveys complement 
historical maintenance data and transform a 
shutdown into a more proactive, data-driven 
event, ensuring that scarce outage time is 
focused on the most critical areas.

POST-SHUTDOWN SURVEYS
Post-shutdown surveys can help confirm 
whether maintenance eff orts were eff ective. 
After repairs, replacements, or cleaning have 
been carried out, on-line PD testing verifi es 
whether the insulation defects detected during 
the pre-shutdown survey have been fully 
resolved. Th is validation step is critical.

Equally valuable, post-shutdown surveys may 
uncover new issues that have been introduced 
during maintenance. For instance, a cable 
termination installed under time pressure 
or without proper stress control may exhibit 
fresh PD activity, even if the original defect 
was corrected. Detecting such issues before 
energizing the system prevents premature 
failures and protects both personnel and 
equipment from costly setbacks.

Finally, post-shutdown surveys establish a 
baseline for trending. Th e PD activity measured 
immediately after maintenance becomes the new 
reference point for future condition assessments. 
By comparing subsequent survey results to this 
baseline, service providers and asset owners can 
confi dently monitor whether the insulation 
system remains stable or if deterioration resumes 
over time. Th is continuous improvement cycle 

Figure 7: PRPD Patterns Captured with 
HFCT Confi rming a Valid PD Defect
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be hidden beneath stronger noise. As a result, 
real insulation defects can remain undetected 
if their discharge activity does not rise above 
the noise fl oor. For example, a void discharge 
inside a cable joint may be overlooked when 
high background interference from variable 
frequency drives or corona on nearby hardware 
dominates the measurement.

Another challenge lies in the variability of PD 
propagation paths. PD signals attenuate as 
they travel through insulation, conductors, and 
grounding systems, and their strength decreases 
with distance from the source. When combined 
with strong external noise, this attenuation 
can further reduce the likelihood of detecting 
subtle but important defects.

To address these issues, practitioners often 
use multiple sensors, advanced fi ltering, and 
pattern recognition techniques to separate real 
PD from noise. Even so, interpretation requires 
experience, and there is always a risk of missing 
early-stage defects if they are weak or obscured. 
Recognizing these limitations is critical: While 
on-line PD testing provides valuable insight, it 
should be complemented with other diagnostic 
methods and careful judgment to ensure a 
reliable insulation assessment.

BEST PRACTICES FOR 
MANAGING NOISE IN ON-
LINE PD MEASUREMENTS
Th e following suggestions can help improve 
the reliability of on-line PD measurements 
in the fi eld. It is important to note, however, 
that most strong PD signals can still be 
readily detected using basic PD testing tools. 
Th ese practices aim to improve sensitivity and 
confi dence in detecting weaker or more distant 
defects.

• Use multiple sensor types (HFCT, TEV, 
UHF, acoustic) to cross-check fi ndings 
and strengthen signal validation.

• Optimize sensor placement to reduce 
attenuation by minimizing the distance 
from likely PD sources.

• Perform measurements under varying 
load and operating conditions, since 
noise levels often change with system 
state.

• Correlate PD results with other 
diagnostics (off -line PD, DGA, visual 
inspection, etc.) for confi rmation.

• Trend PD activity over time rather than 
relying on a single snapshot, which helps 
distinguish consistent PD signals from 
transient noise.

• Apply advanced signal processing 
techniques such as digital fi ltering, time-
gating, or measuring across diff erent 
frequency bands to suppress repetitive 
noise and enhance true PD patterns.

• Document fi ndings with clear severity 
ratings, making results actionable for 
maintenance teams.

• Always conduct both pre- and post-
shutdown surveys to capture the full 
value of PD testing: prioritizing repairs 
before an outage and validating them 
afterward as much as possible.

CONCLUSION 
PD surveys are a valuable component of 
modern maintenance strategies, particularly as 
the industry demands higher reliability.

Like any diagnostic tool, PD surveys have 
limitations. Noisy environments can obscure 

Figure 8: A PRPD pattern infl uenced by 
strong noise and disturbances is diffi  cult to 
interpret, possibly due to incorrect measurement 
settings.
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weak or distant PD signals, and in some 
cases, experienced interpretation is required 
to distinguish true activity from background 
disturbances. 

Nevertheless, most signifi cant PD activity 
can be readily detected using standard 
measurement tools. Best practices employing 
multi-sensor approaches, trend analysis, and 
correlation with other diagnostics  can further 
enhance accuracy and confi dence in results.

It is important to recognize that PD surveys 
are complementary to, not replacements for, 
existing maintenance techniques. Th ey provide 
an additional layer of insight by often helping 
to localize anomalies  that improves decision-
making and reduces the risk of unplanned 
failures.

Pre- and post-shutdown PD surveys bring 
measurable value. Pre-shutdown testing 
supports proactive prioritization, while 
post-shutdown testing verifi es repairs and 
establishes a new baseline. Together, they 
transform shutdowns from reactive events into 
data-driven processes, strengthening reliability 
in an increasingly electrifi ed world. 
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NETA’s Corporate Alliance Partners (CAPs) are 
industry-leading companies that have joined  forces 
with NETA to work together toward a common 
aim: improving quality, safety, and electrical system 
reliability.

This ongoing NETA World series focuses on 
the thought leadership behind these successful 
companies. For this issue’s CAP Spotlight, we 
talked to President Scott Reed, who founded MVA in 2014. “Many 
in the NETA community know MVA Diagnostics for its industry-
leading transformer oil testing and analysis. However, fewer realize 
that the company also operates a full-service field division — 
MVA Services — that provides on-site solutions for transformer 
performance and reliability. While MVA Diagnostics focuses on 
interpreting test data to assess equipment health, MVA Services turns 
that insight into action by working with NETA members to address 
and resolve transformer issues in the field.” 

Reed’s role in the IEEE Transformers 
Committee allows him to provide IEEE 
updates to NETA World readers. He serves 
as an Executive Officer for the Transformers 
Committee and will move into the role of 
Vice Chairman in January 2026. In addition, 
Reed is Chairman of the IEEE Guide, 
Installation and Maintenance of Liquid-Filled 
Power Transformers; Vice Chairman of IEEE 
Std. C57.166, Acceptance and Maintenance 

of Insulating Liquids in Transformers; and 
Vice Chairman of C57.637, Guide for the 
Reclamation and Reconditioning of Insulating 
Fluids. Reed holds three U.S. patents, 
presents and serves on the Transformer Panel 
at PowerTest conferences, and has published 
numerous papers for the industry. He received 
his BS in electrical engineering from North 
Carolina State University with a concentration 
in Power.

SCOTT REED

MVA: 
OUR ASSETS ARE FOUND  

IN OUR PEOPLE
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NW: Is this a good time to be in the 
electrical power testing business?

Reed: If you look at the history of the electrical 
power industry, only a few periods mimic the 
level of change we’re going through today. 

• The first major transformation was the 
electrification era in the late 1800s. 
This was the period of Edison, Tesla, 
and Westinghouse, where direct 
current gave way to alternating current, 
allowing the transmission of electricity 
over long distances. This was the birth 
of the industry as we know it. It was 
disruptive, creating new industries, and it 
fundamentally reshaped society.

• Next came the power demand era: Post–
World War II expansion through the 
1970s saw the onset of industrial factories 
and suburban homes with appliances and 
air conditioning. Utilities were forced 
to add generation and expand their 
transmission networks to meet the power 

demand. It was this moment in history 
when society no longer accepted outages. 
Reliability was expected, leading to the 
development of testing standards and 
maintenance practices to meet the public’s 
expectation to eliminate all outages. 

• The third surge arrived in the early 
1990s when utility deregulation began 
and digitalization arrived. Utility 
monopolies were forced to compete, 
allowing independent power producers to 
form. This era also saw the introduction 
of digital relays and SCADA systems, 
replacing electromechanical relays and 
analog equipment.

Fast forward to today, and we are experiencing 
all three of those transformations at once.

 1. Like the late 1800s, we’re seeing new 
technologies from renewables, storage, 
distributed generation, and microgrids 
that are disrupting and fundamentally 
changing our approach to generation.

MVA’s Newly Constructed Oil Laboratory Facility and One of Its Vacuum Oil Processing Rigs
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 2. Like the post-war era, we’re seeing 
explosive demand growth from EV 
charging networks, an electrified industry, 
and especially AI data centers and 
cloud computing. This growth burdens 
capacity and forces new transmission and 
distribution construction.

 3. And like the digital revolution of the 
90s, we are again changing how the grid 
is operated, controlled, and managed. 
Only now, it’s being done with predictive 
analytics, advanced monitoring, AI, and 
cyber-physical integration.

This is an unprecedented era. The grid is 
growing and being reinvented. For those of us in 
high-voltage testing and services, this is a once-
in-a-lifetime opportunity. Electrical testing has 
never been more critical, and the transformation 
ahead will define the industry for the next 50 
years, just as those earlier eras did.

NW: What is the biggest challenge facing 
your company? 

Reed: There is a myriad of challenges in our 
industry. Supply chains are strained trying to 
supply components, and costs are rising while 
market pressures force us to stay competitive with 
pricing. Safety is always an ongoing risk because 
of the nature of high-voltage work. But without 
question, the biggest challenge our company faces 
is attracting and training highly skilled people.  

MVA specializes in analyzing transformer oil 
samples and repairing Extra-High-Voltage 
(EHV) transformers. Working on 69-kV 
through 765-kV-class transformers requires 
an exceptional skill set, demanding theoretical 
knowledge as well as advanced field experience. 
Our industry is not for employees with entry-
level skills. The technician must not only 
understand the technical theory, but also needs 
to have the situational awareness and judgment 
to work safely around energized equipment. 
That’s not something you can teach in a 
classroom; it comes from years of mentorship, 
hands-on experience, and exposure to real-
world troubleshooting. 

Demand for field services is growing rapidly. Our 
reputation, safety record, and service quality all 
depend on the caliber of the employees who work 
in our laboratory and in the field. I have always 
said and truly believe that MVA’s assets are not 
found on our balance sheet. They are found in 
our people. They are the true assets of MVA.    

NW: What are the biggest challenges facing 
your customers?

Reed: Our customers, similar to MVA, are 
struggling to support the demands and challenges 
of the expanding grid while continuing to provide 
maintenance services on aging transformers, 
breakers, switchgear, and cables. The reality is that 
everything is more expensive and there are longer 
lead times for new deliveries. Equipment owners 
are forced to prioritize which assets are scheduled 
for replacement and which are prioritized for 
maintenance and repair. 

As an electrical service contractor, whether MVA 
or a NETA-accredited testing company, it comes 
down to the available supply of quality people. It 
has been fascinating to observe the evolution of 
our industry and the acceleration of demand for 
services throughout my career. When operating a 
company, having too much demand for services is 
a good problem, but it illustrates the importance 
of continuously developing new employees for 
our industry. This is where I believe NETA offers 
tremendous technical support for electrical testing 
companies to help them expand their workforce.

NW: Which industry trends are you keeping 
an eye on?

Reed: I am focused on four key areas as I look 
to the future.  

 1. Safety. Without question, safety is my 
number one focus for MVA. Providing an 
environment where employees feel safe and 
comfortable to point out potential hazards 
is critical to the success of our organization. 
It requires investing in proper tools and 
equipment that minimize the risk of injury. 
The cost is beneficial financially, too. It 
protects our safety record, allowing us to 
continue to work for our customers.     
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 2. Technology. As an operator of a service 
company, I am keenly focused on how 
technology will force our industry to advance 
forward. AI will drive power demand growth 
for data centers while also reshaping our 
industry. AI will increasingly become an 
important tool as the algorithm will refi ne 
over time to help identify pattern recognition 
from minute changes in operating conditions 
that can indicate potential issues before they 
become major problems. It will also become 
a major tool to help identify systematic issues 
such as manufacturer-specifi c failure modes, 
allowing the owner to proactively perform 
predictive maintenance to prevent future 
failures.     

 3. Renewables. Despite decreasing political 
appetite for renewable energy, demand is 
still strong. Th e increase in wind and solar 
generation and battery energy storage is 
fundamentally impacting the grid. Power is 
no longer fl owing in one direction to end 
users. Harmonics, switching transients, and 

variable loading are introducing additional 
stresses on transformers, breakers, and 
protection systems, demanding even more 
predictive maintenance services.

 4. Workforce. My expectation is that the demand 
for qualifi ed workers will continue to exceed 
available supply. While this is an exciting 
period in our industry, travel, long hours, 
and safety risks complicate the ability to hire 
profi cient personnel. MVA just constructed a 
new facility to handle our oil testing volume 
and purchased additional oil processing rigs to 
meet the demands of our customers, but the 
challenge of fi nding employees to ensure we 
can meet our customers’ needs is critical. Our 
focus is on developing our own employees to 
provide future growth opportunities with more 
responsibilities, but we will continue to look 
outside our organization to seek programs that 
off er employee training as a resource to identify 
potential candidates. Th at’s why employee 
retention is so critical to ensure we can meet 
our customers’ needs.  

Providing Electrical Solutions Worldwide
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NW: What do you predict will impact your 
business in the near future?

