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PREFACE

0.1 OVERVIEW

The book is structured for anyone working in tHailure analysis industryThe course is particularly
designed for individuals that encounter electrical systanmthe process of incident investigatiorihis
includes engineers, techniciarigyestigators insurance, legalsupervisors and staff There is enough
technical infomation thatany investigatowill benefit from the materialjlustrations, and explanations.

The book is not i ntended to make the wuser an el ect
electrical systems

There are over 400 illustaratis. The majority are photos of actual incidents we have investigated. Other
photos are of events we have created in our research and are used as illustrations and aids. There are
numerous diagrams to document the discussion.

The book has purposefully limeid the use of equations and math to make it more accessible. That does not
limit the technical value and discussion. Only one chapter on Energy Transport is heavily structured with
math to illustrate the thermodynamic engineering principles. That mata&ialbe bypassed by non
engineers.

At the completion of thbook andshort course, the participant will understand the components of and know

how tolook at failures, particularly as related to electriddilis investigationwill involve considerations of

the Codes and Standards. As members of several Standards organizations, we can assure you that issues
addressed in these references are only there because someone had a Pheblistussion wilFurther

involve the relationship between investigatorsgimeers, and legal, as well as the role of public and private
sector processes.

In addition to éookstructured foelectrical failurs, therearehandson components and illustrationghere
are numerous plates of electrical failures that we have dréateur research. The creation assures the
analysis and description is appropriate.

A field exercise will be conducted to see actual equipraeck failures There will be problem solving
individually and with a team.

The book has hundreds of color phatgghs. However, printing cost of color is expensive.
Bring your computer. The entire book, in color, can be downloaded for personal access during discussions.
Enjoy and good learning!

U 0y






(HAPTER]L - FUNDAMENTALS

1.1 INTRODUCTION

Electrical power is the primary form of energy in residences and
business. It is commonly used, but its functions are seldom conside
Electrical systemgeceive very little attention in proportion to their
impact; moreover, most operations are critically dependent on electri¢a
energy. Whether for lighting, heating, motors, computers QeI D
environmental systems, electricity has become the most used anteflexi
energy form.

The major reasons that study of electrical system is shunned are thr
fold. The first reason is fear of the perceived hazards associated wi
electricity. The second obstacle @slack of understanding of the
fundamental theory. The tidi hurdle isthe fact thaklectrical concepts
must be explained by nebulous models. Electricity defies the norm
senses. One cannsée, heartaste, smejlor touch electricity without
significant hazard.

A good grasp and working knowledge of the electrical fundamentals ca
neverthelessbe obtained without being a graduate electrical enginee
This book is presentedn a form designedto assist future quick
referenceas well as to provide a backgroumd finderstanding electrical Hear no evil, See no evil, Speak no €
phenomena

Electricity is a convenient form to transfer energy. Seldom is electrical
energygenerated andsed directly.On the contrary, lectrical systems
convert an available energy soursech as gas,coal, hydro, nuclear,
wind, or solar to electrical energy. Th@eneratedelectricity is then
conveniently transferred to a loadnter. The devices at the load center
convert the electrical energy back to anothegfulenergy formsuch as
light, heat, or mechanical motion

A generic electrical system covers equipment from a generator or pows
supply through controls to a motor or load.

@ENERATO%RANSFORMECONTROLLER{ MOTOR j ~—"
Understanding electricity

This book does not specifically address the transmission and distribution
of electrically energy. Rather, the concepts covered are appliedttupthe
of the powerpole to the bottom of the basent. Since eery electrical $, t, quality
power circuit has the same forthe concepts discussed are applicable to = engineering tradeffs
any situation where electric energy is usdthe items of discussion will
be basic terminology, application, and failure considerations.

In addition totechnology, the design and installation of any electrical
system must consider three major itensafety, environment, and cost.
In the design, manufacture, and installation of any item there are trad
offs to achieve a particular dollar, time, or qualilue. Failuresthen

are a result gboorquality, misuse, or abuse of the product.

3-D: a triad example
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Flow rate is like current
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Parameter| Symbol| Units | What

Voltage |V Volts | potential
Current || Amps | flow rate
Time t secondg duration

3 measures in 1 terr

Power
multiply

1.2 ITGALLABOUTX D

Electrical systemsas all physical systems, operate based on the Trinity
or Triad Principle [1] which states:

Any item than can be uniquely identified can be further
explained by three components.

The necessary terms for an electrical system can be identified using this
grouping of three quantitief. a discussiorof a systemhaseithermore

or fewer items it is either a combinationof unique terms or an
inadequately explainear inadequatelylefined system

1.3 MEASURE

Only three items can be measured in any energy system. All other
components are calculatécbm these The meaured components are
pressurg(potential) flow (transfer rate) andtime.

It follows, then, thabonly three items can be measured in an electrical
energysystem.

Voltage (V)- measured as Voltsis the potential force or pressure in a
circuit. It exists whether anything is connected or not. Voltage is
measured acrossr as the difference betweemvo points. Voltage is
similar topounds percuare inch (psi) on a water line.

Current (I)- measured as Ampss the rate or quantity of flow through a
path. Current can be measured only if a loadaultis connected and
operating. The measure for current is &mp, which is a quantity of
electrons per second. Currensimilar togallons per minuten a water
line.

Time event(t) - measured in secondsis the elapsedtime between
events. The reciprocal of time is the freque(ftywhici is measured in
oscillations per second

The thee measurements combine in one term to produce efWygy

0w 0d®
Energy is the work or activity performed due to force. It is the common
measure between electrical, mechanical, and chemical systems.

1.4 CALCULATE

From thesghree measuredariables, three things can be calculatidl.
electrical relationships can be derived from the three measured terms
voltage current, and time. Since the terms are unlike, you cannot add or
subtract. The only thing left to do, then, istaltiply and divide

Power (S)- expressed in VolAmps - is the product of voltage and
current. Power is energy or work that occurs over some period of time.
The asterisk simply notes a time change on tineeqt.

Y &0

Impedance (Z} expressedn Ohms- is the ratio of voltage to current
(Volts per Amp) Impedance is the opposition to current flow. The
relationship is called Ohmés Law.

® X0
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Delay (tg) - is the difference is the time between voltage emdent. It | Parameter| Symbol| Units What
may be expressed in secondsirongular terms. It is the phase shifl Impedance Z Oh ms |ratio
between voltage being at a maximum a@odrent being at a maximum.| Power S VoltAmps| product
In power systems it is called power factibiis the differential that arises | Delay td ori |seconds |difference

in the Calculus.

0O 0 0
EXAMPLES
Ex Given: 120 Volts and 10 Amps.
14-1 What is the impedance?
W pqa
0 oa P9
Ex Given: 120 Volts and 10 Amps.

14-2 What is the power?
Y 0O pcam pd P C WO

1.5 |IMPEDANCE

The opposition to current flow is called impedance. Impedance T V4
consequence of how electricanductors are configureés would be
expectedthere are three types of opposition.

Resistance (R natural opposition of any conductor. Most conductol3e/Str '”‘?'Iucftor_ i
are wiresmade of opper or aluminumResistance is the friction of a coil ot wire
conductor.A resistorconverts electrical energinto mechanical energy

in the form of heat. Dielectric Plates
Between plates are Al foil

Inductance (L)results from a conductor being bent into a coil. A coi
converts electrical energy into a magnk coil stores magnetic energy
Coils are usetb makerelays, motors, and transformers.

Capacitance (Cyesults from two conductors being close to each othe
A capacitorstores electrical energyA capacitor can be used sonooth
out the electrical energgapacitors are used in electronic circuits and t
reduce the effect of time delay from a cdil.power circuits, capacitors
are often used to assist with motor starting.

