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1) Analisis del circuito CC

Ley de Ohm
Corriente, voltaje y resistencia

V =

\'

I = —

IR
R
\'

R

-

Conductancia

G = siemens

G

1
R
I
v

Energia electrica

1 culombio = 6,241 x 101selectrones Trabajo
realizado = Voltios x Q(carga) Julios Trabajo
realizado = Voltios xI (amperios) Potencia en
julios = Trabajo/tiempo (seg) Watts

P=\:/— =VI butV=IR

P= 1R

2
p=
R

o)
V= I Volts

P
I = —— Amps
\"

Mudiltiplos SI para vatios (W)

Submuiltiplos Multiplos

Valor Simbolo Nombre Valor Simbolo Nombre
10-1W. dw decivatio 101W. grajilla decavatio
10-2W. cw centivatios 102W. hw hectovatio
10-3W. mw milivatios 103W. ilovatios kilovatio
10-6W. |.|W microvatio 106W. megavatio megavatio
10-0W. noroeste nanovatio 100W. G.W. gigavatio
10-12W. pw picovatio 1012W. tw teravatio
10-15W. fw femtovatio 1015W. VP petavatio
10-18W. aw attovatio 1018W. EW exavatio
10-21W. zZW zeptovatio 1021W. W zettavatio
10-24W. yw yoctovatio 1024W. YW yottawatt

Los muiltiplos comunes estan enatrevidorostro

Circuitos en serie y paralelo
RT = R1 + Rz + R3

Ley de voltaje de Kirchhoff:
La suma de las caidas de potencial (caidas de voltaje)
alrededor de cualquier circuito cerrado es cero

4

v = 1 1 1 1
IV _— R, R, R; —_— = — e — —
'|' 10kQ [2kQ  [1kQ Rr R + Rz + R3

Ley actual de Kirchhoff:
Todas las corrientes que entran en una nota suman cero

Corrientes que entran en “+”

un

Corrientes que salen de

Teoremas del circuito

Propiedad de homogeneidad (escalado)
v=iR — kv =kiR

Propiedad aditiva

[
-
<
"

ilR and v2=i2R

iR+iR= (il + iz) R

<
+
<
n
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Teorema de Thévenin
Un circuito lineal de dos terminales se puede reemplazar por
un circuito equivalente que consta de una fuente de voltaje Vr

Fuentes de tension y corriente.

1 Constant en serie con una resistencia Rt
1
T a
| —* o
V is Constant Linear g
‘ two-terminal v Load
circuit -
I O
3 b
‘ RTh 1 a
B
Voltage Source Current Source +
Vi % Load
Transformacién de fuente -
o—1I
La transformacién de una fuente de energia de una fuente de b
voltaje a una fuente de corriente, o de una fuente de corriente V;, is the open-circuit voltage at the terminals
a una fuente de voltaje. Ry, is the input or equivalent resistance at the terminals
R Voltage Source Transformation
v R =R Teorema de Norton
v | R Un circuito lineal de dos terminales se puede reemplazar por un
\ | = v | circuito equivalente que consta de una fuente de corriente.
R, Inortonen paralelo con una resistencia Rnorton
. 1
Current Source Transformation R - 4
Vv . i
Linear +
| R RI = RV two-terminal v Load
| \Y circuit —
V=IR, ol
b
! o a
+
Teorema de superposicién INorton Rnorton % Load
En un circuito lineal con varias fuentes, la caida de o
b

corriente y tensién, para cualquier elemento del circuito, es
la suma de las corrientes y tensiones producidas por cada Ruorton is the input or equivalent resistance at the terminals

fuente actuando de forma independiente. Inorton 15 the current flowing in the shorted terminals

Replacing the remove source
Andlisis de corriente de malla (o bucle)

Voltage Source Current Soures, Now write the Kirchoff's
Voltage Law equations
for each loop:

9 Short 9 Open Voltage drops are +ve

and across each resistor

are given by Ohms Law
o— V=IXR

Voltage rises are -'ve

and equal to the voltage

source ratings

Voltage drops across common
resistors (resistors with two
currents flowing in them) are
given by Ohms Law V=IXR
and are +Vve (the polarity is
according to the the loop
current being followed).

The I in the Ohms Law equation (V = I X R) is the arithmetic sum of the two
currents flowing through it. The loop current being followed is +Ve the other
current is +Ve or -Ye depending on its direction flow with respect to the loop
current being followed.
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La ley de Ohm y un condensador

To convert from a To convert from a
Delta (A) to a Wye (Y) Wye (Y) to a Delta (A)
A R c wi
c Switch R Aq B _ C Avc
) |$ R Rac T At At
Vs | 4+ c
B i
[ dv.
B i =C
R R R, R + R,R- + RgR ) dt
Ry= — A A AB = ATS AC ¥ C V.= instantaneous voltage on the Capacitor
Rip +Ryc +Rpe Rc q-> charge on the capacitor
C-> the capacitance of the capacitor
Re = Rap Rpc Ru = R,Rp + R Rc + RgRc Ag-> Thechangeing=> charge on the capacitor
[ T e ———— BC =
Rae + Ryc + Rye R, At->  The change in time
ic> current to the capacitor
Rac Rec R.Rg + R,Rc + RgRe
Rie +Ruc +Rpc Rg

Capacitors in Series

Campos eléctricosy C

Q *QL |—q +qls I—q ’QL l—q
Capacitance = —

B o o B S LS S . .5
Q= CV oV o

Capacitance-> farad (F)

7 V. = charging voltage (Volts)

- | l V; = Supply Voltage (Volts)
g ‘
= y /1 "
5 i C = Capacitance (Farads) \Y E Vi G Vv, G v, G
5 1 -_ Q Q, Q
8 | e = 2.718281828 '|'
[ pEmEEV EEEae —]
= / i t = Time (Seconds)
FrrE
! ‘ - : =
0 1 2 3 4 5 6 CT C1 + C2 + C3
time =
€ = Circuit Current (Amps) g &
. Magnetic Flux & Flux Density
= | ¢ = Current at t=0 (V;/R Amps)
)
% R = Resistance (Ohms) <
> Magnetic Flux &
5 C = Capacitance (Farads) @
S Flux Density B = — T (tesla)
8 e =2.718281828 Weber per Sq meter
©
(8]

t = Time (Seconds)

time =
| Magnetic Flux Wb (Webers)

?Magnetlc Flux Density B T (tesla)
Weber per Sq meter




Electromagnetism

T | ioc @
pER e i nioc @
magnetomotive force

(mmf)

ampere turns

n=#of turns

Current

Induccién electromagnética

Faraday’s equation for induced voltage

t=0 i
Svvve V.=IR
R
R
|vc | L Ab
= v g V- N
(] At
ix® or ®=Ki
V, = instantaneous induced voltage ﬂ = Kﬁ or @ = Kﬂ
N> Number of turns in a wire coil At At dt dt
A¢ > The change in magnetic flux (webers) V =K di
At-> The change in time L dt
Ag /At The rate of change of flux linkage dl
V=-L—| =N
dt
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Energizar un inductor

Current Flow il Voltage VL
i v t=0
[
ek L
o, o
i= -e
“'R
Rt/L) V=V, (eRt)

t
i, = energizing current V= inductor vol'ragé

V, = supply voltage _
®t = fime V, = supply voltage

e = 2.718281828 R = resistance L = Inductance

Series & Parallel Inductors

[
ch= L|+ L2+ L3
L ) d

i iy i3
v L3 i) Loy 3 i) Ls 3 istto)




2) Analisis del circuito de CA

Ondas sinusoidales y valores RMS

7 /

N\=b . 1

NN Frequency in Hertz (Hz) ————

M) S atl Period (in sec.)
CPS" (Cycles Per Second)

— Period —
|«— one wave cycle —»|

Alternator shaft —> |<— one wave cycle —»|
position (degrees)

The rm.s. value of an a.c. supply is equal to the direct
current which would dissipate energy at the same rate
in a given resistor

We can use the same logic to define the r.m.s. value
of the voltage of an alternating voltage supply.

v Tnax

max 1 —

Ves = 7~ I =Ty

where Vimax is the maximum (or peak) value of the voltage

where Im. is the maximum (or peak) value of the current

For sinusoidal current & voltage

P =(I_ )2R

avg RMS

Y =1 R

Ohm's Law
RMS _ “RMS
Vv
R= RMS
I
RMS
=1

\'
avg RMS RMS

For circuits with resistive loads only

Scalar Vector Phasor
magnitude n!agni-tude g:;egi‘t;:::ie
direction phase angle

Scalar quantities Vector quantities
Length, Area, Volume, Displacement, Direction,
Speed, Velocity, Acceleration,

Mass, Density Momentum, Force,
Temperature, Pressure Electric field, Magnetic field
Energy, Entropy phase
Work, Power angle
A

Polar Notation

900
8.4 /32°

magnitude 2

K X ! angle 4
180° : 0°
AND

8.4 /32°

270 (-90°)

Rectangular Notation
+J imaginary

4 4|+j3
G A
2 ,//
1 X-axis

N 4

real [6 |5 |4 |3 |2 |1 | 1] 2| 3 s| & real

sy =] |imaginary

4+j3 (rectangular form)
5/3687°  (polar form) mmmmm) (rectangular form)
(5)(cos 36.87°) =4  (real component) ©

(5)(sin 36.87°) =3  (imaginary component)

+4

4+33 (rectangular form) s (polar form)
5 £36.87° (polar form)

Va*+3% =5

3
Arctan (Z )= 36.879 angle




Phasor Math

rectangular mmssm) polar

Multiplication (A ZB° )(X Z Y° )= AX £ (B°+Y°)

Division (A £ 8° )+(X £Y° ) = & Z(8-Y)

polar s rectangular

Addition (A, B) + (X, Y) =[(A+ X), (B +Y)]

Subtraction (A, B) - (X, Y) =[(A - X), (B -Y)]
Reactancia e impedancia

Electric Power

P=V,x1

V =V_ sin(wt)

L

I=1_ sin(wt-¢)
P, =V, I_sin(wt)sin(wt - ¢)

P
avg

. VM IM
The average power is.. P = Cos (O)
2

avg

Real Power P(Watts)

$
Power Triangle

Apparent Power
S(VA)

@ is known as the “Power Factor Angle”
cos(@)is known as the “Power Factor”

P - Vol cos(2)
2

avg

x_m_cos(2)

ol

V |

—= And ms =
ms \/é n I' \[é
Pavg - Vrrnsx Irms COS(Z)