Reed: The next few years are going to be 
transformative for both our industry and for 
MVA. The power industry is changing faster 
than it has in decades, and those shifts will create 
opportunities and new pressures for our business. 
The wave of capital investment to replace aging 
transformers and new load growth will drive 
demand for our services. The challenge won’t be 
finding work; the challenge will be continuing to 
operate efficiently while maintaining quality and 
safety at the level we demand of ourselves.    

For MVA, that means more transformers under 
stress and more demand for diagnostic testing 
to ensure reliability. These systems can’t afford 
failure. Our services will become increasingly 
critical to help customers maintain uptime, and 
the loss of experienced engineers and technicians 

will continue to impact our customers. As 
customers lose in-house expertise, they’re looking 
for service partners who can fill that expertise 
gap, not just perform tests. That’s where MVA 
is strongly positioned. Our combination of 
lab diagnostics and field expertise makes us a 
technical partner, not just a vendor. 

NW: If you could change one thing about 
how your business operates, what would it be?

Reed: We already collect and process a 
tremendous amount of test and diagnostic 
information — oil samples, field test results, 
and more.  We’ve built a strong foundation 
with our patented sampling app, and we 
continue to expand its capabilities. So it’s not 
about changing something wrong — it’s about 
continuing to innovate. MVA is focused on how 
to be a stronger resource for our customers as we 
navigate this new era. 

http://www.signalfluidsolutions.com
mailto:info@signalfluidsolutions.com
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BY NATHAN DUNN, Eaton Corporation

“I want to talk about the need for switchgear modernization and why it’s important.” 
Nathan Dunn

INDUSTRY TRENDS AND CHALLENGES
Our industry is facing several trends today, including increased energy 
demand due to the growth in electrification and data center expansion, 
digitalization including new technologies for relays, and communication 
and sustainability trends where companies are looking to incorporate new 
assets at their generation facilities that will alter their network and system.

SWITCHGEAR 
MODERNIZATION

At the same time, companies are facing their 
own challenges with aging equipment and 
a loss of expertise. Finding skilled labor that 
understands their systems is becoming more 
difficult, coupled with newer technologies that 
require investment in employee training, and 
the need for outside services support increases.

LIFECYCLE FIELD SERVICES
All of this requires services and solutions 
to support our customers throughout their 
equipment lifecycle. Lifecycle services can start 
with a simple assessment, evaluating the current 
equipment status and creating a prioritization 
of recommendations. NFPA 70B now requires 
a similar assessment to determine the condition 
and criticality of equipment prior to building a 
maintenance plan. 

From the moment new equipment is shipped 
to site, the services work starts with equipment 
installation, start-up, and commissioning, 
followed by preventive maintenance, 
troubleshooting, and repairs. Services support 

continues until the equipment’s end of life. 
Switchgear modernization is a way to provide 
life extensions that give customers another 5, 
10, 20, or more years of life for their electrical 
systems. 

SWITCHGEAR 
MODERNIZATION
Switchgear modernization solutions involve 
life extension services and upgrades. These 
solutions include regular maintenance, breaker 
reconditioning, equipment modification, and 
equipment replacements. Breaker replacements 
encompass the same or newer technology that 
utilizes plug-in kits to reduce installation time.  
For example, new retrofit kits can replace older 
breakers with newer technology to enhance the 
safety and functionality of your equipment. 

Modernization solutions including upgrades of 
existing equipment such as relays and controls 
is another option. Many customers still have 
electromechanical relays, but they often want 
newer technology and increased functionality 
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that allows those assets to communicate with 
their broader system to provide more control 
and monitoring, increasing the overall safety 
and reliability of their systems. 

Customers choose switchgear modernization 
solutions for a variety of reasons:

• Reduced capital cost. Th e capital expense 
for modernizing equipment is lower 
than the cost for a full replacement, 
which can be unfeasible due to the 
equipment location or facility uptime 
requirements.

• Digitization. Modernization supports 
customers’ digitization initiatives as 
newer technology can provide increased 
ability to monitor and control their 
systems.

• Newer technology. Increased maintainability 
and reliability of their systems as newer 
technology has more readily available spares 
and expertise to support.

• Reduced downtime. Electrical equipment 
can have long lead times, and downtime 
for a full replacement project can impact 
a facility, so modernization to just one 
piece of equipment can decrease the overall 
project duration and customer impact.
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Switchgear modernization is a way 
to provide life extensions that give 

customers another 5, 10, 20, or more 
years of life for their electrical systems. 

http://istockphoto.com


 CONCLUSION
When engaging with customers around 
maintenance, the topic of moving toward 
predictive maintenance often arises. Lifecycle 
fi eld services, switchgear modernization, and 
system monitoring technology and software 
offer practical solutions that extend asset 
life, enhance safety, and support predictive 
maintenance. By integrating advanced 
technologies and data-driven tools, companies 
can modernize their systems, improve 
operational efficiency, and build a more 
resilient, sustainable electrical infrastructure for 
the future. 

Nathan Dunn is the Product Line 
Manager – Field Services and Aftermarket 
at Eaton. He began his career 20-plus 
years ago as a fi eld engineer at General 
Electric, moved to Schweitzer Engineering, 
and returned to GE performing various 
commercial and product leadership roles 

for distribution and industrial solutions and products prior to 
joining Eaton. Dunn earned a BS in electrical engineering at 
the University of Pittsburgh-Johnstown and an MBA from the 
University of Maryland Robert H. Smith School of Business.

Editor’s Note: Th is article is a transcription of a presentation at 
the 2024 EPIC Conference. 
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With our increasing dependence on electricity in nearly every aspect of 
life, it has become essential for responsible authorities to improve the 
reliability of electrical power networks to reduce power outages and 
ensure a stable energy supply. 

Reliable electrical networks are crucial in 
society because they are involved in many 
aspects of life, including healthcare. Power 
outages in hospitals can lead to life-threatening 
situations, including patient deaths. Th erefore, 
power generation and utility companies must 
anticipate potential problems that could cause 
outages and implement solutions proactively 
before any interruption occurs.

This article focuses on the environmental 
challenges in the  Middle East and North Africa 
(MENA) that aff ect electrical networks and 
threaten their reliability. Factors such as extreme 
heat, sandstorms, dust accumulation, and 
occasional fl oods can damage equipment, reduce 
effi  ciency, and increase the risk of power outages.

MAJOR GRID 
ENVIRONMENT 
CHALLENGES IN MENA
Several environmental challenges pose risks to 
electrical networks in the Middle East. High 
temperatures, sandstorms, dust accumulation, 

and high humidity can cause equipment 
overheating, corrosion, and insulation damage, 
which may lead to malfunctions and increase 
the likelihood of power outages.

High temperatures 
Th e Middle East and North Africa (MENA) 
region is among the most exposed areas to high 
temperatures, particularly during the summer, 
when temperatures can exceed 45°C (113°F). 
Climate studies indicate that the region’s 
average temperature has risen by approximately 
2°C (35.6°F) over the past decades. Th ese 
extreme temperatures impact not only human 
comfort but also infrastructure, industrial 
operations, and electrical systems.

Historically, people adapted to the heat using 
traditional methods, such as building homes 
from clay and stone with small windows and 
high ceilings to reduce sunlight and improve 
airfl ow. Sleeping on rooftops, using handmade 
fans, drinking cold water from clay pots, 
and staying in shaded areas were common 
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practices. Today, modern solutions, including 
air conditioners in homes, offi  ces, and vehicles, 
as well as weather apps, allow people to manage 
heat more eff ectively.

In industrial settings, particularly at power 
plants, technology has improved safety and 
operational effi  ciency. Air-conditioned control 
rooms and protective tools enable engineers 
and technicians to perform testing and 
maintenance under extreme heat. However, 
high temperatures still pose serious challenges 

to electrical systems. When temperatures 
exceed equipment design limits, components 
such as transformers, circuit breakers, and 
cables experience thermal stress. 

For example, extreme ambient temperatures 
in MENA accelerate the thermal aging of 
underground cables and transformers. Studies 
in Oman and Saudi Arabia show that dry soil 
and elevated summer temperatures reduce cable 
ampacity and shorten insulation life. Climate-
induced heatwaves can cause line sag and 

PHOTO: © ISTOCKPHOTO.COM/PORTFOLIO/THOMASKLOC

Zoom Earth Weather Map — Temperature, September 9, 2025
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increase the probability of outages, threatening 
system reliability. Th is creates a feedback loop: 
Rising heat increases energy demand, which in 
turn adds to CO2 emissions, exacerbating the 
problem further.

Sandstorms and Dust 
Accumulation
Th e Middle East and North Africa are known 
for their desert environments, and many 
countries in the region experience sandstorms, 
especially during summer. For example, 
numerous sandstorms hit Iraq in 2022. At the 
beginning of April, several storms occurred one 
after another over two weeks, sending many 
Iraqi citizens to hospitals.

According to the article published by 
EcoMENA on November 21, 2024, sand and 
dust storms have become regular events in the 
region, and they play an important role in the 
global dust cycle. Th ey can also temporarily 
aff ect the region’s radiation balance and lower 
surface temperatures by scattering sunlight, 
sometimes by approximately 1°C (33.8°F). 

Major local sources of dust in the Arabian Gulf 
include the Syrian desert, Jordan, and northern 
Saudi Arabia, while the Sahara Desert in Africa 

is one of the main global sources of dust, 
producing millions of tons of fi ne particles each 
year, according to EcoMENA.

Sandstorms generally reduce horizontal visibility, 
and a day is classifi ed as a sandstorm when 
visibility drops below 1,000 meters. Th ese 
storms can disrupt daily life, harm the economy, 
and impact on human health, as they carry 
fi ne polluted particles such as bacteria, pollen, 
heavy metals, and other contaminants that may 
trigger respiratory issues and allergies. Th ey 
also pose serious challenges to electrical power 
systems, as dust and sand can accumulate on 
insulators, transmission lines, and substations, 
contaminating surfaces and weakening 
insulation strength. In severe cases, this buildup 
can lead to fl ashovers, equipment damage, and 
unexpected power outages, jeopardizing the 
overall reliability of the electrical network.

According to Shenouda et al in “A Review of 
Dust Accumulation on PV Panels in the MENA 
and Far East Regions,” sandstorms and dust 
deposition on photovoltaic (PV) modules cause 
signifi cant energy losses. Th e fi ndings indicate that 
solar power plants may lose up to 70% of their 
generation capacity due to dust accumulation on 
panel surfaces, blocking solar radiation.

Wadi Rum, Jordan
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Humidity 
Humidity levels in the Middle East are 
relatively high because the Arabian Peninsula 
is surrounded by seas on most sides. High 
humidity is one of the biggest challenges in the 
Gulf ’s coastal region, especially during summer, 
when temperatures exceed 45°C (113°F) and 
humidity can surpass 90%, making the air 
feel heavy and hard to breathe. Although air 
conditioners have become indispensable in 
homes, offi  ces, and cars, the extreme humidity 
still restricts outdoor activities during the day, 
leading many people to avoid going outside 
unless necessary or schedule activities such as 
walking or jogging at dawn or after midnight.

In coastal cities like Dubai, Doha, and 
Kuwait, summer weather becomes so hot and 
humid that it feels like being inside a natural 
sauna. Th is can happen even when the actual 
temperature is lower, but the humidity is high. 
Th is is due to what is known as the heat index 
or feels-like temperature.

Excessive humidity can negatively affect 
electrical systems and equipment. Moisture in 
the air can lead to condensation on insulators, 
cables, and switchgear, reducing their insulation 

strength and increasing the risk of short circuits 
or equipment failure.

In many regions, high humidity combined 
with elevated temperatures can create 
conditions that affect high-voltage power 
transmission lines. Th is can sometimes result 
in a buzzing or humming sound from the 
towers, particularly during humid weather. Th is 
occurs due to the ionization of air molecules 
around the conductors under strong electric 
fi elds. If electrical equipment is not designed 
to withstand corona eff ects, it may lead to 
electrical discharge, posing a signifi cant risk 
to the safety and operational reliability of the 
power system. Th ese environmental factors, 
common in MENA, highlight the importance 
of robust design and preventive measures to 
ensure grid stability under extreme climatic 
conditions.

Dubai Skyline from Ras Al Khor, UAE

IN MANY REGIONS, HIGH HUMIDITY COMBINED WITH 
ELEVATED TEMPERATURES CAN CREATE CONDITIONS THAT 
AFFECT HIGH-VOLTAGE POWER TRANSMISSION LINES.
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rooms use HVAC systems, air fi ltration, and 
thermal sensors to constantly monitor and 
regulate the internal environment.

According to the UAE Electricity Wiring 
Regulations, all parts of an electrical 
installation must be designed, constructed, 
and maintained to operate safely under the 
expected environmental conditions. In the 
Middle East, these conditions include high 
ambient temperatures, with outdoor shaded 
areas reaching 50°C (122°F), outdoor unshaded 
areas experiencing additional solar heating, 
and indoor unconditioned areas heating up to 
40°C (104°F). Equipment must also withstand 
frequent dust, occasional sandstorms, coastal 
corrosion, humidity levels reaching 100% 
during certain periods, and variable soil 
conditions. 

