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(HAPTERO - PREFACE

0.1 OVERVIEW

The class is structured for anyone working in the petroleum and chemical industry. The course is
particularly designed foindividuals that encounter electrical systems, but electrical is not their primary
area. This includes engineers, technicians, mechanics, and supervisors. In addition, there is enough
technical information that electricians and electrical engineers witfiifrom the material, discussions,

and interactions with users.

At the completion of the short course, the participant will understand the components of and know how to
size a complete electrical installation including the motor, protection, wire, randfdrmers. This
analysis will involve considerations of the Canadian Electrical Code, as well as National Electrical Code
and IEC interactions.

The discussion will involve conventional as well as hazardous locations and the requirements of each
system.

The participant will be well versed in electrical safety. The topics will include personal safety, grounding,
lightning, and risks of fire.

In addition to a manual structured just for this class, there will be fmandemponents and illustrations.
A field exercise will be conducted to see actual equipment in place. There will be problem solving
individually and with a team.

Bring your computer. The entire book can be downloaded for personal access during discussions.
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0.2 AGENMA ELECTRICAISYSTEMS POWER SAFETY, AND COSTCONTROL

APPLICATIONS Chapter Schedule
FUuNdamentals .....oooeiiee et 1 Mon AM
EQUIPMENT SIZING.....oi i 2 Monday

METHODS
LT o7 011 £ 3 Tue AM
RElAtiONSNIPS  ..eiiiiiiiiiiiiiiiireer e e eeee s 4 Tue AM
INSTTUMENTS oo e emmt e e b e e b ens 5 TueAM
Short Circuit CoordiNation..........coouuiiieiiiii e ereee e 6 Tue AM
(0] 011 0] 1 o | oS PR P PRSPPI 7 TueAM
WIirNG MEthOUS......ceiiiiiiiiiiieeer e eeee s 8 TuePM
Usageand BilliNg..........ooooiiiiiiii e 9 Tue M

CODES
OB e ————— 10 Tue M
NE C e an—— e a e aaaa 11 Wed AM
(€170]0] 0o 1o R PP PP PP PPPPPPP 12 Wed AM
ULIIILY e rrmee e e e e e e e e e e e e e e e e e e e e e e e e eenere e e nn e nnannnnaanns 13 WedAM

EQUIPMENT
DiStribDUtiON SYSIEMS......vvvviiiiiiiiiiiiiiiiirrre e e e e e e e e e e e e e e e e eees s 14 Wed PM
TTANSTOIMEIS  eeei it e e e et eree e e s b s e e e abeeaens 15 Wed PM
1710 (] £ 16 Wed PM
[/ o] o) g U | (o] 7= T 17 Wed PM
(000] 011 (0] 1 1=T £ 18 Wed PM
(0221 0 1= (o3 1 (0] £ PP P PP PPPPPPP 19 Wed PM
Protection BIEMENTS. ... oiiviiiieie e rrree s 20 Wed PM
Centrifugal & CYClIC PUMPS......covviiiiiiiiiiiiiitieenr e 21 WedPM
(=TS = 1 0] £ 22 WedPM

FIELD
11 (o I I o TSP PP PSR 23 Thr AM

SITUATIONS
Classified LOCALIONS.......c.cuvuiiiiii it e e e e s e 24 Thr AM
Corrosion and CathodiC ProteCtion...........cevvvivvniiiiieemieieeceeeee e 25 Thr PM
LIGhINING oo 26 Thr PM
ProtECtIVE DEBVICES.......iiiiiii ettt e e e 27 Thr PM
WaAININGS oo rrer e e e e e e e e e e e e e e e e e e e e e e e s essesestenerannaannananes 28 Thr PM

SAFE WORK PRACTCES
Biological EffeCtS......ccooiiiiiieee e 29 Fri AM
EleCtriCal Safety......uuuuiiiiiiiiiiiiiiiiiieeee e e 30 Fri AM
(O 1S /AN X i 31 Fri AM
ATC BlasSt e 32 Fri AM
FailUre ANAIYSIS.....ccuiieiiiii e e e e e s e e e e e e e e e eaeees 33 Fri AM

