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adopted, but the board also should approve key elements
of the compliance program and oversight framework. In
addition, the board should assess the program’s general
effectiveness through regular management reports.
Significantly, where an effective compliance program is
not in place, directors could be liable for losses resulting
from failure to comply with applicable legal standards.

Adherence to compliance policies and procedures should be
enforced consistently. Employees should be held accountable
for compliance failures. Additionally, the organization
should take steps to address compliance weaknesses.
Such enforcement requirements highlight the importance
of defining and educating management on compliance
responsibilities. Compliance is, therefore, considered an
action required by a supervisory authority that organizations
need to put into practice. This concept supports our view
that an organization needs to work consistently to align
organizational goals and regulatory requirements.

Product-Specific Safety Standards

Safety and performance standards are developed for
products and materials, providing methodologies for
testing and certification. Different categories of products
have specific safety and performance standards that
apply to them, with some products falling into more
than one product category.

Across industry, safety-compliance roles align along four
main standard families:

* Risk management standards (ISO 31000, ISO 12100,
TIEC 61508, IEC 62061, ISO 13849, ISO 14971),

* Management & governance standards (ISO 9001,
1SO 45001, ISO 37301),

* Security & digital resilience standards (IEC 62443,
ISO/IEC 27001),

* Product safety standards (developed by IEC, ISO,
ASTM, ASME, NEMA, etc.)

These standards also include labeling (marking and user
information) requirements, both for on-product and for
shipping and transport. These regulations can vary based
on geography, as well as product type.

Well-managed organizations explicitly map job roles
to these standards to ensure clear accountability, audit
readiness, and regulatory defensibility. Organizations
can better manage risks in their activity by automating
the scanning and indexing of unstructured data safety,
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(Note: Do not confuse PSCPs with public and environmental
health and safety professionals or with occupational health
and safety specialists. Also, keep in mind that there is a
difference between quality control/assurance and product

safety compliance.)

To effectively perform any of these functions, a PSCP
needs to have the relevant skill levels defined by the
amount and type of education and training required
to enter and perform their duties. Here’s a proposed
categorization for recommended skill levels:

1. Skill level A: University degree (bachelor’s, master’s,
or doctorate)

2. Skill level B: Three to five years of post-secondary
education at college, or institute of technology and
more than two years of on-the-job training, or
job-specific training courses

3. Skill level C: Completion of secondary school and
some short-duration courses or training specific to
the job, or some secondary school education, with up
to two years of on-the-job training, training courses,
or specific work experience

4. Skill level D: Short work demonstration or on-the-job
training, or no formal educational requirements

'The required skill level depends on the specific type

of work to be performed, and is based on a number

of factors, including similarity with respect to the
educational discipline or field of study required for
entry into the job. Additionally, a prerequisite for entry
may also include the industry of employment with
documented experience in one or more of the previously
listed functions.

Sometimes the skill levels are replaced by the degree
of training, education, experience, and responsibilities
(TEER) required for the job. For functions designated
as Manager, Engineer, Specialist, or Technician, the
following skill levels should be required:

* For Manager: Level A

* For Engineer: Level A or Level B
* For Specialist: Level A or Level B
* For Technician: Level C

Engineering Education for Product Safety

Compliance Professionals
One of the big challenges for product safety is

underestimating its impact on society. Nevertheless,
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after a long series of accidents with critical losses,
regulators began developing more regulatory initiatives
to adapt to the current landscape. One of the
achievements in safety regulations was recognizing
that even minor accidents can result in devastating
damage, injuries, lost production, and significant fines.
Such risks have always become the cornerstone of
safety management, and therefore, are an important
component of safety compliance.

To further the impact of product safety compliance, we
need to step up our efforts to broaden awareness of the
importance of product safety and build the relevant skill
set to implement effective product safety management
efforts. Many organizations simply do not have access to
engineering personnel with the requisite knowledge and
expertise to address even the most basic product safety
requirements, let alone navigate the increasingly complex
regulatory compliance landscape.