Th ese harsh environmental factors make the 
use of indoor substations or enclosed electrical 
rooms essential. By providing a controlled 
environment, indoor substations protect 
equipment from dust, sand, condensation, and 
heat, ensuring safe operation, reliable power 

STRATEGIES TO IMPROVE 
ELECTRICAL NETWORK 
RELIABILITY IN MENA
Ensuring the reliability of electrical networks 
under harsh environmental conditions 
requires eff ective protection strategies. High 
temperatures, humidity, sand, and dust can 
adversely aff ect transformers, switches, and 
control systems. Practical solutions to improve 
equipment performance and extend operational 
life include the following strategies.

Controlled Room 
One of the most effective strategies for 
protecting electrical equipment is to place it in 
a controlled environment. Electrical rooms and 
indoor substations are designed with advanced 
temperature and humidity control systems to 
maintain stable operating conditions. Keeping 
critical components such as transformers, 
switchgear, and control panels inside these 
enclosures greatly reduces the risks associated 
with overheating, condensation, and dust 
ingress. For instance, high relative humidity 
combined with dust can cause fl ashovers across 
insulators, leading to costly outages. Controlled 

Electrical Room Control Panel
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supply, and extended equipment lifespan, as 
has been successfully demonstrated in the UAE 
and Saudi Arabia.

Protective Molding and Coating 
Another essential method for protecting power 
equipment is the use of protective coatings and 
cast insulation materials. Th ese layers act as a 
barrier against the moisture, dust, and chemical 
contaminants that are prevalent in the desert 
and coastal environments of the Middle East. 
For example, polyurethane and epoxy-based 
coatings are commonly applied to insulators, 
cables, and circuit boards to prevent tracking, 
corrosion, and partial discharges. Protective 
molding around terminals and joints ensures 
that dust and humidity cannot penetrate 
the insulation system, preserving dielectric 
strength.

Research has shown that equipment treated 
with such protective coatings experiences 
signifi cantly less downtime and fewer failures, 
especially in regions with saline humidity (Gulf 

coastal areas) and dust-laden air (Saudi Arabia, 
Iraq, Kuwait). By applying these protective 
measures, utilities can reduce unexpected 
outages, improve system reliability, and save 
on costly maintenance. In modern substations, 
protective coatings are considered a standard 
preventive measure to ensure stable operation 
under harsh conditions.

Maintenance 
Preventive maintenance is essential for 
minimizing problems caused by harsh 
environmental conditions. This involves 
routinely inspecting electrical equipment to 
ensure safe and proper operation, identifying 
any damage or wear caused by factors such 
as heat, dust, or humidity before they result 
in serious faults. Regular cleaning also helps 
prevent the accumulation of dust and sand on 
insulators and switches, reducing the risk of 
equipment failures.

Understanding the importance of proactive 
maintenance, the MENA has integrated 
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Internet of Th ings (IoT) technologies into its 
maintenance programs. Th is allows real-time 
monitoring, predictive fault detection, and 
optimized scheduling, all of which improve 
system reliability and extend the service life of 
electrical assets.

Preventive maintenance also plays a key role in 
enhancing the effi  ciency and performance of 
power systems. By systematically inspecting, 
cleaning, and testing equipment such as 
transformers, switchgear, and cables, potential 
issues can be addressed before they escalate 
into failures. This approach helps avoid 
unplanned outages, reduces energy losses, and 
ensures all components operate effi  ciently. 
Well-maintained equipment also experiences 
less wear and tear, lowering resistance and 
minimizing leakage currents, which directly 
conserves power. It also prevents emergency 
shutdowns that consume additional fuel and 
energy, while extending the lifespan of critical 
assets and reducing the need for frequent 
replacements. Overall, preventive maintenance 
strengthens system reliability, saves energy, and 
reduces operational costs.

According to the United Nations World 
Meteorological Organization (WMO), more 
than two billion tons of dust are emitted 
globally annually, over 80% of which originates 
from the deserts of North Africa and the 
Middle East. Th ese sand and dust storms aff ect 
more than 330 million people in more than 
150 countries, causing severe disruptions to 
daily life and energy sector operations. Th e 
economic impact of these storms in the Middle 
East and North Africa is estimated at US$150 
billion, equivalent to approximately 2.5% of 
the region’s GDP. Th e World Bank estimates 
that power outages and clean-up operations 
alone cost the region approximately US$13 
billion annually.

High temperatures significantly impact 
electricity systems in the Middle East and North 
Africa region, causing increased energy demand 
during the summer months in countries such 
as Saudi Arabia and Jordan. Th is leads to the 
operation of additional power plants to cover 
peak demand, increasing operating costs. 
Th ermal power plants also lose effi  ciency due 
to higher water and air temperatures, reducing 
productivity and leading to direct and indirect 
economic losses estimated at hundreds of 
millions of dollars annually due to power outages 
and their impact on the industrial, service, and 
agricultural sectors.

CONCLUSION
Th e reliability of electrical power networks in 
the Middle East and North Africa (MENA) 
region faces signifi cant challenges due to extreme 
environmental conditions. High temperatures, 
sand and dust storms, humidity, and occasional 
fl oods create severe stress on power systems, 
increasing the likelihood of equipment failures, 
power outages, and operational ineffi  ciencies. 
As highlighted in reports from EcoMENA and 
the WMO, these environmental factors not only 
threaten the stability of energy infrastructure 
but also impose serious economic and social 
consequences on the region.

However, advancements in technology are 
reshaping the way utility companies manage 
these challenges. The implementation of 

ECONOMIC IMPACTS OF 
ENVIRONMENTAL STRESSES 
Environmental stresses such as sand and dust 
storms, extreme heat, humidity, and drought 
impose signifi cant economic burdens on 
power systems across the MENA region. Th e 
combination of rising temperatures, land 
degradation, and poor water management 
has increased the frequency and severity 
of sandstorms, leading to substantial costs 
associated with infrastructure damage, 
energy production losses, and health-related 
expenses.

ENVIRONMENTAL STRESSES SUCH AS SAND AND DUST 
STORMS, EXTREME HEAT, HUMIDITY, AND DROUGHT 

IMPOSE SIGNIFICANT ECONOMIC BURDENS ON 
POWER SYSTEMS ACROSS THE MENA REGION.
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controlled environments, protective coatings, 
indoor substations, and AI-driven predictive 
maintenance has enhanced the resilience 
of power networks. Early-warning systems 
and advanced monitoring tools now enable 
operators to detect potential faults before they 
escalate, reducing downtime, and minimizing 
damage.

Looking ahead, sustaining reliable electrical 
networks in the MENA region will require a 
balanced approach that combines technological 
innovation, proactive maintenance strategies, 
and climate adaptation measures. As 
environmental stresses are expected to intensify 
due to climate change, energy providers must 
continue to invest in smart infrastructure and 
sustainable solutions to ensure energy security 
and protect critical sectors such as healthcare, 
industry, and transportation.

By adopting these measures, the MENA 
region can better withstand the harsh impacts 
of its unique climate while securing a stable 
and effi  cient power supply for its growing 
population and economy. 
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 ANSI/NETA ETT–2022
REVISION UNDERWAY
The revision of ANSI/NETA ETT-2022, 
Standard for Certifi cation of Electrical Testing 
Technicians, is currently underway. The 
recirculation ballot was issued September 12, 
2025, and ended on October 12, followed 
by the end of the public comment period on 
October 27, 2025. Th e updated edition is 
scheduled for release at PowerTest 2026 and 
will replace the 2022 edition. Among the key 
updates is a revised Detailed Content Outline 
(DCO), which was published in 2023.

Th e ANSI/NETA ETT standard defi nes the 
minimum qualifi cations for electrical testing 
technicians, including requirements for 
certifi cation, training, and experience. It also 
outlines the criteria for documenting these 
qualifi cations and specifi es the standards for an 
independent and impartial certifying body.

ANSI/NETA STANDARDS UPDATE
BSR/NETA EMW–202X
NEW STANDARD UNDER 
DEVELOPMENT
NETA is in the process of developing a new 
standard in support of NFPA 70B, Standard 
for Electrical Equipment Maintenance, and 
validated by the Qualifi ed Electrical Equipment 
Maintenance Worker (QEMW) qualifi cation 
exam. Th is standard defi nes the minimum 
requirements for the qualifi cation of QEMWs 
including training and experience prerequisites, 
along with the necessary knowledge, skills, and 
abilities to perform maintenance in alignment 
with industry best practices, ensuring safety, 
consistency, and reliability across electrical 
equipment maintenance practices.

By establishing the BSR/NETA EMW-202X 
standard and the QEMC/QEMW Program, 
NETA continues its leadership in supporting 
the NFPA 70B maintenance requirements and 
advancing the electrical testing industry.
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Th e recirculation ballot opened October 31, 
2025, ending November 30, with the Public 
Comment Period ending December 15, 2025. 
Th e new standard is scheduled for release at 
PowerTest 2026.

ANSI/NETA MTS–2023
REVISION BEGINS 
SUMMER 2025
The next revision cycle for ANSI/NETA 
MTS–2023, Standard for Maintenance Testing 
Specifi cations for Electrical Power Equipment 
and Systems, will begin in 2025. To support this 
process, the NETA Standards Review Council 
will convene a series of Working Groups 
composed of subject matter experts from 
across the industry. Th ese Working Groups 
are to pilot a new approach to early-stage 
comment review. Th is beta initiative will also 
serve to refi ne procedures in preparation for 
the upcoming revisions of other ANSI/NETA 
standards. Details regarding the application 
process, eligibility criteria, and participation 
guidelines for future Working Groups will be 
published on the NETA Standards webpage 
once available.

The ANSI/NETA MTS–2023 establishes 
specifi cations for fi eld testing and inspections 
to evaluate the continued serviceability and 
reliability of electrical power equipment and 
systems. Th ese specifi cations help ensure that 
tested equipment operates within applicable 
industry standards and manufacturers’ 
tolerances and remains suitable for continued 
operation.

Key updates in the 2023 edition included a 
comprehensive overhaul of the Cables section 
and the introduction of a new section addressing 
Electric Vehicle Charging Systems, refl ecting 
evolving technologies and industry needs. ANSI/
NETA MTS–2023 is available for purchase at 
the NETA Bookstore at www.netaworld.org.

ANSI/NETA ATS–2025
NEW RELEASE AVAILABLE 
IN THE NETA BOOKSTORE
The ANSI/NETA ATS-2025, Standard for 
Acceptance Testing Specifi cations for Electrical 
Power Equipment and Systems, received formal 
approval from the American National Standards 
Institute (ANSI) on February 20, 2025.

This standard defines the field tests and 
inspections recommended to evaluate the 
suitability of electrical power equipment and 
systems prior to their initial energization. Th ese 
specifi cations are designed to confi rm that 
equipment is properly installed in accordance 
with design requirements, is operational, and 
performs within applicable industry standards 
and manufacturers’ tolerances.

Th e 2025 edition introduces signifi cant new 
content, including:

• Section 7.28: Battery Energy Storage 
Systems (BESS)

• Section 7.29: Solar Photovoltaic (PV) 
Systems

• Table 100.6: Medium-Voltage Cables 
Acceptance Test Values (Tables 100.6.1 – 
100.6.6)

• Appendix B: Guidance for Circuit 
Reliability Considerations for Medium- 
and High-Voltage Cable Testing Methods 

NEW
EDITION

http://www.netaworld.org
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A noteable revision in the ANSI/NETA ATS-
2025 is found in Section 7.4.D.2.a-b., Metal-
Enclosed Busways. This update introduces 
separate formulas for low-voltage and medium-
voltage systems and replaces the previous 
nominal 1,000-foot run length with the 
actual busway length in feet, enhancing the 
applicability of testing procedures.

The ANSI/NETA ATS-2025 is available for 
purchase through the NETA Bookstore, offered 
in bound print, PDF download, and a Redline 
PDF (with all changes highlighted) download.

ANSI/NETA ECS–2024  
ANSI/NETA ECS-2024, Standard for Electrical 
Commissioning of Electrical Power Equipment & 
Systems, 2024 Edition, completed the American 
National Standard revision process. ANSI 
administrative approval was received on July 2, 
2024. ANSI/NETA ECS–2024 supersedes the 
2020 Edition. 

ANSI/NETA ECS describes the systematic 
process of documenting and placing into service 
newly installed or retrofitted electrical power 
equipment and systems. This document shall 
be used in conjunction with the most recent 

PARTICIPATION
Comments and suggestions on any of the standards are always 
welcome and should be directed to NETA. To learn more 
about the NETA standards review and revision process or to 
purchase these standards, please visit www.netaworld.org. To get 
involved and be considered as a ballot pool member please visit  
https://www.netaworld.org/standards/standards-get-involved or 
contact the NETA office at 888-300-6382.
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edition of ANSI/NETA ATS, Standard for 
Acceptance Testing Specifi cations for Electrical Power 
Equipment & Systems. Th e individual electrical 
components shall be subjected to factory and 
fi eld tests, as required, to validate the individual 
components. It is not the intent of these 
specifi cations to provide comprehensive details 
on the commissioning of mechanical equipment, 
mechanical instrumentation systems, and related 
components. 