Q Vs X | s SiN (2)

avg ~ 'rms

Apparent Power (VA) =V, x|

ms
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Frecuencia armoénica

Generator frequency = LC frequency

X0

Reactance

Xc

Frequency

_1
2afl = 2rnfC

1
2 —_—
Zﬂ'f L = ZTL'C

f2= 1
2nenlLC

p—
2z VLC




3) Analisis de potencia en circuitos de CA

Energia electrica Energia eléctrica
Work done or electric energy (E) is the Energy = Power x Time Joule (J)
movement of charge (Q) caused by EMF Watt hour
(v) Watt Sec
: E = .
l vxQ kKilowatt hour

P is the rate at which electric energy (E) STTAIeE Tor Wal Toa R

is transferred by an electric circuit m m

P-= E _ ﬂ =VxQ /1’- VxI Value Symbol Name Value Symbol Name

t t 1072 mW-h  milliwatthour = 10°  kW-h  kilowatt hour

10®  uW-h microwatthour 10% MW-h megawatt hour

= = -19
one electron = 1/Q = 1.6x10™" coulombs 109 | GWeh | gigawett hour

1 coulomb = 6,250,000,000,000,000,000 electrons 10'2 TW-h  terawatt hour

2 . " 10" PW:h petawatt hour
1 amp = 1 coulomb passing by in 1 second of time 2

Alternating Current and Voltage
P=V xL

Electrical power is measured in Watts (symbol: W)

P=V | watts

V=$ volts +V /\ /\ ,

= E amps t
VvV 'Imax """ v
SV SRR

P is sinusoidal
Ps frequency is 2 X that of V & I

P is greater than zero

Multiplos SI para vatios (W)
Submiuiltiplos Multiplos
Valor | simbolo Nombre Valor | simbolo Nombre Resistor Resistor-Inductor | Resistor-Capacitor
10-1W. dw decivatio 101W. grajilla decavatio AR ’:(
10-2W. cw centivatios 102W. hw hectovatio Br |l Ee 2R X, h[’ « NN EL X
10-3W. mw milivatios 103W. Klovatios kilovatio Iy ' . '_ ‘
10-6W. HwW microvatio 106W. megavatio megavatio IX,J=R i le 200 " 1_
10-9W. noroeste nanovatio 109W. G.W. gigavatio 2xfC
10-12W. pwW picovatio 1012W. tw teravatio % = gl 00 X - |'xl[L900 Xe= IXc| 2900
10-15W. fw femtovatio 1015W. VP petavatio ol =% = %
10-18W. aw attovatio 1018W. EW exavatio
10-21W. zZW zeptovatio 1021W. W zettavatio i By X
10-2aW. yw yoctovatio 1024W. YW yottawatt _'_I’T’
Los multiplos comunes estan enatrevidorostro
Z,=X,




Alimentacién de CA

R
Vv, 1
Pavg =_'£l cos ¢
V) L
v, |
=_C x T cos
Vo= Vg +V, e 2 ®
I=Ig=1, v |
V,.=_" And | _.=_T
J2 V2
Povg = Vimme X s cO8(D, - &) Real Power

Qavg = vrms X Irms Sin(d)v - ¢I)

Reactive Power

Vi=Ve+V,
I=Ig=1
Apparent Power

Vrms 'm\s sin 4)
Reactive Power

= Qe

Vims lrms cos ¢

Real Power = Pa,,g

Péagina 2

Poder complejo

Red => Phasors (Vectors)
Black => Non-Vector Quantities

]

b, > &

¢ = (b, - ) Power Factor Angle (Positive)

Q,q is Positive

Pm is Positive

Current Leads Voltage

<
&
I
LY

¢ = (b, - &) Power Factor Angle (Negative)
Rotaflion

Q,,, is Negative
Payg is Positive

64 X.X" = IXIA+6 [ ] lxl;—e
i [ X240 = X = IXl®IX|.0
3t = IXl2.0
: = IXl2
! 8
-1 14 1 2 3 4 5 6 7 8 9 *
21
.3 L
41
54
1 * denotes a Conjugate phasor (vector)

Complex power S = VeI*

‘/] . IIIZ.Z
S Ix
Q Ivlz
| s= . ®v
f
P

VR
o
P = Vel ‘I’ =Vx Q = Vyel*
= X
P =II2eR Z = jX Q = |1, J2ejX
7 0. Wb
= R* = th

Red is a Phasor
* is a Conjugate

Wt
R VR
(S
XL = 2nfL f = frequency in cps
7w = 3.14159

(XL)* = -27fL L = inductance in henry’s

1

1 C = capacitance in farads

x * -—
(Xc) 2nfc

Red is a Phasor
* is a Conjugate



4) Circuitos eléctricos digitales

The OR gate
2-input OR gate 3-input OR gate

Input,
InputA:D7 In
put, Output
Inverter, or NOT gate gt iy mmzﬁﬁ) e

The truth table The truth table
Input Output Output
Output will be "low” (0) if and

NOT gate truth table . only if all inputs are “low” (0)

0 1 1

1 0

Puertas

The AND gate
S1 S2

—o"c .
7 2-input NOR gate
2-input AND gate L 4 B

— Input
Input A
AB Output T Inputsﬁ Output

The NOR gate

Inputg

The truth table The truth table A 5

A|B| Output S1]82| L Output

0jo| o0 o[ofo

011 0 ol 1]o

1[0 0 :

T3 N 1 oo 1 0 0 Output goes “low” (0) if any of
1 1 1 1 ] 0 the inputs are made ”high” (1)

S1 S2 S3
3-input AND gate o—o"" 00— 00—y

The Negative-AND gate

Inputs i @) 2-input Negative-AND gate
|"PUtBE':>7 Output - P g g
Input, T

The truth table The truth table :jj— Output Input
B | ¢ | output s1|s2|s3 Am Output

A L

o|lo|o 0 o|lo|ofo Inputg

ofO0|1 0 olol1]o lnpUtA‘l>°_\_

o|l1]o0 0 ol1]o]o D— Output

o1 |1 0 ol1|1]o Inputg{>0J—

1(0]0 0 1(0]0]O0 A B | Output

Lpog1 0 1[0 f1f0 ol o0 1 Output is “high” (1) only when

1|10 0 1|1]ofo all inputs are “low” (0)

(I 1 SRR RRE 0 0
1 0 0 Output goes "low” (0) if any of
1 1 0 the inputs are made "high” (1)
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The Negative-OR gate AND gate: ‘ . . ,
output is high only if both inputs high (A AND B are high).
2-input Negative-OR gate OR gate:
Input, vt output is high if input A OR input B are high.
Inputs :) )— Outpu NAND gate:
output is NOT high if both A input AND B input are high.
Equivalent gate circuits NOR gate:
Input output is NOT high if either A input OR B input are high.
Pa A Negative-AND gate:
Output 1 1 0 .
behaves like a NOR gate.
Inputg

A Negative-OR gate:

behaves like a NAND gate.

InputA:D_ Output .

Inputy Exclusive-OR gate:
output is high if the input logic levels are different.
Exclusive-NOR gate:

output is high if the input logic levels are the same.

The Exclusive-OR gate
(sometimes called XOR)

InputA:)D Output Chanclas y multivibradores
Inputg

The S-R Latch

A | B | Output
Output a “low” (0) logic level if
0fo 0 the inputs are at the same
01 1 [Output a "high” (1) logic level if A|B
11o 1 the inputs are at different oloO
Output a "low” (0) logic level if
11| o . 011
the inputs are at the same
10
111

The Exclusive-NOR gate
XNOR gate

InDUtAj& Output —
Inputg Q| Q

Equivalent gate circuit

0 1
InputA:)j > D Outout 1 0
utpu
Inputg P ____|
A | B | Output
Output a “high” (1) logic level if
010 1 the inputs are at the same
o1 0 [outputa “low” (0) logic level if
11o 0 the inputs are at different
11 ] Output a “high” (1) logic level if

the inputs are at the same




Pagina 3

The J-K Flip-Flop
The S-R Latch

Q Q.
S Q .
A B Q — — —a>
Q K Q
o —  —] b—
0|1 0
110 0 R Q c|lJ|k| a Q
111 0 ] o— [0 0| Latch | Latch
L [l1of1 0 1
rfafo| 1 0
a 1| 1 | Toggle | Togel
S| R|Q]|Q r oggle | Toggle
0 0 |latch |Latch X | 0|0 | Latch | Latch
ol 11 o | 1 |Reset X|0|1] Latch | Latch
1 [ o[ 1] o |Set X [ 1|0 Latch | Latch
X | 1| 1| Latch | Latch

Contadores y registros de turnos

A Four-Bit "Up" Counter

The Gated S-R Latch

R
Q S Bl
E E
a B
S

Q Q
Latch | Latch
Latch | Latch
Latch | Latch

1|0/ 0| Latch | Latch

Jo

o|jlo|jolm
=lo|lOo(wn
o|lr| O™

0 1
1({1f{o0] 1 0 Q0 000000 o0f1 111111 1]
I O | Serial-In/Serial-Out Shift Register
4 5 1y ty
data in _D clock
The D LafCh clock _C> data in
a I e N
p— Qs
s o 1o
E Qx Qg Qc
— data in _D| Q D Q D |Q data out
a Q. =S =S >
0 ( o r o [ le
= Clock
E|D] Q Q Enable ' '
0 | O | Latch | Latch
QA QB QC
0 | 1 | Latch | Latch datain  J Q J Q J | Q data out
1/o| o 1 =N N L8
111 1 0 K g J« a Jk a

clock
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Serial-In/Parallel-Out Shift Register Parallel Adders

Parallel-Out

A A SN
A,
Ve ~ lor0O A BZ
Q. Q. Q. A, - °“":|
C-!
BII
toro] 1 s Th BhAA
B, — Lc, ¢
o o o ™ wv_l + 83 BZ Bl BO
Serial-In datain J Q J Q J Q datajout g o1 _Out
c ¢ S A S S S35, 5 S
K ] K (] K a BZ
p— Lic, Col
clock ] J
A sl—5,
8y
sumadores L4C,, Cout—Cour

The Half Adder

g
z
B_

Cout
A1 - ¥
1 H/
-com
A|B|X|C,
0{0jo| O
Oplus0=0
o[1]1] 0
Oplus 1 =1 HTGTT 0
lpusO=1 [1[1[0] 1
lplus1=0 Carryl

The Full Adder

P>
A Half cl X
B _| Adder out A::I:r Com
Cln
COU(
A
B 22
Cin- F/A
'—COU(
Carry-In Sum Carry-Out

e elelolololo|s
w(mo|lo|k|elololn
rlor|lolklolr
NEICIRCIE)
rmimlo|lmlololo




5) Trigonometria eléctrica

Medicién de angulo

3.14159 (7T) Radians = 180°

Opposite Angles of Intersecting Lines Are Equal

a=¢
b=d
a b
d (4
a+ b=1800
c+b=1800
a+b=c+t”
a=¢
a+d=1800
a+b=1800
A+d=4a+b
b=d

N O Ao

Right Angle Obtuse Angle Acute Angle
=900 900 > 1800 00 < 900 = 1800

~

Congruent Angles - equal —

Supplemental angles-add to 180°
Complementary angles -add to 900

Transversal-same side exterior angles 1; 6; 4; 7
-same side interior angles 2; 3; 8; 5