Everyone involved in an organization’s product safety
efforts must be well-informed, versatile, and creative.
And PSCPs need to understand the process for
determining what, where, when, why, and how product
safety risks can be identified and mitigated.

Yet, with all efforts to train good PSCPs, it seems that
something is still missing. Finding qualified candidates
to fill open PSCP positions is still a challenge. Even
with advanced engineering degrees and training, there’s
little focus on product safety in educational curricula.
That’s because product safety is not a top priority among
engineering schools.

Self-education through various texts, articles, and
technical literature can help, as well as training by
knowledgeable consultants who conduct workshops on
a variety of product safety topics. But this approach can
be superficial and incomplete, due to the absence of a
consistent methodology.

Most professional engineering associations are increasing
their efforts to highlight the importance of product safety
in conferences and other events. But this too is not enough.

The Potential Benefits of Investing in Product
Safety Education

We believe that a comprehensive formal product safety
educational program at the university level is the best
path forward. A robust and well-designed program
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would provide participants with a more complete
understanding of the essential function of product
safety compliance in the design and development of new
technologies. It would also provide the knowledge and
skills necessary to execute the responsibilities of a PSCP
in an organization.

Institutions in several global regions are already giving
increased attention to standards and product safety
compliance educational needs. For example, South Korea
is giving increased attention to the important role that
standards compliance plays in effective marketing efforts.
Today, there are 40 universities and 6000 students
involved in standards education in that country. It may be
the most impressive program in the world.

In addition, educational institutions in China, India,
and Japan are beginning to see the strategic value of
standards and product safety compliance and have
also introduced these subjects into their university
engineering curriculums.

Finally, the American National Standards Institute’s
United States Standards Strategy (USSS) has established
standards education as a national priority in private,
public, and academic sectors. These programs focus on the
needs of leaders and top executives, as well as those who
participate in the development of standards, university and
college students, and other interested parties.

Clearly, countries and institutions that invest educational
resources to train their engineering students in the field
of standardization and product safety compliance will
have a clear and distinct competitive advantage in our
ever-changing global marketplace.

What Do We Need To Do?

In the years to come, products safety compliance

will continue to evolve from an engineering art to an
engineering science. Therefore, the need to understand
the theoretical and the practical application of product
safety principles becomes even more essential. Product
safety compliance must become an integral part of the
engineering curriculum.

Students need to learn and gain experience via a flexible
combination of lectures, laboratory tests, computer
simulations, independent research and design tasks,

and individual and group projects. They will also gain
relevant experience in documenting and presenting their
findings to both technical and non-technical audiences.



Each student’s progress and accomplishments can be
assessed in a variety of ways, including tests, written
and oral examinations, and peer and independent
evaluation of projects, reports, and presentations. And
outcomes can be evaluated by a committee consisting
of representatives from academic staff, industry,
governmental organizations, and regulatory bodies.

A typical plan of study of “Product Safety Compliance
for Industry” in engineering-related educational programs
could include some or all of the following issues:

* New product development — Safety by design

* New product manufacturing — Safety by control
* Accidents — Causes and means of prevention

* Products safety hazards

* Systems safety

* General criteria for compliance

* Products safety standardization

* Basic safety concepts and considerations

* Failure mode analysis

* Functional safety

* Risk management

* Abnormal conditions

* Selection of components

* Sensors, transducers, and actuators

* Construction

* Energy management

* Labeling (markings and Instructions)

* Electromagnetic disturbances

* Safety of products that use radiation

* Safety for products used in hazardous locations
* Programmable electronic systems

* Cybersecurity

* Environmental requirements

* Dependability

¢ Usability

* Regulatory affairs

* New product evaluation — Safety by testing

* Instrumentation for testing

* Safety cost estimation
* Post-production surveillance

* Global market access

'The proposed curriculum takes into consideration

the needs of industry and guidelines established by
product regulatory bodies by raising the profile of
science, technology, and mathematics (STEM) careers,
and encouraging more students to consider career
opportunities in the product safety compliance field.

