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FEXAIIFIL)
Emerald Book Excerpts
4.7.2.4 (Last Paragraph)

At higher frequencies than those produced by the harmonics, a high-output impedance provides some
beneficial filtering of high-frequency transients as generated from the load(s) (e.g., due to —e = L di/dt
switching) and which can attenuate them before they can be unwantedly impressed onto the transformer’s
input supply circuit. Once this occurs, they are unwantedly propagated upstream to other parts of the
distribution system. Transformer output impedances generally rise with frequency, but parasitic reactances
within the transformer can allow series resonances that may lower output impedance at specific frequencies
and unwantedly allow these frequencies to easily pass across the transformer from the output to the input.

4.7.2.6 (First Paragraph) pg 111

Transformers can be enhanced by using additional capacitors and inductors to create low-pass filter
arrangements that use the reactances of the transformer as an integral part of the filter’s design. If this is
carefully done, the resulting low-pass filter will usefully attenuate high-frequency transients above the
filter’s -3 dB cutoff point and within the energy handling capability of the add-on reactances used in the
construction of the final product. However, as noted in 4.7.2.5, any noise current that is shunted into the
grounding system (e.g., via an electrostatic shield or any shunt-connected capacitors to ground) can cause
problems depending upon the design of the grounding system (see 8.5 and Lewis [B38]).

4.8.2 (Last Paragraph on Page) pg 122

The earth connection generally exhibits an increasing impedance with frequency (see Figure 4-52). This
absolutely limits the effectiveness of the earth grounding electrode in relation to high-frequency noise
control efforts. This clearly means that the earth grounding electrode system alone is not an effective means
of controlling the unwanted effects associated with the higher frequency components of a lightning surge
event.

4.8.5.1 (First Paragraph) pg 130

There has been a lot confusion about “isolated grounds” and single-point grounding. The purpose of SPG is
to minimize interference problems caused by circulating current in ground loops. This is accomplished by
using insulated EGC to control where the ground connections are made to the NEC-required grounding
system. The insulated EGC originates at the ground pin of a special receptacle that has the ground pin
isolated from the mounting yoke, hence the original name isolated grounding receptacle. It can also
originate on an equipment grounding terminal block in the electronic equipment. The insulated EGC
terminates at the point where neutral and ground are bonded at the power source or a separately derived
source.

4.85.3 (#3) pg 138

However, the need for an SRS may easily rise to that of a requirement in the event any of the following three
conditions are established:

1) When the logic ac-dc power supplies used in the associated electronic equipment are installed with
one of the terminals (e.g., the “common’) connected to the equipment’s metal frame/enclosure. This
is typical and recommended practice in the commercial ITE and electrical business equipment
industries, and others as well.

2) When the signal-level circuits and logic ac-dc power supply common terminals are OEM
dielectrically insulated or galvanically isolated from equipment ground against recommended
practice, and are instead connected to an insulated “ground” terminal that is intended for connection
to an externally installed signal ground reference circuit.

3) There are actual performance problems occurring with the equipment, which can be assigned to
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common-mode electrical noise or similar common-mode interference related to the equipment’s
existing grounding system, whatever its design, or to the signal-level inter-unit cabling system.

Any grounding system that employs long ground conductors, as generally illustrated in Figure 4-63, will
exhibit higher impedances at higher frequencies, and in general, this is most undesirable. The impedance in
the grounding paths is basically uncontrolled and usually very high at frequencies above a few kilohertz.
Therefore, useful SRSs require the existence of a grounding structure that most nearly mimics the ideal of an
equipotential ground plane throughout the frequency range of interest (often from dc to several tens of
megahertz). Such a design is shown very generally and in schematic form in Figure 4-64.

4.9.2 (EM shielding) pg 152

Effective electromagnetic shielding also consists of schemes such as high-frequency grounded conductive
barriers, metal enclosures, metal conduits, and cable coverings around circuits. The objective of
electromagnetic shielding is the minimization of magnetic flux coupling (mutual inductance) from an
aggressor (e.g., power) source to the victim (e.g., control or signal) circuit. The following generalizations are
also pertinent:

a) Physically separate the aggressor source from the victim circuit, minimizing the mutual inductance,
and hence near-field EMI coupling, between them.

b) The enclosed area of the victim circuit can be reduced so as to reduce the number of near-field flux
lines intercepted from the aggressor H-field EMI source.

¢) Twisted pair conductors in the aggressor and victim circuits take advantage of the twisting wherein
about half the stray magnetic flux couples into the circuit in each direction on the twisted pair, thus

giving a small net flux coupling to be radiated from an aggressor EMI source or into a victim circuit.

d) Where twisting is not practical, such as with ac power conductors, close spacing of the conductors

can be accomplished so that they appear as one conductor with equal and opposite currents, producing

a minimally radiating H-field.

e) Enclose the signal conductors inside of a shield, and then ground the shield at both ends. This is a

key concept for protection of the contained conductors from the H-field effects produced by nearby
lightning and other surge currents.

4.10.1 SPD’s (pg 154) Thought this might be interesting
There is a large section here about various SPD methods and their pro’s/cons
8.6.1 (Selection of SPD’s ) pg 301

The selection of SPDs typically depends on the location of the device. The SPDs are recommended to be
sized per IEEE C62.41™and IEEE C62.45 requirements to achieve proper coordination. SPDs should be
listed to UL 1449. SPDs used for three-phase, 4-wire circuits are generally recommended to be connected in
all combinations of line-to-line, line-to-neutral, line-to-ground, and neutral-to-ground. SPDs for three-phase,
3-wire circuits are recommended to be attached in both the line-to-line and line-to-ground modes. SPDs may
also be specified with high-frequency filtering characteristics. Care should be taken to ensure that this
filtering does not adversely affect the operation of the power line carrier.

