®
@ LZ3 10 FIND REAGTANCE

Reactance (X)

Reactance in a circuit is the opposition to an alternating current
caused by inductance and capacitance, equal to the difference between
. capacitive and inductive reactance. Reactance is expressed in ohms.

. A. Inductive Reactance X,
Inductive reactance is the element of reactance in a circuit
caused by self-inductance.

Xe 2 x 3.1416 x Frequency x Inductance
= 6.28 X F X L

Determine the reactance of a 4-Henry coil on a 60-cycle ac circuit.
X. =628 x F x L = 628 x 60 x 4 = 1507 Ohms

. Capacitive Reactance X
Capacitive reactance is the element of reactance in a circuit caused
by capacitance.
Xe = L

2 x 3.1416 x Frequency x Capacitance

1
6.28 X F X C

Determine the reactance of a 4-microfarad condenser on a
60-cycle ac circuit.

1 1
R 6.28 x F x C 628 x 60 x 0.000004

1

00015072 - 008 ohms

A Henry is a unit of inductance equal to the inductance of a circuit
in which the variation of a current at the rate of 1 amp per second
induces an electromotive force of 1 volt.
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r‘ FULL-LOAD CURRENT IN AMPERES:
DIRECT-CURRENT (dc) MOTORS

These values of full-load currents* are for motors running at base speed.
*These are average dc quantities.

Reprinted with permission from NFPA 70°, National Electrical Code®, 2026 edition, Table 430.247,
Copyright © 2025, National Fire Protection Association, Quincy, MA 02169. This reprinted
material is not the complete and official position of the NFPA or the referenced subject, which is
represented only by the standard in its entirety.

32




m DIRECT-CURRENT MOTORS

Terminal Markings
Terminal markings are used to tag terminals to which connections are
to be made from outside circuits.

Facing the end opposite the drive (commutator end), the standard
direction of shaft rotation is counterclockwise.

A; and A indicate armature leads.
Sy and S, indicate series-field leads.
F, and F, indicate shunt-field leads.

Shunt-Wound Motors

Shunt To change rotation, reverse
Com. either armature leads or shunt

leads. Do not reverse both

armature and shunt leads.

Series-Wound Motors

To change rotation, reverse
either armature leads or series
leads. Do not reverse both
armature and series leads.

Compound-Wound Motors

To change rotation, reverse
either armature leads or both
the series and shunt leads.
Do not reverse all three sets
of leads.

_n

Note: Standard rotation for a dc generator is clockwise.
33
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m FULL-LOAD CURRENT IN AMPERES: SINGLE-
P ALTERNATING-CURRENT (ac) MOTORS

The voltages listed are rated motor voltages. The currents listed shall be permitted for system
voltage ranges of 110 to 120 and 220 to 240 volts.

Source: NFPA 70°, National Electrical Code®, 2026 edition, NFPA, Quincy, MA, 2025,
Table 430.248.




m SINGLE-PHASE MOTOR USING STANDARD
THREE-PHASE STARTER
ap Start 2

S e

B
l Not used t

Disconnect
switches / /

Fuses

110-Volt 220-Volt
connections connections

M’ = Motor starter coil




m SINGLE-PHASE MOTORS
Split-Phase, Squirrel-Cage, Dual-Voltage Motor

e Main winding
<~

115 Volts

Starting CoW

winding

S
<
>

230 Volts
CCw
To reverse,
Classes of Single-Phase Motors interchange 5 and 8
1. Split-phase
A. Capacitor start
B. Repulsion start
C. Resistance start
D. Split capacitor

2. GCommutator
A. Repulsion
B. Series

Terminal Color Marking
T; Blue T, Orange
T. White T4 Yellow

Note: Split-phase motors are usually fractional horsepower. The majority of electric
motors used in washing machines, refrigerators, etc. are of the split-phase type.
To change the speed of a split-phase motor, the number of poles must be changed.