Corresponding Angles
same side of Transversal 1 & 5
and

same position w.r.t. parallel lines 2 & 6
4 &8
3&7
Transversal
Intersecting lines: alternate angles
Equal 1=7
or 3=5
Transversal of Parallel Lines: =
Congrue{lf:r;gles: Congruent Angles 2=
= 1=5
=4 2=6
5 = 7 4=38 1=3
il 3=7 2=4
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Basic Proportionality Theorem

triangulos

A line parallel to one side of a triangle divides
the other two sides in equal proportions

ad _ _ge
db ec
b

c b c
obtuse a
a
e
¢ b c
equilateral isosceles scalene >
b Cc

Triangle Proportionality Theorem

If two triangles are similar their sides are proportional

gb___gac __bc
Xy @ xz yz

N
A

abc ~ xyz b ¢

congruent
abc = xyz

N
N

Propiedad de la suma de angulos de un tridangulo El teorema de Pitégoras
Theorem 1: The sum of interior angles of a triangle is 180°
<pab + cbac + .qac = 180°
P a q

<qac = cacb
(alternate angles)

<pab = ccba
(alternate angles)

= A% + B2

ﬂ AAlm

The sum of the interior angles of a triangle is 180°

Triangle Proportionality Theorem

If two triangles are similar their sides are proportional
gb _ g _bc
Xy xz yz

X




Triangulos y proporciones tnicos

Geometry X
Unique x2= () +vy?
Triangles y2= - (%)z + x2
=X 2
=-" tX
X2 4x?
== tg
X X - X2+ 4x2
(2) * (2) = 4 =3Tx2
2 _,3.X
v 6%
Let x =2
1 =V3
900 300 -
y= 3
V3

45°

opposite
hypotenuse

adjacent
hypotenuse

opposite
adjacent

_oppostte
hypotenuse

adjacent
hypotenuse

opposite
adjacent

SOH

= sine (sin®)

= cosine (cos®) CAH

= tangent (tan®)

= cosecant (cscO)

= secant (secO)

TOA

o

Pagina 3

SOH - CAH - TOA

Y

adjacent side

opposite side

b
= cotangent (cot®)

adjacent side

o

a 2
%'
o'
\\“‘Q

X+Yy+Yy=1800
X + 2y = 1800

y = 1800/2 - x/2
y = 900 - x/2

If x = 0°

y =900

opposite side

The radius line of a circle meets the tangent line at 90°

Thales Theorem
If A, B, and C are (distinct) points on a circle such that the line

segment AC is a diameter of the circle, then the angle - ABC is a

Funciones trigonométricas y tangente

a o X § right angle. In other words, the triangle A ABC is a right triangle.

ab ac s -

— = — x

Xy Xz ‘Qo\,s" 3 o g

% } bﬁc o2 2 & -z S

8 adjacent side
ac _ bc g A 0 ¢
Xz 73 e
b adjacent side ¢
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El circulo unitario Triangulos Unicos

(%, ¥,)

l .
sme ) 30% - PR

v/3 _adjacent

cosine (cos) 30°=

60" 2 hypotenuse
------------- i I B She opposite side 1 1 +
: =z opposite
: thlPofenuse 900 tangent (tan) 30°= ‘\/_3_ _ELf
E = - .\/3_ adjacen
: sin® = v, cosecant (csc) 30° = f reciprocal of sin 0
Y; - adjacent side 2
: ~  hypotenuse secant (sec) 30° = reciprocal of cos 6
: - 7
' = T2
! cosO = x
' l cotangent (cot) 30°= "/i reciprocal of tan @
! opposite side 1
tan® = adjacent side
. _V3 _opposite
sine (&) 60 2 hypotenuse
) 1 adjacent
cosine (cos) 60° = 7 —hypofe nuse
1
f
900 300 tangent (tan)60°= ﬁl : dj::'e:f
V3
cosecant (csc) 60°= 2 reciprocal of sin 0
2
secant (sec) 60' = _lnciprocul of cos 6
cotangen'f (cot) 6°'= 1/% reciprocal of Tan 6
_1 _opposite
sine (sin) 45% 1/_ hypotenuse
) .. .1 _adjacent
cosine (cos) 45°= 727 “hypotenuse
20d Quacrant | it QURCRIE V2 . .. _1 opposite
tangent (tan)45° = 1 “adjacent
sSin© = sin® =
c0tO'n cos e 1 cosecant (CSC)‘S. = ‘\/_f— reciprocal of sin
1
tan© = tanO = secant (sec) 45° = 1/—12_ reciprocal of cos ¢

1
cotangent (cot) 45°= _l reciprocal of Tan 6

3rd Quaclant A Quadrant

sinB = sin@ =

cosO = cosO =

tanO = tan® =
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Angulos tnicos La ley de los senos

Y =0 x,=1 vy =0
1
| (X|Y|) Sine‘ % E
1
] 1
! =2 -0 c :m
| 1 '
! |
! n|
! cosO = X
: 1 A b ¢
1
""""""" (1,0) JEE S | . m A m o m A m
! = smA=? smC-? smB_? sinC = b
i csinA=m asinC=m csinB=m bsinC=m
! tan® = %1
1 X csinA=asinC csinB=bsinC
1
i =2 -0 sinA_ __sinC sinB __sinC
i 1 c b - ¢
1
1

La ley de los cosenos

d
©=180" x,=-1 y,=0 cos(A) = S d = bcos(A)
sin@ = % e=ic -4
. e =c - b cos(A)
=-— =0 sin(A) = - m = bsin(A)
cosO = xll az=m? + e?
. c az = (bsin(A))2 + (c - b cos(A))2
== - : A
1 Given Two Sides a? = b2sin2(A) + c2 - 2bccos(A) + bzcos(A)
& 1
tan® = Y the = b2(sin2(A)+ CosZ(A)) + c2- 2bccos(A)
%1 Contained Angle az = b2 4+ c2- 2bccos(A)
=2 _-o Third Side 5x e o 2 ®)
-1 S ba = a? + c2- 2accos
Calculated c2 = a2 + b2- 2abcos(C)
©.1) ©=90°" x,=0 vy,=1
Identidades trigonométricas
Reciprocal Identities Negative Angle Identities
csc 0 = 1/(sin 6) sin(-0) = — sind
sec 0 = 1/(cos 6) cos(-9) = cos
cot 6 = 1/(tan 6) *g;'c‘(:‘ig,:-;:;‘g
sin 0 = 1/(csc 6) secl -0; = sec
cos 0 = 1/(sec 6) coR~0) = - cotd
tan 6 = 1/(cot 6)
Quotient Identities Sum & Difference Formulas

tan 0 = (sin 6)/(cos 6) sin(a + p) = sin « cos f + cos a sin f
cot @ = (cos 0)/(sin ) sin(a — p) = sin a cos f — cos a sin f
Pythagorean Identities cos(a + f) = cos a cos f — sin a sin f

sin20 + cos?0 = 1 cos(a — f) = cos a cos f + sin a sin
1- cos? x = sin2x

1 - sin2 x = cos2x

o,1) o = 270° X, = 0 Y = -1

Trig Identity for: sin(x - y) = sinx-cosy - cos x*

sin(x +y) = sinx-cosy + cos x*siny
sin(x +(- y)) = sinx-cos(-y) + cos x*

sin(x - y) “sinx-cosy - cos x

Trig Identity for: cos(X - y) = cos x-cosy + sinx*

cos(y) = cos(-y)
cos(x +y) = cos x-cosy - sinx*

cos(x +(- y)) = cos x-cos(-y) - sinx*

cos(x - y) =cos x-cos y + sinx:

0,-1)




Férmulas de producto a suma

sinx-siny = (1/2)[cos(x - y) - cos(x +y)]
cos x-cosy = (1/2)[cos(x +y) + cos(x - y)]
sinx-cosy = (1/2)[sin(x + y) + sin(x - y)]
cos x-siny = (1/2)[sin(x +y) - sin(x - y)]

Férmulas de suma a producto
sinx + siny = 2 sin ("—;Y) cos (x_;z)
sinx — siny = 2 cos (X_;Z) sin ("—;Z)
COS X + COSY = 2 COS (’%Y) cos ("—;X)

Cos X — cosy = -2 sin (’%Y) sin (X_;Z)

Identidades de cofuncion

y
C
B
X
A
y = 90°- x
cosy=%=sinx Secy=c—=cscx
cos (90°- x) = sin x sec (90°- x) = csc x
siny=%=cosx cscy:CT=Ser

csc (90°- x) = sec x

coty = —— = tan x
A

sin (90°- x) = cos x

tany = = cot x

w|>

tan (90°- x) = cot x cot (90°- x) = tan x

Pagina 6

Férmulas de doble angulo
sin 2x =sin(X + X) = Sin X «COS X + €COS X «Sin X
=SiN X «COS X + COS X o SiN X

= 25in X «COS X

€0S 2X = €oS(X + X) = COS X «€OS X —SiN X «Sin X

=C0s2 X — sin2 x
= 2cos2x — 1

. 2x
=1 - 2sin2x
tan 2x Sin2X _ sinXx.CoSX+COSX oSiNX , _COS2X
" cos 2x cos2 X — sin2x cos? X
$in X «COS X + COS X o Sin X
cos2 x cos2 x _ 2tan x
cos2x — sin2 x 1- tan2x
cos2 X




06) Derivados

Propiedades limite

lm gxy=L % g(x) = M
. L M
(£ + 9x)) = %oy + lmli) =L+ M The “Sum" Property
tm (£(x) - g(x)) =L-M
tim im0 tim :
o (6 g0) = nﬁ) %) =L M The "Multiple” Property
e () = o ) = 1L

(¢'mL
lan 12 :A;*’ L
e g(x lime, X) = M
Ui R/S Alt'mL R/S R/S
“(fx) = (“4%) -L

The "Difference" Property

The "Constant Multiple” Property

The "Quotient” Property

The “Exponent” Property

La pendiente de la tangente

Punto en f(x) = x2
(x+h)2}---------
| The derivative f'(x) of f(x) or %xL is = 2x
slope ?
x2 |
X xl+h X

Derivados comunes

Polynomials  (c = constant x = variable)

d d
x©=0 x> =1

a(cx) =c d—x(xn) = nxn-1 d—x(cxn) = nexn-1

Derivados comunes (continuacion)