For each type of impedanciere iscorrespondingpowerconsumption
These three combine to create the product-¥oip. The most familiar
of the three is resistance which creates heat and the resulting powt
Watts.

Outer cover is Alternating plates
plastic or metal connect to terminals

Capacitor
1.6 Recap Impedance |Z|Energy
Take aminute to review all the electrical terms. Remember they ajResistance |Rjmechanicg
always in groups of three. Inductance |L |magnetic
Capacitanc{C|electric

There are three things that canrbeasured voltage(pressurg current
(flow rate), and time.

o~

There are three thingshat can becalculated i the ratio called / \‘-.
impedancetheproduct called power, artetime delay. 9 |

Finally there are thre¢ypesof impedance or opposition resistance
makes heat, coils makeagnets,and capacitors store and srtioo
electricity.

That is all there is
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That is all there is.There is nothing elsén the fundamentals of

electricity.

1.7 REVIEW

Electrical fundamentals always exist in groups of three.

Measuredvalues are

1 voltage
f current
1 time

Calculatedvalues are

1 Impedance (ratio)
1 Power produc)
1 Shift (time difference

Impedance&omponents are

I resistance
9 inductance
9 capacitance



CHAPTERZ2 Z PROTECTION

2.1 INTRODUCTION

Protective devices includes items that support and guard electrig
systems. From the very first chapter, we found there are three elect{f = =
measured voltage, current, and timé here are three corresponding
protections mechanisms. Theare myriad implementations of thej
techniques.

2.2 (QURRENT

Over current is the most common protection mode. Current creates
Heat is proportional to the square of the current (current multiplied

current) and the resistance or opposition to curreris Ehcalled °R
heat.

Fuses are the simplesvercurrentdevices. A fuse is simply a piece of
wire that melts when heat increases. Expending the wire is referred tBreaker damagefrom “ght”'”g
fiblowingo the fuse. A fuse is not resettable or reusable. Placing a larger
fuse than the rating of the protected device may result in overhestin
the other components in the circuit

Circuit breakers, such as those used in residential and most comme
installations, have an element that creates heat from the current flo
to the load. Once the heat builds up, the mechanical lever will trip,
circuit breaker can be reset after the condition is cleared and the de
has cooled.

o N Fuse screwin normal & oversized
Note both fuse and circuit breakers are heat sensitive. They can be

tripped from incident fire as well as from current. The determination of
whether the trip is a cause or result of fire depends on analysis of

condition of other components in theatiit.

In addition, a circuit breaker willify from a sharp mechanical impact,
Therefore, the other circumstances around the scene must be analyZ
determine whether the breaker tripped on overload, énciteat, or
impact.

Overload / underload protéah is used for motor®Overload / underload
controlis a sensor that trips when current is out of range. The device
be magnetic or electronic controlled. Motor overload protection

2.3 VOLTAGE

Over voltage protection is primarily provided hyurge arrestomwhich
is commonly referred to as a lightning arrestbnese devices may have
a space or spark gaphe most common form of thegeotectorsis an
electronic device called a metal oxide varistor (MOSihcean MOV is
an electronic device, it will deteriorate torse degree each time it
dissipates an overvoltage condition

Arrestor



True uninterruptible power supply
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During normal conditionsvoltage protective devices are passive and do
nothing. When voltage spikethe devices provide a lower impedance
path to ground for the excess voltage. Once excessive voltage is
removed, the device clears

2.4 GFCI

A ground fault circuit interrupter (GFCI) compares the current on the hot

wire with the neutral. If the currents are not equal, then there is leakage
current. Leakage current is caused by a failure between the current
carrying conductors and ground, such as in submersion of an electric
device.When the current difference exceeds 5 mities (5/1000 amps),

the circuit is opened.

The device has a trip and reset button. The trip button should be tested
monthly. Because the devices are in wet locations, the electrical sensing
system may deteriorat&/hen was the last time you tested all your
GFCIl 6s?

GFCI are required by thBIEC to be located in kitchens, bathrooms,
garagesand outside. Basically the requirement is any location that is
reachable from ground level or from a water pipe.

GFCI may be incorporated in a receptacle or a circudkmeA GFCl is
for personnel protection from shock hazards. It does nothing to protect
equipment.

2.5 AFCI

An arc fault circuit interrupter (AFCI) is a very small, special purpose
computer that looks at the shape of the power waverfal alternating
circuit (AC) is a smooth, continuous signal that cycles 60 times each
second (60 Hz sine wave).

An arc has sharp spikes when it starts and stops. Arcs occur anytime a
switch is closed and opened, from power system operations, and from
lightning. Arcs also occur when a connection is intermittent or ergatic
when the insulation on a wire is inadvertantly breached

AFCI are required by thBIECto be located for all electrical circuits in
family rooms, dining room, living rooms, parlors, libraries, dens,
bedrooms, sunrooms, recreation rooms, closts, hallways, or similar
rooms In essence, arfault protection is required any place a GFCI is
not used.

An AFCI is used to prevent arcing fires fromdammittent connections.
The interrupter is not heat related.

AFCI are available in circuit breakerSome manufacturs combine an
AFCI| and GFCI into the same device.

2.6 SURGEPROTECTIONBYSTEMS

True to form, there are three levels of surge protectianue UPS,
battery backup UPS, MOV systems.

True uninterruptible power supplies (UPSplate the load completely
from the power system. Battery bagg UPS have a battery charg
floating on the power system so the battery can provide current during a
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power otage. Power strips have metal oxide varistors (MOV) that sht
excess energy to ground.

2.7 TRUEUPS

A true winterruptible power suppl(UPS)is referred to as a true dime
double conversion UPS. The unit assophisticated powesource that
operates from alternating current (AC) line power, switches the powel&
direct current (DC) for charging a battery, thmnverts the DC back to
AC for supplying the load.

They are used dsirge computer and expensive electronics protectio
By converting between AC to DC to AC, the expensive electroaids

are actually isolated from normal power line surges. True UPSi 1 KVA

These are very sophisticdtdevices that are generally used in industrial
applicatiors and computer servéarms The cost is in excess of $6f
a 1,000 VA unit Thedevicesare not available ibig-box stores.

Nevertheless, these are the ONLY device that preddeasonable level |
of protection.They are well worth the investment for valuable data.

www. ape.com

— (1 BatteryBz ,p # Surge Protection ——

These & the units we use for our computers and networks.

2.8 BATTERYBACKUPUPS | —— Sugerromens

The battery backip UPS is simply a surge protection power strip with {
battery charger. The battery provides power on an outage. These sy4!

do not protect on lowoltage and highreergy transients. N
Battery back-up UPS

With low-voltage transients we have observed failures on three different
UPS units. The failures permitted blowing of capacitors on computer
mother boards, failure on video cards, and morfadures. In addition,
one of the backip UPS had an internal failure.

There are multiple receptacles on the devices. Some receptacles
have surge protection. Others have surge and battery backup.

Risks:These are expensive surge strips whose incréahealue may be §
in keeping power on for a few minutes to allowizolled shutdown.

2.9 SURGE SUPPRESSORS

Multi-tap surge suppressors are offered by many vendors
distributors. Thesare a group of receptacles that are intended to pro
items plugged ito the receptacles. Thaevices contain one to threeMOVs, circuit breaker, lighted switch
MOVb6s to shunt overvoltage away from the circuit.

Anything |l ess than three MOVO&s provides i nadequat e
devices use a very low energy MOV tipapvides little protection

We have tested numerous of the competitive devices in our lightr
laboratory and have found none that provide significant protecti
Several of the devices ruptured explosively.