Th e ANSI/NETA ECS revision includes the 
following new sections for Source-Specifi c 
Systems Commissioning: Photovoltaic (PV), 
Uninterruptible Power Supply (UPS), and 
Automatic Transfer Switches (ATS). 

BULLOCK BREAKERS
BB

475 Annandale Blvd • Annandale • Minnesota 55302
www.bullockbreakers.com • Email: jason@bullockbreakers.com

• Thousands of Air Circuit Breakers in Stock!
• Switchgear Line-ups you can’t find anywhere else!
• Now Available as Reconditioned with AC-Pro Trip Units! 

1-763-269-2832

http://www.bullockbreakers.com
mailto:jason@bullockbreakers.com
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SPECIFICATIONS AND STANDARDS ACTIVITY

BY LEIF HOEGBERG, Electrical Reliability Services

Th e NFPA 99, Health Care Facilities Code: 
Technical Committee on Electrical Systems 
(HEA-ELS), met on August 12–13, 2025, at 
NFPA Headquarters in Quincy, Massachusetts, 
to discuss new information and actions under 
consideration for the next edition, planned for 
2027.

NFPA 99 establishes criteria for levels of 
health care services or systems based on risk to 
patients, staff , or visitors in health care facilities 
to minimize the hazards and ensure power 
reliability.

Th is committee is important to NETA because 
many NETA Accredited Companies provide 
testing and engineering services to hospitals 
and other health care facilities. Patient and 
worker safety requires electrical equipment 
and systems to be available and functional, and 
acceptance and maintenance testing are critical 
to ensure all equipment and systems function 
as intended.

Th e biggest topic, by far, in this meeting was 
cyber security. Since many electrical devices 
and systems use software for functionality and 
communication, this directly touches us in the 
electrical testing business.

In the future, data and system security, the 
increasing use of supplemental/alternate power 
sources instead of or in combination with 
utility power, and the impact of NFPA 70B on 
maintenance procedures and intervals in health 
care facilities are items likely to impact NETA 
member companies.

No follow-up actions are necessary at this time, 
other than the required familiarization with the 
new code once published. 

Leif Hoegberg is Director, Engineering 
& Technical Support at Electrical 
Reliability Services. In addition to his role 
as a Principal on the NFPA 99 Technical 
Committee, he serves on the NETA Board 
of Directors, the Standards Review Council, 
and the Training and Finance committees.

NFPA 99 UPDATE
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A N S W E R S
No. 150

1. b. NFPA 70B. NFPA 70B is a National Fire 
Protection Association (NFPA) standard 
that provides guidelines for maintaining 
electrical, electronic, and communication 
systems to enhance safety and reliability. 
NFPA 70B is considered the minimum 
consensus requirements for safe electrical 
work practices, and the Occupational Safety 
and Health Administration (OSHA) can 
utilize the standard to issue citations.

2. d. Safety and reliability. Maintaining 
equipment means performing activities to 
gauge its condition and determine whether 
it shows signs of decreased functionality. 
Th is is directly related to keeping people 
safe as well as ensuring the equipment can 
be relied on for continued service. 

3. b. Lubricate moving parts. Many 
maintenance tests are used to gauge 
equipment performance. However, certain 
tasks, including lubricating moving parts, 
improve equipment condition, allowing the 
equipment to continue to perform properly.

4. a. Visual inspections and walkthroughs.
Personnel can use their human senses to 
observe equipment issues. Th is includes 
smells (overheating, ozone, leaks), sounds 

TECH QUIZ ANSWERS

(crackling, buzzing), and visual observations 
(physical changes, gauges, and alarms), 
among others. Site personnel can make this 
part of their regular checklist.

5. b. Discoloration. Loose connections on 
current-carrying parts create resistance. 
When current passes through a resistive 
connection, it creates heat, leading to 
discoloration of the conductors over 
time. Darkening of conductors or nearby 
insulators would indicate loose connections.

6. c. Deterioration. NFPA 70B points out 
that equipment failure is possible but can 
be avoided using maintenance strategies 
that identify and recognize factors related 
to deterioration and provide strategies for 
coping with them.

7. d. All of the above. As a standard, NFPA 
70B contains the mandatory language for 
the development, implementation, and 
operation of an electrical maintenance 
program (EMP) and lists the steps 
required for the most basic approach to 
building the program. Th ere are various 
strategies to accomplish the requirements, 
but all involve this summarized list. Th e 
important thing is to have a plan!
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Founded in November 2020, High Potential 
Testing LLC (HPT) founders acquired almost 
40 years of combined experience in the 
industry when they decided to branch off  and 
start their own electrical testing company. HPT 
is a proud member of IBEW Local 269 and is 
now a NETA Accredited Company, doing all of 
its testing to the ANSI/NETA standards.

HPT is a 24/7 full-service testing company 
that provides acceptance and preventive 
maintenance testing of low-, medium-, and 
high-voltage switchgear, breakers, transformers, 
and cables. HPT has certifi ed thermographers 
to perform IR scans of electrical equipment, 
supports 2-hour emergency testing, fault 

repairs, and temporary power solutions, and 
off ers specialized motor carrier services, hauling 
electrical components and equipment for 
remote projects.

HPT’s services include infrared thermography, 
AC and DC load banking, battery testing, 
high-voltage equipment testing, relay testing, 
arc flash studies, transformer service and 
testing, dielectric fluid analysis, load tap 
changes, circuit breaker testing, power quality 
recording, ground system testing, and breaker/
relay upgrades. 

“When we started HPT, we knew that the 
most important thing we could do for our 

HPT Co-Owners (left to right): Dustin Menard, Kyle Fleming, and Doug Williams

HIGH POTENTIAL TESTING
 JOINS NETA’S ROSTER OF NETA 

ACCREDITED COMPANIES 
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business was become NETA accredited,” says 
co-owner Doug Williams. “We started on 
that path immediately by doing business to 
the standards, and after fi ve years in business, 
we are so proud to be a NETA Accredited 
Company and join the ranks of our peers in 
the industry.”

“NETA extends a warm welcome to High 
Potential Testing LLC,” says Dan Hook, 
President of CBS Field Services and current 
NETA President. “We applaud the important 
role our NETA Accredited Companies have 
in advancing the electrical power systems 

industry and its safety. Achieving NETA 
accreditation is something HPT can be proud 
of, and this recognition is indicative of their 
accomplishments as an organization.” 

620 Ellis Rd 
Havertown, PA 19083

(609) 313-1299
www.hp-testing.com

Sigma-C Power Services 
Corrections
Correction: In the Industry Topic article “Life After 40: A 
Critical Look at Electrical Safety’s Most Contentious Number,” 
by Matthew J. Robinson, published in the Fall 2025 issue 
of NETA World, Sigma C Power Services LLC was twice 
incorrectly referred to as Sigma C. Th e article byline should 
read: By Matthew J. Robinson, Sigma C Power Services, LLC. Th e 
opening sentence in the author’s biography should appear as 
follows: Matt Robinson is the Director of Safety and Training at 
Sigma C Power Services LLC. All web and digital versions of this 
article have been corrected, and NETA apologizes for the error.

Correction: In the NETA News article “Piquette & Howard 
Electric Service Achieves QEMC Qualifi cation,” published 
in the Fall 2025 issue of  NETA World, Sigma C Power 
Services LLC was incorrectly referred to as Sigma C Power 
Solutions. Th e opening sentence in the article should appear 
as follows: As we began investigating NICET courses and other 
options, Jim Cialdea at Sigma C Power Services LLC (a partner 
company to P&H) asked if we would be willing to be part of 
a pilot program for a new NETA initiative called the QEMC/
QEMW (Qualifi ed Electrical Equipment Maintenance Company/
Worker). All versions of this article have been corrected, and 
NETA apologizes for the error. 

http://www.hp-testing.com
https://ncetest.com/
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Infi nity Technical Services Division, Inc. (TSD) 
strives to help its customers get the most from 
their electrical equipment throughout its entire 
lifecycle. From installation and commissioning 
to maintenance, modernization, and end-of-
life planning, TSD provides the expertise and 
support necessary to ensure electrical systems 
operate safely, effi  ciently, and reliably.

TSD’s team of experienced professionals is 
dedicated to delivering an exceptional level 
of customer service through responsiveness, 
technical know-how, and a solutions-driven 
approach. Th ey understand that every client’s 
electrical infrastructure is unique and take 
pride in tailoring services to meet each 

customer’s specifi c operational goals, budgets, 
and timelines.

Whether helping clients establish a proactive 
maintenance program, enhance safety, or 
upgrade aging assets with modern technology, 
Infi nity TSD is a trusted partner at every stage 
of the journey. Th eir commitment to quality, 
integrity, and long-term customer relationships 
drives everything they do. Th e goal is to give 
our clients the highest level of confi dence in 
the performance, safety, and longevity of their 
electrical systems.

“When we fi rst started our company, becoming 
NETA accredited was one of the major goals 

INFINITY TECHNICAL 
SERVICES DIVISION ACHIEVES 
NETA ACCREDITED COMPANY STATUS
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we set for ourselves,” says President Rich Hicks. 
“We knew that striving for this achievement 
would make us better, further develop our 
service off erings, and help us identify areas 
for improvement as a company. During 
this journey, we’ve attended two PowerTest 
conferences and have been truly impressed with 
the wealth of knowledge that NETA and its 
members bring to the industry. We’re honored 
to be able to say we are members.” 

“NETA extends a warm welcome to Infi nity 
Technical Services Division,” says Dan Hook, 
President of CBS Field Services and current 
NETA President.  “We applaud the important 
role our NETA Accredited Companies play in 

advancing the electrical power systems industry 
and its safety. Achieving NETA accreditation is 
indicative of Infi nity’s accomplishments as an 
organization.” 

PO Box 1479
Belmont, NC 28012

(833) 873-4897
www.infi nitytsd.com

http://www.infinitytsd.com
https://www.powersystemstesting.com/
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Taurus Power Services LLC was formed 
on August 28, 2024. Before this date, the 
company’s test technicians were performing 
NETA testing services as Taurus Power and 
Controls Inc., which was established in 1985 
and became a full NETA Member in 1999. 
Th e company’s engineers and NETA Certifi ed 
Technicians have the training, experience, and 
certifi cations to inspect, maintain, and calibrate 
all types of electrical equipment to the most 
stringent industry standards. 

Taurus offers full-service, third-party, 
independent testing for electrical power systems 
and equipment, including maintenance and 
acceptance testing of low-, medium-, and high-

voltage power distribution equipment, serving 
government, municipal, utility, industrial, and 
commercial installations, mostly in the Pacifi c 
Northwest (Oregon, Washington, Idaho), 
with occasional national and international 
opportunities. 

Power Services Manager Aaron Statt says, 
“We are excited for Taurus Power Services 
to be recognized as an independent entity, 
succeding Taurus Power and Controls Inc. as a 
NETA Accredited Company. Our technicians 
take pride in testing to NETA standards 
and contributing to a world-renowned 
organization. Th e electrical distribution system 
is the heart of a facility’s operation, and we 

TAURUS POWER SERVICES 
RECOGNIZED AS NETA ACCREDITED 

COMPANY 
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ensure that it’s installed correctly, maintained 
properly, and kept operating as designed. Our 
goal is to retain our NETA accreditation under 
the new company name, allowing both Taurus 
Power Services and Taurus Power & Controls 
to continue growing. We are confi dent that 
operating according to NETA guidelines 
will allow Taurus Power Services to grow at 
a rate we would be unable to achieve as an 
Independent testing entity.”

 “NETA recognizes the hard work it takes for 
NETA Accredited Companies like Taurus 
Power Services to achieve this important 
milestone,” says Dan Hook, President of CBS 
Field Services and current NETA President. 

“NETA Accredited Companies play a critical 
role in securing electrical power system safety 
and reliability for all, and NETA is a stronger 
organization because of their dedication to our 
industry.” 

Taurus Power Services LLC 
19355 SW Mohave Ct.

Suite 200
Tualatin, OR 97062

503-692-9004
www.Tauruspowerservices.com

http://www.Tauruspowerservices.com
http://www.thyritronics.com
mailto:thyritronics@hotmail.com
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U.S. Electrical Testing LLC (USET) specializes 
in electrical acceptance testing, maintenance 
testing, and commissioning services for the 
nation’s most recognizable mission-critical 
facilities, secure environments, commercial and 
industrial clients, and electrical contractors. 
Th e company’s capabilities include emergency 
response, engineering services, and turn-key 
installation and repair. As a DCSA cleared 
facility with cleared technicians, USET is 
eligible to work on classifi ed contracts for the 
U.S. government. USET is uniquely qualifi ed 
and trusted to operate in the nation’s most 
secure environments.

Headquartered in the greater Washington 
DC area, U.S. Electrical Testing off ers 24-
hour emergency service, with staff  on-call 24 
hours a day, 365 days a year across the U.S. 
Th e company’s roster of competent and highly 
trained technicians and engineers, combined 
with a network of OEM and aftermarket parts 
suppliers, enables USET to deliver expertise 
and reliability-driven solutions to ensure 
mission readiness. 