Trig Functions

dx (sin x) = cos x ax (€os X) = - sin x

d

d
ax (fan x) = sec? x d—x(cof x) = - csc2 x

a(sec x) = sec x tan x a(csc X) = - csc x cot x

Exponential/Logarithm Functions

d

ax (@) = ax In(a) ax (&) = ex

d 1

d—x(ln Ix|)=% x#0

d 1
d—x(logax) = Xin(a) X’ 0

axnx)=% x>0

El teorema de la compresién

&.‘”l—cosx_
10 X =0

a-“‘Siﬂe
830 g =1




7) Analisis por unidad

Relaciones de fase
Magpnitude:

- 2 -
23

R _ B
RW BR

Rotation
N

Phase to Phase = /3 Phase to Neutral

Phase to Phase

\/5

Phase to Neutral =

Phase Angle:

Phase to Neutral Lags Phase to Phase by 30*
or

Phase to Phase Leads Phase to Neutral by 30°

Conversiones A -Y
1 1

P
B A I:{)
R Q
C
1
—
3 2 3 2
B AB _ AC _ BC
A+B+C A+B+C A+B+C

Normalizacién
1) Specify the VA or S Base
2) Determine the Voltage Base
3) Determine Impedance Bases and Current Bases from VA Base & each Voltage Bases

4) Per unit quantities are calculated by dividing the actual value by its equivalent base value

5) For each component, it’s actual value may be found by multiplying its per unit quantity
by the base value for that quantity at its connected location

Actual value of Quantity
Base value of Quantity

Quantity in PU =

Actual value of Quantity = Quantity in PU x Base value of Quantity

Transformadores y analisis por unidad

Primary
winding Secondary

winding

base 2

base 1

J\

Znctual = Zpgee X Zpy

Znctual = Zpgse X Zpy
V2 kv?

MVAsase
Z Z
=

Zgase =

H pu L pu

1) Specify the VA Base Base Values are Magnitude Only |Quantityl VA

30
S base

Base values of real power, reactive power, and
complex power have the same base value number
L
N Vbase
base " ———

= p3® =03% = 1 _ 10
- Pbase = “base ~ 3Pbase =3 ase

=35°

base

2) Determine or pick a Voltage Base |Quantityl Volts NG
There is a voltage base for each and every voltage level in the system
W1 N; 777}(3 N
o)™ )™ )

<\ 230 kV/115 kv

W) (W) (R
l ) e Y-A
I

x1 x X3

Transformer voltage ratios are given as line-to-line voltage

3) Determine Impedance Bases and Current Bases from VA Base & each Voltage Bases

Current Bases:

SBase
3¢ 30
| Sbla‘:e _ 3 - \/§ Sbaa?e - ﬁsbase - Sbase
base = N L - T -
Vbase vbase 3 Vbase O@\/S Vb%se \/3 vt:';aLse
V3
Impedance Bases: ( w 2
V )
LN IN base L LL
7 = Viase _ (Viase)? _ V3 _ ])8\( Viase)? _ Vbase)
base — = - - -
lbase Sbla?e Sb?'a?e ]yi Sbaa«s’e Sb3

3



Con
Estrella - Estrella (Y - Y)

Star - Star (¥ - ¥) Connected (Voltages)

exiones del transformador

The Primary Voltage Relationship:
=1/; RN £ 300
fu

2O 3
S O— 3 V, =V3V, £300
© The Secondary Voltage Relationship:
ﬂfm rww @ /h’\ rw=+/3rn 4300
%) J & ‘
)_ \"y_()@ g ®, Vline-line=“/§Vline-nL30o
The Per Phase Equivalent The Turns Ratio of the Transformer:
LINE
V B
Van L sas s
VBASE 1 Vline n
\)
The Per Unit Equivalent Vu =a= line
AVapa Vine-ine Prim 1
PU l_
||pu| =1 IIPUI Z Z
VLINE-LINE = VBASE 1 Vbast = \/hm' line M W L W
= W

\

Delta - Delta (A -2\

Delta - Delta (A-A) Connected
A

AYVINIYd

The Turns Ratio of the Transformer:

® Vi, RW BR

Vline—line w br
P'e
The Per Phase Equivalent Vin= Vu
J3 4300
LINE line
V, .
VLN Vlmen Vline—n = neline Z -30°
VBASE 1 VWJ e 7 ﬁ
N
N Vi V
The Per Unit Equivalent - =a
N\(Tz Viine-ine Viine-line
TPU
Ilpul =| ; Ilpul - lIine
Vineune = Vaase 1 Vigse 2 = Viinedine Z" pu - Z|.pl.l —_— =3
H—- Prim I e
)

Star - Delta (Y -/\)

E (= ;
AYVWNIYd

" AUVONOD3S

The Primary Voltage Relationship:

V,
RW=v3RNL300 V=%

Vime.une = Vanse 1

£30
Vv, =V3V,,£300 ViLsw
o The Per Phase Turns Ratio =a
® J g VLN =a V“ne_““e line-line
Vline-llne ='\/§ vline-n 4300
®
V, Vlma iine A-30°
line-n = 43—
VLN fedine 2300 /3" a’= av3
v—
fine-n )612-““ v
= =y = 430
Vline-line line-n
V'-N =a Vline-nL3o°

Vy =@ Viine-line Z. 300

ne-line "‘inepri _ lline,. /4300

— a
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Delta - Star (/- Y) The Secondary Voltage Relationship:

. @ rw = 43rnZ300 _ vline-line
H ?i[ line-n = '\/3_L30‘
% @ Vline-line 1/_ Ime-anoo
X Vv
® The Per Phase Turns Ratio L =a
E s vline-n = L fine-n
g a V,
S - Vw= 75 i 30
Vv, =V3V,, £300
V.= Vi £-300
w75
Vi . 2 YEL3e o 2
VIine-n V3 % V3
VLN =a Vline-n £.-300
Vit = 2" Viinedine £.-300
une-une = Vease1 Iu"'prim - 1_ linesec Z.-300
>

Phase Shift Through a (A-Y)
Voltages
Line Currents

(Y-A) Connected Transformer
Voltages
Line Currents

Delta - Star (A - Y) Connected

Star - Delta (Y —/\) Connected
The
Secondary

Lags

The
Secondary

Leads

Primary
by
300

Primary
by
300

The Per Unit Equivalent The Per Unit Equivalent

(Y-A (A-Y)
Vineune = Varse s Viase 2= Vinedine [l Vuneune = Varsea Vosse2 = V)
. L~
I Ipul = I Ipul -
vaul= vaul
Cambio de Bases
SNBase (VMBase)’
Znpu = Zmpu X v 258 T
SMBase (VNBase)

M

N




8) Componentes simétricos

Fasores asimétricos Componentes simétricos
Zero Sequence

Each zero sequence phasor quantity has the

—) same magnitude
All three phasors have no angular

displacement between them, all in phase
= + 7.+ 1,
Z 3 + 7. 47 The zero sequence phasor quantities have,
- b~ 1b 2b counter clock-wise, phase rotation
Zc = + Zlc + ZZc
El operador "a
Va = + Vla + VZa .
—) V, - +V, + Vy, Some Properties of “a”-operator
V.= +V, +V, a=12£1200
- a2=1£-1200 or 14£+2400 or a(a)
Ia - + Ila + IZa
)l =+, a3=1236000r1 or 1£00
le =l + lic+ Iy a3-1=0 or 0£00
e, 1 1
& T al=—=—— =1,-1200=32
a 1£1200
a
> PRI
b a<é= l =a
- a
Positive Sequence
Each phasor has the same
magnitude B-Phase Positive Sequence
Each positive sequence phasor We replace the Vb sequence term
quantity is displaced 120° from each by the Va sequence term shifted
another w_ 0
by the "a” operator
All phasors rotate counter -
clockwise giving a phase sequence Vbl = a?Val
ofa-b-c
B-Phase Negative Sequence
¥b

2" We replace the Vb sequence term by the Va sequence
>—'a term shifted by the “a” operator

Negaﬁvec Sequence Vb2 = ava2

Each phasor has the same magnitude B-Phase Zero Sequence

Enchisgiative sequence:quaniity. is. diplackad We replace the Vb sequence term by the Va sequence
120° from one another . . .

without any shift as they are in phase.
The negative sequence quantities have a VbO = Va0

counter clock-wise, phase rotation giving a
phase sequence of a-c-b if phasors ¢ & b are
swapped




C-Phase Positive Sequence
We replace the Vc sequence term by the Va sequence

term shifted by the “a” operator
Vel = aVal

C-Phase Negative Sequence
We replace the Vc sequence term by the Va sequence
term shifted by the “a” operator
Vc2 = a?Va2

C-Phase Zero Sequence
We replace the Vc sequence term by Va sequence without
any shift as they are in phase.
VcO = Va0

Asymmetrical Phasor Quantities |:> Symmetrical Components

Va0 =1/, (Va + Vb + Vc)
Val=1/,(Va +aVb +a2Vc)

Va2= 1/, (Va + a2Vb +aVc)

Symmetrical Components |:> Asymmetrical Phasor Quantities

Va = Va0 + Val + Va2 Va =Va0 + Val + Va2
Vb = Vb0 + Vbl + Vb2 Vb = Va0 + a2Val + aVa2

Vc =Vce0 + Vel + Ve2 Vc = Va0 + aVal + a2Va2

Péagina 2




9) Analisis de cortocircuito

Fallas Trifasicas Asimétricas Fase a Fase a Tierra o Fallas

The system only has positive sequence generators !
Supply
Positive Sequence Network Negative Sequence Network Zero Sequence Network side Fault\*\
V.=E_ -Z xI V,=-Z xI Vo =-Z x| ¢
1 F 1 1 2 2 2 0 0 0 Vb=Vc=Oand |a=0 Jz_
; la, +la, +1a,=0=la E: z, . Kirchhoff's Current Law
al
! Va,=Va,=Va, _O_:')‘
%
Vv, Z, [] v, Z || Vo Z | v
E, T
Vi '
Zo 1,
Vo
Fallas de linea Unica a tierra
Fase a tierra con |mpedanC|a
3EF s
= ——— FaultF™ | = | fault current B 3EF
Z1+22+20 * " Zz2ez003zF " Fu;l;]" I, =1 fault current
_ Supply
VaO + Val + Vaz =0 :51':‘ b z ’
L=l =1y b
¢ . -
|a0= |a1 = IaZ / I'=Ia=|a0+|al+|a2 ¢
Ia = a=|a=1/ Ia
|f=|a= Ia0+|al+|a2 EF l ’ e
ZI l Z: l Z(i l
l.=l.=l.= 1/ | al a2 a0
a0 = a1” 'a2 3% } { } {
lo=1,=3x,, Vai Va2 Vio l=1,=3x1,,
lg=1,=3xl, le=1,=3xl,,
lg=1,=3xl, le=1,=3xl, /
Voo + Vay +Vay = 1.Z= Vo™ 3lao?s |
Fallas fase a fase
Fallas trifasicas
V,=V, 1,=0, l,=-1 a
Supply E I
[a = 0 . b ¥ 1
0 side Fault\‘\
la,=-1la, ¢
V,=V,=V.=0
la,+la,=0
L L+, +1.=0
Z
:]" Lo lo=1,=0
Va1= Vaz Vo