The warranties have so many caveats that dneworth little more than

the box they are printed on. _
Risks: The failure issues are either it does nothing to protect f

electronics or it ruptures and creates a fire. The MOVs themselveSgag news- 1419 V on 120 V circuit
provide an ignition source if they fail catastrophically
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s Electrical Fires

Cord Set Provided with Leakage Current
Detection and Interruption and
Transient Voltage Surge Suppression

Protected power strip

®
O\

LISTED

U/L listing

Amp capacity of cords
AWG |25 ft|50 ft|100 ft
18 7 5 2
16 12 |7 3.4
14 16 (12 |5
12 |20 |16 |7
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2.10 POWER STRIPS

Power strips are similar to the surge suppressors but do not have the
MOV surge protection. Both devices may have a circuit breaker for
overcurrent protection. Some devices have an on/off switch and an
indicator light.

Risks:Power strips are subject to overload, if there is no circuit breaker.
They are also subject to mechanical abuse because of where they are
used. Identification of the manufacturer is frequently a problem.

2.11 PROTECTED POWER STHRIP

A protected power strip has a GFCI built in the plug and provides a
shielded cord with metal oxide varistors at the receptacles. This
combination protects from common failures. The shield provides
mechanical protection of the cord and a path for detedfidaults. The
GFCI shuts off power with problems in the cord or power strip. The
MOVs protect for transients on the power line.

This is a very different scheme to protect power strips which commonly
have problems.

2.12 CAVEATS U/L

Note carefully themanufacturer and the ratings of the protection devices.
Underwriter Laboratories (U/L) provides standards for testing the units.
Other nationally recognized testing laboratories (NRTLs) provide similar
testing and listing of electrical systems.

Oftenthe only component that listed or approved is the power cord. If
the only U/Lor other NRTLtag is on the cord, leathe devicealone. It
is unsafe.

Even brands that are sold in big box stores and have traditional names
are oftemguestionable quality.

2.13 EXTENSION CORDS

Extension and other power cords are perhaps one of the most common
electrical components that contribute to fires.

There are numerous issues that create problems.

1) Length of cord causes voltage drop which results &t.he

2) Size of wire that is too small for the current results in heat.

3) The insulation on most cords will burn.

4) The insulation is subject to mechanical damagedhases failure.

5) A jacket around the insulation provides added material and
improved protection.

6) The temperature rating of the insulation must exceed the
temperaturéo which it is exposed during use

2.14 REVIEW

Protective devices guard electrical systems ffaitures resulting from
the three measured components:
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1 Voltage
1 Current
1 Time

Overcurrent protection is most common. Three types of overcurrent
protection are usk Fuses anthermatmagnetic breakers can trip due to
incident heat.

1 Fuses- non resettable
1 Thermalmagnetic circuit breakergesettable
1 Electroniemagetic circuit breakersresettable

Overvoltageprotection is provided primarily by surge arrestors. These
devices provide a path to ground when voltage exceeds a set value.

GFCI protects against #&age current to ground. They are primarily for
personnel protectiorGFCI protection is required in any wet area.

AFCI protects against arcing faults. The aremarily for protection of
faults on feedersThe devicesare now equired inall areas insidea
residence not protected by GFCI.

True UPS devices completely isolate the load from the power system.
Consequently, they provide the best protection scheme.

Battery backup UPS devices provideshort durationbattery backup to
electronics during a power tage.They can have some protection from
surges.

Surge Suppressorare simply power strips with 1 t8 MOVs which
provide overvoltage protection. Low energy MOVs in these device
provide little protection, and can lesource of ignition if they fail.

Power Strips are inexpensively made and are subject to mechanical
damage. Often there is no protection for cord or internal damage.

Extension Cordare a common failure item. They have several issues

1 Lengthincreasesoltage dropvhich results irheat

9 Undersized conductorssult in heat

1 Insulationis combustiblan presence of heat source.

1 Easily damagethsulation results in electrical failure and fire.

1 Low temeperature rating of insulatioim presence of high
temperature source results in failure.

U 0y






CHAPTER3 Z GROUNDING

3.1 INTRODUCJION

An electrical ground is a connection to ear€@round in electrical
parlance is the common basis or reference for all electrice
measurements, circuits, and safety. There are three functions
grounding systems based on the electrical measurements of volta
current, and time.

Equi-potential(V) keeps thevoltage the same between two points.
Fault current(l) has a path back to the source.
Transientqt) are snubbed by the massive inertia of the earth.

Grounding is a very complex topic that is critical to electrical safety. Thi
National Electrical Code(NEC) has over 28pages devoted to the
requirements plus numerous other Articles that reference the Tdyc.
National Electrical Safety Code (NES®@gs specific requirementsr
grounding.The Institute of Electrical and Electronics Engineers (IEEE)
has multiplestandards that are specific to grounding installations.

The authors have publisheder 25technicalpapers and have received
numerousawards and recognition for their research on grounding and
lightning.

3.2 INVESTIGATOR PERSPHCE

The significance of grounding is not readily understood by r
engineers anghvestigators, but it is a major element of every electr
system.

Itiswellrecogni zed that the fAhoto
dangerous and can cause shock or a fire. Those incidents cai
happen if there is a neutral or ground return pattthe currenfrom the
i h ot a Aswie foend in Chapter 1, an electrical systavolves a
compl et e fcdtifroncthe saurceothrough ithe wires to the Ic
and then returning back to the source.

A ground, including neutral, path is the return half of ever
conventional electrical circuit.

Any electrical activity on a nerdl or graund conductor is a clee
indication of faulting involving the ground system.

Improper grounding is @ommon problem. Electrical ignition that i
undetermined is likely related to a grounding issue. Grounding iSsue

aCode and therefore, adgl violation. oround sysiems vesl 41l
In our combined experience of over 65 years in failure ana erg 10 vessels
investigation and in looking at thousands of incidents, we have fi

that the ground system is seldpnoperlyinvestigated. T ‘

A complete and thorough examination ofnaincident has not beenw=
conducted until the grounding system is eliminated or the grou» e fri

measurements have been made. s e [
One of many grounding articles by authors

aboma, and Robert A. Durbam is with New Do

99 IEEE Petrolowms and Clemicel Indusiry Conference
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"

The proper interconnection
of ground system elements,
including the grounding electrode,
is critical to manage
voltage and current
in the prevention and mitigation of
fires.

Set in stone

Electrode in concrete

Transformer Entrance Load
| [ PowerH Power H
‘:13 z_ #® Neutral Neutral
), PowerH » Ground
Ground ¢

Water &
Utility Service Other
Ground = = Ground = Metal

Grounding electrode, bonding, neutral

Energized ground

3.3 3-IN-1

The three elements that are critical to electrical safety including fire
mitigation areinsulation connectionsandgroundsystem

The proper interconnection of ground system elements, including the
grounding electrode, is critical to manage voltage and current in the
prevention and mitigation of fires.

Notwithstanding the immense literature on the topic, the fundamentals of
grounding are relatively straightforward and naturalnsist of three
components

3.4 (GROUNDING SYSTEM

The three components of a grounding systemgaoending electrode
grounding electrode conductocandbonding

Grounding electrodés the contact point with earth. The electrode may
be existing metal in contact with earth, metal in concrete, or made
electrodesThe grounding electrode may consist of a grid, loop, or rings.

According to NEC requirements, ifa made electrode has a contact
resistance to earth of greater than 25 Ohms, an adilititade electrode
must be installedThe NESCis more specific. The ground must be less
than 25 Ohms.

ThelEEE Green Boolon grounding is more spec
be interpreted to mean that 25 ohm is a satisfactory resistance value for a
grounding system. o0 The Standard gi

iResi stances i n tghare génerallip iound switaktle o h m
for industrial plant substation and buildingand lare commercial
installations. 0 Although the Green

installations, there is no difference in the earth needs, so its
recommendations are still appropriate.