USET’s service off erings — centered around an 
ever-evolving and improving workfl ow model 
that includes planning, scheduling, execution, 
performance analysis, and reporting — provide 
objective, third-party independent electrical 
testing of equipment throughout the entire 
facility life cycle. From the initial installation 
and startup phase, through maintenance cycles, 
and into upgrades and replacements, the 
company provides the highest quality service 
at new and existing facilities for its clients 
anywhere in the world.

 NETA AWARDS ACCREDITED 
COMPANY STATUS TO 

U.S. ELECTRICAL TESTING
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“Th is certifi cation for the company and our 
NETA-certified electrical test technicians 
and engineers demonstrates our commitment 
to providing the highest level of service and 
quality,” says Chris Myers, President of USET. 
“It sets USET apart from competitors by 
ensuring compliance verifi cation and giving 
customers greater confi dence in our ability 
to improve the reliability and uptime of their 
mission-critical facilities.” 

“NETA extends a warm welcome to U.S. 
Electrical Testing, LLC,” says Dan Hook, 
President of CBS Field Services and current 
NETA President. “We applaud the important 
role our NETA Accredited Companies have 

in advancing the electrical power systems 
industry and its safety. Achieving NETA 
accreditation is something USET can be proud 
of, and this recognition is indicative of their 
accomplishments as an organization.” 

1765 Greensboro Station Place
Tysons, VA 22102
(833) 941-1059

www.uselectricaltesting.com
support@uselectricaltesting.com 

Your Trusted Source for HAEFELY / 
TETTEX Portable Test Equipment

T: (703) 365-2330  •  F: (703) 365-2331
hvsales@hvtechnologies.com

Scan the QR Code to 
request a quote

Winding Analyzer 2293
Winding resistance   •  Demagnetization •  Turns ratio 
Transformer type detection  •  Tap changer (dynamic 
resistance)  •  Short circuit impedance  •  Arbitrary phase shift  
Magnetic balance  •  Heat rise temperature measurement

DDX 9160 PD Dectector
Lightweight  •  Battery operated  •  On-site PD 
measurements  •  Up to 4 simultaneous PD & RIV 
measurement channels

MIDAS micro 2883
12 kV power factor / tan delta & capacitance tester  
Compact, one-box design  •  Rugged case with casters 

TTR 2796
Fully automatic 3 phase 250 V transformer turns ratio meter  
Detect faulty transformer windings

FRA 5311
Sweep frequency response analyzer
Rugged, lightweight, and smallest in the industry

http://www.uselectricaltesting.com
mailto:support@uselectricaltesting.com
mailto:hvsales@hvtechnologies.com
https://www.hvtechnologies.com/
mailto:hvsales@hvtechnologies.com
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NETA is pleased to announce VarcoMac as a 
Qualifi ed Electrical Equipment Maintenance 
Company (QEMC). Th e company achieved 
certifi cation by participating in NETA’s new 
Qualifi ed Electrical Equipment Maintenance 
Company (QEMC) AND Qualifi ed Electrical 
Equipment Maintenance Worker (QEMW) 
program, launched in 2024 to respond to 
new requirements for electrical equipment 
maintenance based on NFPA 70B–2023®, 
Standard for Electrical Equipment Maintenance®. 
Th e new requirements make proper electrical 
equipment maintenance mandatory and 
enforceable. 

VarcoMac is a full-service electrical services 
provider, committed to excellence, safety, and 
customer satisfaction. Th e company started 
as a hometown electrical contractor, and 

after 40-plus years, is proud to continue its 
commitment to building and enhancing its 
communities. 

With a team of highly skilled professionals, 
VarcoMac specializes in a wide range of electrical 
solutions, from emergency services, power 
distribution, and low-voltage systems to building 
automation and preventative maintenance. Th eir 
commitment to quality, safety, and customer 
satisfaction drives them to exceed expectations 
and build lasting relationships with their clients. 

VarcoMac supports the growth and well-being of 
its staff , fostering a balanced environment where 
they can thrive professionally and personally. 
Th ree of the company’s six technicians have 
achieved Qualified Electrical Equipment 
Maintenance Worker (QEMW) certifi cation.

VARCOMAC ACHIEVES 
QEMC CERTIFICATION

Left to Right: Bud Huff man, Advanced Distribution & Testing Division Manager; Mike Fones, Senior 
Vice President of Service; Kelsey Daugherty, Service Operations Manager; Dave Mitchell, Account 
Executive; and Erik Allen, Critical Power Manager
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“VarcoMac is honored to be a QEMC,” says 
Service Operations Manager Kelsey Daugherty. 

“This accreditation is a testament to our 
unwavering commitment to the highest 
standards of safety, precision, and accountability. 
At VarcoMac, we believe that technical 
excellence and integrity must guide every service 
we provide. Becoming a QEMC reinforces our 
mission: to ensure that every maintenance action 
protects not just the equipment, but the lives 
and operations that depend on it.”

“NETA is proud to recognize VarcoMac as a 
new NETA Qualifi ed Electrical Equipment 
Maintenance Company (QEMC),” says 
Chasen Tedder, NETA QEMC and QEMW 
Committee Chair. “NETA QEMC-recognized 
service providers are ensuring their Qualifi ed 
Electrical Equipment Maintenance Workers 
(QEMWs) align with new NFPA 70B 
requirements and lead the way in meeting the 

growing demand for electrical power system 
maintenance services.” 

1360 Blair Dr.
Suite A

Odenton, Maryland 21113
www.varcomac.com

Hiring a QEMC-certified service provider 
guarantees compliance with the new NFPA 70B 
requirements for the company and its Qualifi ed 
Electrical Equipment Maintenance Worker 
(QEMW) technicians.  Companies interested 
in becoming a QEMC and/or qualifying their 
electrical maintenance technicians as QEMWs 
can contact NETA at QEMC@netaworld.org to 
begin the application process.

Industrial Electric Testing, Inc.
EC13004105 • 24 Hour Emergency Service
ACCEPTANCE AND MAINTENANCE TESTING AND REPAIR

CONSULTING AND ENGINEERING SERVICES

• Cables
• LV/MV Circuit Breakers
• Rotating Machinery
• Meters
• Automatic Transfer Switches
• Switchgear and Switchboard  

Assemblies

• LV/MV Switches
• Relays - All Types
• Motor Control Centers
• Grounding Systems
• Transformers
• Insulating Fluids
• Thermographic Surveys

• Reclosers
• Surge Arresters
• Capacitors
• Batteries
• Ground Fault Systems
• Equipotential Ground  

Testing

• Load Studies
• Transient Voltage Recording and Analysis
• Electromagnetic Field (EMF) Testing

• Harmonic Investigation
• Replacement of Insulating Fluids
• Power Factor Studies  

11321 West Distribution Avenue • Jacksonville, Florida 32256 • (904) 260-8378
201 NW 1st Avenue • Hallandale, Florida 33009 • (954) 456-7020

http://www.varcomac.com
mailto:QEMC@netaworld.org
https://www.industrialelectrictesting.com/
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AEMC® Instruments manufactures professional 
electrical test and measurement instruments 
for the industrial, commercial, and utility 
marketplace. 

Founded in 1893, Chauvin Arnoux and its U.S. 
partner AEMC Instruments (est. 1976) are 
industry leaders in current measurement probes, 
power quality and energy analyzers, ground 
resistance testers (including a revolutionary 
tower testing system), and insulation resistance 
testers. 

AEMC’s full product line also includes clamp-
on meters, transformer ratiometers, power 
quality meters, harmonic power meters, data 
loggers, multimeters, light meters, micro-
ohmmeters, oscilloscopes, cable testers, 
environmental testers, thermal imaging 

cameras, and numerous other electrical test 
instruments. 

In addition to their product offerings, 
AEMC offers seminars and webinars 
in ground resistance testing, insulation 
resistance testing, and power quality testing. 
 
AEMC Instruments products are backed 
by over 130 years of experience in test and 
measurement instruments and encompass 
the latest international standards for quality 
and safety. AEMC Instruments products can 
be purchased through a worldwide network 
of distributors and are also offered as custom 
products on an OEM basis.

“We are honored to join NETA’s Corporate 
Alliance Partner program, standing alongside 

AEMC INSTRUMENTS  
REJOINS AS NETA CORPORATE 

ALLIANCE PARTNER
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a distinguished group of companies dedicated 
to advancing electrical safety, quality, and 
reliability,” says AEMC Marketing Director 
Kristy Ford. “This partnership reflects our 
shared commitment to collaboration and to 
supporting the high standards that NETA 
champions across the electrical testing 
industry.”

“NETA recognizes the work its Corporate 
Alliance Partners (CAPs) do for NETA 
companies and for the industry,” says Dan 
Hook, President of CBS Field Services and 
current NETA President. “NETA CAPs are 
industry-leading companies that have joined 

forces with NETA to work together toward the 
common aim of improving quality, safety, and 
reliability. AEMC Instruments was a leading 
partner for several years, and we are pleased to 
welcome them back.” 

AEMC® Instruments 
15 Faraday Drive 

Dover, NH 03820
(800) 343-1391

https://www.aemc.com

50 YEARS50 YEARS50 YEARS50 YEARS50 YEARS50 YEARS50 YEARS50 YEARS50 YEARS50 YEARS50 YEARS50 YEARS50 YEARS50 YEARS50 YEARS50 YEARS50 YEARS50 YEARS50 YEARS50 YEARS50 YEARS50 YEARS50 YEARS50 YEARS50 YEARS50 YEARS50 YEARS50 YEARS50 YEARS50 YEARS50 YEARS50 YEARS50 YEARS50 YEARS50 YEARS50 YEARS50 YEARS50 YEARS50 YEARS50 YEARS50 YEARS50 YEARS50 YEARS50 YEARS50 YEARS50 YEARS50 YEARS50 YEARS50 YEARS50 YEARS50 YEARS50 YEARS50 YEARS50 YEARS50 YEARS50 YEARS50 YEARS50 YEARS50 YEARS50 YEARS50 YEARS50 YEARS50 YEARS50 YEARS50 YEARS50 YEARS50 YEARS50 YEARS50 YEARS50 YEARS50 YEARS50 YEARS

50 YEARS 50 YEARS 50 YEARS 50 YEARS
50 YEARS 50 YEARS 50 YEARS 50 YEARS

50 YEARS 50 YEARS 50 YEARS 50 YEARS
50 YEARS 50 YEARS 50 YEARS 50 YEARS

50 YEARS 50 YEARS 50 YEARS 50 YEARS
50 YEARS 50 YEARS 50 YEARS 50 YEARS

50 YEARS 50 YEARS 50 YEARS 50 YEARS
50 YEARS 50 YEARS 50 YEARS 50 YEARS

50 YEARS 50 YEARS 50 YEARS 50 YEARS
50 YEARS 50 YEARS 50 YEARS 50 YEARS

50 YEARS 50 YEARS 50 YEARS 50 YEARS

Family Owned and Operated 

AEMC® Instruments was incorrectly identified as a Chauvin Arnoux subsidiary rather than a partner in 
the print edition. All digital versions of this article have been corrected, and NETA apologizes for the error.



STOP GUESSING. 
START MEASURING. 
RELIABLY.
WHEN UPTIME MATTERS, YOU NEED MORE 
THAN JUST A METER — YOU NEED ASSURANCE.

AEMC® Instruments delivers precision tools designed for safety, 
performance, and repeatable accuracy in the field. From energy 
logging and cable tracing to ground resistance testing, we help 
you capture the data that keeps systems running strong.

Contact Us Today! 
800-343-1391 • www.aemc.com 

COMPREHENSIVE TEST & 
MEASUREMENT SOLUTIONS

Ground Resistance Testers

Power & Energy 

Loggers (PEL Series)

Power Quality 

Analyzers (PowerPad® Series)

Micro-Ohmmeters

Clamp-On Meters

Multimeters & Megohmmeters

Data Loggers

Current Probes

Accessories & Software

EXPLORE THE 
FULL LINE UP: 

PRIVATE SEMINAR TRAINING

We offer exclusive full- and half-day 

private seminars designed to empower 

your team with the electrical testing 

and measurement expertise needed to 

be confident and successful. Contact 

us today to learn more. 

LEARN MORE: 
PRIVATE SEMINAR TRAINING

We offer exclusive full- and half-day 

private seminars designed to empower 

your team with the electrical testing 

and measurement expertise needed to 

be confident and successful. Contact 

us today to learn more. 

COMPREHENSIVE TEST & 
MEASUREMENT SOLUTIONS

Ground Resistance Testers

Power & Energy 

Loggers (PEL Series)

Power Quality 

Analyzers (PowerPad® Series)

Micro-Ohmmeters

Clamp-On Meters

Multimeters & Megohmmeters

Data Loggers

Current Probes

Accessories & Software

WHY TECHNICIANS CHOOSE 
AEMC® INSTRUMENTS:
• Rugged, field-ready design

• Precision results that stand up to audit

• Expert technical & customer support

WHEN UPTIME MATTERS, YOU NEED MORE 
THAN JUST A METER — YOU NEED ASSURANCE.