Conclusion

The only way in which engineers will be well prepared
to fill their product safety compliance roles in providing
safer products is through good academic preparation and
continuing education.

We invite readers of this article to share their comments
and feedback on this proposed plan so that we can work
together to bring it to reality! @

References

1. S. Loznen, C. Bolintineanu, J. Swart, Electrical
Product Compliance and Safety Engineering, Artech
House, Norwood, M A, USA, 2017.

2. C. Bolintineanu, S. Loznen,” Product Safety and
Third-Party Certification,” in The Electronic Packaging
Handbook, Edited by Glenn R. Blackwell, Boca
Raton, CRC Press LLL.C, 2000.

3. S. Loznen, C. Bolintineanu, Electrical Product

Compliance and Safety Engineering, vol. 2, Artech
House, Norwood, MA, USA, 2021.

The Author

Steli Loznen has over 40 years of
experience in compliance issues
associated with electrical equipment and
participates in the IEC standardization

as WG Convener and Project Leader.

In 2017, he received the IEC's 1906 Award in recognition
of his efforts to advance the work of the IEC. Loznen

is also a member of the Experts Evaluation Team of

the European Commission, a member of the Board of
Governors of the IEEE-PSES, and a vice-president for
IEEE-PSES technical activities. Loznen is co-author of
Electrical Product Compliance and Safety Engineering —
v0l.1-2017; vol 2-2021, published by Artech House.

He can be reached at sloznen@ieee.org.

MAY 2026 INCOMPLIANCEMAG.COM | 23


mailto:sloznen@ieee.org

INTRODUCTION TO FAULT-MANAGED POWER

By Dave Lorusso, Stanley Mlyniec, and Jonathan Casey

Editor’s Note: The paper on which this article is based was
originally presented at the 2025 IEEE Product International
Symposium on Product Compliance Engineering (ISPCE),
held in San Francisco, CA in May 2025, where it received
the 2025 Best Paper Award. It is reprinted here with the
gracious permission of the IEEE. Copyright 2026, IEEE.

Introduction

Fault-managed power (FMP) systems represent a
transformative advancement in power distribution,
offering a safer, more efficient alternative to
traditional methods. Defined under standards such as
UL 1400-1 [1] and National Electrical Code (NEC)
Article 726 [2], FMP systems enable the transmission
of higher voltages (up to 450 V) while maintaining
stringent safety measures [3]. By incorporating
real-time fault detection, fault-energy limitation, and
rapid shutdown mechanisms, these systems mitigate
risks of fire, electric shock, and equipment damage.
FMP leverages innovations such as packet energy
transfer to ensure safe operation even in fault scenarios.
By addressing safety and efficiency challenges, FMP is

poised to redefine power distribution across industries.

Definition of FMP as a Class 4 Power System

The official definition of FMP, as introduced in the
2023 NEC Article 100 [2], is: “a powering system that
monitors for faults and controls current delivered to
ensure fault energy is limited.” This definition aligns
with NEC Article 726 [2], governing Class 4 circuits.
Unlike Class 2 and Class 3 systems that limit power
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output, FMP systems allow higher power delivery, such
as up to 2,000 W, while actively monitoring circuits

in real time for faults. Upon detecting faults such as
improper wiring, short circuits, or human contact, FMP
systems immediately halt power transmission, limiting
the energy transferred into the fault to mitigate risks of
fire or electric shock. This combination of high-power
capacity and advanced safety mechanisms makes FIMP
ideal for long-distance power distribution in applications
like smart buildings, data centers, and telecom networks.

NEC Classifications: Class 1, 2, 3, and 4
The NEC [2] defines four classes of power systems with

distinct safety profiles. Class 1 circuits operate at up

to 600 volts and rely on overcurrent protection rather
than inherent power limitations, presenting significant
shock and fire hazards that require stringent installation
practices. Class 2 circuits are inherently power-limited to
100 VA with maximum voltages of 30 VAC or 60 VDC,
minimizing electrical hazards and making them suitable
for direct user contact in applications like doorbells

and thermostats. Class 3 circuits maintain the 100 VA
power limitation but allow higher voltages up to 150 V,
presenting increased shock hazards that necessitate
additional safeguards against direct contact.