Unfortunately,very few installers inspectors, or investgors measure
ground contact resistance, due to lack of equipment, lack of knowledge,
or both. As a resulinadequate grounding is a common problem

Grounding electrode conductds the wire that connects the grounding
electrode to the rest of the system. The wire must be large enough to
handle available fault current. The NEC specifies the size of the
conductor

Bonding connects metal surfaces that may become energizetieto
grounding systenBonding is required between alloginding electrodes.

The NEC fine print note (FPN) advises to bondnadital even that not
specifically noted in other sections

FPN: Bording all piping and metal air ducts within the premises
will provide additional safety.

An energized grounthas current from another circuit. The cause is poor
connections and poor ground. The
groundwire, or on the jacket of multiconductor cabjen thougtthe
energized conductenay not be melted

—

Melted insulation on aormally unenergized conductor is an interesting
Aitell o that the ground system has b
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3.5 NEUTRAL

Neutral is a current carrying conductor. It is identified by whit
insulation or markings. It is connected to the ground at one aonthbne
point only. If connected at multiple points, the ground would carry p
of the neutral curr@arandthe groundvould be energized.

A neutral can be operated in three ways, two of which create prable
el

Proper neutralis grounded at one point only, has gdod-impedance Energized g;round frbmlightning

connections, and carrieslgrthe current bthe associated circuit.

Floating neutralhas a poor connectidn the sourcehat results in heat
and current taking an alternate path. Shock and fire can result.

Energized neutrahas current from another circuit. The cause is p
connections and poor ground.

neutral or ground wire but theormally energized conductanay not be
melted This is particularlyobservedon devicesand fixturesconnected Neutral is white, common wire
to another ground pathuch as a water line. Shock and fire will result

An energized neutral may create saddle burns on top of woo
structural members such as joists and plates.

3.6 STRAY

Stray currents are the result of improper grounding andibgn Stray

currents result from uncontrolled flow of electrical energy. The curr
takes an alternate path through the earth. The current can reenter a|
path at some point on its journey back to the source

i -? = L ﬂ!'ol‘

Research has been conducted to evaluate the amount of currenER€rgized neutral on top of joists
flows in the earth for a power system that has multiple ground points on

the neutral. This is typical of most overhead poliges. The research
found that 60% of the neutral return current actually travelled thort
the earth as stray current.

In effect any system that has a neutral with two or more ground po— || | (s Tr—

will have the current flow partially through the wires and tizdly
through the earth.

Control: Stray currenis caused by neutral that is grounded at multiple
points. Stray currentcan resultfrom a fault of a hot wire to ground.
Commonly,stray current iaused b a differencen potentialof ground AN i
connections. = = =
Sgay current from overhead power line

Risks: Stray current will energize unintended metal and will cause
potential difference between the soil and metal. The resuglhask to
living creatures and risk of fire.

Transformer Entrance Load
[ ¢ PowerH Power H
3.7 STRAY120/240V ‘:‘:«3 11
. . . »9 Neutral Neutral
Interestingly, every 120/240 Volt singpghase system is also constructe
h . s Power H » Ground
as a twepoint ground on the neutral. Therefore, it is reasonably expec
that up to half of the neutral current will flow the earth or ground path Ground ¢
on its sojourn back to the transformer source.
. Water &
If the |mp¢dances areohvery low or the grounds are not bo_nded, stra Wtility - Othor
current will flow through the earth and any other conductive materléw\eround = = Ground = MetaM

The stray currertan create ahockor fire hazard. o
Stray current from multi -point neutral
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METAL ENCLOSURE

ELECTRICAL SHORT LIVE CONDUCTOR There is current flowing in the earth. If the ground
P electrode resistance at the service entrance is not low, as
required by the Code, then the ground current has a
greater tendency to stray and take alternate paths

WIRE RESISTANCE WIRE RESISTANCE

A% = A%
ooy 3.8 (GROUND DIFFERENCES
RESISTANCE Contrary to common opinion, the earth is not a
monolithic ground. Three things impact the impedance
of a ground connectiori electrolyte, moistureand
A e metal. As a matter of interest these are the same three
T B items that cause corrosion.
BURIED PIPE EARTH GROUND ROD Different soil, moisture, and metal create a different
PIPE CONTACT ROD CONTACT impedance or opposition to current. Different
RESISTANCE RESISTANCE . . .
impedance result in a difference of voltage and a
current path. Current takes the path of least impedance.
SOl NcE SO e Look at the illustration. Notice the individual_ can be_
TRUE CREUND shocked or a fire can result near the location of his
pointing. The ground at fiBo
Ground differences not equal, even though they are both in the Badre is

different wire resistance, contact resistnand soil
resistanceTherefore, current can and will flow in the ground wire and
the earth.

3.9 (GROUNDNG ELECTRODE

An electrical grounding systeshoulduse a single point as a reference
for all measurements. This is called the grounding electrode.

In an attempt to create minimum potential difference in the ground
system, a grounding electrode syste
grounding electrodes as described in 250.52(A)(1) through (A)(6) that

are present at each building or structure served bbdllonded together

to form the grounding electrode sys

NECArticle 250.52 lists seven alternatives for the grounding electrode.

1) Metal underground water pipe

2) Metal frame of the building or structure

3) Concrete encased electrode, including rebar

4) Ground ing

5) Rod and pipe electrodes

6) Plate electrodes

7) Other metal underground systems or structures.

3.10 GROUND VALUES

Grounding considerations are comprehensively addressed iNE@
and NESC An understanding of these issues assists in determining
responsibility forincidents.

Both the NEC and theNESCreference that resistance greater than 25
Ohms is not acceptable for a made electrode. Additional grounding must
be performed in ordeto reduce the value.

IEEE 142 Grounding of Industrial and Commercial Power Systeisis,
much clearer in describing the resistance must be lower. The following
quote is from paragraph 4.1.3 Recommended Acceptable values.

Ground resistance varies
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The 25 ohm value noted in the NEC applies to the maximim
resistarce for a single electrode consisting of a rod, pip, or pldte

a higher resistance is obtained for a single electrode, a secand
electrode of any of the types specified in the NEC is required. This
should not be interpreted to mean that 25 ohm is afaat@my
resistance value for a grounding system.

[

[%

NEC has additional requirements of lower resistance for classified areElectrolyte, moisture & metal
The result of this discussion is the Codes allow some flexibility for

different conditions. dwever, in no circumstance is a ground greater

than 25 Ohms acceptable.

obtained from the standards for intrinsicadlgfe shunt diodbarriers. In

these systemgjround resistance from the furthest barrier camxoeed —_—
1 Ohm This requirement is incorporated into tNEC by reference to D
ANSI RP 12.06.01.

For safety, consider Oh moé s IaWA”L..aL
Impedance is the ratio of voltage to current. For a normal 120 V circuit

with a 20 A breaker, a total circuit resistance of less than 6 Ohms is

required to trip. In other words, if the hot wire were to touch the earth,

the total path resistance would have to be less than 6 Ohms. 7 _VvV 12ov

A good ground resistance reference for electrotircuits can be T

ground mustviaecbonded oked

1 v

at

The low ground resistance allows objectionalsieergy, including I 20A
harmonics, to be dissipated safely into the earth.

3.11 ILLUSTRATIONZ CIRCULATING CURRENT

Groundby definition is connection to earth. a/
Bonding is connection between two metals that may be electric \‘

energized.

Consider two ground rods driven in the earth. There will be a potenti:
difference (Vp) between them, because of the difference in grou
resistance. Differences are caused by the electrolyte, moisture,
metals. When there isvaltagedifference current(l) will flow.

A bond is necessary between the twwunds and all other metal
surfaces.