AEMC® Instruments delivers precision tools designed for safety, 
performance, and repeatable accuracy in the field. From energy 
logging and cable tracing to ground resistance testing, we help 
you capture the data that keeps systems running strong.

http://www.aemc.com
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1 Test Corp.
www.1TEST.com
• Wilmington, MA 01887-3434 

United States of America 
(833) 441-8378

A&F Electrical Testing, Inc.
www.afelectricaltesting.com
• Nesconset, NY 11767-1017 

United States of America 
(631) 584-5625

• New York, NY 10004-2257 
United States of America 
(631) 584-5625

ABM Electrical Power Services, LLC
www.abmpowerservice.abm.com
• Ontario, CA 91761-8177 

United States of America 
(909) 210-2713

• Tempe, AZ 85282-2017 
United States of America 
(909) 354-9590

• Pleasanton, CA 94566-3150 
United States of America 
(925) 519-9271

• San Diego, CA 92123-2415 
United States of America 
(619) 346-5841

• Denver, CO 80210 
United States of America 
(925) 426-2015

• Cumming, GA 30041-6295 
United States of America 
(919) 916-0465

• Morrisville, NC 27560 
United States of America 
(919) 916-0465

• Charlotte, NC 28269-7531 
United States of America 
(704) 307-9748

• Clarksville, TN 37040-6199 
United States of America 
(931) 218-1075

• Austin, TX 78744-1062 
United States of America 
(909) 229-6682

ABM Electrical Power Solutions, LLC
abmpowersolution.abm.com
• Lanham, MD 20706-1834 

United States of America 
(240) 298-1484

• Baltimore, MD 21227-1642 
United States of America 
(240) 298-1484

• Columbus, OH 43228-3866 
United States of America 
(614) 771-5462

• Cranberry Township, PA 16066-6407 
United States of America 
(724) 772-4638

• Chesapeake, VA 23320-2643 
United States of America 
(757) 364-6145

Absolute Testing Services, Inc.
www.absolutetesting.com
• Houston, TX 77040-5316 

United States of America 
(832) 467-4446

Accessible Consulting Engineers, Inc.
www.acetesting.com
• Irvine, CA 92618-3201 

United States of America 
(951) 808-1040

• Corona, CA 92882-7158 
United States of America 
(951) 808-1040

Advanced Testing Systems
www.advtest.com
• Bethel, CT 06801-2858 

United States of America 
(203) 743-2001

Alpha Relay and Protection Testing, LLC
www.arptco.com
• Billings, MT 59102-7460 

United States of America 
(406) 671-7227

AMP Quality Energy Services, LLC
www.ampqes.com
• Decatur, AL 35601 

United States of America 
(256) 513-8255

• Nashville, TN 37210-2125 
United States of America 
(629) 213-4855

Apparatus Testing and Engineering
www.apparatustesting.com
• Rancho Cordova, CA 95742-6822 

United States of America 
(916) 853-6280

• Pleasanton, CA 94588-8017 
United States of America 
(916) 853-6280

Applied Engineering Concepts
www.aec-us.com
• Pasadena, CA 91103-3046 

United States of America 
(626) 389-2108

• San Diego, CA 92126 
United States of America 
(619) 822-1106

• Quebec, QC G1V 0B9 
Canada 
(800) 398-3052

ARM CAMCO, LLC
www.armcamco.net
• Ebensburg, PA 15931-4111 

United States of America 
(814) 472-7980

Asplundh Electrical Testing, LLC
www.asplundhtesting.com
• Foxboro, MA 02035-2873 

United States of America 
(781) 821-0121

• South Windsor, CT 06074-2931 
United States of America 
(860) 648-1013

• Boonton, NJ 07005-1942 
United States of America 
(973) 316-1180

• Brentwood, NY 11717-1265 
United States of America 
(631) 617-5330

• Allentown, PA 18104-9158 
United States of America 
(484) 538-2272

• Croydon, PA 19021-6051 
United States of America 
(215) 826-9400

BEC Testing
www.bectesting.com
• Farmingdale, NY 11735-1402 

United States of America 
(631) 393-6800

BIC Switchgear Services, Inc.
www.bicswitchgear.com
• Irondale, AL 35210-1210 

United States of America 
(205) 951-5455

Blue Runner Switchgear Testing, LLC
www.bluerunnerswitchgear.com
• Cave City, KY 42127-9481 

United States of America 
(270) 590-4974

Brosz Technical Services
www.brosz.net
• Markham, ON L3R 8C3 

Canada 
(905) 472-6660

CBS Field Services
www.cbsfieldservices.com
• Sumner, WA 98390-9690 

United States of America 
(253) 891-1995

• Phoenix, AZ 85040-3832 
United States of America 
(602) 426-1667

• Chino, CA 91710-9026 
United States of America 
(602) 426-1667

• Lakeland, FL 33811-1785 
United States of America 
(810) 720-2280

• Concord, NC 28027-4344 
United States of America 
(619) 672-5217

• Nashville, TN 37207-5534 
United States of America 
(615) 394-6011

• Salt Lake City, UT 84104-6533 
United States of America 
(888) 395-2021

• Vancouver, WA 98661-1261 
United States of America 
(888) 395-2021

CFM Services, Inc.
www.cfmservices.ca
• St-Jean-sur-Richelieu, QC J2W 2H1 

Canada 
(514) 436-0052

Control Power Concepts
www.controlpowerconcepts.com
• Las Vegas, NV 89120-2791 

United States of America 
(702) 448-7833

• Phoenix, AZ 85024-1106 
United States of America 
(702) 448-7833

• Boise, ID 83713-8995 
United States of America 
(702) 448-7833

• Spanish Fork, UT 84660-5675 
United States of America 
(702) 448-7833

CSI Commissioning Services 
International, LLC
www.csicx.com
• Dubai, United Arab Emirates 

(+971) 4 888 6446
• Cairo, Egypt 

+20 221 928040
• Riadh, Saudi Arabia 

+966 11 235 7522
• Doha, Qatar 

+974 4480 5902

Elecserv Electrical Testing Co.
www.elecserv.com
• Brooklyn, NY 11231-3308 

United States of America 
(718) 705-4500

Electek Power Services, Inc.
electek.ca
• Sarnia, ON N7T 2E5 

Canada 
(519) 383-0333

Electric Power Systems, Inc.
www.epsii.com
• Saint Louis, MO 63132-1316 

United States of America 
(314) 890-9999

• Phoenix, AZ 85043-2354 
United States of America 
(480) 633-1490

• San Diego, CA 91126 
United States of America 
(858) 566-6317

• Pleasanton, CA 94588-8560 
United States of America 
(415) 683-7789

• Santa Ana, CA 92705-4648 
United States of America 
(714) 714-7226

• Yuba City, CA 95993-2610 
United States of America 
(530) 755-3123

• Centennial, CO 80112-3851 
United States of America 
(720) 857-7273

• Sanford, FL 32771 
United States of America 
(407) 578-6424

• Norcross, GA 30092 
United States of America 
(770) 416-0684

• Burr Ridge, IL 60527-7559 
United States of America 
(815) 577-9515

• Indianapolis, IN 46256 
United States of America 
(317) 941-7502

• Gonzales, LA 70737-4759 
United States of America 
(225) 644-0150

• Cockeysville, MD 21030 
United States of America 
(443) 689-2220

NETA ACCREDITED COMPANIES Setting the Standard
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• Riverview, MI 48193-4250 
United States of America 
(734) 282-3311

• Brooklyn Park, MN 55428 
United States of America 
(763) 315-3520

• Kansas City, MO 64117 
United States of America 
(816) 241-9990

• Saint Louis, MO 63132-1316 
United States of America 
(314) 890-9999

• Raleigh, NC 27615 
United States of America 
(919) 322-2670

• Manchester, NH 03109-5606 
United States of America 
(603) 657-7371

• Albuquerque, NM 87113-1663 
United States of America 
(505) 792-7761

• North Las Vegas, NV 89115 
United States of America 
(702) 815-1342

• Brunswick, OH 44212 
United States of America 
(330) 460-3706

• West Chester, OH 45069-3806 
United States of America 
(513) 644-2098

• Coraopolis, PA 15108-9307 
United States of America 
(412) 276-4559

• Nashville, TN 37211-3121 
United States of America 
(615) 834-0999

• Sugar Land, TX 77478 
United States of America 
(713) 644-5400

• Richardson, TX 75081 
United States of America 
(214) 821-3311

• New Braunfels, TX 78130-5189 
United States of America 
(210) 696-6303

• Salem, VA 24153-5120 
United States of America 
(540) 375-0084

• Glen Allen, VA 23059 
United States of America 
(804) 526-6794

• Vancouver, WA 98682-2447 
United States of America 
(855) 459-4377

• Green Bay, WI 54304-5640 
United States of America 
(920) 632-7929

Electrical & Electronic Controls
eecontrols.com
• Ooltewah, TN 37363-8762 

United States of America 
(423) 344-7666

Electrical Energy Experts, LLC
www.electricalenergyexperts.com
• Germantown, WI 53022-4446 

United States of America 
(262) 255-5222

• Oak Brook, IL 60523 
United States of America 
(847) 875-5611

Electrical Equipment Upgrading, Inc.
www.eeu-inc.com
• Savannah, GA 31415-9518 

United States of America 
(912) 232-7402

Electrical Reliability Services
www.electricalreliabilityservices.com
• Westerville, OH 43082-8870 

United States of America 
(877) 468-6384

• Chandler, AZ 85286-1691 
United States of America 
(480) 966-4568

• Carlsbad, CA 92010-6634 
United States of America 
(858) 695-9551

• Pleasanton, CA 94566-3119 
United States of America 
(925) 485-3400

• Santa Fe Springs, CA 90670-7358 
United States of America 
(562) 236-9555

• Denver, CO 80221-2900 
United States of America 
(303) 427-8809

• Fort Myers, FL 33966-1244 
United States of America 
(239) 693-7100

• Marietta, GA 30067-9319 
United States of America 
(770) 541-6600

• Sulphur, LA 70665-6905 
United States of America 
(337) 583-2411

• Geismar, LA 70734-3423 
United States of America 
(225) 647-0732

• Shreveport, LA 71129-3003 
United States of America 
(318) 869-4244

• Lees Summit, MO 64086-4719 
United States of America 
(816) 525-7156

• Omaha, NE 68138-4008 
United States of America 
(402) 861-9168

• Albuquerque, NM 87113-1861 
United States of America 
(505) 822-0237

• Sparks, NV 89431-6070 
United States of America 
(775) 746-4466

• Las Vegas, NV 89118-6851 
United States of America 
(702) 597-0020

• Milwaukie, OR 97222-8853 
United States of America 
(503) 653-6781

• North Charleston, SC 29418-2833 
United States of America 
(239) 693-7100

• Pasadena, TX 77503-2337 
United States of America 
(281) 241-2800

• Allen, TX 75002-8738 
United States of America 
(972) 788-0979

• Sandy, UT 84070 
United States of America 
(801) 561-0987

• Fife, WA 98424 
United States of America 
(253) 736-6010

Electrical Test Tech LLC
www.electricaltesttech.com
• Lanham, MD 20706-4357 

United States of America 
(877) 388-0911

Electrical Testing and Maintenance Corp.
www.etmcorp.net
• Memphis, TN 38118-6313 

United States of America 
(901) 566-5557

Electrical Testing Solutions
www.electricaltestingsolutions.com
• Oshkosh, WI 54904-9769 

United States of America 
(920) 420-2986

Electrical Testing, Inc.
www.electricaltestinginc.com
• Rome, GA 30161-3894 

United States of America 
(706) 234-7623

Electro Test, LLC
www.electrotest.pro
• Wahiawa, HI 96786 

United States of America 
(808) 321-2028

Elemco Services, Inc.
www.elemco.com
• Lynbrook, NY 11563-2622 

United States of America 
(631) 589-6343

EnerG Test, LLC
www.energtest.com
• Kennett Square, PA 19348-1734 

United States of America 
(484) 731-0200

EPS Technology
www.eps-technology.com
• Wallingford, CT 06492-5903 

United States of America 
(203) 679-0145

• Rockaway, NJ 07866-4051 
United States of America 
(732) 636-2426

Field Service Specialists, LLC
www.fssoftx.com
• Houston, TX 77033 

United States of America 
(832) 416-0020

Forefront Electrical Testing Co.
www.forefronttesting.com
• Elk Grove Village, IL 60007-2215 

United States of America 
(630) 484-3428

GERS
www.gers.com
• Weston, FL 33331-3603 

United States of America 
(954) 384-8925

• Weston, FL 33331-3603 
United States of America 
(954) 384-8925

• Chicago, IL 60657-2251 
United States of America 
(954) 384-8925

• Midland, TX 79705-4402 
United States of America 
(954) 384-8925

• Cali, Colombia 
+5724897000

• Mexico City, Mexico 11300 
+525555354093

• La Reina, Santiago, Chile 
+56233403847

• Bogota, Colombia 
(571) 485-7100

• Sheffield, England S6 2SA 
+44 7595540063

• Barranquilla, Colombia 
+57 310 382 5834

Giga Electrical & Technical Services, Inc.
www.gigaelectrical-ca.com
• Commerce, CA 90040-2413 