9.85.5 & 9.8.5.6 (pg 363)

The typical modern building is served by a number of cables carrying signals from points not tied to the
building’s electrical ground (earth). These include telecommunications lines commonly feeding fax
machines and modems, antennas, video security camera links, and external lighting cables. Each one carries
the threat of damage from GPR. Assuming that some form of surge protection is decided upon, it is
important to take a broad view of the whole electrical installation (see 9.6). Consider fitting SPDs to the
following cables (if present):

a) AC power system

b) Telecommunications lines feeding fax machines, modems and similar devices

c) Data cables for LANs
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d) Cables for telemetry and instrumentation and control
e) Antenna cables

f) Security camera cables

g) Outdoor lighting cables

In some situations, RFI may appear on electrical supplies, possibly by switching transients, etc. Computer
installations, for example, can be susceptible to interference on their supply where it may cause corruption
of data or other apparently unexplained behavior. SPDs will easily remove any transients that are
sufficiently large to cause the SPDs to conduct. However, interference below this level can still cause
problems with computer installations.

RFI filters are readily available from a number of manufacturers. While these will easily reduce the level of
interference by a significant amount, they can also introduce further problems into the installation. When a
high energy surge enters a filter, it can cause an effect called ringing. The impulse can cause the filter to
oscillate and produce a high-frequency wave with damaging amplitude. It is important, therefore, to ensure
surge protection is always provided with mains filtering devices, preferably within the same enclosure.
SPDs used where the ring wave is expected should provide some form of filtering to remove the ring wave
component.

9.9.15 (Ground Loops) pg 387

Ground loops are both necessary and undesirable, depending on the frequency spectrum of interest. For
lower frequencies, ground loops are undesirable because the intent is to decouple from other grounds that
are at a different potential and causing unwanted equalizing currents and transients. For higher frequencies,
ground loops are mandatory because the intent is to closely couple with nearby grounds in order to operate
high-frequency electronics and still maintain EMC. Historically, ground loops are associated with carrying
lightning currents, audio and video hum, and switching transients.

An SPG system is usually necessary to avoid system-level circulating currents between components of an ac
or dc powered telecommunications system. When each separated component has its own EGC, it becomes
difficult to avoid ground loops. The currents circulating in ground loops can cause or worsen RFI problems.
For example, multiple grounds on the ac system neutral are not only in violation of the NEC but also create
ground loops that significantly contribute to RFI problems.

NOTE—For RFI purposes, a ferrite choke can be placed on each ac cord. The ground loop will still exist at ac, but the
ferrite will mitigate the RFI. Further coverage of this topic can be found in 3.5.2, 8.5.3.1,and 4.9.2.1.

9.6.26.4 (First paragraph) pg 417

There are instances where shielded cabling systems fail due to high-frequency noise coupled directly
through the grounded connections between interconnected electronic equipment. Isolating the ground
connection at one end of the circuit may serve to reduce the noise current flowing through the ground return
path. However, such an indication does not mean the ground connection should be left open. Safety and
other performance considerations may dictate that the ground connection is left intact and mitigation is
accomplished in another acceptable manner.

Shielded cable systems can be effective in maintaining the EMC performance of the distributed equipment
and can show better results than unshielded, where all other considerations are met. Such considerations
include ground loop noise and all grounding and bonding problems involved in ensuring shield continuity
throughout the system.

A well-balanced twisted pair cabling system (with tightly twisted pairs) generates very low emissions and
provides high noise immunity. Adding a shield may not significantly improve matters (other than reducing
capacitive coupled interference) and may cause other problems.

If poor shielding does allow RF currents to flow on the outside of the chassis, a ground wire will not cure the
condition. Internally, chassis grounding is used to help keep RF contained within the appropriate circuits.
Missing or resistive internal ground connections can sometimes permit the RF energy to appear where it is
not supposed to be; perhaps in an unshielded circuit that normally would not radiate RF. Part of the internal
considerations should also be to ensure that the chassis grounding is functioning as the manufacturer
designed it.
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9.9.26.11 pg 419

AC power input wiring can be viewed as an antenna. Any high-frequency signals coupled to it within the
apparatus enclosure will be radiated outside the apparatus enclosure. Recommended practice is to keep the
ac power input wiring physically isolated from any circuits carrying high-frequency signals, including load
connections from the power supply.

Section 10.2.4 may be of interest (pg 533)
10.4.4.1 pg 552

One potential noise source that can be reduced directly is transient voltage induced by interrupting a
switched inductive load. Even circuits feeding resistive loads will produce significant switching noise due to
inductance of the wiring. The arcing due to mechanical switching can also introduce high-frequency noise.
Thus, any switch contact will benefit from suppression.

It is recommended that all switched inductive loads in the system be suppressed. This is standard practice in
any industrial control system.

Examples of ac devices requiring contact suppression include the following:

a) Solenoid coils

b) Contactor coils

¢) Relay coils

d) Transformer primaries

e) Transformer-driven indicator lamps

f) Fluorescent cabinet lights (also requires line filters close to the lamp)

) Line filters (often present an inductive load)

The only exception is a load driven by a zero-crossing detector circuit such as solid-state outputs. Zerocrossing
switches reduce noise generation virtually to zero. These are preferred for frequent operation or

near low-noise zones.

Chapter 11 is about Case Histories.
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