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A Note from the Author...

Ugly’s Electrical References is designed to be used as a quick
on-the-job reference in the electrical industry. Used worldwide by
electricians, engineers, contractors, designers, maintenance workers,
instructors, and the military, Ugly’s contains the most commonly
required information in an easy-to-read format.

Ugly’s Electrical References is not intended to be a substitute for the
National Electrical Code®.

We salute the National Fire Protection Association for their dedication
to the protection of lives and property from fire and electrical hazards
through the sponsorship of the National Electrical Code®.

National Electrical Code®, Standard for Electrical Safety in the
Workplace®, NEC®, and 70E® are registered trademarks of the
National Fire Protection Association, Quincy, MA 02169.
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Ohm’s Law is the relationship between voltage (E), current (1),
and resistance (R). The rate of the current flow is equal to
electromotive force divided by resistance.

Intensity of Current = Amperes

Electromotive Force = Volts

Resistance = Ohms

Power = Watts
The three basic Ohm’s Law formulas are:

E E
| = F R= -I— E=IxR
Below is a chart containing the formulas related to Ohm’s Law.
To use the chart, start in the center circle and select the value
you need to find, | (Amps), R (Ohms), E (Volts), or P (Watts).
Then select the formula containing the values you know from
the corresponding chart quadrant.

Example:
An electrical appliance is rated at 1200 watts and is connected
to 120 volts. How much current will it draw?

Watts
Volts

What is the resistance of the same appliance?

Amperes =

Ohms = Volts
Amperes
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In the preceding example, we know the following values:

| =Amps =10 Amps R = Ohms = 12 Ohms

E = Volts =120 Volts P = Watts = 1200 Watts
We can now see how the 12 formulas in the Ohm’s Law chart
can be applied.

[ Watts 200
Amps = Ohms = =V 100 = 10 Amps

Watts
Amps = Volts 10 Amps

Ll 10 Amps

Watts = Volts x Amps

Watts = Amps® x Ohms

=/ Watts x Ohms VP xR =1200x 12 =+ 14400 = 120 Volts

= Amps x Ohms IxR = 10x12 = 120 Volts

Watts _ li - % = 120 Volts

1200 14400
1200 = 1200 - 120nms

12 Ohms

12 Ohms
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A series circuit is a circuit that has only one path through which
the electrons may flow.

Rule 1:  The total current in a series circuit is equal to the current
in any other part of the circuit.
Total Current =1y =1, =15, etc.
Rule 2:  The total voltage in a series circuit is equal to the sum of
the voltages across all parts of the circuit.
Total Voltage Er=E; + E, + Es, etc.
Rule 3:  The total resistance of a series circuit is equal to the sum
of the resistances of all the parts of the circuit.
Total Resistance Rr= R + R: + Rs, etc.

Formulas from Ohm’s Law
Volts E

Amperes = - istance o =5

Volts

Resistance = ——
Amperes

E
R=—1

Volts = Amperes x Resistance or E=1xR

Example 1: Find the total voltage, total current, and total resistance of
the following series circuit.

E, =10 Volts

l,=0.4 Amps

R, =25 Ohms

E; =8 Volts E;=6Volts
ly=0.4 Amps l3=0.4 Amps
R{=20 Ohms R3=15 Ohms
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E: = E+E+E; =
8+10+6
E: = 24 \Volts’ =

R = Ri+R.+R,
=20+25+15
R: = 60 Ohms

Example 2: Find E;, E,, E,, I, I, I, I, Rr, R., and R..
Remember that the total current in a series circuit is equal to
the current in any other part of the circuit.

E. =7

. =0.5 Amps

R, = 48 Ohms

=l=L=05=1 =0.5x72
05=05=05=05=0.5 =36 Volts
I =0.5Amps |, =0.5Amps ‘
i, =05Amps I =0.5Amps

E: =E.+E +E+E, =1, xR,
=36+12+24 +48 =0.5x48
E. =120 Volts . =24 Volts

R: =R/ +R.+R; +R.
=72+24 +48 + 96
R: =240 Ohms
E. 12
R =705
=24 Ohms
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A parallel circuit is a circuit that has more than one path
. through which the electrons may flow.

. Rule 1:  The total current in a parallel circuit is equal to the sum of
the currents in all the branches of the circuit.
Total Current It =1y + I, + |5, etc.