The purpose of bonding ground systems together is-thlge

1. To assure that all the systems are operating at the same referS/ounds unbondedr circulating current
(V). This is crucial tacontrol voltages seen in the structure.

2. To prevent circulating currents (1) from developing in the ground(
systems. Circulating currents cause overheating of ground a
neutral conductors.

3. To allow building and service protection (t) systems to operate {
effectively and as designed. 9 By

The fact that the ground systdémnot bonded togethgiroperly creates
three problems associated with the voltage, current, and protection time. °

1. It allows voltage (V) int he structure to
equipment ratings.

2. It allows circulating currentd) to overheat the existing ground Grounds bondedi no current
conductor.
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3. It prevents the structure and utility protection systéthgrom
operating.

3.12 HOW MUCH IS TOO MUCH

Y w0 From research on low energy systems, we have been able to ignite
Y pCc P .., . cellulose—rwiststankedbgleonnecti on t he
O = Sceno %"  aslowas 11 to 20 Watts.

On a 120 V system, 12 Watts is created with a current of only 1/10 Amp.
A poor connectiondamage to insulation, or stray current can easily
generate that level of current.

A very small quantity of current flow in an improper path can create fire
or personal injury.

3.13 MEASUREMENT

Since ground values are snportant, there must be a method to measure
the resistanceStandard voltmeters, current meters, and ochmmeters will
not work for this taskFew engineers, electrical contractors, or utilities
have made the substantial investment in equipment, technaiodyme

to make the measurements.

et e ouer  Years ago the only techniqueas the voltage drop (fall of potential)
method. This instrument can be used to determine the resistivity of the
/ / soil. It can also be used to detemine the resistance of a ground rod.

' ! The voltage drop off requires additional ground rods be driven in the

! ~_earth. The spacing between the measurement stakes and the length of the
[ > -.;131 stakes are critical to prevent interferenceil Eesisancemeasurements
Voltage fall methodi gnd resistance’ are often corruptely existing ground currgs and harmonics.

Furthermore, reasurementesults are often distortemhd corruptedby
underground metal, water, and other conducting palterefore,
multiple measurementare required. A second set of driven stakes
should &wvays be turned at 90 degrees from the orignehsuremerfor

a comparison. By changing the depth and distance several times, a
contouror profile can be developed that can determine a suitable ground
resistance system.

Because of the difficulty and thmconsistancy of the voltage drop
results, alternative methods are preferred. Over twenty yearsttago,
clampon ground resistance instrument was developed. Now there are
multiple manufacturers of these instruments including such well known
quality instuments as AEMC, Amprobe, and Fluke. The price ranges
around $1200 to $2000.

The clampon groundresistance insiment greatly simplifies the process

of measuring ground resistance, fiotiusive leakage current, and
continuity, without breaking the circuit In addition adding other
components such as stakes and rods is eliminated. Furthermore, the
hazard of disconnecting parallel ground rods is eliminated.
Measurements can be ahrcted where other methods are not possible,
such as inside a buildingThe technique allows measurement of
individual connections.
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The clamp is placed around the ground rod. Theum&nt induces a

known voltage by ondalf of the clampThis signal will be reflected by

the boundary between tlggound system and the surrounding earth. Th

other half of the meter measures the size of the reflected signal.

comparing the reflected signab the original signal, a calculation of | =
ground contact impedance can be maden the instrument displayset

impedance

The clampon resistance meteris is welltested accepted, and very
maturetechnology.Not having the capability to determine the grounc

circuit contact resistance is no longer a professional option. [wm-

(=)
0 o
q

3.14 GROUNDINGX LIGHTNING aooe
Gnd resistancei Fluke*

Lightning is the dscharge of electronagnetic energy between a cloua
and earth. Ben Franklin demonstrated lightning can be controlled in
1760. Three items are necessary for lightning managenaénierminal,
conductor,andgrounding system.

The grounding system for lightning is separate from the groundina
system from electrical power. Nevertheless, the lightning ground must
bonded to all other grounds.

Grounding is included in th&odes for protection of persons and
property. One of th things that grounding provides is a path fo
transients and lightning.

Lightning like wind and rain is an act of God. Protection can be provid
if the system is properly installed. If there is damage due to lightni
there is most likely a problem witthe installationA further discussion
of lightning and its effects is contained in Chapter 10.

3.15 SUMITUP Terminal, conductor, ground
Improper grounding is a frequent problem.

Electrical ignition that is undetermined is likely a grounding issue.
Grounding issues are a code, amerefore legal, violation.

3.16 REVIEW

Ground is the common reference for all electrical systed proper
ground has three functions

1 Maintain equaloltagebetween points in the system
1 Provide path for faulturrent
1 Transientsare snubbed by e#r inertia

The proper interconnection of ground system elements, including the
grounding electrode, is critical to manage voltage and current in the
prevention and mitigation of fires.

A grounding system has three components

1 Grounding electrode
1 Grounding electrodeonductor
1 Bonding
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Neutral is the common name for the white groundedconductor. It
must beconnected to the ground system at one paxiigk one poinbnly.
The neutral carries the unbalanced load curréntneutral can be
operated in three ways

1 Proper netral
1 Floating neutral
1 Energized neutral

Stray Currentsare inadvertant current flows through the earth. They are
caused by muHpoint grounded ngral wires. Stray current can energize
metallic surfaces creating shock risk and risk of fire.

3.17 BIBLIOGRAPHY- [LLUSTRATIONS
Select photos courtesy of Fluke.

1. http://support.fluke.com/find
sales/Download/Asset/2633834_6115 ENG_A_W.PDF

2. http://us.fluke.com/fluke/usen/EartBround/Fluke
1630.htm?PID=56021
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(HAPTER4 7 CODES& LAW

4.1 INTRODUCTION

Industry standardsare consensus practices foronduct within a
particular field such as residential electric, utilities, or HVAChe
standards are developed by interested professionals
organizations involved in an activity. Many standards are subsequentl

general application. The ANSI standards are coordinated with thg
International Electrotechnical Commission (IEG)s international
standards

There are three levels of standards. The difference is in the language atid
requirements for implementationStandaré must be followed.
Recommended Practicelould be folbwed.Guidesmay be followed.

Codes are industry standards that have been adopted by varig/ E IEEE

government jurisdictions.

¥

NFPA

Law consists ofregulations, administrative code, and legislation thé

carry the power of the political jurisdiction charged with enfayche A ”S’
activity. . American National Standards Institute

Within the fire investigation field, the National Fire Protectior

Association(NFPA) is one of the leading organizations which develo International
standards. Others include, but are not limited to Institute of Electrical B - ission J
Electronics Engineers(IEEE), American Society of Mechanical

Engineers (ASME)American Petroleum InstitutéAPI), Underwriters

LaboratoriesandInternational Code Council. ¢ (1’;/_~ -
The engineering authors are voting members of the NFPA electrical TeliEsy 4}

section and are members of the IEEE standards association. e

. . s o Standard = T‘L?QF-J \
engineeringauthos have chaired numerous standards within IEEE afd  Racommended Practi

\‘.\‘ \.\\l\
APL. Guide A
Code "'s
4.2 NATIONALELECTRICAICODE Law
The National Electrical Wde is the most welknown, used, and
referenced electrical standaitlis a consensus documedveloped by NFPA 70°
the NFPA electrical section as NFPA 7Dhe NEC is the accepted
minimum standard for electrical installations in structures. .
Article 90.1(A) gives tk purpose. ;

The purpose of this Code is the practical safeguarding of pers

and property from hazards arising from the use of electricity. n e C
Article 90.1(B) gives the adequacy.