1. Addition of running winding
2. Two starting windings and two running windings
3. Consequent pole connections
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® m SINGLE-PHASE MOTORS

Split-Phase, Squirrel-Cage Motor
. A. Resistance Start:

Running winding g
A —_— >
line D

Ly T, ’:
T

Starting winding
_—

[ c-s [
W

5 Resistance

Centrifugal switch o (cs) opens after reaching 75% of normal speed.
Ty Ty Ts Tg T Ty Tg Tg
‘ ’ Clockwise | ’ Counter-
L L 2

L L, Cclockwise

B. Capacitor Start:

Starting winding
_—

Capacitor
A resistance start motor has a resistance connected in
series with the starting winding.
The capacitor start motor is employed where a high
starting torque is required.
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m RUNNING OVERLOAD UNITS

1-phase
ac or dc

1-phase
ac or dc

1-phase
ac or dc

1-phase ac
2-phase ac

2-phase ac
2-phase ac

2-phase ac

3-phase ac

2-wire, 1-phase ac or dc,
ungrounded

2-wire, 1-phase ac or dc,
one conductor grounded

3-wire, 1-phase ac or dc,
grounded neutral conductor

Any 3-phase
3-wire, 2-phase ac, ungrounded

3-wire, 2-phase ac,
one conductor grounded

4-wire, 2-phase ac,
grounded or ungrounded

Grounded neutral or 5-wire,
2-phase ac, ungrounded

Any 3-phase

1 in either conductor

1 in ungrounded conductor

1in either ounded

conductor
1 in ungrounded conductor

2, one in each phase

2 in ungrounded conductors

2, one for each phase in
ungrounded conductors

hase in
phase wire

2, one for each
any ungrounde

3, one in each phase*

*Exception: An overload unit in each phase shall not be required where overload
protection is provided by other approved means.
Source: NFPA 70, National Electrical Code®, NFPA, 2026 edition, Quincy, MA, 2025,

Table 430.37.

7Y moToR BRANC

-CIRCUIT PROTECTIVE DEVICES:

MAXIMUM RATING OR SETTING

Percent of Full-Load Current

Type of Motor

Nontime
Fusz"

Single-phase motors
Alternating-current (ac) polyphase

Dual
Element Instan-
me- taneous Inverse
lay) Tri Time
Fuse’ r Breaker?

motors other than wound rotor
Squirrel cage — other than

Design B or C energy-efficient — and

Design B or C premium efficiency
Design B energy-efficient,

Design B premium efficiency,

Design BE, and Design CE

Synchronou:

Wound rotor

See 430.54 for certain ex
va\ues in the Nonﬂme Delz

rrent.
tion, NFPA, Quin

. MA, 2025, Table 430

it protective

52(C)(1)(a)

a it
Note: Where the rafing specified in Table 430.52(C)(1), or the ralmu modified by 430.52(C)(1)(a), is not
sufficient for the starting current of the motor, see 430.52(C)(1)(b).
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’] FULL-LOAD CURRENT: THREE-PHASE

ALTERNATING-CURRENT (ac) MOTORS

*For 90% and 80% power factor, the figures shall be multiplied by 1.1 and 1.25,
respectively.

Source: NFPA 70°, National Electrical Code®, NFPA, 2026 edition, Quincy, MA, 2025,
Table 430.250.

The voltages listed are rated motor voltages. The currents listed shall be permitted for
system voltage ranges of 110 to 120, 220 to 240, 440 to 480, and 550 to 600 volts.
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m FULL-LOAD CURRENT AND OTHER DATA:
THREE-PHASE ac MOTORS

(continued on next page)




® m FULL-LOAD CURRENT AND OTHER DATA:
THREE-PHASE ac MOTORS

Motor Motor Size Size Heater Size
Horsepower ~ Ampere Btea*kar Starer

200 4

* Overcurrent device may have to be increased due to starting current and load conditions.

See NEC 430.52, Table 430.52(C)(1). Wire size based on 75°C (167°F) terminations and 75°C (167°F)
insulation.

** Overload heater must be based on motor nameplate and sized per NEC 430.32 for continuous-duty

motors and NEC 430.33 for intermittent and similar duty motors.

*** Conduit size based on rigid metal conduit with some spare capacity. For minimum size and other

conduit types, see NEC Annex C or Ugly's pages 84-97.