APPENDIX
Codes & Standard®NEC & NEMA with problem$ ... 34

TheELECTRICAL SAFETY FOR FIELD OPERATIONS and other training books contain selected components.
ContactTHEWAY CORP.for more details.

a Copyright19952010
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0.3 ELECTRICALSAFETY QUESTIONS

1. Electrical voltage best relates or compares to which of the following?
(a) pressure or potential (b) flow rate, bbls/min (c) viscosity or API gravity
2. Electrical current best relates or compares to which of the following?
(a) pressure or potential (b) flow rate, bbls/min (c) viscosity or API gravity
3. Impedance (opposition to current flow) can be defined as voltage and current:
(a) division (ratio) (b) multiplication (product)  (c) sum
4, Power (energy per time) can bedided as voltage and current:
(a) division (ratio) (b) multiplication (product)  (c) sum
5. A voltage tester is used for checking:
(a) fuses (b) live circuits (c) high voltage over 800 volts
6. A continuity tester is used for checking:
(a) fuses (b) live circuits (c) high voltage over 800 volts
7. Which is more likely to be dangerous or fatal?
(a) high voltage (b) low amperage or current (c) high impedance
T F 8. A 1000 volt circuit is more dangerous than a 120 volt circuit.
T F 9. It is necessary to check an electrical enclosure with a voltmeter to see if it has a short and

is electrically hot.

T F 10. During wet weather electrical circuits work the same; therefore, it is no more dangerous
to work around them.

T F 11. A grourding wire is necessary for an electrical circuit to work properly.

T F 12. A grounding wire is always necessary for equipment to be safe.

T F 13. If a grounding wire is connected to a box, you can assume the box is safe to touch.

T F 14. If a fuseis blown and you do not have the same size to replace it, you should use the
largest fuse available that will fit in the holder.

T F 15. If a fuse puller is not readily available, your fingers should be used to remove cartridge
fuses in a control panedxercising great care.

T F 16. It is accepted practice to use the master disconnect switch for start and stop control of
electrical equipment.

T F 17. For safety reasons, the master disconnect switch should be-oitkEdork is being

done on gump or motor.

T F 18. A ground fault circuit interrupter will not protect a person from electrical shock when
working in a wet area.

T F 109. Energy from electromagnetic circuits only travels on wires so you are safe from its
hazards if you do not twh it.

T F 20. Avoid clothing of natural fibers (wool and 100% cotton) if around flashes and sparks.

DATE NAME ID # INSTRUCTOR
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0.4 ELECTRICAISHOCKSURVEY
Please complete additional survey, if you have been shocked more than one time

1. Have you ever been shocked? Yes No
2. What voltage? 9V 12V 24V 48V__ 120V__200V__400V__HigherV__
3. Was the voltage ac dc rf frequency
4. What was the cause? intemtal____ accidental contact___ failure of what component
5. What was the machine / device / equipment
6. What insulation or material was between you and the electrical circuit? none____ material
7. Pat of anatomy contacting the energized point
8. Part of the anatomy contacting the metal or ground or common
9. Could you still control your muscle movement? Yes__ No__
100.How di d offdw ftgheet ener gfalz e domeonaassisted ? removed self
brushing contact___ explain other
11. Discuss any sensations you recall
a. Taste
b. Smell
c. Hearing
d. Sight
e. Touch / feeling
f.  Mental / thoughts
12. Describe any known permanent injuraesresult
13. Describe any additional details of your experience with electrical shock?
14. Approximate age at time of incident
15. Profession / major City State
16. Optional: name email
Return o:
Dr. Marcus O. Durham, PhD, PE mod@thewaycorp.com
THEWAY Corp www.ThewayCorp.com

PO Box 33124
Tulsa, OK 7453


mailto:mod@thewaycorp.com
http://www.thewaycorp.com/

CHAPTER] - FUNDAMENTALS

1.1 INTRODUCTION

Electrical power is the primary form of energy in residences and 3
business. It is commonly used, but its functions are seldom considered. B -
Electrical systemgeceive very little attention in proportion to their engineering
impact; moreover, most operations are critically dependent on electrical symbol
energy. Whether for lighting, heating, motors, computers or

environmental systems, electricity has become the most used aibteflexi
energy form.