United States of America 
(323) 255-5894

Grubb Engineering, Inc.
www.grubbengineering.com
• San Antonio, TX 78212-3743 

United States of America 
(210) 658-7250

Hampton Tedder Technical Services
www.httstesting.com
• Montclair, CA 91763-6129 

United States of America 
(909) 628-1256

• Phoenix, AZ 85009-1359 
United States of America 
(480) 967-7765

• Las Vegas, NV 89118 
United States of America 
(702) 452-9200

Harford Electrical Testing Co., Inc.
www.harfordtesting.com
• Joppa, MD 21085-3409 

United States of America 
(410) 679-4477

High Potential Testing LLC
www.hp-testing.com
• Bensalem, PA 19020-5815 

United States of America 
(609) 313-1299

High Voltage Maintenance Corp.
www.hvmcorp.com
• Dayton, OH 45414-3525 

United States of America 
(937) 278-0811

• Cheshire, CT 06410 
United States of America 
(203) 949-2650

http://www.eecontrols.com
http://www.electricalenergyexperts.com
http://www.eeu-inc.com
http://www.electricalreliabilityservices.com
http://www.electricaltesttech.com
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• Elk Grove Village, IL 60007-2400 
United States of America 
(847) 640-0005

• Greenwood, IN 46143 
United States of America 
(317) 322-2055

• Louisville, KY 40299-3820 
United States of America 
(859) 371-5355

• Walpole, MA 02081-2541 
United States of America 
(508) 668-9205

• Hanover, MD 21076 
United States of America 
(410) 279-0798

• Novi, MI 48375-2422 
United States of America 
(248) 305-5596

• New York, NY 10119 
United States of America 
(718) 239-0359

• Mentor, OH 44061 
United States of America 
(440) 951-2706

• Pittsburgh, PA 15205-1206 
United States of America 
(412) 747-0550

• New Berlin, WI 53151-3549 
United States of America 
(262) 784-3660

• United States of America 
(859) 371-5355

Hood Patterson & Dewar, Inc.
www.hoodpd.com
• Norcross, GA 30071-4844 

United States of America 
(770) 453-1415

• Gallatin, TN 37066 
United States of America 
(615) 527-7084

• Addison, TX 75001 
United States of America 
(214) 461-0760

• Chantilly, VA 20151 
United States of America 
(571) 299-6773

Industrial Electric Testing, Inc.
www.industrialelectrictesting.com
• Jacksonville, FL 32256-2746 

United States of America 
(904) 260-8378

• Hallandale Beach, FL 33009-4029 
United States of America 
(954) 456-7020

Infinity Technical Services Division, Inc.
www.infinitytsd.com
• Belmont, NC 28012 

United States of America 
(980) 322-6963

Infra-Red Building and Power Service, Inc.
www.infraredbps.com
• Braintree, MA 02184-2409 

United States of America 
(781) 767-0888

Inrush Electrical Technology Ltd.
www.inrushelectrical.com
• Edmonton, AB T5V1K7 

Canada 
(888) 426-9119

IPS PowerServe
www.ipspowerserve.com
• Lewisville, TX 75057-2301 

United States of America 
(972) 420-0157

• Irondale, AL 35210-3701 
United States of America 
(877) 343-6490

• Livermore, CA 94551-8521 
United States of America 
(559) 275-2171

• Carson, CA 90810 
United States of America 
(310) 549-5673

• Fresno, CA 93722-6418 
United States of America 
(559) 275-2171

• Lakeland, FL 33810-7804 
United States of America 
(813) 425-7300

• Las Vegas, NV 89118 
United States of America 
(888) 296-0625

• Reno, NV 89502-3293 
United States of America 
(775) 410-0430

• Lewisville, TX 75057-2301 
United States of America 
(972) 420-0157

• Pasadena, TX 77507-1071 
United States of America 
(800) 420-0157

• San Marcos, TX 78666 
United States of America 
(800) 420-0157

J.G. Electrical Testing Corporation
www.jgelectricaltesting.com
• Tinton Falls, NJ 07753-8504 

United States of America 
(732) 217-1908

JET Electrical Testing, LLC
www.jetelectricaltesting.com
• Lawrenceville, NJ 08648-2332 

United States of America 
(609) 285-2800

• Hamilton, NJ 08619-3314 
United States of America 
(609) 285-2800

KT Industries, Inc.
ktiengineering.com
• Los Angeles, CA 90065-2919 

United States of America 
(323) 255-7143

LND Technical Services LLC
lndts.com
• Houston, TX 77024-1546 

United States of America 
(406) 369-5330

• Albany, NY 12206-2937 
United States of America 
(281) 407-6488

• Ho Chi Minh City, Vietnam

M&L Power Systems, Inc.
www.mlpower.com
• Old Bridge, NJ 08857-1980 

United States of America 
(732) 679-1800

Magna IV Engineering
www.magnaiv.com
• Edmonton, AB T6X 0X2 

Canada 
(780) 462-3111

• Fort McMurray, AB T9H 4A6 
Canada 
(780) 791-3122

• Calgary, AB T2Z 3V6 
Canada 
(403) 723-0575

• Grande Prairie, AB T8V 3J3 
Canada 
(780) 791-3122

• Langley, BC V2Y 0G9 
Canada 
(604) 421-8020

• Penticton, BC V2A 6M2 
Canada 
(778) 476-5833

• Terrace, BC V8G 3V1 
Canada 
(250) 857-5960

• Sudbury, ON P3E 5P5 
Canada 
(289) 904-0046

• Mississauga, ON L5S 1A7 
Canada 
(416) 677-7811

• Saskatoon, SK S7K 8B3 
Canada 
(306) 713-2167

• Huechuraba, Chile 8580676 
+56 9 39303404

Midwest Engineering Consultants, Ltd.
www.midwestengr.com
• Moline, IL 61265-6954 

United States of America 
(309) 764-1561

MTA Electrical Engineers
www.mtaee.com
• Escondido, CA 92029-1337 

United States of America 
(760) 658-6098

New York Electrical Power Services LLC
www.nyeps.com
• New York, NY 10013 

United States of America 
(718) 433-4084

North Central Electric, Inc.
www.ncetest.com
• Hulmeville, PA 19047-5827 

United States of America 
(215) 945-7632

Pace Technologies, Inc.
www.pacetechnologies.com
• Edmonton, AB T6E 6G9 

Canada 
(780) 450-0404

• Calgary, AB T2C 5S7 
Canada 
(780) 450-0404

• Kelowna, BC V1X 8C8 
Canada 
(250) 712-0091

Pacific Power Testing, Inc.
www.pacificpowertesting.com
• San Leandro, CA 94577-5542 

United States of America 
(510) 351-8811

Pacific Powertech Inc.
www.pacificpowertech.ca
• Port Coquitlam, BC V3C 6N2 

Canada 
(604) 944-6697

Phasor Engineering
www.phasorinc.com
• Mercedita, Puerto Rico 00715 

United States of America 
(787) 844-9366

Potomac Testing
www.potomactesting.com
• Crofton, MD 21114-2051 

United States of America 
(301) 352-1930

• Carmel, IN 46032-5807 
United States of America 
(301) 352-1930

• Troy, MI 48083-2236 
United States of America 
(301) 352-1930

• Jeffersonville, OH 43128-1091 
United States of America 
(301) 352-1930

Power Engineering Services, LLC
www.pe-svcs.com
• Converse, TX 78109-2041 

United States of America 
(210) 590-6214

• Mauldin, SC 29662-2414 
United States of America 
(800) 328-7382

Power Solutions Group, LLC
www.powersolutionsgroup.com
• Tipp City, OH 45371-2843 

United States of America 
(937) 506-8444

• Bay Minette, AL 36507 
United States of America 
(215) 937-4652

• Bakersfield, CA 93308-5100 
United States of America 
(661) 589-0400

• Rocklin, CA 95677-4031 
United States of America 
(888) 809-8550

• Riverside, CA 92501-2248 
United States of America 
(800) 462-3157

• Centennial, CO 80112-3947 
United States of America 
(303) 799-1273

• Middletown, CT 06457-1588 
United States of America 
(860) 635-9777

NETA ACCREDITED COMPANIES Setting the Standard
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• Bethel, ME 04217-4908 
United States of America 
(207) 592-8780

• Moncure, NC 27559-9165 
United States of America 
(919) 675-5452

• Columbus, OH 43213-1529 
United States of America 
(614) 310-8018

• Liberty, SC 29657-9426 
United States of America 
(864) 540-8434

• Clarksville, TN 37040 
United States of America 
(931) 802-5999

• Pearland, TX 77581-1901 
United States of America 
(346) 221-2165

• La Porte, TX 77571-4639 
United States of America 
(281) 826-3781

Power Systems Professionals, Inc.
www.powerpros.net
• McClellan Park, CA 95652 

United States of America 
(866) 642-3129

PowerX
powerxco.com
• Phoenix, AZ 85044 

United States of America 
(480) 432-5382

• Wendell, NC 27591-9708 
United States of America 
(919) 365-9775

• Broken Arrow, OK 74012-1487 
United States of America 
(855) 776-9379

• Austin, TX 78754-4126 
United States of America 
(855) 776-9379

• Chantilly, VA 20151 
United States of America 
(855) 776-9379

• Pasco, WA 99301-8511 
United States of America 
(800) 342-4560

Praetorian Power Protection, LLC
www.praetorianpower.com
• Everett, WA 98208 

United States of America 
(206) 612-6367

Premier Power Maintenance, LLC
www.premierpowermaintenance.com
• Indianapolis, IN 46268-2588 