This Code contains provisions that are considered necessary
safety. Compliace therewith and proper maintenance results in
installation that is essentially free from hazard but not necessa
efficient, convenient, or adequate for good service or futL
expansion of electrical use. l._J‘ AT

NF”PA' International Electrical Code® Series

Article 90.2(A)gives the areas covered as most any type wiring. NEC i electrical standard
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ﬂ This Code covers the installation of electrical conductors,
NEC equipment, and raceways; sighaling and communications
conductors, equipment, amdceways; and optical fiber cables and
Mandatoryapplication raceways for the following: (1) Public and private premises,
& including buildings, structures, mobile homes, recreational vehicles,
Use by insurance inspecto and floating buildings...
a, < Article 90.4 gives enforcement to government and standaods f

insurance inspectors.

This Code is intended to be suitable for mandatory application by
governmental bodies that exercise legal jurisdiction over electrical
for use by insurance inspectors.

4.3 JURISDICTION

F — V The state of Oklahoma and most other states have adopt®&tE®as
& ﬁ »\‘ﬁ the standard for electrical installatioifThe Oklahoma Electrical
. — Licensing Act gives the authority to the Construction Industry Board
| o ey
LR

which is under the Department of Health

Oklahoma Construction Industries Board "Electrical construction work" means installation, fabrication or

assembly of equipment or systems included in "premises wiring" as
defined in the2008 edition of the National Electrical Code, which is
hereby adopted and incorporated by reference.

In addition, the state Fire Marsha
with others. The State Fire Marshal agency is charged with the
responsibility of enforcing the codes and standards relative to fire safety
adopted by the State Fire Marshal Consine under the "Fire Marshal

Act o.
The following national codes and standards are incorporated by
reference:
Code enforcemet ] ) )
(12) NFPA #70 The National Electric Code and its ann&®0§8
Edition.

The matter of jurisittion and inspection is a question for any
installation. The NEC is the minimum standard for electrical
installations.

The State can inspect an installation under the Department of Health
Construction Industries or under thathoity of the Fire Marshal. For
public facilities, the jurisdiction is clear. For private residences there is

National - some challenge because of the castle doctrine. Fireflyinsurance
Electrical company can demand compliance as a condition of the contract
Safety

Code 4.4 NATIONALELECTRICA SAFETYCODE

C2-2007

The National Electrical Safety Cod@NESC)is the recognized authority
for electrical utility installationswhether by a utility or individualThe
NESCis the minimum standard for safe installation, operation, and
maintenance of utility sysms.It was developed by the IEEE as IEEE /
ANSI C2.

Article 010 gives the purpose.

j The purpose of these rules is the practical safeguarding of persons
during the installation, operation, or maintenance of electric supply

NESCT utility type standard and communication lines and assted equipment.These rules
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contain the basic provisions that are considered necessary for tk
safety of employees and the public under the specified conditions.

Codesare not
just suggestions

Article 011 gives the areas covered. ltos t|

Theserules cover supply and communication lines, equipment, and
associate work practices employed by a public or private electric
supply, communications, railway, or similar utility in the exercise of
its function as a utility. They cover similar systems unther
control for qualified persons, such as those assaCiaith an
industrial complex or utility interactive system.

4.5 STATELAW

The state of Oklahoma and most other states have adoptBEB@as Ok|°h°m°
the standard for electrical utility installations. The &dma | Corporation
Corporation Commission is responsible for enforcement of those utilit |5y Commission
under their jurisdiction. SLSTARCIVTANY  ENERGHTRANSPORTATIONGUILTES

-

The Commissiorherebyadopts the minimum requirements of the
2002 Edition of the Natimal Electrical SafetyCode (NESC)
adopted by the ANSI (ANSC2) as its rules and regulations
governing safety of the installation and maintenance of electric
utility systems.

Even for groups not under OQ@te rules the law establishes that the

minimum sandard for safe utility construction, operation, and MINIMUM STANDARL
maintenance is thidESC Practical safeguarding
of
4.6 |MPORTANCE EREONSE property

Codesare defined for the practical safeguarding. Any installation that
does not meet th€odeis not safePersonal or property damage is the
result.

An installation that does not me€bderequirements hasiteebasis of
fault. One is the violation of accepted industry standawad is violation
of insurance processemdthreeis violation of state law.

It is incumbent that thénvestigate knows and understargdthe Codes
and their interpretation to effectively evaluate an electrical failure. Many
noncompliant installations and equipment are overlooked because ¢
lack of familiarity with the industry standards and state law.

The reason thiathe Code is mandatory is actually quite simple. Each
item in the Code is there because someone had a problem in that area.

4.7 |EEE142

The IEEE Green Bookis the recognized standard for grounding of
electrical installations. It was originally developed fodustrial and
commercial power system&he NEC Article 2500n grounding systems
is the same for all structureBhe electrical relation to earth is the same
for all installations.Therefore, theGreen Bookappropriately applies to
all structures and inallations includingesidential systemalsa IEEE 142 Standard
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2011 Edition
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NFPA 780 Standard

NFPA 921

FIRE & EXPLOSION
INVESTIGATIONS

NFPA 921 Guide
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4.8 NFPA780

The Standard for Installation of Lightning Protection Systeimsthe
recognized standard fdightning protection. It is published by the
National Fire Protection Association &8PA 780 The Standard is
reverenced in thBIEC.

This is not a new or novel topic, regardless of common understanding.
The first NFPA standard on the topic wgecifications for Protection of
Buildings Against Lightningpublished by NFPA in 1904. The
fundamentaprocedures were developed by Dr. Benjamin Franklin in the
17600s.

NFPA 780 is one of the many standards published by NFPA to address
various safety issues. Since it is a standard, &ipes are not optional.

A complete lightning protection system is not required for most
installations but lightning risk assessment must be considered as noted
in the introduction

The lightning risk assessment is provided to assist the building
owner, safety professional, or architect/engineetdatermining the

ri sk of damage or injury due to
been determined, the development appropriiate lightning
protection measures can begin.

There are several items that increase the risk of damage.
1. Large structures aredfier risk

Multistory structures have elevated risk.

Isolated structures have increased exposure.

Structures on hill tops have higher vulnerability.

o M WD

More flammable construction methods increase probability.
6. High value objects increase the risk potential.

There are standard practices outlined in the document that are required to
mitigate lightning effects.

There are a few key items thatist be followed for any installation.
There must be an adequate ground system for the strucutre.
Each electrical systemust be grounded.

All electrical systems muct be bonded together.

All metal that can become energized must be bonded together.

The wire size must be adequate for the current exposure.

o ok LD

The wires must be installed with bends having a radius greater
than 80.

You will note that these are essentially the same requirements as the
otherCodesthat address grounding.

4.9 NFPA921

Guide for Fire & Explosion Investigationsas developed by the NFPA
as NFPA 921. It isa guidefor investigations. As such it is a suggested
practice.
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Article 1.2 gives the purpose.

The purpose of this document is to establighidelines and

recommendationdor the safe and systematic investigation or

analysis dfire and explosion incidents.
Article 1.3.3 gives the limitations.

Not every portion of this document may be applicable to every fire

or explosion incident.

As a guide, its use is not enforceable. Since it is a recognized industry
document, deviations atd result in questioning about the investigators
practice. As a result, deviations from this guide should be well reasoned

and supportable

4.10 PROFESSIONAL RESPORRBITY

A licensedprofessionalengineerand alicensed electrical contractor
under State laware obligated to operate under thede Althoughthese

Licensed Professional Engineer

individuals are not attorneys, it is necessary to know the legal

requirements of the professions.

An installation that does not comply with defined state law is classified

asnegligence per sy attorneys

Therefore, an understanding of tBedeis necessary when conducting a

failure analysis thamay have resulted imancident

4.11 REVIEW

There are thee levels ofndustry standards.