Class 4 circuits represent a new category of FIMP systems
that transmit energy with continuous fault monitoring.
One way this is done is by employing transmitter circuitry
that periodically connects the source to transmit energy
in discrete packets and disconnects the source during



monitoring to verify the absence of faults before sending
the next packet. This sophisticated approach enables the
delivery of higher power levels while maintaining safety
through millisecond fault detection and immediate
transmission halting when abnormalities are detected.

Key Benefits: High Power Capacity, Long-Distance
Transmission, and Enhanced Safety

FMP offers numerous benefits, making it a
transformative solution for modern power distribution.
It enhances safety through
real-time fault detection

and rapid shutdown, reducing
risks of fire and shock. FMP
enables efficient, high-voltage
transmission over long distances,
minimizing energy losses and
material costs. Its flexibility

and scalability support

diverse applications, from

smart buildings to industrial
automation. Cost savings stem
from reduced cabling needs

and simpler installations.
Additionally, FMP contributes
to sustainability by lowering
energy waste and resource usage,
aligning with environmental
goals for large-scale
infrastructure projects.

Potential Challenges and
Limitations of FMP Systems

FMP systems face several challenges despite their
advantages. Regulatory restrictions in the NEC [2]
prohibit residential installations and mandate separation
from other electrical systems. Interoperability issues
arise as transmitters and receivers typically require
same-manufacturer compatibility, creating vendor
lock-in concerns. Market resistance exists, particularly
from manufacturers of traditional components that
FMP systems replace. Potential adopters may exhibit
caution toward this relatively new technology.

Fault-Managed Power Versus Traditional AC
Power Distribution and Power Over Ethernet

FMP systems offer several key advantages over
traditional AC power distribution and Power over
Ethernet (PoE) methods. While conventional systems
rely on circuit breakers and fuses for protection, FIMP

Unlike Class 2 and Class 3
systems that [imit power
output, FMP systems allow
higher power delivery while
actively monitoring circuits in
real time for faults — and upon
detecting a fault, immediately

halt power transmission.

actively monitors circuits in real-time and can shut down
power within milliseconds of detecting abnormalities.
Opver a single pair of #16 AWG conductors, FMP

can deliver hundreds of watts over distances of 2 km

or greater as well as deliver over 2 kW at distances of
several hundred feet, where these power and distance
limitations are only dictated by the factors such as the
maximum permitted power dissipation of the cable and
the maximum voltage drop that can be tolerated. This
far exceeds the limitations of traditional PoE which

is restricted to 100 W over 100 meters. The system

uses lightweight, thinner-
gauge cables and allows for
simpler installation methods
like cable trays and j-hooks,
reducing both material and
labor costs compared to
traditional conduit-based AC
distribution. Additionally,
FMP systems include built-in
power monitoring capabilities
without requiring supplemental
devices or equipment, offering
significant cost savings over
traditional systems that need
separate power management
infrastructure. NEC [2]
requires the separation

of traditional AC power
distribution from data circuits,
where FMP can travel in the
same channel or cable as data.

Infrastructure Applications of
Fault-Managed Power

Smart buildings have seen significant advancements in
power distribution technology. Building automation
systems, including sensors, lighting controls, and

IoT devices, can now be efficiently powered across
large facilities using innovative solutions. A prime
example of this is the Sinclair Hotel in Texas, which
has implemented FMP as its primary power backbone
infrastructure. Similarly, the 35-story Circa Casino &
Resort in Las Vegas utilizes Digital Electricity™ for
powering lights, switches, in-room climate control,
and wireless access points, showcasing the versatility
of these new power distribution methods in smart
building applications.