E=1,1x2,
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Diag ramas unifilares para red Modelado: Transformadores (continuacién)
Componentes " . .
Positive Sequence Impedance in Per Unit Values
R X
El generador P
Negative Sequence Zero Sequence o o

reference for positive  reference for negative reference for zero

\ EZ0
‘ Zy Iy, Zp I, Zyo o, Negative Sequence Impedance in Per Unit Values
° RZ XZ

o AN—

Modelado: Generadores Sincronos

xd Xd' xd
S V&1L
\ | K | K | o °

Sub-Transient Current Transient Current Steady State
14 . . f
current | | | Secuencia cero a través de un transformador.
(pu) | | |
10 | | |
' | | - = =
8 ) | | reference reference reference
nvelppe of transient decay | |
6 d.¢. transient decay | | P —s p oo —s P 0000 s
| I Zy Zo Zy
4 | |
| |
2 | [ < P <] N Q <]
0 | L
| " =
2 | . | reference reference reference
| | |
# 50 | 100 150 200 250 | P — P— l———3¢g pP— —s
time (ms) Zy Zy Zy
Modelado: Transformadores Modelado: Lineas de Transmisién
Single-Line Diagrams for Network Components o 5 — 7
U, = primary side terminal voltage .,,Zm Single-Line D
U, = secondary side terminal voltage « =T nole ,':. egrem
R,,, = primary winding resistance V,= Zx1, +Z, x1,+Z, x|, Network Components
— Y A——e

X, ,,= primary winding leakage reactance (I,+1.)= -1,

Z,,=(Z,- Z,} Positive Sequence impedance

R,,s= secondary winding resistance V,= (2,-2,)x], ,

X, ;= secondary winding leakage reactance , va ., 2= (Z;- Z,,) Negative Sequence Impedance

X,,= magnetising reactance ’ e (2,-2,,) Z,0=(Z,+ 2Z,) Zero Sequence Impedance
Rur.p ‘\',p |a°= |b0= |:°

R.= eddy current / core losse
I, = primary current
I;= secondary current

Vo= ZX o+ Z X lpo +Z, X1 o
=ZX o+ Z X0+ Z X1,
=ZX o+ (2, +Z, )Xl
=(Z,+2Z, )X,

Z _ Yo =(Z,+ )
a0~ 120 & 2z,

I, = magnetising current Us

Positive & Negative Sequence Impedances




10) Proteccion y Control

Aparatos eléctricos

1 - Elemento maestro

2 - Retardo de tiempo de arranque o cierre del
relé 3 - Relé de verificacién o enclavamiento 4 -
Contactor maestro

5 - Parar

6 - Disyuntor de arranque 7 -

Relé de velocidad de cambio

8 - Dispositivo de desconexién de alimentacién de control
9 - Dispositivo de inversién

10 - Interruptor de secuencia de unidades

11 - Dispositivo multifuncién 12 -

Dispositivo de exceso de velocidad

13 - Dispositivo de velocidad sincrona 14 -

Dispositivo de velocidad insuficiente

15 - Velocidad - o Frecuencia, Dispositivo coincidente 16
- Dispositivo de comunicacién de datos

17 - Interruptor de derivacién o descarga 18 - Dispositivo de
aceleracién o desaceleracién 19 - Contratista de transicion
de arranque a funcionamiento 20 - Valvula operada
eléctricamente

21 - Relevo de distancia

22 - Disyuntor del ecualizador 23 -

Dispositivo de control de temperatura 24

- Relé de voltios por hercio

25 - Dispositivo de sincronizacion o verificacién de
sincronizacién 26 - Dispositivo térmico del aparato
27 - Relé de subtension 27s -

Relé de subtension CC 28 -

Detector de llama

29 - Contactor o interruptor de

aislamiento 30 - Relé anunciador

31 - Excitacién separada

32 - Relé de potencia direccional o relé de potencia inversa 33 -

Interruptor de posiciéon

34 - Dispositivo de secuencia maestra

35 - Dispositivo de cortocircuito con operacién de escobillas o anillo colector

36 - Dispositivos de polaridad o voltaje polarizador

37 - Relé de baja corriente o baja potencia 38 -

Dispositivo protector de rodamientos

39 - Monitor de condicién mecanica 40 - Relé

de campo (sobreexcitaciéon/subexcitacién) 41

- Disyuntor de campo

42 - Disyuntor en funcionamiento

43 - Dispositivo selector o de transferencia manual

44 - Relé de arranque de secuencia de unidad 45 -

Relé de sobretensiéon CC

46 - Relé de corriente de fase inversa o equilibrio de fases 47 -

Relé de voltaje de secuencia de fases o equilibrio de fases 48 -

Relé de secuencia incompleta

49 - Maquina o Transformador, Relé Térmico-OLR 50 -

Relé de Sobrecorriente Instantanea

50G - Relé instantaneo de sobrecorriente de tierra (método CT neutro)
50N - Relé instantaneo de sobrecorriente de tierra (método residual) 50BF
- Falla del disyuntor

51 - Relé de sobrecorriente de tiempo inverso de CA

51G - Relé de sobrecorriente de tierra de tiempo inverso de CA (método CT neutro) 51N
- Relé de sobrecorriente de tierra de tiempo inverso de CA (método residual) 52 -
Disyuntor de CA

52a - Posicion del disyuntor de CA (contacto abierto cuando el disyuntor esta abierto) 52b -
Posicion del disyuntor de CA (contacto cerrado cuando el disyuntor estd abierto) 53 - Relé
del excitador o del generador de CC

54 - Dispositivo de engranaje de giro 55 -

Relé de factor de potencia

56 - Relé de aplicaciéon de campo

57 - Dispositivo de cortocircuito o puesta a tierra

58 - Relé de falla de rectificacion

59 - Relé de sobretension

60 - Relé de equilibrio de voltaje o corriente 61 -

Interruptor o sensor de densidad

62 - Relé Temporizado de Parada o Apertura

Nudmeros ANSI Nimeros de funcién del
dispositivo del sistema de energia eléctrica
estandar IEEE segun. segun IEEE C.37.2-1991




Dispositivos eléctricos (continuacién)

63 - Interruptor de presion 64 -
Relé detector de tierra 64R - Falla a

tierra restringida 64S - Falla a tierra
del estator 65 - Gobernador

66 - Dispositivo de muesca o jogging 67 - Relé

de sobrecorriente direccional de CA 68 - Relé

de bloqueo

69 - Dispositivo de control

permisivo 70 - Redstato

71 - Interruptor de nivel de liquido

72 - Disyuntor de CC 73 - Contactor

de resistencia de carga 74 - Relé de

alarma

75 - Mecanismo de cambio de posicién 76

- Relé de sobrecorriente CC

77 - Dispositivo de Telemedicién

78 - Relé de medicién de angulo de fase o relé "fuera de paso" 79 - Relé
de reconexion de CA (reconexiéon automatica)

80 - Interruptor de flujo 81 - Relé

de frecuencia 82 - Relé de

reconexiéon de CC

83 - Control Selectivo Automatico o Relé de Transferencia 84 -
Mecanismo de Operacién

85 - Comunicaciones, portadora o relé de cable piloto
86 - Relé de bloqueo/disparo maestro 87 - Relé de
proteccién diferencial

88 - Motor auxiliar o motor generador 89 -
Interruptor de linea

90 - Dispositivo de regulaciéon 91 -

Relé direccional de voltaje

92 - Relé direccional de voltaje y potencia 93 -
Contactor de cambio de campo

Relay Identification

normally closed

R

%
—{ '— normally open
— }__ normally open

RRKNI1 - 307

0.05-05 -
Sec. p.u.
110 - 125V

Péagina 2

94 - Relé de disparo o disparo libre (relé de supervisién del circuito de disparo) 95 -Para
aplicaciones especificas donde otros ndmeros no son adecuados 96 - Relé de bloqueo de
disparo de barra colectora

97 -Para aplicaciones especificas donde otros niimeros no son adecuados 98 -Para
aplicaciones especificas donde otros ndmeros no son adecuados 99 -Para
aplicaciones especificas donde otros nimeros no son adecuados 150 - Indicador de
falla a tierra AFD - Detector de arco eléctrico CLK - Fuente de reloj o temporizacion
DDR - Registrador de perturbaciones dindmicas DFR - Registrador de fallas digital

DME - Equipo de monitoreo de

perturbaciones ENV - Datos ambientales

HIZ - Detector de fallas de alta

impedancia HMI - Interfaz hombre-

maquina HST - Historiador

LGC - Légica de esquema MET - Medicién

de subestaciones PDC - Concentrador de

datos fasoriales PMU - Unidad de mediciéon

fasorial PQM - Monitor de calidad de

energia RIO - Dispositivo remoto de

entrada/salida

RTU - Unidad Terminal Remota/Concentrador de Datos
SER - Registrador de Secuencia de Eventos

TCM - Monitor de circuito de disparo

LRSS - INTERRUPTOR SELECTOR LOCAL/REMOTO
SOTF - Encendido hasta falla

Numeros ANSI Numeros de funcién del
dispositivo del sistema de energia eléctrica
estandar IEEE seguin. segun IEEE C.37.2-1991

Relaying Terminology

| = I
T T
[
NORMALLY NORMALLY
OPEN CLOSED

A
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Relaying Terminology

+)

~—-
]

R Delta

i
Relay Seal-In !
I

e

Star * AN

Y =

Liquid Cooled Transformers

Over Current Relay Characteristics First letter: Internal cooling medium in contact with the windings

O mineral oil or synthetic insulating liquid with fire point < 300°C
K insulating liquid with fire point > 300°C
L insulating liquid with no measurable fire point

Time

Second letter: Circulation mechanism for internal cooling medium:

Definite Time relay N natural convection flow through cooling equipment and windings

F forced circulation through cooling equipment (cooling pumps)

D forced circulation through cooling equipment, directed from the cooling
Inverse Time relay equipment into at least the main windings

Third letter: External cooling medium
Aair
W water

Current

Esquemas de relés de proteccion Fourth letter: Circulation mechanism for external cooling medium

Differential Protection: Generators, Transformers, Lines & Buses N natural convection

F forced circulation (fans, pumps)
Pilot Wire Protection: Short Lines

Impedance Protection: Long Lines ONAF Cooling of Transformer "Oil Natural Air Forced"

(a) Two zone distance protection ONAN Cooling of Transformer "Oil Natural Air Natural"
b) Ph i tecti