M Standard$ must be followed
 Recommended Practiceshould be followed
9 Guidesi may be followed

Codesare industry standards adopted by government institutions
Law consists of regulations, administrative code, and le@slat

NEC is the most used electrical standard. Theppse isthe practical
safegarding of persons and propertfthe Code overs electrical
installations on the user side of the electric meter.

NESC is the code for utility type installations. The pirpose isthe
practical safegarding of persons and propery. The Codevers
electrical installations on the utility side of the meter.

IEEE Green Boolks the standard for grounding installations.
NFPA 780is the standard for lightning installations.

U0y

Wire Use Amps|AWG
Low-voltage lighting and 10 |18
lamp cords
Extension cords 13 |16
Light fixtures, lamps, lighting 15 |14
runs
Receptacles, 11@olt air
conditioners, sump pumps, |20 |12
kitchen appliances
Electric clothes dryers, 220
volt window air conditioners

o . 30 |10
built-in ovens, electric water
heaters
Cook tops 45 (8
Electricfurnaces, large

. 60 |6

electric heaters
Electric furnaces, large
electric water heaters, sub |80 |4
panels
Service panels, sub panels |100 |2
Service entrance 150 |1/0
Service entrance 200 (2/0







CHAPTERDS Z ELECTRIC AND
COMMUNICATIONJTILITIES

5.1 INTRODUCTION

Utilities are defined as any supply and signal that is external to t

structure. Electrical related utilities are power, telephone, cable, satell
television, and radio. There are three common featutbey bringan |
electric signal into the structyréhey require a ground connection, and
they are covered by standards and codes ;

An overview of the latter two items was covered in previous chapte
This chapter will look at the specifics.

5.2 ELECTRIC UTILITY

The electric utility provides 120/240 volt, singédase power to most |
buildings andstructures The power is typically two hot wires and a,
common that is grounded. The power is derived from a transfor
which converts higér voltage, greater than 4160 g to relatively
lower voltage. The transformer is simply two coils of wire with thd
number of turns equal to the voltage ratio.

Multiple customer services may be supplied from a single transformé
Larger loads will have a dedicated transformer.

The utility installation, operation, and maintenance is controlled by tt&
National Electrical Safety CodeNES(Q. Oklahoma and many other E&gss ,
jurisdictions have adopted thHESC as the minimum standard for g.qung madequate
overhead and buried eldctservice.

Control: The utility has fuses on the high voltage side of the transforme
These are not sized to protect the load but only to protect the line t
supplies the transformer :

NESChas atensive requirementer grounding for protection. Prodains
are discussed as risks.

Risks There are substantial problems with ground paths, nuisa
currents, and muHpoint grounds. The utility connects the common o
neutral conductor to earth at numerous locatisosjetimes as often as
every pole. A multpoint ground allows part of the current to flow
through the neutral wire and part of the current to flow through the earunnty end pole is problem
Studies have shown that as much as 60% of neutral current flows thror T

the earth. That nans that at some location, the utility current is flowing |
through metal paths that were not designed to handle the current. Sh
and fire is the consequence

Another issue is transients or surges that are on the power sys
because of inadequate proteotiand operations practices. In some
instances, excessive current is delivered to a facility causing failure
electrical components or appliances. The result is fire.

Telephone entrance no ground
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It should be noted that the utility operates the primaryigh koltage

side as a muHpoint ground. However, the secondary or fesitage side

is specifically identified as a separately derived source at the transformer.
Therefore, it is nhot a mulpoint ground. If it is grounded at more than
one location, the igh voltage ground currents will flow into the low
voltage system. The consequence will be structure damage in the form of
fire and corrosion and biological impact by stray currents. That is very
bad.

5.3 COMMUNICATIONS
NECArticle 800 defines communications systems.

Communications circuiinclude voice, audio, video, data, interactive
services, telegraph, outsidgtc. from the communications utility to the
cust omer 6s communi cati on getamirialp me nt
equipment such as a telephone, fax machine, or answering machine
These are basically aogl systems.

The wiring may be telephone wire, Cat 6 cable, or coax.

Circuits and equipment must be installed in a neat and workmanlike
mannerso that the wing will not be damaged in normal us&iring and
penetrations are made so that the possible spread of fire or products of
combustion will not be substantially increased. Wires must have defined
separation from other wires and roofs.

Control: A primary protectoris requirel on each circuitthat is not
groundel or interrupedwith a blockand where potentially exposed to
power lines or lightningThat includes every circuit.

The metallic sheatimustbe interruptecbr grounded where it enters the
building.

The grounding conductor shall be insulated and listed. The conductor
shall not be smaller than 14 AWG. The primary protector grounding
conductor shall not exceed 20 feet in length. Where separate electrodes
are usd, a bonding jumper not smaller than 6 AWG shall be connected
between the communications grounding electrode and power grounding
electrode.

On a nobile home thedistance to a grounding electrode is extended to
30 feet. Theground must be bonded to the metal frame with 12 AWG or
larger.

Risks:Coax is designed to carry electromagnetic signals that are in the
same frequency range as lightni@pmmunications lines amcommon
entrance for transients, including lightningnit properly installed and
grounded.Transients can damage the equipment connected and caus
fire.

Voltage up to 85 Volts can exist when a phone ribgggmally the lines
are very low voltage and current.

5.4 RADIO& TELEVISION
NECArticle 810 defines radio and television antenna systems.
Antenna systems include radio and television receiving as well as

amateur radio transmitting and receiving equipment. The system includes
satellite dishes and the antenna siteashmunity television systems.

Antenna coax shield connection to groun
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The structure shall be able to withstand ice and wind loading conditi
and be locatedell awayfrom overhead power conductors.

Control: Each conductor of a lead in shall be provided with a list f. 41!
antenna discharge unit that is not located near combustible makéeal.
mast must be grounded.

The discharge unit shall be ground@&te ground conductor shall be 12
AWG copper or larger. Theoaductor does not have to be insulated. T
bonding jumper to the power grounding electrode system shall b
AWG copper or larger.

Risks:Aluminum cannot be used for direct contact with eagtonunding
is crucial to cany transients away from the wiring to the earth.

5.5 CATV
NECArticle 820 defines community antenna television (CATV) or cal™™ &
systems.

typically employed in community antenna televisi@ATV) systems.
Power up to 60 volts may be applied on the systehich is adequate
for shock and fire.

Circuits and equipment must be installed in a neat and workman
manner so that the cable will not be damaged in normal use. Wiring
penetrationsare made so that the possible spread of fire or product
combustion will not be substantially increased. Wires must have defined
separation from other wires and roofs.

ng{:\x with bead started fire

Control: The metallic sheath shall be grounded where it sntee — —
building.

The grounding conductor shall be insulated and listed. The condu
shall not be smaller than 14 AWG or larger thadV8G. The conductor

shall not exceed 20 feet in length. Where separate electrodes are us
bonding jumper not smallehan 6 AWG shall be connected between tt
communications grounding electrode and power grounding electrode.

Mobile home distance to a grounding electrode is extended to 30 {
The ground must be bonded to the metal frame with 12 AWG or large .

Risks: Cable lines are common entrance for transients, includil.ge j
lightning, if not properly installed and grounded. Transients can damWireless internet
the equipment connected and cause fire.

5.6 NETWORK POWERED BROBBND

NEC Article 830 definesnetworkpowered broadband communication
systems

Broadband communications includes any combination of voice, augss
video, data, and interactive services through a network interface &
(NIU). These are basically high speed digital computexors.

Circuits and equipment must be installed in a neat and workmangs
manner so that the cable will not be damaged in normal use. Wiring
penetrations are made so that the possible spread of fire or produc

Mobil e home service
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combustion will not be substantialigcreased. Wires must have defined
separation from other wires and roofs.