Rule 2: The total voltage across any branch in parallel is equal to
the voltage across any other branch and is also equal to
the total voltage.

Total Voltage Er=E;=E; = E;, etc.
The total resistance of a parallel circuit is found by
applying Ohm’s Law to the total values of the circuit.

. Total Voltage _ B
_ Total Resistance = Total Amperes or Rr=

. Example 1: Find the total current, total voltage, and total resistance of
. the following parallel circuit.

E, =120 Volts E, =120 Volts E;=120 Volts
ly=2 Amps l,=15 Amps I3=1 Amps
Ry =60 0hms R, =80 Ohms Rs=120 Ohms

= h+h+l; Er Ei=E=E;
= 2 +15+1 120 =120 =120
= 4.5 Amps Er 120 Volts

B 120 Volts _ )
= T _4.5Amps = 26.66 Ohms Resistance

Note: In a parallel circuit, the total resistance is always less than the
resistance of any branch. If the branches of a parallel circuit have the
same resistance, then each will draw the same current. If the branches
of a parallel circuit have different resistances, then each will draw a
different current. In either series or parallel circuits, the larger the
resistance, the smaller the current drawn.

5
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To determine the total resistance in a parallel circuit when the
total current and total voltage are unknown:

1 1 1 1

“TotalResistance -~ R, T R, T ®R;, Tt ‘o

Example 2: Find the total resistance.

Ry =60 Ohms R, =280 Ohms Ry =120 Ohms

1,11
R4 R. Rs
R I
T 60 80 120
4 + 3 + 2

+ +

Use lowest common denominator (240).

For a review of Adding Fractions
and Common Denominators,

ltiply.
Cross multiply see Ugly's pages 152154,

9 x Rr =1 x 240 or 9Rr = 240
Divide both sides of the equation by 9.
Rr = 26.66 Ohms Resistance

Note: The total resistance of a number of equal resistors in parallel
is equal to the resistance of one resistor divided by the number of
resistors.

Resistance of One Resistor

Total Resistance = Number of Resistors in Circuit
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. Formula: R = %

. Example 3: Find the total resistance.

There are three resistors in parallel. Each has
a value of 120 Ohms resistance. According to
the formula, if we divide the resistance of any
one of the resistors by three, we will obtain
the total resistance of the circuit.

120
3

Total Resistance = 40 Ohms

RT = % or RT =
Ry=120 Ohms

Note: To find the total resistance of only two resistors in parallel, multiply
. the resistances, and then divide the product by the sum of the resistors.

R1XR2

. Formula: Total Resistance = ————=
R1 + Rz

. Example 4: Find the total resistance.

Ri x R

Bro= 7 R

40 x 80
40 + 80

R, =280 0hms = 26.66 Ohms
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In combination circuits, we combine series circuits with parallel
circuits. Combination circuits make it possible to obtain the different
voltages of series circuits and the different currents of parallel circuits.

Example 1: Parallel-Series Gircuit.
Solve for all missing values.

—

E=? Ey="?

R ly=7? l3=7?
E; =120 Volts Ry =20 Ohms Ry=10 0hms
ly=2
Rr=? E,=?
ly="?

R, = 40 0hms R, =50 Ohms

<— Branch “B”

To solve:

1. Find the total resistance of each branch. Both branches are simple
series circuits, so:
R1 + Rz = HA
20 + 40 = 60 Ohms total resistance of branch “A”

Ra + R4 = Rs
10 + 50 = 60 Ohms total resistance of branch “B”

Redraw the circuit, combining resistors (Rs + R.) and
(Rs + Ra) so that each branch will have only one resistor.

Er=120Volts 3 Ep=? : Eg=?
=72 A=? lg=?
Rr="? ¢ R, =60 Ohms ¢ Rg =60 Ohms
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Note: We now have a simple parallel circuit, so:

Er = Ea = E
120 Volts = 120 Volts = 120 Volts
We now have a parallel circuit with only two resistors, and they are of

equal value. We have a choice of three different formulas that can be
used to find the total resistance of the circuit.

Ra x Rs - 60 x 60 i} 3600 _ 30 0hms

LR>=<1—O or 1% Rr =1 x 30 or R = 30 Ohms
-

We know the values of Er, Ry, Ea, Ra, Es, Rs, Ri, Ro, Rs, and Ra.
Next we will find the values of Ir, In, Is, I1, Iz, 13, and ls.