(b) Phase comparison protection OFAF Cooling of Transformer "Oil Forced Air Forced"

(c) Directional comparison protection

(d) Direct under-reaching protection OFWEF Cooling of Transformer "Oil Forced Water Forced"

(e) Permissive overreaching protection

Tipos de E [

R

Co-ordinated Over-Current Protection: Feeders Phase to Ground (short cct) /

Breaker failure protection vk
Phase to Phase (short cct)

CT and breaker flash protection

Phase to Phase to Grd (short cct)
Remote Trip: Short Distances

Transfer Trip: Long Distances Three Phase (short cct)

]

High Resistance Phase to Grd (open cct)

W

Open Phase (open cct) }
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Esquemas de relés de proteccién Estructura basica del sistema eléctrico

Differential Protection: Generators, Transformers, Lines & Buses glolo_rKov. R Transmission Distribution
ue: ransmission
Green: Distribution
Pilot Wire Protection: Short Lines Black: Generation ll‘
Transmissson Lines
. N 735, 500, 345, 230, and 138 kV
Impedance Protection: Long Lines * {
L4
Generation
(a) Two zone distance protection
(b) Phase comparison protection
(c) Directional comparison protection
. . . Transmission
(d) Direct under-reaching protection o
ity nuy
(e) Permissive overreaching protection Function Typical Voltages (Phase to Phase - kV Socondery st
Utilization .120/.240 440 600 24 4.16 144
| Distribution 24 416 832 125 144 276
|Sub-Transmission 144 276 44 115 125 144 276k
. e | Transmission 115 230 500 735
Co-ordinated Over-Current Protection: Feeders Transformation Transformation Betwesn voliage levels
System Machines
. . (synchronous condensers |12.5 - 14.4
Breaker failure protection '%ueg changers, etc.)
Generation 24 416 138-240

CT and breaker flash protection .
Transformadores de instrumentos

Remote Trip: Short Distances Two Types
Transfer Trip: Long Distances Current Transformer Potential Transformer
Primary Conductor Primary Secondary
.z e 1
Elementos de una proteccién econdary Winding b [Ne Ns S
Esquema de retransmision /,,://é VP@ Vs R
() ©
Grid s/ 1
System ~—
1 I V. N
CT,S l PT,S Ipr = Ist — =
cB cT cT cB V., N
FAULT @—DH o °Z p—\—:»@ | —IN" IfN is=1
SENSING PT PT sTPNL P
(Primary Relays) S
! pA b
Y
ACTION 1 S
SELECTING
(Auxiliary Relays)
1 l Polaridad
FAULT — TR —{ S e Current Transformers
ISOLATING
(TRIP O/P Relays)
Direction of
Direction of Secondary Current
Primary Current \
Secondary Polarity Spot Marks
Generator Zone Bus Zone
Bus Zone
P P h — ey Primary Polarity Spot Mark
1 g o ) r—.r-.—ﬁ-, 1
: Ly 12t Im I IG Il : Primary current into into “spot”
! H =+ i
: = .I.- -l Secondary current will be out of “spot”
|- —— ‘ 3
i e
Ppp—— >
i ,.:{._-_4. -
= 18y 1og '
: |--|.--_=._J |
o o o = I_-_-_--J

Transformer Zone Line Circuit Zone
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Polaridad (continuacién)

H Protected
Potential Transformers prorecte
quipment
Input Output
; ; . - : ; h -
Voltage rise on H1 terminal || Voltage rise on X1 terminal l |1 [r B ~I' T ﬂ, lzI
| o[ 7 !
o o) I ! R
—_— _L Restraining Coil

Tipos de disyuntores de alta tensién

Operating Coil 1 R R |
lo=l-1; 1 N /\/ T =kl 1+ 11
|

Oil Breakers
Minimum Oil Breakers
Vacuum Breakers

SF6 Breakers

Air Blast Breakers

Westinghouse (ABB)

CO-2 Short Time Relay
CO-5 Long Time Relay

Differential/Operate Current

a STATION BUS CO-6 Definite Minimum Time Relay
—_—
B CO-7 Moderately Inverse Time Relay
C CO-8 Inverse Time Relay
] CO-9 Very Inverse Time Relay
52 I CO-11 Extremely Inverse Time Relay
4 5-A AUXCT s 3§
—0—>=—I\, A O
OO :l ¥ =
) 1 Restraint Current
2 s auxer ! »
o—= A, A S - IES
!ﬁﬂ 51 PRI st § ==
3 ]
*‘—"‘\/—4—)‘"—"‘ @ ¥ ® S e
2 L e m&xcr s . % SEcemm Retransmisién de impedancia
J I .,r"—"“{ ==
. 3 ~ == .
b %51 = The Mho Type Distance Relay
RN — |
+ Multiples of Tap Value Setting (Current) X
ABC Z2
Proteccién diferencial Several elements can be set differently:
.‘-IIlIIlllllllllllllll.llllllllllll.‘ zl 75%-soxoffhelineimpedan‘:e 21
. | Zone of Protection |2 : Z2 120% of the line impedance
- 1 -
 — —) L Z3  20%-30% of the line impedance reverse direction
)_\:1 —y HV Bus — X: use in Directional Comparison Protection R
= X X =
L] -
* L4
.I llIIIIIIIIIIIIIIIIIIIIIIIIllllll"
Z3
| !
1 |
v ZI
» — .
ion




11) Transformadores Trifasicos

Roﬁlﬂon
R 3-Phase Transmission Line
d I R
N
o

| : 1200
B " N| 1200

3-Phase Generator 3-Phase Load

Conexiones del transformador
Star - Star (Y — Y) Connected

- R
e E
™ B <
/M 2
. SOV CrYYY
Fw
1 m
WO
1 .
1 e S
X =)
2 =

The 3rd Harmonic

Fundamental Frequency is sin(wt)

3rd Harmonic is Frequency is sin 3x(wt)
A=Asin(wt+0°)
B =B sin(wt + 120°)

A = Agysin3(wt +0°) = A, ysin(3wt +3x0°) = A sin(3wt)
B3 ) = Bz ysin3(wt + 120°) = B3 sin(3wt + 360°) = B ,sin(3wt)

In
Phase

Star - Star - Delta Tertiary (Y =Y - A) Conn

Third Harmonic Currents

Rotatj,

ected

- —
M R . o
\j 7\ E v ~_‘.120
> .
N ;
L | .L.A.d @ @
>0 @
L4 IV rYYY
1‘@ T £ | v m@
(X)) S .120°
® ® % ;

Delta - Delta (/A\—/\) Connected

®
A

R
W

AYVINIYd
w
=

{H

h ) B
H H
E*) ErDThird Harmonic WB
. . 0 Currents @

X\

Star - Delta (Y —/\) Connected (Voltages). -

\

_; Rotat,
—p /_\K
THERONO)
W § br rw
b §
O O,
wb
D™ ()

The
Secondary
Lags

Primary

[RI=a|rw]

IRW|
V3a

or Iwl=

[RW| = V3R]



Conexiones del transformador (continuacién)

Delta - Y (A\— Y ) Connected (Voltages)

S
)

R- _____________________
3 BR

o)

"G5

H,

The
Secondary

Leads

Primary

by

30°

Star - Zig-Zag (Y —~) Connected

®)

5

3

]

AYVNIYd

®

/jj
&
@/«(A
QQ%QM

®

Péagina 2




12) Medicidon

Poder y energia

Work done or electric energy (E) is the
movement of charge (Q) caused by EMF
(v)

I

E=VxQ
P is the rate at which electric energy (E)
is transferred by an electric circuit

P=E?—ﬂ-v X Q/t=V x I

++ ++ 4

one electron = 1/Q = 1.6x107'? coulombs
1 coulomb = 6,250,000,000,000,000,000 electrons

1 amp = 1 coulomb passing by in 1 second of time

Electrical power is measured in Watts (symbol: W)

P=V | watts

>
= T volts

I—E amps
\"

Energia eléctrica

Energy = Power x Time Joule (J)
Watt hour
Watt Sec

kilowatt hour
S| multiples for watt hour (W-h)

Value Symbol Name Value Symbol Name
10°  mW-h  milliwatthour | 10°  kW-h  kilowatt hour
108 pW-h microwatthour 108 MW-h megawatt hour

10° GW-h gigawatt hour
102 TW-h  terawatt hour
105 PW:h petawatt hour

AC Resistor Circuits

rms Peak

V.= _Veeak =0.707V
V2
lac = lgms = 0.707 lpey

Average P, =  Average P,
Pag =12,R  watts,,

I::'Avg = —R—VRZMS WattsAvg

PAVQ = Vnns Irms wattsavg

Vrms = _I_q_Av VOItSRMS
s = 0 ampPSgyms
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Energia electrica Especificaciones del sitio WEB de Industry
Canada para medidores de electricidad

]
Yo nad
Industry Canada Canadid
CETET—
v, I,
pavg = COS(¢) S-E-08 — Specifications for the Installation and Use of Electricity
2 Teve Aereiw Meters - Measurement Canada Standard Drawings for Electricity
Metenng Instaliatons

m
= =X S
p°V9 -\' 2 -\] 2 co (¢) Industry Canada’s WEB Site has the Specifications for the Installation and Use of
Electricity Meters along with Measurement Canada Standard Drawings for
V Electricity Metering Installations including Colour Coded Connections

but vrms =-m And . o .
2 http://www.ic.gc.ca/eic/site/mc-mc.nsf/eng/Im04068.htmli#Appendixl|

avg
vV, I
_'m™m

Pag =5 cos(®) Teorema de Blondel
P =V__ xI_ cos(0) If energy is supplied to any system of conductors through N wires, the total

avg = Trms rms power in the system is given by the algebraic sum of the readings of N watt
Q. =V__xI__sin(®) VARs meters, so arranged that each of the N wires contains one current coil, the

avg - Trms T Trms corresponding voltage coil being connected between that wire and some common

APP arent Power =V__ x I VA point. If this common point is on one of the N wires, the measurement may be
rms T Trms made by the use of N-1 watt meters.
5 O O

J

Contadores de vatios hora

Voltage % Element
\

Current % Element

ST TIETED) @ aseyd €
©
|

] Z3 .
/ N = 4 wires
/ I N-1 = 3 watt meters
>
3
Pavs = Vrmsx Irmscos(q)) - V @
Element /7+rreesssssssesy o Verificacién del vatimetro cruzado
H . Emn
s :\nn sslafuiiad Wi =Vola = lg) + Veulle - 1g) Vv Vv Vv
Elementf [ : m Ywn Vbn
w1 Y e Are reference phasors which
1 . .
ey 55 . are equal in magnitude and
> 120° apart
v SPHASE. 4-WIRE ¥
were 2-ELEMENT, VERTICAL
ABAsE, TRANS-TYPE .
TRANSFORMERS - 3 CT Rotation
. MEASUREMENT CANADA
e STANDARD DRAWING V
—_— bwa.Nno: 3407 m
prPrOVED BY:  Adnan Rashid 1 N
sepTEmBER 2. 2008 !
Power=V, x| cos ©, Watts { )
______ A = - - - -