Control: A primary protectoris required on each circuit that is not
grounded or interrupted with a blgcknd where potentially exposed to
power lines or lightning. The primary giection can be an integral part
of the NIU.

The grounding conductor shall be insulated and listed. The conductor
shall not be smaller than 14 AWG or larger thafVBG. The conductor

shall not exceed 20 feet in length. Where separate electrodes are used, a
bonding jumper not smaller than 6 AWG shall be connected between the
communications grounding electrode and power grounding electrode.

Mobile home distance to a grounding electrode is within 30 feet and in
sight of the entrance. The ground must be bonded to the metal frame with
12 AWG or larger.

5.7 INTERSYSTENBONDING

The drawing illustrates the @
inconnection of the bonding D (5
and grounding for the variou

electrical systems entering \
structure. LN,
All bends should be greate ‘  @ @
than 8 inch radius to keep ] ogo
inductance down for high @@

frequency transients. Th

maximum length of a groun @ E—E]
conductor should be 20 feet { S

keep high frequency impedand ﬂ

to acceptable levels. JJ L

y

— @@
®

M.O. Durham
Theway Corp.

Intersystem bonding & grounding

# | Device NEC

1 |Feeder withutility ground NESC

2 |Meterconnect utility gnd to gnding electrode conduq 250

3 | Service panel neutral connect to ground 250- 11

4 |Intersystem bonding point for ajtounds 250.94

5 |Grounding electrode conducts#6 25066

6 |Grounding electrodé bond all 250- 111

7 | Grounding electrode within 20 ft of antenna 810

8 | Telecommunicationwith discharge 800
Network interface with discharge 830

9 |CATV dischargd blockunit 820

10 |Antenna discharge unit 810

11 |Antenna coax 810

12 | Antenna ground 810
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5.8 REVEW
Utilities are any supply and signal that is external to the structure.

Electric utility provides electric power to the structure.

1 Utility installation, operation, maintenanisecovered byNESC

9 Utility fuses do not protedhestructure or equipment

1 Multi-point grounds arex major problemand source of stray
currents.

1 The structure ground is fromm derived source and is not multi
point.

9 Transients or surges on power lines transfénéstrucute.

Communicatiortircuits are vaie, audio, vide, data, etcThese systems
are governed byNEC Artcles 800ff.

1 These are basically analog systems.

1 A primary protector isrequired on each circuit

1 The netallic sheath must be interrupted or groundedhat
entrance

1 The gound connectiomust be< 20 ft away

Radio and Televisioantenna aregoverned byNEC Article 810.

1 Antennasmust be located well away from overhead power
conductors

1 Antennas eedadischarge unit

1 The mast must be grounded

CATVsytems argoverned byNECArticle 820.

1 The netallic sheath of coamust begrounded aat theentrance
9 The ground must beithin 20 ft (30 ft for mobile homes)

Network Powerd Broadbarel/stemsaregoverned byNEC Article 830.

1 Basicallythis isdigital, high-spead computer networks.
1 A primary protectoiis required on each circuit
1 The ground connection must 820 feet from the entrance.

U0y






CHAPTEROG Z LIGHTNING

6.1 [INTRODUCTION

Lightning is at once fascinating, dangerous, and lit
understood by most. Lightning is considered an
of God by many.

lonosphere

Think about other weather conditions such as r.
and temperature. These are equally an act of C
However, we have learned to control them wi
buildings and other structures. Similarly, lightnin ’
can be controlled and directed by following indust kvim cair

pradices and standards. \f Weather
Y 100 VIM

The origin of lightning, like other weather, is an a
of God. However, damage due to lightning is an i
of negligence or omission in most incidences \
have investigated. Theauthors haveconducted
researc_h andgvritten extensively about Iightning an(l-_ightning circuit
grounding. These papers form the basis anu
background for the observatioimeluded

6.2 DIFFERENTIAL POTENTIA

There is a voltage or potential between a cloud and the earth. lthgevo
is spread over the distance separating the two. The result is an ele
field or voltage gradient.

Regardless of the presence of a thunderstorm, there is always a gra
in the air. These are all examples of a vertical electric field.

Similarly, as a cloud moves over the surface of the earth, a horizo
potential develops between areas under the cloud charge and tlDischarge on edge of metal vent
outside the cloud. Furthermore, the earth resistance and the elect
ground are natiniform, which causes a horizontal potential.

Any potential difference, whether vertical or horizontal, caeatea
discharge resulting in injury or damage.

6.3 LIGHTNING TRANSIENTS

Before addressing the failure analysis, the characteristics of lightning
transients should be identified. There are three possible vehicles&C. i

lightning influence. These are (1)direct strike (2)anindirect strikeor ~ Lightning discharge on aluminum vent
induced potential, and @yearth charge . T Y

For the first mechanism, direct strike lightning is simply the discharge
of electromagnetic energy developed above the earth. It discha
through a conductive path to earth. The discharge path is often me
However, trees and postseaarth also make a good path. Concrete is als
a possible path because of its low resistivity compared to most soils.

The actual discharge is a direct strike. A direct strike carries the f
energy and results in the most damage. This is what most bhimief
when they discuss a lightning strike.

Lightning discharge on CSST



38 Electrical Failure Analysis Durham

The second mechanism, andirect strike will also result from a
discharge. A potential is built up between the cloud and earth. Any
conductive surface within this field wilevelop a proportional potential.
When the cloud discharges, a charge remains on the metal and must be
dissipated. This remaining energy will find all possible paths to earth.

The charge typically builds on a metal surface with a large area that rises
albove the earth. This may be a metal chimney, flue pipe, antenna,
transmission line, or similar conductor. The charge travels along the
metal to a point of discharge. The energy then can discharge to a surface
that has a lower impedance path to earth. Sineecharge buildip and

Arcing from indirect strike the resulting potenti al di fference
across normal electrical insulation as well as a substantial air gap.

For the third mechanisngarth charge the earth will be energized by
lightning in the area of impact. The charge creates a higher potential than
both the surrounding earth and conductors in contact with the earth. The
energy will dissipate to form a uniform field. The result of this
dissipation iscurrent flow from the area of impact. All conductive paths

in the area will develop current flow.

Adjacent conductors will not develop a large potential difference.
Remote conductors, however, can have a substantial difference in
potential as a result this earth charge.

Arcing of lightning on brass gas fitting 6.4 STROKES

A lightning strike is not a single event. The strike begins with a down
stroke toward the earth. An upward leader meets the stroke. A return
stroke then completes the process. A detailealysis is discussed the
authorétechnicalpapers.

As air is ionized from the initial strike, the impedance of the air is
reduced. This may result in multiple strokes in a very short span of time.
These may discharge to the same location or a neaday This would

be recognized as multiple strokes.

A single strike will create a dispersed field near the area of discharge.
The energy is not discharged at a single point; it will be distributed to
numerous spots. If the metal surface that carries thegehto earth is

lightweight enough, the dispersed discharge will look like numerous pits

Discharge to bolts on air conditioner on the metal surface.

St . El moés fire is visual pl asma c
grounded object during thunderstorm. The phenomenon clearly shows
the dispersed effect of the electromagnetic field. We have observed
arrays which distribute |Iightning e

Ball lightning is another dispersed electromagnetic field that is ®isibl
Ball lightning is generally a spherical shape which develops and often
travels along a conductor to a discharge point. It is a long duration
phenomenon and may last for seconds.

6.5 CONTROL

Lightning is simply the discharge of an electromagnetic (EM)fiel
Since lightning is electromagnetic energy, it can be managed as any other
Discharge between CSST and cable circuit.











