For data centers and telecommunications, FMP and
similar technologies are proving to be game-changers.
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at resistance values corresponding to a 25 mA heart
current. This ensures that electric shock exposure
remains within DC zone 2 (DC-2) (Figure 3)

for continuous contact scenarios. The framework
assumes body insulation from ground for hand-to-
hand contact and grounded feet for hand-to-foot
contact scenarios.

FMP also addresses let-go limits, as a line-to-line
fault or a line-to-earth fault that requires mitigation
is defined as any fault that exceeds the let-go limits
for AC, DC, or AC+DC in combination. Faults are
not considered mitigated until the fault is below

an appropriate let-go limit and remain under this
let-go limit for approximately 3 seconds to ensure
cumulative heart effects cannot continue and to allow
recovery of muscle control.

This integrated approach provides a standardized
methodology for electrical safety testing that
combines theoretical understanding of human body
impedance with practical testing requirements,
ensuring consistent and reliable safety assessments
across different applications.

UL 1400-1 - Annex A and Annex B

When it comes to in-line resistive faults for fire
hazards, Class 4 devices must meet 1 of 2 mitigation
options. One option, described in Annex A of

UL 1400-1 [1], mitigates the risk of fire due to in-line
resistive faults through strict connector requirements
covering insulation requirements, thermal factors,
mechanical performance such as crush test resilience,
security of blades, and other similar requirements

to reduce the probability of fault occurrences at

the connector.

The other option, described in Annex B of

UL 1400-1 [1], mitigates the risk of fire due to
in-line resistive faults by limiting in-line resistive
faults to less than 100 W similar to Class 2 systems.
This negates the need for more restrictive connector
requirements since the failure modes addressed by
those requirements can be detected. This permits a
cost savings for the manufacturer and the customer
by avoiding the expense of the connectors required
by Annex A. Additionally, such fault detection

in accordance with Annex B can further mitigate
faults that are not addressed by Annex A, such as
mid-cable faults, poor splices, or any other possible
fault location not at the end connectors.
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Hazard-Based Safety Engineering

IEC/UL 62368-1 [22] plays a crucial role in Shock
FMP systems by establishing fundamental

safety requirements that must be integrated into

the system design. In Class 4 FMP systems, Fire

compliance with IEC/UL 62368-1 [22] is
mandatory as part of the UL 1400-1 [1] standard
requirements. The standard employs an HBSE
approach, requiring appropriate safeguards
between energy sources and potential points

of contact. These safeguards are organized in a hierarchy
ranging from basic to reinforced, with each level providing
increasing protection against electrical hazards. For power
supplies within these systems, the standard imposes specific
testing requirements, including enhanced voltage testing

for basic and reinforced insulation, as well as strict capacitor
discharge specifications to ensure safety. This comprehensive
approach to safety certification helps ensure that FMP
systems can deliver higher voltages while maintaining robust
protection against shock and fire hazards.

Conclusions

FMP systems, also known as Class 4 power systems, provide
comprehensive fault protection through sophisticated
monitoring and control mechanisms. Unlike traditional
GFCI and AFCI systems, FMP systems can detect and
respond to all types of faults: line-to-earth, line-to-line,
in-line arcing, parallel arcing, and resistive faults (Table 1).

'The system actively monitors for human contact faults and
controls power delivery to ensure fault energy remains within
safe limits. @
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Lineto-Lineresistive [INCINN NG

In-Line Resistive

Line-to-Earth YES YES YES
Line-to-Line UNO N YEs
In-Line Arc NG vEs YES
Parallel Arc UNeTT  ves YES

YES

Table 1: Fault-managed power protections
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EMC Concepts Explained

IMPACT OF PCB VIA AND TRACE GEOMETRY ON THE
EFFECTIVENESS OF DECOUPLING CAPACITORS

Part 3: Conducted Emissions Results — Impact of the Distance from Internal Power-Ground

Plane Pair and Impact of the Via Topology

By Bogdan Adamczyk, Allyson Telck, and Scott Mee

his is the third and final article in the series

investigating the effectiveness of decoupling capacitors
while varying the topology of vias, trace length between
the decoupling capacitor and the IC power/ground pins,
and distance from the internal power-ground plane pair.
The first article [1] introduced the electrical schematic,
via and trace topologies, as well as PCB topology. The
second article [2] addressed the impact of the distance
of the capacitor from the IC VCC and GND pins on the
conducted emissions. This article investigates the impact
of conducted emissions due to the distance of the capacitor
from the internal power-ground plane pair and the impact
of the capacitor via topology. The conducted emissions are
measured using the CISPR25 standard, as shown in the

second article [2] in the series.