120
30

120
60

or 4 4 Amps

2 Amps

=2 = 2 Amps
» = 2 Amps

2 Amps

2 Amps
2 Amps
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4. We know that resistors #1 and #2 of branch “A” are in series. We
also know that resistors #3 and #4 of branch “B” are in series.
We have determined that the total current of branch “A” is 2 amps,
and the total current of branch “B” is 2 amps. By using the series
formula, we can find the current of each branch.

Branch “A” Branch “B”
IB = |3 = |4
2 2 = 2
2 Amps [ 2 Amps
2 Amps Iy 2 Amps

o g
[ LT}

We were given the resistance values of all resistors.

Ry =20 Ohms, R, = 40 Ohms, R; = 10 Ohms, and R, = 50 Ohms.
By using Ohm’s Law, we can determine the voltage drop across
each resistor.

E1=R1X|1 E3=R3X|3
=20 x 2 =10 x 2
Es = 40 Volts E; = 20 Volts

E2=R2X|2 E4=R4X|4
=40 x 2 =50 x 2
E, = 80 Volts = 100 Volts

Example 2: Series Parallel Gircuit.
Solve for all missing values.

Ry=3
<«—— Branch “A” —
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To solve:
. 1. We can see that resistors #2 and #3 are in parallel, and combined
they are branch “A.” When there are only two resistors, we use
the following formula:

Ry X Ry 203 a0 800 12 ohms

Re = Ram, O 20430 O 50

We can now redraw our circuit as a simple series circuit.

Ex=? E;=110 Volts
) lh=? ly=?
Ry =10 Ohms Ra=12 Ohms Ry=7?

<«—— Branch “A” —»

In a series circuit,
Rr = Ry + Ry or Ry = 10 + 12 or 22 Ohms
By using Ohm’s Law,
Er 110
Iy = —R-T— = W = 5 Amps
In a series circuit,
b=l =1Iyorly =5Amps, 1 = 5Amps, and Iy = 5Amps

By using Ohm’s Law,
E1=|1XR1=5110

= 50 Volts
Er —Ey =Ex or 110 = 50 =

60 Volts = Ex

In a parallel circuit,
Ex = E; = E; or Ex» = 60 Volts
E, = 60 Volts, and E; = 60 Volts

By using Ohm’s Law,
E 60
R, 20
E 60
R; 30

3 Amps

l, =
I3 2 Amps

11
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Problem:

Find the total resistance.

Redraw circuit as many times as necessary.
Correct answer is 100 Ohms.

Rg

Given Values:

Ri 15 Ohms
35 Ohms
50 Ohms
40 Ohms

30 Ohms

25 Ohms
10 Ohms
300 Ohms
60 Ohms

mwon nn
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® m COMMON ELECTRICAL DISTRIBUTION SYSTEMS
120/240-Volt, Single-Phase, Three-Wire System
L1 Black t

4
120 Volts
Neutral ¥ White **

120T\/0It3 240 Volts
v Red !

1 - Line one ungrounded conductor colored black
1 - Line two ungrounded conductor colored red
**. Grounded neutral conductor colored white or gray

120/240-Volt, Three-Phase, Four-Wire System (Delta High Leg)
‘3 Highleg ~ Orangef

508 Volts 240 Volts 240 Volts
* |

Red f

*
240llolts Black f

*
120 Volts

ral v ¥ White ™

=

T - A phase ungrounded conductor colored black

1* - B phase ungrounded conductor colored orange or tagged
(high leg). (Caution: 208 volts orange to white)

1 - C phase ungrounded conductor colored red

** . Grounded conductor colored white or gray (center tap)

** Grounded conductors are required to be white or gray or three white or gray stripes on
other than green insulation. See NEC 200.7.
* B phase of delta high leg must be orange or tagged. See NEC 110.15.
1 Ungrounded conductor colors may be other than shown; see local ordinances or
specifications.