The major reasons that study of electrical system is shunned are tl
fold. The first reason is fear of the perceived hazards associated \
electricity. The second obstacle @slack of urderstanding of the
fundamental theory. The third hurdletige fact thatlectrical concepts
must be explained by nebulous models. Electricity defies the norr
senses. One cannsée, heartaste, smell, or toucklectricity without
significant hazard.

-’ f
A good grasp and working knowledge of the electrical fundamentals cﬁ ‘

neverthelesshe obtained without being a graduate electrical engine
This book is presentedn a form designedto assist future quick
referenceas well as to provide a backgroumd finderstanding electrical
phenomena

Hear no evil, See no evil, Speak no ¢

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 gasgoal, 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 power
supply through controls to a motor or load.

~—
GENERATOR—TRANSFORMER CONTROLLER MOTOR
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 bttom of the basemeniSince @ery electrical
power circuit has the same forthe concepts discussed are applicable to
any situation where electric energy is uséthe items of discussion will

be basic terminology, application, and failure consideration

$, t, quality
engineering tradeffs

In addition to technology, 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 trade
offs to achieve a particular dollaime, or quality value. Failureghen

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 carbe measured in any energy system. All other
components are calculatécbm these The measuredcomponents 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 per square inch (psi) on a wate.|

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.

Timeevent(t) - measured in secondss the difference in time between
events. The reciprocal of time is the frequertfly (oscillations per
second)

The three measuremartombine in one term to produce ene(\gy.

w 0w
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, is to multiply anade.

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 the current.

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.

» -
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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 and current beingra@xamum. | Power S VoltAmps| product
In power systems it is called power factibiis the differential that arises | Delay td orl |seconds | difference

in the Calculus.

0 o0 0
EXAMPLES
Ex Given: 120 Volts and 10 Amps.
151 What is the impedance?
W pqa
0 oa PO
Ex Given: 120 Volts and 10 Amps.
15-2 What is the power?
Y 00 pcar pd P C WO
1.5 IMPEDANCE

The opposition to current flow is called impedance. Impedance i
consequence of how electrical conductors are configésdvould be
expectedthere are three types of opposition.

Resistance (Rijs natural opposition of any conductor. Most conductorg
are wiresmade of copper or aluminunResistance is the friction of a
conductor.A resistorconverts electrical energynto mechanical energy
in the form of heat.

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

A capacitorstores electrical energyA capacitor can be used sonooth
out the electrical energgapacitors are used in electronic circuits and {
reduce the effect of time delay fraancoil. In 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 resistaneehich creates heat and the resulting power capacitor

Inductor*
Capacitance (Cyesults from two conductors being close to each other.

Wire corresponds to pipe

St

Resistor

negatre
charge
Comnechon

Watts.
1.6 Recap Impedance [Z|Energy
Take aminute to review all the electrical terms. Remember they areResistance |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.

There are three things that can balculated i the ratio called
impedancetheproduct called power, artetime delay.

Finally there are threéypesof impedance or opposition resistance
makes heat, coils makenagnets,and capacitors store and smooth
electricity.

That is all there is
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20-Amp 120V Grounded Receptacle . . . . .
That is all there is.There is nothing elsen the fundamentals of

neutral o e electricity.
&
@ e 1.7 WIRE PURPOSE
ground I Electricity operates in a circuit. The energy starts at a point, travels
@ through wires to a loathat does some workhen returns back to the
\—g@% starting point. Wires have one of three purposes in the circuit.

www.do-it-yourself-help.com

Hot conductor carrieshe current to do the work. When looking at a
standard receptacle, this is the short prong. It is the black wire and is
connected to the brasslorterminal.

Neutral conductor is the return or common conductor that completes the
current path back to thesource. This is the wide pronon a 120V
receptacle It is the white wire and is connected to the sileetor
terminal. It is carrying current, butunder ideal circumstancethe
voltagemeasured to grourid zero.

Ground conductor is the safety path. It does not carry current during
normal operations, but is a path for when things go wrong. This is the
round prong. It is the green or bare wire and is connected to the green
color terminal. All metal associated with the ekeical system should be
bonded to the ground in a specified manner.