Power=V,, x| cos ©, Watts

W= W, + Wor WV 008 VRTREEVRTE Power=V, x| cos ©, Watts

/

/

Metering any 3 Phase 4 Wire Load

0

120

>

—

10}eJ2UD @ aseyd ¢

'MEASUREMENT CANADA
STANDARD DRAWING .

bvovo 3418 [

APPROVED B Adnan Rashid

sepTensen 2 200




13) Maquinas Rotativas

Commutation in a Simple Four-Loop DC Machine

Maquinas de corriente continua

The Cross Product of Two Vectors

axb
lallblsin(©)

The Right-Hand Rule

bxa
lallblsin(©)
\ 4

Induced Voltage in Rotating Loop

The Dot Product of Two Vectors e , ::: : :;ﬁ: ’:(i:)(:;f)
A=2rL

¢ 3
asb i eba = (v x B)L ¢ b
lallblcos(©) o = = VBL sin © into the page R
e | L esa

|

bea |
lallblcos(©) a d _—Il o

*ert”

The Linear DC Machine
F= i(L X B) eind = (v X B)L e = induced voltage
B = flux density

e = (v X Bl € @ind = @ba + €cb + €dc + €ad L = conductor length
R = vBLsinwt+ O + vELsinwi+ O @ = angle between B&v
W\I X X = 2vBLsin wt v = conductor velocity
X X X X X | ot rad F = the force on segment due to current
+ Xy X o X I oom e T = torque
— e X X 2 2 r = the radius from axis of rotation
Ve — Xy X o X
X X Tind = Tab + Toc + Ted + Tda
- Xy X y X l
xxxxx =riLB sin® + 0 + riLB sin® + 0
X = flux (@) into page B = 2riLB sin®
B = flux density (X/Area)
El motor de induccién
ve velocity of ",,.oﬂm A Rotating Magnetic Field
e = induced voltage (EMF) y <
E.=.force. B=B+ B = sinwt + cos wt ! Pythagorean Trig
Rofafing DC Machines =1 2 : Identity
w sin2wt +cos2wt=1

Stator sur,face area

~ \\\B =sin wt -

A

%

B = flux density
t time
-\wt angular velocity

vV=rw
@ind = 2rwBL
= (ZAPB(A))/IT
= (2ow)/m

B = cos wt |"

/

The flux in the machine

The speed of rotation

A constant of the machine

41:

= nr\.\ N
Rotor surface area A = 2mrL !’ I ’.; " @#N 1
AN TN




Rotores de motores de induccién
cps

Ns @ Synchronous Speed of Rotating Field @ W rps RPM = 60 cps
N @ Speed RPM e = 1201 rps
The Number of Machine Poles — .
Poles @ Poles/Phase
(= 2 L
==
(e
= 1 b
leps=2mrps  |# Y O & =
= ~
—_— e R
f @ Hz or cps = L -
]h L Il w_'ﬂ "_ ' ] _p“:l] J
| ™ W= q
h\ AN
sinwt
frequency (f) of AC supply cps Yy cos“{_t,\ freq y (F) of AC supply cps
Ns - N .
% slip s = Ne x100% N’ = Ns - N (relative speed)

€ind = Dmaxwsin(wt)
eind = induced voltage
B = flux density
w = angular velocity
(radians/second)

'

Rotating Magnetic Field = Ns RPM = 60w cps = 1201w rps

W

N =Ns - N RPM Current Frequency = w’ rps

w’ = N'/1207 rps (radians per second)

IRV VT

Ns - N
i M =S § = —
La — 1200 ” Ns
W’ = frequency in rad/sec Ns B Snin zmstin(wf) s i
120m ¥

€ind = Dmaxswsin(swt) s< 1

Two Pole Induction Motor
Equivalent Circuit

Rs R2 ‘
Stator sinwt Es Seind Rotor
Xs SXz \
m

Stator

Péagina 2

Motores de induccion monofasicos

h

Double-Field Revolving Theory

% 2

o . /F 7% Resultant flux, ¢ = Af($nsinwh)? + 02

¢ = dn sinwt

< X
® = synchronous speed

Total X-component = —2f-'l cos wt - £m cos wt =0

Total Y-component = 2 =0 sin wt+ % sin wt = Pmsinwt

Split-Phase Induction Motor

T = kIpn I sino

In

@ = 25° to 30°

Capacitor-Start Induction Motor
Ir Inm Win:l::;l(M)

(gt
\ ! \
\ A/ Roto
= Capacitor I
Starting 1 v
Winding (S) ”')_’

T = kIn I sin@ In

Tcapacitor-start > Tsplit-Phase




Motores de induccién trifasicos

Electrical Frequency and the Speed of Magnetic Field Rotation
ox = om sin wt

dy = dm sin(wt - 120°) electrical 2r = @m sin(wt)
. R mechanical ~J
tz = tm Sll (wfq; 240°) I = Im sin(wt)
r= ¢ox+ oy + ¢z

For 2 Poles/Phase
We = Wn
fe = |fm
Angular Velocity

e rad/sec
Wm cycles/sec

fe Frequency
£ } rev/sec
m rev/min

Rotating Ns — N = slip speed
Stator Ns - N
Field 5llp S = T
Speed = Ns Ns - N
% slip s = ———— x100%
Rotor Ns
Speed =N A stationary rotor (N = 0)

slip, s =1 or 100 %

Rotor Current

At standstill

Rotor current/phase I, = B ____E
Ze Y (R2) + (%)
Rz

Rotor P. F. cos @, =&

Zz (R2)* + (X2)?

When running at slip s

Rotor current/phase 1, = SE SE2

2% R + (%)

Rotor P. F. cos @', = & = R

Z% R + (%)

Pagina 3

Rotor Torque
The torque T developed by the rotor
is directly proportional to:
- rotor current I
Rz I - rotor em.f. E:
Xz - power factor of the rotor circuit cos @

12 = rotor current T xEzl2 cos $2

E2 = rotor em.f. or T =KEzI, cos ¢
cos $2 = rotor p.f.

Ez

Since I = ——— Rz .
and €0S @2 = ————— at standstill
at standstill V (R2)* + (X2)? ’ (R2)? + (%)
Ez Rz _ K(EZ)ZRZ

Then T =KE; x X =
at standstill V (R2)* + (X2 V(R2)® + (X2)* (R + (Xo)?

Field Windings
Rotor Windings

Armature /
Windings 3 C»;i’:;lmm
Stator Windings LA A | 7% ngs

<] [stator Windings

Field Windings

Ro’or Windings

—
iStator Winding

€ind = €ba+ €dc

@ind = 2VBml coswt
eind = W cos wt
eind = Ne@w cos wt

Nc = # of turns in coil

B = Bn cosa

v = velocity of the wire

B = magnetic flux density

| = length of conductor
w = relative angular velocity
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El circuito equivalente de un

Three-Phase Induced Voltages (Contd) Generador sincrono
120° . EA mex, Vo Armature (stator) Reaction
€aa(t) = Ncow cos wt Estat = =jXIa
X evy(t) = Ncow cos (wt-120°) Vo = Ea - jXIa
U eee(t) = Ne@w cos (wt-240°)
Emax = NCQ(I)
Ea Ve
Since w = 2nf f @ CPS
: Emax = 2NCOTTF
{"0- e Magnitude
lEAI = il Ncof ’ Vo = Ea + Estat
| e 2 .Sfafor ij Bnet = Br + Bstat
e self inductance

[Eal = /2 tNco f

. Ra
f @ cps of magnetic field Stator resistance WA

Vo = Ea - jXala - jXala - Rala

Y-Connected Delta(A\)-Connected

m K

Xs = X + Xa

V@ = Ea - jXsIa - Rala

Magnitude

Ens = FEA
B [T,
Eca= 1/3_Ec

Ec Vo
Rotor Speed = f cps : :

Induced Voltage Frequency of an P Pole Rotor = %xf cps

fe (cps) = Tp fr (cps) xR
p fr (RPM) " ve A Resistive Capacitive Load
fe (CPS) = T T
P 1 s
fe (cps) = 135 fr (RPM) v Xs1a
4 L
lagging power factor IaRa
Bifiou As the rotor
2 completes one cycle V@ = Ea - jXsIa- Rala Ea
% the induced stator In JXsIa
voltage coil will go
gwl through 1/2 the ~ e
P = number of poles 3 number of cycles as : Vo /IARa
fe = electrical frequency, in Hz (cps) there are pole on leading power factor ”
fr = mechanical speed of the rotor the rotor.

The Phasor Diagram of a Synchronous Generator
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Droop @ Drop in frequency of the generator as load increases

droop = ﬁ x 100%

FL

F

A
AAOB = AACD Fe

8
o8 = A9 x ¢cp Ool---= f
AC

fcl N D

p=MXpFL

fne - frL

FFL = FNL P

f= fu+
) PrL

| Power O/P
P N




14) Cableado eléctrico de bajo voltaje

All electrical circuits have:
1) Voltage, 2 ) Current and 3) Resistance 4) Watts

R Voltage 1=V
Current = esistance R

American Wire Gauge (AWG)
AWG Current (amps)

2 95

3 85

4 70

6

8

55
40
10 30
12 20
14 15
16 13
18 10

Wire Size Breaker Rating
14-2 Copper Wire 15 Amp
12-2 Copper Wire 20 Amp
12-3 Copper Wire 20 Amp
10-2 Copper Wire 30 Amp

10-3 Copper Wire 30 Amp

Rompedores de circuito

@ Terminal for line/load power.

@ Bi-metallic strip. Bends with heat (current).

@ Contacts. Current flows through when closed.

@ Arc Chamber.

@ Arc divider/extinguisher.

® Coil/Solenoid. Response to high overcurrents

@ Actuator lever. Manually trips or resets.

@ Actuator mechanism. Forces contacts together or apart.