&
13
®




m COMMON ELECTRICAL DISTRIBUTION SYSTEMS

120/208-Volt, Three-Phase, Four-Wire System (Wye Connected)
Black t

*
208 Volts

7N
120 Volts
Y v

120 Volts 208 Volts

<A phase ungrounded conductor colored hlack

t+ B phase ungrounded conductor colored red

1+ C phase ungrounded conductor colored blue

“*« Grounded neutral conductor colored white or gray

277/480-Volt, Three-Phase, Four-Wire System (Wye Connected)
Brown t

)
480 Volts
v __Oranget §

277 Vlolts
A4

?
277 Volts 480 Volts

l Yellow T l

1+ A phase ungrounded conductor colored hrown
< B phase ungrounded conductor colored orange
t« C phase ungrounded conductor colored yellow
“*« Grounded neutral conductor colored gray

Neutral Gray ™

** Grounded conductors are required to be white or gray or three white or gray stripes on
other than green insulation. See NVEC 200.7.

1 Ungrounded conductor colors may be other than shown; see local ordinances or
specifications.

14
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7Y 10 FIND AMPERES

Direct Current
A. When horsepower is known:

Horsepower x 746 _ HPx746

A . |- MHPx746
MPEIeS = “Volts x Efficiency E x %EFF

What current will a travel-trailer toilet draw when equipped with a
12-volt direct-current, %-HP motor that has a 96% efficiency rating?

HP x 746 746 X %
E x %EFF = 12 x 0.96

B.  When kilowatts are known:

Amperes = —filowatts x 1000 or | = KWx1000
PEIES = ™ Voits T T E

A 75-kW, 240-volt direct-current generator is used to power a
variable-speed conveyor belt at a rock-crushing plant.
Determine the current.

KW x 1000 75 x 1000 _ 312.5 Amps

Single Phase
A. When watts, volts, and power factor are known:

Watts P

A = —_— gy
Mmperes Volts x Power Factor 0 E x PF

Determine the current when a circuit has a 1500-watt load, a power
factor of 86%, and operates from a single-phase, 230-volt source.

1500 1500
= 230 x 086 - 1978 - /[O8Amps
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Single Phase (continued)
@ B When horsepoweris known:

. Amperes = Horsepower x 746
Volts x Efficiency x Power Factor

Determine the amp-load of a single-phase, %-HP, 115-volt motor. The
motor has an efficiency rating of 92% and a power factor of 80%.

HP x 746 % X 746 373
E x %EFF x PF 115 x 092 x 0.80 ~ 84.64

4.4 Amps

C. When kilowatts are known:

Kilowatts x 1000 rl = KW x 1000

Amperes = —8M—————— =
mper Volts x Power Factor E x PF

A 230-volt, single-phase circuit has a 12-kW power load, and operates

at 84% power factor. Determine the current.

_ Kw x 1000 12 x 1000 12000

= 62 Amps

ExPF 230 x084 ~ 1932

D. When kilovolt-amperes are known:

Kilovolt-Amperes x 1000 . _ KVA x 1000

Amperes =
P Volts E

A 115-volt, 2-kVA, single-phase generator operating at full load will
deliver 17.4 amps.

| 2x1000 _ 2000

115 g AR

Remember: By definition, amperes is the rate of current flow.

17




£ 70 FIND AMPERES

Three Phase
A. When watts, volts, and power factor are known:

Watts

Amperg§ = —mM8M8M8¥ —FM
neres Volts x Power Factor x 1.73

. P
" E x PF x 1.73

Determine the current when a circuit has a 1500-watt load, a power
factor of 86%, and operates from a three-phase, 230-volt source.

or

1500
ExPFx 173 = 230 x 086 x 1.73 3422

4.4 Amps
B.  When horsepower is known:

Horsepower x 746

Amperes =
P Volts x Efficiency x Power Factor x 1.73

HP x 746

or " Ex %EFF x PF x 1.73

Determine the current draw of a three-phase, %-HP, 230-volt motor.
The motor has an efficiency rating of 92% and a power factor
of 80%.

B HP x 746 ) % X 746
" E x %EFF x PF x 1.73 230 x 0.92 x 0.80 x 1.73

373 _
203 - 1.27 Amps
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Three Phase (continued)
C. When kilowatts are known:
Kilowatts x 1000

Amperes = —Mm—————————
P Volts x Power Factor x 1.73

KW x 1000
E x PF x 1.73

A 230-volt, three-phase circuit, has a 12-kW power load and operates
at 84% power factor. Determine the current.

or | =

KW x 1000 12 x 1000 12000

ExPFx173 230 x 084 x 1.73 33424
35.9 Amps

D. When kilovolt-amperes are known:

AMDEris = Kilovolt-Amperes x 1000 _ KVA x 1000
ki Ex1.73 = Ex173

A 230-volt, 4-kVA, three-phase generator operating at full load will
deliver 10 amps.