The neutral is connected to the ground system at one paoithbne point
only. This is typically in thenaincircuit breaker panel. If there is a panel
and a sulpanel, the neutral in thesecond panel is not connected to
ground.Doing so would make aenergized path for current through the
ground wiring.

The wires are typically grouped together in a cable. Permgnent
installed cablen a residence is ofteNM, or non-metallic sheathcable

In common usage it may be referred to as R@nexhich is oneorand.
Appliance and extensiorords may not hava groundconductorif there

is no risk of a user touchingnetal that can be energized@hese
appliances are ofteerf erred t o as fAdouble insu

DC i mobile battery

1.8 SOURCE OF®WER

All common electrical power is carried in conductors or wires. The
arrangement of these wires determinesvitre function. There are three

Hy WWW H, G fundamental power supplies.

Direct currentis generally associated with keties. It delivers a steady,
) > constant voltage. The color schemsed isa red wire for positive and a
black wire for the negative.

Singlephase (1f ) is an electrical system that uses only two current
carrying conductors. The supply is generally deriveainfra rotating
@ @ L machine that causescyclicvoltage variation. The color scherased is
— black for the hot side and whjter grey,for the neutral or commofhe

ground wire is identified with green. This is the most common type
electrical system in residees and commercial installations

<-120V >< 120V >

240V
Threephase(3f) is a system that uses three current carrying conductors.
The system is actually three singlbase systems connected together.
The color scheme uses any cofor the current carrying conductors,

— althoughblack is the most commoifthe ground wire is still identified by
Standard 120 / 240 V singlghase green.
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1.9 NOMINAL VOLTAGES
There are many different system voltage leviéts. failure analysis these
can be separated into three categorigmnlethal, standard andhigh
energy
Nortlethalis electrical supplies less than 50 vol&lectronics portable, . aronit
receptacle

and mobile items are typically low voltage itef@mmon voltages are cover
3, 5, 9 12, and 24volts. Electric welders alsoperate in this voltage
range.Although in a non-lethal systemthe voltage is low and will not

fatally injure someoneglearlythe power systems can still have adequat120/240 V singlephase receptacle*

energy to cause a firer to cause some injury

Standardpower voltages are typically20 and 240/olts, singlephase

This is by far the most common system. They predominate in both
residences and commercial installatioAs240 Volt sourcehas two hot
conductors.A 120 Volt sourceuses one of the hot connectors and a
neutral A 240 Volt source is actually two 120 Volt sources with the
neutral as the common connecti®acausel20/240 Voltsystems areo
prevalent, they are a frequent source of injury and fire.These
installations are covered by thiational Electrical Code

Large energyvoltages are anything hight#ran 240V Large motorsand

loads operate a277 Volts to 7,200 Volts,while utility lines operate  Three-phase large power
between 12,470 Volts and 1,000,000 Volts. Obviously these are

potentially very dangerous tboth people and property. However,

because they are usually used only by authorized and trained individuals,

failure is not as commoas standardpower systemslnside facilities,

these installations advered by th&lational Electric CodeUtility type

systems are covered by tNational Electrical Safety Code.

1.10 CONDUCTORS

Paths for electricity can consist of simple metal, insulated metal, or a

group of paths. Three-phase pole top

Conductorsare metal material that is used for an electrical path. The
most common metalsed for conductors in residential and commercial
installationsis copper. Aluminum is used outside of buildings and for
large feeders in buildings. Gold and silver are used in electronics.

Wire consists of a condttor covered with insulation. The components
can be compared to the water circuit discussed earlier. The size or
diameter of theconductor (pipe) determines how mucleurrent can
safelyflow. The thickness and type of insulation is like wall thickness of
pipe and determines thaltage(pressure) rating. The length of the wire
(pipe) causes a voltage or pressure reduction at the end.

Cableis simply more than one wire that is bundled together. It has an
outer covering called a jacket.

neutral

30-Amp 240-volt Receptacle

Cablesi NM 12, NM 14, UF , UF w/ gnc







































































































































































































































































































































































































































































































































































































































































































































































































































































































