T‘ MOTOR AND MOTOR CIRCUIT CONDUCTOR
PROTECTION

Motors can have large starting currents three to five times or more than
that of the actual motor current. In order for motors to start, the motor
and motor circuit conductors are allowed to be protected by circuit
breakers and fuses at values that are higher than the actual motor and
conductor ampere ratings. These larger overcurrent devices do not
provide overload protection and will only open upon short circuits or
ground faults. Overload protection must be used to protect the motor
based on the actual nameplate amperes of the motor. This protection
is usually in the form of heating elements in manual or magnetic motor
starters. Small motors such as waste disposal motors have a red
overload reset button built into the motor.

General Motor Rules

Use full-load current from tables instead of nameplate.

Branch circuit conductors: Use 125% of full-load current to find
conductor size.

Branch circuit OCP size: Use percentages given in tables for full-load
current. (Ugly’s pages 32, 34, and 39)

Feeder conductor size: 125% of largest motor and sum of the rest.
Feeder OCP: Use largest OCP plus rest of full-load currents.

(See examples on Ugly’s page 42.)
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m MOTOR BRANCH CIRCUIT
AND FEEDER EXAMPLE

General Motor Applications
Branch circuit conductors:

Use full-load, three-phase currents, from the table on Ugly’s page 39 or
2026 NEC Table 430.250, 50-HP, 480-volt, 3-phase, motor Design B,
75-degree terminations = 65 Amps

125% of full-load current [NEC 430.22] (Ugly’s page 41)

125% of 65 Amps = 81.25 Amps conductor selection ampacity

Branch circuit overcurrent device: NEC 430.52(C)(1)

(Branch circuit short-circuit and ground fault protection)

Use percentages given in Ugly’s page 38 or NEC Table 430.52(C)(1) for .
Type of circuit breaker or fuse used.

50-HP, 480-volt, 3-phase motor = 65 Amps (Ugly’s page 39)

Nontime delay fuse = 300% (Ugly’s page 38)

300% of 65 Amps = 195 Amps. NEC 430.52(C)(1)(a) Next size allowed .
NEC Table 240.6(A) = 200-amp fuse.

Feeder connectors:

For 50-HP and 30-HP, 480-volt, 3-phase, Design B motors on same
feeder:

Use 125% of the largest full-load current and 100% of the rest.

(NEC 430.24)

50-HP, 480-volt, 3-phase motor = 65 Amps; 30-HP, 480-volt, 3-phase
motor = 40 Amps (125% of 65 Amps) + 40 Amps = 121.25 Amps
conductor selection ampacity

Feeder overcurrent device: VEC 430.62(A) (specific load)

(Feeder short-circuit and ground-fault protection)

Use largest overcurrent protection device plus full-load currents of the

rest of the motors.

50 HP = 200-Amp fuse (65 FLC)

30 HP = 125-Amp fuse (40 FLC) .

200-Amp fuse + 40 Amp (FLC) = 240 Amp. Do not exceed this value
on feeder. The next standard size fuse below 240 is a 225-amp fuse. .
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®
® m LOCKED-ROTOR INDICATING CODE LETTERS

B 3.15-3.54 10.0-11.19
Coveviiiin 3.55-3.99 11.2-12.49
Dol 4.0-4.49 12.5-13.99
E............ 4.5-4.99 14.0-15.99
Foooooo oot 5.0-5.59 16.0-17.99
[C P 5.6-6.29 18.0-19.99
[ 6.3-7.09 20.0-22.39
Joo 7.1-7.99 22.4 and up
Koo 8.0-8.99

Source: NFPA 70°, National Electrical Code®, NFPA, 2026 edition, Quincy, MA, 2025,

Table 430.7(B), as modified.

The National Electrical Code® requires that all alternating-current (ac) motors
rated % HP or more (except for polyphase wound-rotor motors) must have code
letters on their nameplates indicating motor input with locked rotor (in kilovolt-

. amperes per horsepower). The motor’s horsepower, voltage, and locked-rotor
code letter are needed to calculate the motor’s locked-rotor current. Use the
following formulas:

. Single-Phase Motors:
. Locked-Rotor Current = HP x KVAnp x 1000
E
. Three-Phase Motors:
Locked-Rotor Current = HP x KVAn x 1000
TEx173
Example: What is the maximum locked-rotor current for a
480-volt, 25-HP, code letter F motor?
. (From the above table, code letter F = 5.59 kVAxy)

| - HP X KVAw x 1000 _ 25 x 5.59 x 1000
. T Ex173 T 480x1.73

=168.29 Amps
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m MAXIMUM MOTOR LOCKED-ROTOR CURRENT
IN AMPERES, SINGLE PHASE