KVA x 1000 4 x 1000 4000
E x 1.73

10 Amps




m TO FIND HORSEPOWER
Direct Current

Volts x Amperes x Efficiency
746
A 12-volt motor draws a current of 8.1 amps and has an
efficiency rating of 96%. Determine the horsepower.
HP Ex1x %EFF 12 x 8.09 x 0.96  93.19
- N 746 T 746

0.125)

Single Phase

Horsepower =

Volts x Amperes x Efficiency x Power Factor

A single-phase, 115-volt ac motor has an efficiency rating of 92% and
a power factor of 80%. Determine the horsepower if the amp-load is
4.4 amps.
E x I x %EFF x PF 115 x 4.4 x 0.92 x 0.80

746 746

HP = O = 04992 = ; HP

HP =

746

Three Phase
Volts x Amperes x Efficiency x Power Factor x 1.73

746

A three-phase, 460-volt motor draws a current of 52 amps. The motor
has an efficiency rating of 94% and a power factor of 80%. Determine
the horsepower.

_ Ex 1 x %EFF x PF x 1.73 460 x 52 x 0.94 x 0.80x1.73

B 746 h 746

HP =

HP

HP = 41.7 HP
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L7 70 FIND WATTS

The electrical power in any part of a circuit is equal to the current in
that part multiplied by the voltage across that part of the circuit.

A watt is the power used when 1 volt causes 1 amps to flow in a
circuit.

One horsepower is the amount of energy required to lift 33000 pounds,
1 foot, in 1 minute. The electrical equivalent of 1 HP is 745.6 watts.
One watt is the amount of energy required to lift 44.26 pounds, 1 foot,
in 1 minute. Watts is power, and power is the amount of work done in
a given time.

When volts and amperes are known:
Power (Watts) = Volts x Amperes
A 120-volt ac circuit draws a current of 5 amps. Determine the power

consumption.
P=ExI =120 x 5 = 600 Watts

Now determine the resistance of this circuit.

Watts

Resistance = ——~
Amps®

Volts? 2
Resistance = or R=—
Watts P

120 x 120

Note: Refer to the formulas of the Ohm’s Law chart on page 1.




3 70 FIND KILOWATTS
Direct Current
Volts x Amperes
1000

A 120-volt dc motor draws a current of 40 amps.
Determine the kilowatts.

120 x 40

Kilowatts =

Single Phase

Volts x Amperes x Power Factor
1000

A single-phase, 115-volt ac motor draws a current of 20 amps and has
a power factor rating of 86%. Determine the kilowatts.
ExIxPF 115x20x0.86 1978

= — 2 IAXE0 O 978
KW 1000 1000 joop - 1978 =2kW

Kilowatts =

Three Phase

Volts x Amperes x Power Factor x 1.73
1000

A three-phase, 460-volt ac motor draws a current of 52 amps and has a
power factor rating of 80%. Determine the kilowatts.

K o Ex | xPFx173 460 x 52 x 0.80 x 1.73
- 1000 N 1000

33105
= ——— = 33105 =
1000 5 = 33 kW

Kilowatts =




@ m TO FIND KILOVOLT-AMPERES
Single Phase

Volts x Amperes
1000

A single-phase, 240-volt generator delivers 41.66 amps at full load.
Determine the kilovolt-amperes rating.

240 x 41.66

Kilovolt-Amperes =

Three Phase

Volts x Amperes x 1.73

ilovolt-A =
Kilovolt-Amperes 1000

A three-phase, 460-volt generator delivers 52 amps. Determine the
kilovolt-amperes rating.

ExIlx173 460 x 52 x 1.73 41382
- ~ 1000

= 41.382 = 41 kVA

Note: KVA = Apparent Power = Power Before Used, such as the
rating of a transformer.

Kirchhoff’s Laws

First Law (Current):
The sum of the currents arriving at any point in a circuit must equal the
sum of the currents leaving that point.
Second Law (Voltage):
The total voltage applied to any closed circuit path is always equal to the
sum of the voltage drops in that path.

or
The algebraic sum of all the voltages encountered in any loop equals
zero.