SYSTEM DESCRIPTION

Figure 1 shows the block diagram of the system studied.
When power is applied to the IC, it toggles the LEDs

on and off, rapidly using a constant rate. The purpose

of switching the LEDs on and off rapidly is to create a
periodic power (charge) draw, thus creating a need for
proper Power Delivery Network (PDN) decoupling to
reduce or eliminate conducted and radiated emissions.
The topology and impact of the decoupling capacitors was
presented in [2].

pc

Cbottom { Ctop —[ LED

Figure 1: System block diagram
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The 6-layer PCB used in our study is shown in Figure 2.

Figure 3 shows the capacitor placement on the top and
bottom layers.

One bank of capacitor pads (C1 through C7) is located on
the top layer of the PCB, and the other bank of capacitor
pads (C8 through C14) is placed on the bottom layer of
the PCB, at the same distances from the microprocessor
(see [1] for more details). Only one pad at a time was
populated with a capacitor having a value of 0.1uF with
X7R dielectric.

Six PCBs were tested, each with a different via topology, as
shown in Figure 4.

Board 1 had four vias connected to the capacitor. Two vias
connect to the board’s internal power plane on layer 3 and
were placed on either side of the capacitor’s power pin,
approximately 0.03 inches away from the center of the

7 Top - layer pads for caps

L L
FIe 20.2 mits
[ owree )
FR4 core 3.9 mils
| i
FR4 core 3.9 mils
P 20.2 mils
o ot | | 1 1 | |

7 Bottom - layer pads for caps

Figure 2: Topology of the 6-layer PCB



pin pad. The other two connect to the board’s internal
ground plane on layer 2 and were placed on either side of
the capacitor’s ground pin at the same distance. 0.03 inches
separated each power and ground via pair. Straight traces
connected the vias to the capacitor.

Board 2 was similar to Board 1 but had only two vias
connected to the capacitor instead of four. The via
connected to the internal power plane on layer 3 was placed
0.03 inches above the capacitor’s power pin, while the

via connected to the internal ground plane on layer 2 was
placed 0.03 inches above the capacitor’s ground pin. Again,
there was 0.03 inches of separation between the power via
and the ground via.

Board 3 had two vias connected to the capacitor, where one
was approximately 0.026 inches to the left of the capacitor’s
ground pin, and the other was 0.025 inches to the right of
the capacitor’s power pin. 0.085 inches separated the vias
from each other and connected to their respective internal
planes on layers 2 and 3.

EMC Concepts Explained

Board 4 used only one via, which connected to the

board’s internal ground plane on layer 2 and was placed
approximately 0.026 inches away from the center of the
capacitor’s ground pin. A long trace ran from the capacitor’s
power pin to the IC’s power pin.

Board 5 had four vias connected to the capacitor. Each

via was placed at a vertical distance of approximately

0.015 inches and a horizontal distance of approximately
0.026 inches from the center of the respective capacitor pin.
'This left 0.086 inches of distance between each power and
ground via pair and connected to their respective internal
planes on layers 3 and 2. The traces connecting the vias to
the capacitor pin pads were also curved.

Board 6 was similar to Board 3 but had a longer trace
between each via and the capacitor. Each via was
approximately 0.1 inches from the center of its respective
capacitor pin pad and connected to its respective internal
planes on layers 2 and 3, making the distance between the
vias 0.234 inches.

s
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Figure 3: Capacitor placement on top and bottom layers

Figure 4: Via topologies
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