Different Types of Breaker Trip Curves

10,000
6,000
4,000

2,000

1,000
600

400

200

100
60.0 \

40.0

200

100
6.00 N

4.00

2.00

Elapsed Time in Seconds

1.00
0.60
0.40

0.20 - B é a
0.10 = —

0.01
0.04

0.02

0.01
0.004

1] 1 1 1

113
143

wn

15
20
30
40

=}
~ m < n o © =

Multiples of Rated Current

THHN - Thermoplastic High Heat-resistant Nylon-coated wire

THWN - same as THHN, “W” water- resistance
Romex - Thermoplastic-Sheathed Cable (TPS) NM-D, or B.
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Green Coloured or Bare Wire z.'ln L|gh'|- Switch W|r|ng
White Coloured Wu:, ngh- f_ EO.X Sw i ‘l‘C h Box
% Fd i h Connecting Cable: !
Silver Coloured Screws 3 ) % 2WireCable :
8 Powgr Cable 1 f .
neutral g : B & : : :
_— : 1 1
ground \ 4 : :
Green Coloured Screw \ hot 4 J !
L} € Q) 1
1 1
U= o = oo =
C.Ia\.) Brass Coloured Screws
Single-Pole Switch Terminals Alternate Light Switch Wiring

(Bringing neutral to the switch)

O
. Connecting Cable
Neutral /" Hot g Power Cable — e
o 2Wire— [
Neutral required in most
new switch boxes
\:‘ \®) — Ot
A 4 ==
Single-Pole Switch Terminals Alternate Light Switch Wiring
(Bringing power first to the switch)
. Switch Box n Light Box
Power Cable Connecting Cable foeessacs -I e LN
i =1 SPST
2-wire cable Light 2-wire cable  —]. . . : . : Connecting Cable.' ‘.
1 — : 2-Wire Cable s —e '
1 I- ' LN L4
1 ' ~ - ¢
: E_F
[
Connecting Cable Power Cable . b '
gt |~ 2-wirecable —_|Sroi I 2-wire cable : :
Power Cable :

Hot
Ground

Neutral

Hot
Ground
Neutral




Alternate Light Switch Wiring
Double Ganged Switch Box

Light Box Light Box

PR

o “bh
’
: !
1
1
|
1
A}
‘
~~----- 1 S mmm-
1 ]
1 ]
2-wire —I
Ground
Neutral
Wiring a Switch to a Wall Outlet
Top half of receptacle

controlled by switch

@ ®)
- 4efp——Tab Removed
sWi
Bottom half of
the receptacle ﬁ
always hot '—
Ld
€ Q)
e X
Hot source Hot
to switch Ground
terminal Neutral
Wiring a Switch to a Wall Outlet
top half of
receptacle neutral required in most new
controlied by switch boxes as of 2011 NEC

switch

©_0
=1 tab
removed
s
bottom half of ' ﬂ
receptacle l |
always hot I
L ® |
©1©
source

3-wire cable to run neutral / ———————————— Hot
through to the switch

Ground
Neutral
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3 Way Switch with Light at the End

3-wire cable run
between switches

travelers between
switches

2-wire cable between second
switch and light fixture

2-wire
cable

common on the second
switch is connected to hot
/ on the light

hot source is connected to the

2-wire
cable common on the first switch

Source at 1st switch

— Hot
Ground
Neutral

3 Way Switch Wiring with Light Middle

travelers spliced at light box

3-wire cable between the
light and each switch

3-wire 3-wire.
l on |
second switch
connects to ?i E
— > hot on light Ld
Swi1 9 Sw2
p source neutral ‘I
spliced through
== N tothe light £~ e .
Source 2:Wire
at1st B8 hot source connected to
switch common on first switch
Hot
Ground
Neutral
. eise .
3 Way Switch Wiring with
Source to the Light
2-wire cable runs between Sidea cable SOU"(;’B hO'h
: p p runs throug
ot anfi ISt Runch between switches to common on
2'_.*, 4 m 2nd switch
cable
e
Source at 2 WI8 l
light H
e —© .
(] swe |
.
swi P F
i !
|
i ;
on 1st
Y switch connected ©
— 1o hot on light
=
— HOt
Ground
Neutral
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3 Way Switch Wiring with Source to the light in the Middle 3 4 Way
SPDT Switch DPDT Switch SPDT Switch
traveler wires spliced in the fixture common on SW2 © e

box and run between switches  gource to hot source

L —

o g —o J
= v fey
1 m‘::‘;, ﬂ And the light comes on again. E

The centre switch, is a four way switch.
Flipping it is the same as crossing the red and black wires.

common on SW1

to hot on light
4 4 Way
SPDT Switch DPDT Switch SPDT Switch
————— Hot © ®
— Ground
—  Neutral
Las siguientes cuatro diapositivas demuestran
esquematicamente como se conecta y funciona un
interruptor de cuatro vias.
Which, once again, turns off the lamp,
because once again, the circuit is broken.
l 4 Way
SPDT Switch DPDT Switch SPDT Switch

It is intuitive to conclude, that flipping any of the three

E z/ switches, one at a time, reverses the state of the lamp.

O

DPDT Switch

The light is on, because the circuit is complete.
Now, let's flip the left switch!

SPDT Switch

2 4 Way

SPDT Switch DPDT Switch SPDT Switch . .
o 4 Way Switching
—1 ° 4 Way Switching
2-wire travelers from SW1 to T2 from 4-way to
T1 on the 4-way switch
And the light goes off, because the circuit is broken.
This time, let's flip the switch on the right... &
Common on
Switch #2 to
Hot on Light
—— HO
Ground

Neutral
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Hot cables from meter attach

. to lug terminals
Incoming
ground é: Incoming neutral
Incoming
d
. . Neutral/ground
:':ot fee'der Iines) (D cable attaches
ncoming power;
) s y ( here.
Incoming
neutral i [IE Main breaker
T LI‘,' Main bonding jumper
[T —_— =" Neutral buses
— Hot bus bar ° ;jo
i A (behind breakers) ol mis - Hot
Bl 1 ot wire
jl '— Neutral bus bar o~ .
o| Jo —— Neutral wire
e Rl ° Ground wire
° ° J
ol 1o T Ground buses
; -J‘f- T Hot buses
s 2° Knockouts for circuit
circuits . ) - cables on all sides of
QL] e
o Grounding electrode
e F s ® conductor
+240
Simbolos estandar del diagrama de cableado doméstico
— Electrical S Single Pole
@) +120 s switchbox Switch
Three-Way SinglePlex
Ss Switch _e Receptacle
:@ Duplex Duplex Receptacle
WP= Waterproof
. @) Neutral Receptacle a
time GFCI Duplex * TIsolated Ground
:@cm Receptacle :@ Receptacle
FourPlex
Switched
_e Receptacle % Four Gang
Beceptacle o
A .. 240-V Ceiling Mounted
Hot busbar B -Volt
Light Fixture
=@ Receptacle Qc pC- Pullchain
Wall-Mounted @ Recessed
Light Fixture Light Fixture
-240 Weatherproof Fluorescent
¥ Light Fixture }———— Light Fixture
Murciélago Ceiling Combination
\O}= Fan Light & Fan
\Q Power Electric Motor
VE Vent Fan Number=HP
Smoke Circuit
Detector il Breaker
N Telephone Doorbell
Jack Transformer
Doorbell
[.J Pushbutton # Ground




Neutral

= g High voltage
line
Weatherhead Fuse
KOSDS: wete, - > Transformer
out "
\ —> ‘ Ground wire enters
} soil at bottom of pole
Meter and A
meter box & Drip loop on wires keeps
& [\__' water out minimum 12’'above ground

L Conduit ]
-connect to cut off box, breaker box etc
-connect to outlet for mobile RV etc

|

These Screws are HOT at all times !

120 Vot

Breaker Neutral Wf 0

12-2wire z=—Bare ground—— v
120v

HOL trom esther ot s

: _— Hotl o
10-2wire 2 " Bare ground —— v
1720v
Hot2 _l_i

/Hot2 L f

1
g _—White Neutral—
10:3wire ==—Bare ground pa i

Hotl s *

120 Volt
=

240 Volt
Breaker

240 Volt

Fridge

120 V Split Duplex
Recepticle

120 V Split Duplex
Recepticle
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15 Amp, 120 Volt Circuit Breaker

neutral to
ground to

circuit und
/ o circut

¥,
Neutral
Bar 15A
O 120 voits
to circuit
Ground
Bar

20 Amp, 120 Volt Circuit Breaker

Ground
Neutral 240 volts split between
Bar
Ground
Bar
128
cable

Neutral
2 circuits
— HOt

Ground
Neutral

both circuits —,
share a neutral

20 Amp, 240 Volt Circuit Breaker

no neutral in
this circuit
white wire
. marked hot
round
Bar \
Hot 120 Volts
Each
ground to /
circuit ~—>» .
12/2 Cable
—
Hot

Ground
= ———- Hot




30 Amp, 240 Volt Circuit Breaker

Ground

Bar Neutral - O O 120 s
Bar /
120 ﬁ
108 =
ground
———— Hot
Ground
Neutral
20 Amp, GFI Circuit Breaker
ground to
circuit \ e —  1222Cavle
Bar

120 volts
ot wire
Ground
Bar
.
neutral wire to set
screw on breaker

builtin breaker wire to neutral bar

Hot
Ground

Neutral

Tipos de puntos de venta en todo el mundo
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Doorbell Wiring

AC to doorbell
transformer from
household circuit

L \ ®

N

one wire from the
transformer and one wire " °"" wire from ""t
from the door button are ransformer output to
d to the chi one wire from the
door button
—— Ot
Ground
—  Neutral

Doorbell Wiring

| one transformer wire and one wire from
each button is connected to the chimes

L/

each button is
/ spliced to one

transformer output

Hot
Ground
Neutral

4 . |
L-mLEs et -
NSO e e A T p— “
\ \ ’ A A ' A ,, \
. @ o .0 O :| '\\. L N /\\‘ [ 2 / ‘: ('. O'\\
\ oo N N )/ ! -, ) . .
JARCEELLED SRR : AN / Check the Label on the Wire Nuts Packaging
~o ,_l e’ S _—— T EE e
Germany (type F) France,Poland (type E)  Italy (type L) Europlug (type C) UK(type G)  Switzertand (type J) Model |awowireszesitor | DIMENSIONS | o Material
(Millimet)
SP1 MIN 2x#22 MAX 2x#16 | 0.59x0.34 inch Grey
- =~ B SP2  |MN2xs2z2Maxax#s | 0.69x0.4 inch Blue Screw terminals:
- .~ ."\'"'/'" . ) e , ,,—O -~ copper
\ ' 1 ' ' ’ v
’ \ ' l 1 I ’ A MIN 1X#18+ 1X#20 087 049 il h
! / \ \l : _ ! ! I . ' l . ! Y SP3 [ Maxaxe1s MAX 1x20 X nc Orange lisulated screw
' s ¢  TTEEmEESE=EeES- | .
\ (. N ' N0 \ h — _ tube: nylon
\ l] FEEEEEEEEEEE N . @ [ SP4  |\axaxsismaxixers | 0.96x054inch | Yellow
Te--c Teee -t i 2xe14 1.05x0.63 inch
Australia, China (type I)  Israel (type H) USA (type B) USA (type A) India (type D) SPS  |Mmaxaxeiomaxaxen2 Red
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