23




7Y T0 FIND CAPACITANCE

Capacitance (C)
Coulombs
Volts

Capacitance is the property of a circuit or body that permits it to store an
electrical charge equal to the accumulated charge divided by the voltage.
Capacitance is expressed in farads.

C = —g— or Capacitance =

A. To determine the total capacity of capacitors and/or condensers
connected in series:
1 1 1 1 1

— | e—— -+ — +

G G GGG

Determine the total capacity of four 12-microfarad capacitors
connected in series.

LI S RN R I
[ A RN

1 1 1 1 4

2" Tt T
1~_~—4

12
C_T/_\W or Crx 4=12or Cr= - 3 Microfarads

. To determine the total capacity of capacitors and/or condensers
connected in parallel:
CT=C1+Cz+03+C4
Determine the total capacity of four 12-microfarad capacitors

connected in parallel:
CT=C1+Cz+C3+C4

Cr =12 + 12 + 12 + 12 = 48 Microfarads
A farad is the unit of capacitance of a condenser that retains 1 coulomb

of charge with 1 volt difference of potential.
1 Farad = 1000000 Microfarads




@ m SIX-DOT COLOR CODE FOR MICA AND
MOLDED PAPER CAPACITORS

igit 200 digit

JAN, Mica

Applies to
Temperature
Coefficient
or Methods
of Testing

WO H

Co~NoOA®N O

ETA, Mica

[

Molded Paper

4 Tolerance (percent)
115t digit

5 Tolerance
Muttiplier (%)

Black 1

Brown 1 1 10

Red 100

Orange 1000
Yellow 10000
Green 100000
Blue 1000000
Violet 10000000
Gray 100000000
White 1000000000
Gold

Silver

No Color

©ENDUAWN
CONO A WN




u.] MAXIMUM PERMISSIBLE CAPACITOR KVAR FOR
USE WITH OPEN-TYPE, THREE-PHASE, 60-CYCLE @D
INDUCTION MOTORS

Maximum ~ Reduction ~ Maximum Reduction ~ Maximum ~ Reduction
Capacitor inlLine  Capacitor in Line  Capacitor in Line
RatlnF? Current Rat}\nlg Current
(KVAR) (%) (KVAR) (%)

900 RPM 720 RPM

Maximum Reduction ~ Maximum Reduction  Maximum Reduction
Capacitor in Line  Capacitor in Line Capacitor in Line
ating Current ating Current ating Curren
(KVAR) (%) (%) (KVAR)

Note: If capacitors of a lower rating than the values given in the table
are used, the percentage reduction in line current given in the table
should be reduced proportionately.
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®
& m POWER FACTOR CORRECTION

Table Values x Kilowatt of Capacitors Needed to Correct from
. Existing to Desired Power Factor

Existing ;
bednt Corrected Power Factor

Fact :
Gy 100%  95%  90%  85% 80%

1732 | 1403 | 1.247
1.158
1.073 | 0.938
1.033
0.994

N [
[Salter)
al|ls
|
w
bard
S

1.229
1.189
1.150
1.075
1.004
0.936
0.872
0.839
0.810
0.749
0.691
0.635
0.580
0.553
0.526
0.473
0.421 0 ]
0.369 0 RO
0317 [ot61 [ [ |
0.291 013500 s s e ]
0.265 ]
B B

N

]

[ st

1.518
1.479
1.404
1.333
1.265
1.201
1.168
1.139
1.078
1.020
0.964
0.909
0.882
0.855
0.802

0.919 0.654
0.848
0.780 | 0.645 |

0.716
0.683
0.654
0.593
0.535
0.479
0.424
0.397
0.370
0.317

0.265
0.213

0.698
0.646
0.620

o =
N
—
i

oo o
1|
Bl©
o

o

—

(2]
| (O —

0.485 0.156
0.426 0.097
0.363 0.034
0.329

Typical Problem: With a load of 500 kW at 70% power factor, it is desired to
find the kVA of canacitors required to correct the power factor to 85%.
Solution: From the table, select the multiplying factor 0.400 corresponding
to the existing 70%, and the corrected 85% power factor.