United States of America 
(317) 879-0660

• Decatur, AL 35601-8800 
United States of America 
(256) 355-1444

• Ashland, KY 41102-7756 
United States of America 
(606) 929-5969

• Bloomfield, KY 40008-6113 
United States of America 
(256) 200-6833

• Brighton, MI 48116-8354 
United States of America 
(517) 715-9997

• Saint Paul, MN 55113-2617 
United States of America 
(612) 430-0209

ProVolve Power Technologies Inc.
www.provolvept.com
• Edmonton, AB T6E 5L1 

Canada 
(587) 743-0436

QP Testing, LLC
www.qp-testing.com
• New Lenox, IL 60451-1592 

United States of America 
(815) 724-2216

Qualus Services, LLC
www.qualuscorp.com
• Lake Mary, FL 32746-4772 

United States of America 
(833) QUA-LUS1

• Louisville, KY 40213-1565 
United States of America 
(317) 229-5565

• Westborough, MA 01581-1088 
United States of America 
(267) 280-6984

• Middle River, MD 21220-2874 
United States of America 
(302) 507-6749

• Walled Lake, MI 48390-3432 
United States of America 
(317) 229-5565

• Brooklyn Park, MN 55428 
United States of America 
(952) 836-9320

• Fairfield, OH 45011-8651 
United States of America 
(833) QUA-LUS1

• Doylestown, PA 18902-1128 
United States of America 
(267) 261-6896

• Nashville, TN 37210-2302 
United States of America 
(317) 229-5565

• Knoxville, TN 37932-3232 
United States of America 
(317) 229-5565

• Bluffdale, UT 84065-2506 
United States of America 
(435) 773-7388

RANS Electrical
www.ranselectrical.com.au
• Port Melbourne, VIC 3207 

Australia 
+61 43 867 6700

RESA Power Canada
resapowercanada.com
• Calgary, AB T2B 3N4 

Canada 
(403) 697-3747

• Edmonton, AB T6E 0P5 
United States of America 
(780) 405-4608

• Surrey, BC V3S 4R1 
Canada 
(604) 240-7537

RESA Power Service
www.resapower.com
• Wixom, MI 48393-2067 

United States of America 
(248) 313-6868

• Tempe, AZ 85281 
United States of America 
(480) 730-8871

• Cerritos, CA 90703-2417 
United States of America 
(800) 996-9975

• San Jose, CA 95131-1114 
United States of America 
(800) 576-7372

• Visalia, CA 93291-9473 
United States of America 
(559) 805-0676

• Bakersfield, CA 93314-9482 
United States of America 
(800) 996-9975

• Sacramento, CA 95824-2367 
United States of America 
(707) 421-9398

• Los Angeles, CA 90019-5017 
United States of America 
(310) 261-2238

• Denver, CO 80239-2734 
United States of America 
(720) 993-6559

• Shelton, CT 06484-5384 
United States of America 
(800) 272-7711

• Jacksonville, FL 32221 
United States of America 
(904) 653-1900

• Plant City, FL 33563-1152 
United States of America 
(813) 752-6550

• Orlando, FL 32824-7751 
United States of America 
(904) 707-7510

• Downers Grove, IL 60515-5620 
United States of America 
(815) 474-8037

• Blaine, MN 55449-6278 
United States of America 
(763) 784-4040

• Cornelius, NC 28031 
United States of America 
(704) 215-1896

• Wilson, NC 27893-8558 
United States of America 
(252) 712-0061

• Wall Township, NJ 07727-4023 
United States of America 
(862) 703-5285

• Las Vegas, NV 89128-1800 
United States of America 
(702) 469-5833

• Sparks, NV 89431-6234 
United States of America 
(415) 272-6102

• Cicero, NY 13039-9217 
United States of America 
(315) 699-5563

• Lockport, NY 14094-8975 
United States of America 
(315) 699-5563

• Rochester, NY 14624-2347 
United States of America 
(585) 626-5562

• North Ridgeville, OH 44039 
United States of America 
(216) 313-7995

• Lebanon, TN 37090-6021 
United States of America 
(832) 900-8340

• Henderson, TX 75652 
United States of America 
(920) 278-2801

• Rowlett, TX 75088-7556 
United States of America 
(469) 659-1616

• Houston, TX 77064-3318 
United States of America 
(800) 576-7372

• Bellevue, WA 98005-2259 
United States of America 
(800) 576-7372

• Green Bay, WI 54304-5772 
United States of America 
(920) 639-0742

RMS Energy Co., LLC
www.rmsenergy.com
• Little Falls, MN 56345-6503 

United States of America 
(888) 683-3630

• Winter Springs, FL 32708 
United States of America 
(888) 683-3630

• Panama City, FL 32405-2226 
United States of America 
(888) 683-3630

• Erlanger, KY 41018-3178 
United States of America 
(888) 683-3630

• Livonia, MI 48150-2033 
United States of America 
(888) 683-3630

• Richland, MS 39218-9483 
United States of America 
(888) 683-3630

• Gastonia, NC 28052 
United States of America 
(888) 683-3630

• Bedford Heights, OH 44146-1330 
United States of America 
(888) 683-3630

• Tulsa, OK 74116-1515 
United States of America 
(888) 683-3630

• Seymour, TN 37865-3603 
United States of America 
(888) 683-3630

• Memphis, TN 38141 
United States of America 
(888) 683-3630

• Grand Prairie, TX 75050-1259 
United States of America 
(888) 683-3630

Saber Power Field Services, LLC
www.saberpowerfieldservices.com
• Rosharon, TX 77583-5188 

United States of America 
(713) 222-9102

http://www.powerpros.net
http://www.powerxco.com
http://www.praetorianpower.com
http://www.premierpowermaintenance.com
http://www.provolvept.com
http://www.qp-testing.com
http://www.qualuscorp.com
http://www.ranselectrical.com.au
http://www.resapowercanada.com
http://www.resapower.com
http://www.rmsenergy.com
http://www.saberpowerfieldservices.com
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• Semmes, AL 36575-8311 
United States of America 
(877) 912-9102

• Geismar, LA 70734 
United States of America 
(877) 912-9102

• Charlotte, NC 28217-4065 
United States of America 
(704) 942-4299

• Gretna, NE 68028-8041 
United States of America 
(531) 495-0259

• Tulsa, OK 74146-6713 
United States of America 
(877) 912-9102

• Helotes, TX 78023-4166 
United States of America 
(210) 444-9514

• Alvarado, TX 76009 
United States of America 
(682) 518-3676

• Corpus Christi, TX 78413-1922 
United States of America 
(361) 452-1695

• Orange, TX 77632 
United States of America 
(346) 335-7011

• Midland, TX 79706 
United States of America 
(877) 912-9102

• Kyle, TX 78640-3378 
United States of America 
(877) 912-9102

Scott Testing, Inc.
www.scotttesting.com
• Hamilton, NJ 08619-3250 

United States of America 
(609) 689-3400

Sentinel Power Services, Inc.
sentinelpowerservices.com
• Tulsa, OK 74115-5729 

United States of America 
(918) 359-0350

• Fort Worth, TX 76155-2685 
United States of America 
(918) 359-0350

Shermco Industries
www.shermco.com
• Irving, TX 75061-8919 

United States of America 
(972) 793-5523

• Calgary, AB T2E 8A2 
Canada 
(403) 769-9300

• Edmonton, AB T6B 3L2 
Canada 
(780) 436-8831

• Lethbridge, AB T1J 4B5 
United States of America 
(403) 524-4575

• Creola, AL 36525-4567 
United States of America 
(251) 679-3224

• Phoenix, AZ 85040-1475 
United States of America 
(602) 438-7500

• Burnaby, BC V5A 3C2 
Canada 
(972) 793-5523

• Denver, CO 80216-6419 
United States of America 
(877) 456-1342

• Hiawatha, IA 52233-4703 
United States of America 
(319) 377-3377

• Grimes, IA 50111-5167 
United States of America 
(515) 265-3377

• Minooka, IL 60447-9557 
United States of America 
(815) 467-5577

• Gonzales, LA 70737-5311 
United States of America 
(225) 647-9301

• Sulphur, LA 70665 
United States of America 
(337) 287-9024

• Winnipeg, MB R2X 2T7 
Canada 
(204) 925-4022

• Livonia, MI 48150-1012 
United States of America 
(734) 744-4594

• Saint Paul, MN 55110 
United States of America 
(651) 484-5533

• Kansas City, MO 64120 
United States of America 
(972) 793-5523

• Charlotte, NC 28269-3848 
United States of America 
(910) 568-1053

• Harrisburg, NC 28075-7506 
United States of America

• La Vista, NE 68128-5750 
United States of America 
(402) 933-8988

• Robbinsville, NJ 08691-1685 
United States of America 
(609) 890-8300

• Tallmadge, OH 44278-2134 
United States of America 
(614) 836-8556

• Dublin, OH 43017-5013 
United States of America 
(888) SHE-RMCO

• Tulsa, OK 74145 
United States of America 
(918) 234-2300

• Saskatoon, SK S7K 8H7 
Canada 
(306) 955-8131

• RM of Sherwood, SK S4K 0A2 
Canada 
(306) 949-8131

• Nashville, TN 37211-1021 
United States of America 
(615) 928-1182

• Irving, TX 75061-8919 
United States of America 
(972) 793-5523

• Cedar Park, TX 78613-7229 
United States of America 
(512) 267-4800

• Angleton, TX 77515-8157 
United States of America 
(979) 848-1406

• San Antonio, TX 78232 
United States of America 
(210) 392-9175

• Houston, TX 77053-2603 
United States of America 
(281) 835-3633

• Sweetwater, TX 79556 
United States of America 
(325) 236-9900

• Port Arthur, TX 77642 
United States of America 
(409) 853-4316

• Wichita Falls, TX 76302-2723 
United States of America 
(972) 793-5523

• Corpus Christi, TX 78409-2229 
United States of America 
(972) 793-5523

• Auburn, WA 98001-1654 
United States of America 
(253) 333-9730

Sigma C Power Services LLC
www.sig-c.com
• Westborough, MA 01581 

United States of America 
(617) 938-3912

• Orange City, FL 32763 
United States of America 
(813) 505-8202

• Louisville, KY 40272-1816 
United States of America 
(502) 649-4185

Southern New England Electrical Testing, LLC
www.sneet.org
• Wallingford, CT 06492-2395 

United States of America 
(203) 269-8778

Spark Testing North America Inc.
www.sparktestingcanada.com
• Edmonton, AB T6E 6G8 

Canada 
(888) 818-3225

• Hamilton, ON L8E 2X6 
Canada 
(888) 818-3225

• Fort Worth, TX 76155-2639 
United States of America 
(833) 775-7697

Star Electrical Services & General 
Supplies, Inc.
www.starelectricalpr.com
• Las Piedras,  00771
• Puerto Rico 

(787) 716-0925

Taurus Power Services, LLC
https://tauruspowertesting.com/
• Tualatin, OR 97062-8631 

United States of America 
(503) 924-4255

Tidal Power Services, LLC
www.tidalpowerservices.com
• Rosharon, TX 77583-4385 

United States of America 
(281) 710-9150

• Gonzales, LA 70737-8183 
United States of America 
(225) 644-8170

• Sulphur, LA 70665-9508 
United States of America 
(337) 558-5457

• Victoria, TX 77901-1742 
United States of America 
(281) 710-9150

Tony Demaria Electric, Inc.
www.tdeinc.com
• Wilmington, CA 90744-5533 

United States of America 
(310) 816-3130

U.S. Electrical Testing, LLC
www.uselectricaltesting.com
• Tysons, VA 22102-3467 

United States of America 
(202) 643-3230

USC Power Services
www.usc-power.com
• Tanner, AL 35671-3030 

United States of America 
(256) 837-8400

Utilities Instrumentation Service - Ohio, LLC
www.uiscorp.com
• Troy, OH 45373-1054 

United States of America 
(937) 439-9660

Utilities Instrumentation Service, Inc.
www.uiscorp.com
• Dexter, MI 48130-1564 

United States of America 
(734) 424-1200

Vector Power, LLC
www.vectorpwrs.com
• Plano, TX 75024 

United States of America 
(469) 553-8985

• Maple Ridge, BC V4R 0G3 
Canada 
(469) 553-8985

• Rosharon, TX 77583 
United States of America 
(866) 703-4300

VISTAM, Inc.
www.vistam.com
• Signal Hill, CA 90755-3621 

United States of America 
(562) 912-7779

• La Mirada, CA 90638-3442 
United States of America

Westcan Power Services Ltd.
www.westcanpowerservices.com
• Rocky View, AB T1X 0R4 

Canada 
(587) 534-0549

NETA ACCREDITED COMPANIES Setting the Standard
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NETA QUALIFIED ELECTRICAL EQUIPMENT MAINTENANCE COMPANIES

Blackmon Power, LLC
www.blackmonpower.com 
• Charlotte, NC 28206-1517 

(704) 609-5920

Fleming Controls & Power Specialties
www.fcps-electric.com 
• Bryant, AR 72022-2601 

(501) 529-9645

Holaday-Parks, Inc.
www.holadayparks.com 
• Tukwila, WA 98168 

(253) 604-8553

Industrial High Voltage
www.industrialhighvoltage.com 
• Torrance, CA 90505-6708 

(310) 30-1661

Jesse Stutts, Inc.
www.jessestuttsinc.com 
• Huntsville, AL 35805-3925 

(256) 533-7730

Piquette & Howard Electric Service, LLC
www.phelectric.net 
• Plaistow, NH 03865-2820 

(603) 382-3182

Recore Electric
www.recoreelectric.com 
• Gastonia, NC 28052-9111 

(704) 609-5920

Sabino Electric, Inc.
www.sabinoelectric.com 
• Tucson, AZ 85719-6614 

(520) 623-6061

VarcoMac LLC
www.varcomac.com
• Odenton, MD 21113 

(443) 221-8734

Companies with Electrical Power System Maintenance Workers are invited.
NETA QEMC & QEMW PROGRAM

Contact the NETA office to learn more and apply today! 

BECOME RECOGNIZED BY NETA AS A QEMC.

NETA established the Qualified Electrical Equipment Maintenance Company Program (QEMC) and Qualified Electrical Equipment Maintenance 
Worker (QEMW) classification in support of the NFPA 70B maintenance requirements.

This qualification program is in response to the recently ANSI-approved NFPA 70B Standard, making proper electrical equipment maintenance mandatory and 
enforceable. The new program is intended to meet the anticipated demand for vetted, qualified electrical equipment maintenance contractors and workers. 

NETA’s recognition of your Qualified Electrical Equipment Maintenance 
Company status provides assurance of your organization's electrical power 
system maintenance experience, and worker qualifications.

NETA’s Qualified Electrical Equipment Maintenance Worker examination 
process delivers third-party validation of your field and maintenance workers’ 
qualifications and knowledge. 

Why become a Qualified Electrical Equipment Maintenance Company?

Facility owners need to provide proof of their maintenance workers’ qualifications. Facility owners hiring electrical 
contractors will choose service providers based on their ability to verify and be assured of the qualifications of a contractor 
and its workers. The QEMC and QEMW  program provides verification of all maintenance worker qualifications.

Standard Compliance  |  NETA Verification  |  Worker Recognition of Expertise

For Contractors - NETA QEMC & QEMW recognition provides a differentiating  advantage over competitors.

QEMC Benefits:

http://www.blackmonpower.com
http://www.fcps-electric.com
http://www.holadayparks.com
http://www.industrialhighvoltage.com
http://www.jessestuttsinc.com
http://www.phelectric.net
http://www.recoreelectric.com
http://www.sabinoelectric.com
http://www.varcomac.com
https://www.netaworld.org/qemc-qemw
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… was our vision for our new powerful and lightweight test set. 
TESTRANO 600 is the world’s fi rst portable, three-phase test system 
that supports all of the common electrical tests done on power 
transformers. 

With just one setup for multiple tests, TESTRANO 600 signifi cantly 
reduces the wiring eff ort and testing time. Its specially designed 
power amplifi ers ensure a new level of accuracy, and the mul-
ti-touch color display enables smart and comfortable operation.

www.omicronenergy.com/testrano-600

Transformer Testing made quicker 
and easier than ever before …

SCAN ME!

http://www.omicronenergy.com/testrano-600

