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A Very Down To Earth Treatment Of Grounding For Power Electronics Designers

Grounding and Bonding for the Radio Amateur, published by The American Radio Relay League (ARRL),
copyright 2017, 176 pages, available in softcover or Kindle edition, ISBN number 978-1-62595-065-9, item
number 0659, $22.95 from ARRL.

Reviewed by Kevin Parmenter, Chair, and James Spangler, Co-chair, PSMA Safety and Compliance Committee

When the subject of ground comes up in power supply design, it’s usually in the context of circuit design or
measurement, and the discussion often concerns noise issues in some way. How to layout ground traces and
planes to avoid crosstalk, EMI, groundbounce and similar effects. But there’s another side to ground that
concerns the safety of equipment, and more importantly, the safety of its operators. This is where the related
subjects of grounding and bonding come in, and these are the focus of the book being reviewed here. They're
important because safety, lightning protection, emissions—-immunity EMI-EMC and proper system operation
overall will depend on how well grounding is done.

This topic is relevant to anyone in the power electronics field who is designing or testing systems that connect
to the ac power line or the “mains”, or to similar sources of high voltage ac or dc for that matter. So, for
example, if you are doing any high voltage work or ac off line designs related to grid-tied alternative energy,
solar, EV, HEV, bi-directional converters and so on, you need to know about grounding and bonding.

If that explanation helps to address your concerns over the relevance of "Grounding and Bonding for the Radio
Amateur,” to your work in power electronics, you may still wonder why I (Kevin) might be reviewing a book
written not for engineers, but for hams. Will the materials presented in the book be sufficiently mathematically
vigorous? Will they be more relevant to RF design than power electronics design? For those familiar with
amateur radio and power electronics, the answers may be obvious, but others may wonder. So let me take a
step back...

I've been involved with ham radio since before I was a teenager and this was the path to my career. In my
experience, this hobby offers a few important benefits to practicing engineers. 1. It teaches you practical
applications-oriented aspects of electronics. If you are going to get a station on the air it’s all practical
electronics work. 2. The radio art just like most things taught in this book are aspects of electronics they are
not teaching in school any longer. Yet these are things you need to know to make equipment work safely,
properly and without interference. For instance, where is lightning protection taught any longer? Nevertheless,
our systems must be able to withstand proximate lighting strikes and their effects.

Grounding and Bonding for the Radio Amateur extensively covers the subject of ac safety, explaining how to
protect against shock hazards from ac power systems and how to provide a safe path for current when a fault
occurs. Additionally a great deal of information is provided on lightning protection and strikes. It teaches how to
design systems that dissipate transients to earth, routing it away from systems and equipment so they can
continue operating or to minimize damage. Finally, it addresses RF management and RFI, describing how to
prevent unwanted RF current and voltage from disrupting normal functions of equipment.

This book provides valuable information on topics that are not common knowledge among EEs. Typically this
information is not passed down well via tribal knowledge from engineer to engineer. What makes this book so
valuable is that it not only gives you information and tips on how to do things properly, it also provides
resources on where to obtain further information that power electronics engineers should have access to
anyway. I'll give some examples of these resources in a bit.

But getting back to the issue of things that are just not taught any more, here are a few examples: proper
bonding of equipment in systems, the differences between grounding vs. “earthing,” “protective earth
conductor,” and “counterpoise”. Another mystery to some is the difference between ground vs. common
reference voltage. These two things are often very different. Similarly, RF grounds and dc grounds are often at
quite different potentials.

This book provides a fascinating explanation on how to properly install ground rods, covering what gauge the
ground wiring should be along with how to connect the wires to the ground rod. How many of us have done
CADWELDING before? This involves an exothermic product used to permanently bond the copper wires to each
other as well as to the ground rods by heat fusing them together.

© 2018 How2Power. All rights reserved. Page 1 of 3


http://www.how2power.com/newsletters/
http://www.how2power.com/newsletters/1811/index.html
http://www.arrl.org/

HOW=POWEI®

I—ll-\I ‘tlt'
2Ccer

5 O F‘_,D » Spotlight on Safety & Compliance
our Fower esign ewsla

Sponsored by Power Integrations

Additionally, the text’s coverage of how to properly provide a ground connection when using a portable
generator was also fascinating reading.

As I mentioned above, Grounding and Bonding for the Radio Amateur points readers to other valuable resources
we all should have and be aware of. One is the national electrical codel!l which covers the safety and regulatory
issues required to tie equipment to the power grid.

Another less familiar document is Motorola publication R56 Standards And Guidelines for Communications
Sites.[2] This publication covers best practices for installing RF and communications equipment safely and in a
way that insures that the system will work properly in the application.

While you might not be designing a communications site, the principles and guidelines will help no matter what
you are designing. Finally this book references MIL Handbook 419A Grounding, Bonding And Shielding For
Electronic Equipments And Facilities. [31 This publication details the way the military requires their systems to be
installed. This represents a high standard because they have equipment that must work and last in hostile
environments and be safe for the operators. To this end, the military has developed this handbook to document
their best practices.

Overall the book emphasizes safety and responsibility for doing things properly. One skill, which was taught to
me when I first started working on electronics, was to keep one hand in your pocket while working on energized
high voltage equipment. Years ago (circa the 1970s) this was essential because there was very little low voltage
equipment at the time. So the one hand rule was a common practice. Yet I suspect it’s not as widely known
today. Those of us working on offline power electronics should follow this practice.

There are several nuggets of wisdom in Grounding and Bonding for the Radio Amateur, any one of which likely
justifies the cost of this book, which at the ARRL's list price is a relative steal anyway. For example, if you are
going to install ground rods or trench for additional ground wires you should obtain a survey of what is in the
ground already.

As you can imagine driving a ground rod into a water line, gas pipe or utility electrical service will have negative
consequences. Many states and most locations have a free service to survey and mark where these are located.
The website call811.com has a list or you can simply call 811 on your phone and arrange a non-emergency
survey.

Once you have your ground rods installed or if you want to bond heavy gauge wire together permanently, the
CADWELD kits are available to perform these welds. If you choose to use this method vs. ground clamps, watch
the video.[*] In any case safety first—wear heavy gloves and safety glasses while you are working with the
CADWELD products.

I would highly recommend this ARRL publication to have on your library shelf or hard drive, whatever your area
of interest in power electronics. I believe this should be in every practicing power electronics engineer’s library
as a ready reference along with the other references recommended in the book.
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For further reading on power supply-related safety and compliance issues, see How2Power’s special section on
Power Supply Safety and Compliance.
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