0.400 x 500 = 200 kVA of capacitors required.
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m POWER FACTOR AND EFFICIENCY EXAMPLE

A squirrel cage induction motor is rated 10 HP, 208 volt, three-phase, and

has a nameplate rating of 27.79 amps. A wattmeter reading indicates '
8 kilowatts of consumed (true) power. Calculate apparent power (kVA),

power factor, efficiency, internal losses, and size of the capacitor in kilovolt- .
amperes reactive (KVAR) needed to correct the power factor to unity (100%).

Apparent input power: kilovolt-amperes (kVA)
KVA = (Ex1x1.73)/1000 = (208 x 27.79 x 1.73)/1000 = 10 kVA

Power factor (PF) = ratio of true power (kW) to apparent power (kVA)
Kilowatts/kilovolt-amperes = 8 kW/10 kVA = 0.8 = 80% Power Factor
80% of the 10-kVA apparent power input performs work.

Motor output in kilowatts = 10 HP x 746 watts = 7460 watts = 7.46 KW
Efficiency = watts out/watts in = 7.46 kW/8 kW = 0.9325 = 93.25% efficiency

Internal losses (heat, friction, hysteresis) = 8 kW — 7.46 KW = 0.54 KW (540 Watts)

Kilovolt-amperes reactive (KVAR) (Power stored in motor magnetic field)
KVAR =/ KVAZ - KW? = 10 KVA? =8 KW? = /100 - 64 = 36 = 6 KVAR

The size capacitor needed to equal the motor’s stored reactive power is
6 KVAR. (A capacitor stores reactive power in its electrostatic field.)

The power source must supply the current to perform work and maintain the
motor’s magnetic field. Before power factor correction, this was 27.79 amperes.
The motor magnetizing current after power factor correction is supplied by
circulation of current between the motor and the electrostatic field of the
capacitor and is no longer supplied by power source after initial startup.

The motor feeder current after correction to 100% will equal the amount
required by the input watts in this case (8 kW)/(208 volts x 1.73) =

(8 x 1000)/(208 volts x 1.73) = 22.2 amps.

e Kilo = 1000. For example: 1000 Watts = 1 Kilowatt.

e Inductive loads (motors, coils) have lagging currents, and capacitive loads
have leading currents.

* Inductance and capacitance have opposite effects in a circuit and can cancel

each other.
28




® (7 10 FinD INDUCTANCE

Inductance (L)

Inductance is the production of magnetization of electrification in a
body by the proximity of a magnetic field or electric charge, or of the
electric current in a conductor by the variation of the magnetic field

in its vicinity. The unit of measurement for inductance is the henry (H).

>

. To find the total inductance of coils connected in series:
L1=L1+L2+L3+L4

Determine the total inductance of four coils connected in series.
Each coil has an inductance of 4 Henries.

LT=L1+L2+L3+L4
=4 + 4 + 4 + 4 = 16 Henries

. To find the total inductance of coils connected in parallel:
1 1 1 1 1

+ — 4

TS Lt Ls L

Determine the total inductance of four coils connected in parallel.
Each coil has an inductance of 4 Henries.
1 1

1
_ _ + —
Lr Lo" L,
1 1
s s "
4 4
— or Ly x4 =1x4 or Ly=— = 1Henr
g O Y 4
An induction coil is a device consisting of two concentric coils and an
interrupter, which changes a low steady voltage into a high intermittent
alternating voltage by electromagnetic induction. Most often used as a
spark coil.




LZY T0 FIND IMPEDANCE

Impedance (2)

Impedance is the total opposition to an alternating current presented by
a circuit. Expressed in ohms.

A. When volts and amperes are known:

Volis E
Impedance = ——— or Z = —

Amperes |
Determine the impedance of a 120-volt ac circuit that draws a
current of 4 amps.

B. When resistance and reactance are known:
Z = /Resistance? + Reactance’? = (RZ + X
Determine the impedance of an ac circuit when the resistance is
6 ohms, and the reactance is 8 ohms.

= JR" + X = /36 + 64 = /100 = 100hms

C. When resistance, inductive reactance, and capacitive reactance are
known:

= \an + (XL =i Xc)2

Determine the impedance of an ac circuit that has a resistance
of 6 ohms, an inductive reactance of 18 ohms, and a capacitive
reactance of 10 ohms.

Z= R+ (X - X
=68 + (18107 =6 + (8"

=36 + 64 = 100 = 10 Ohms