HP 115V 208V 230V@ HP 115V 208V 230V

Note: For use only with 430.110, 440.12, 440.41, and 455.8(C).
Source: NFPA 70%, National Electrical Code®, 2026 edition, NFPA, Quincy, MA, 2025, Table 430.251(A),
as modified.

m MAXIMUM MOTOR LOCKED-ROTOR CURRENT
IN AMPERES, TWO AND THREE PHASE, DESIGN
B, C, AND D*

115V 200V 208V 230V 460V 575V
IR e 17
20
25

w

46

63.5

162 81

| 162 |

116
145
183
218

~
N
(4]

908
| — 2496 | 2400 1085
| — 13335 [3207 [2900 | 1450

* Design A motors are not limited to a maxi starting current or locked-rotor current.

Note: For use only with 430.110, 440.12, .41, and 455.8(C).

Source: NFPA 707, National Electrical Code™, 2026 edition, NFPA, Quincy, MA, 2025, Table 430.251(B),
as modified.
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@ m THREE-PHASE ac MOTOR WINDINGS
AND CONNECTIONS

“Y” or star

High voltage

3 2 1 1
-3 T2 T T2 T3 T4

Note: 1. The most important part of any motor is the nameplate.
Check the data given on the plate before making the
connections.

. To change rotation direction of 3-phase motor, swap any
two T-leads.




m THREE-WIRE STOP-START STATION
Wiring diagram

Control g1 0-2
transformer Circuit

01 0-3 breakers

H1l H2 380V g l H4 Fuses ¢

¢
Start
2 L1 L2
X2 ]Aux.

S —
X3120V X1 Stop

Overload heaters

Schematic diagram
120V

+ Start
Fuse oL OLJ
l——" — |\ ~— — —

Stop jl l 5 oL
Aux.

M’ = Motor starter coil
Note: Controls and motor are of different voltages.

46
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m TWO THREE-WIRE STOP-START STATIONS

Start Start L
Circuit
breakers I

M
Overload heaters
T

T 2

30 ac,
480-V
Motor
Eqp.gr.
L-3
Start

Fuse oL oL
_— —o || — — —

Stop  Stop Start oL

M = Motor starter coil Aux.

Note: Controls and motor are of the same voltage.
If low-voltage controls are used, see Ugly’s page 46 for control
transformer connections.




u HAND-OFF AUTOMATIC GONTROL
Wiring diagram

Circuit
breakers

Pressure sw

Overload heaters

M = Motor starter coil

Note: Controls and motor are of the same voltage.
If low-voltage controls are used, see Ugly’s page 46 for control
transformer connections.
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m JOGGING WITH SELECTOR SWITCH

Jogging control

L1

———————

Fuse

Stop i

|
|
Start -J
M
Run  Jog l
M

Jogging circuits are used when
machines must be operated
momentarily, as when “inching”

during set-up or maintenance.

A jogging circuit allows the starter  T1
to be energized only as long as

the start switch (in jog position)

is depressed.

L1

In run position
. In jog position
M’ = Motor starter coil




m VOLTAGE DROP CALCULATIONS: INDUCTANCE
NEGLIGIBLE

= Voltage Drop
= Current in Conductor (Amperes)
One-way Length of Circuit (Feet)
Cross-Sectional Area of Conductor (Circular Mils) (page 71)
= Resistance in Ohms of 1 Circular Mil Foot of Conductor
K = 12.9 for Copper Conductors @ 75°C (167°F)
K 1.2 for Aluminum Conductors @ 75°C (167°F)
Note: K value changes with temperature and other factors. See NEC
Chapter 9, Table 8, Note 1.
Single-Phase Circuits

_2KXLX1  or  *a. _ 2KXLXI
Vd-= S em Cm = ""Vd

Three-Phase Circuits
vd = 1.73K XL X1 or *Cm = 173K XL XI
Cm vd
*Note: Always check ampacity tables to ensure conductor’s ampacity is
equal to load after voltage drop calculation.

Refer to Ugly’s pages 71-82 for conductor size, type, and ampacity.
See Ugly’s pages 51-52 for examples.

AGE DROP EXAMPLES
Distance (One Way) for 2% Voltage Drop for 120 Volts Single Phase

4 3 2 1 10
AWG AWG AWG AWG AWG AWG AWG AWG

(See Footnotes on Page 51 Concerning Circuit Load Limitations.)
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@
7Y VOLTAGE DROP EXAMPLES

Typical Voltage Drop Values Based on Conductor Size and
One-Way Length* (60°C [140°F] Termination and Insulation)

' 25 Feet 3 g
12AWG 10AWG BAWG 6AWG 4AWG 3AWG _2AWG _1AWG
8l 1.24] 240 78 0400 sl 025] o019  oi5)
1.17]___0.74| __
.
[ [ 128 o7z o] 049l 039

50 Feet
12 AWG 10 AWG 8AWG _6 Awa 4AWG _3AWG _2AWG _1AWG
_
¥ 058 0.4
— 078
[ [ ves[ _tar| 117l oe

4AWG _3AWG _2AWG _1AWG
093
o 1 ’9
469 | 1.85]
_
_

eet
4AWG _3AWG _2AWG 1 AWG

12 AWG 10 AWG lAWG 6 AWG 4 AWG

2.'32
3.09

[ 3.09]
386
4.64

150 Feet
12 AWG 10 AWG 8 AWG 6 AWG _4AWG 3 AWG 2AWG 1 AWG

A 2-wire, 20-amp circuit using 12 AWG with a one-way distance of 25 feet will drop 1.98 volts.
120 Volts - 1.98 Volts = 118.02 Volts as the load voltage.
240 Volts - 1.98 Volts = 238.02 Volts as the load voltage.

*Better economy and efficiency will result using the voltage drop method on page 50.
A continuous load cannot exceed 80% of the circuit rating.

A motor or heating load cannot exceed 80% of the circuit rating.

For motor overcurrent devices and conductor sizing, see Ugly’s pages 40-42.




m VOLTAGE DROP CALCULATION EXAMPLES

Single-Phase Voltage Drop

What is the voltage drop of a 240-volt, single-phase circuit
consisting of #8 THWN copper conductors feeding a
30-amp load that is 150 feet in length?

Voltage Drop Formula (see Ugly’s page 50)

2Kx L x|l

Cm 16510

Percentage voltage drop = 7 Volts/240 Volts = 0.029 = 2.9%
Voltage at load = 240 Volts — 7 Volts = 233 Volts

Three-Phase Voltage Drop

What is the voltage drop of a 480-volt, 3-phase circuit
consisting of 250-kcmil THWN copper conductors that supply
a 250-amp load that is 500 feet from the source?

250 kemil = 250000 circular mils
Voltage Drop Formula (see Ugly’s page 50)

1.73Kx L x1 _ 1.73 x12.9 x 500 x 250 _ 2789625 11 Volts

Cm 250000 250000

Percentage voltage drop = 11 Volts/480 Volts = 0.0229 = 2.29%
Voltage at load = 480 Volts — 11 Volts = 469 Volts

Note: Always check ampacity tables for conductors selected.

Refer to Ugly’s pages 71-82 for conductor size, type, and ampacity.




® m SHORT-CIRCUIT CALCULATION

(Courtesy of Cooper Bussmann)

Basic Short-Circuit Calculation Procedure

1. Determine transformer full-load amperes from either:
a) Nameplate
b) Formula:
KVA x 1000

E_ x 1.732

KVA x 1000
L. E

30 transformer 1,

1@ transformer |
L-L
. Find transformer multiplier.

100

*%L,

trans
. Determine transformer let-through short-circuit current.”*
1 = |, x Multiplier

8.C. LL

Multiplier

. Calculate “f” factor.
1732 x L x Iy
CxE,

2xLxl,
Cx E,

30 faults =

10 line-to-line (L-L) faults f
on 1@ Center Tapped
Transformer

10 line-to-neutral (L-N)
faults on 10 Center Tapped
Transformer

L = Length (feet) of conductor to the fault
C = Constant from Table C (page 55) for conductors and busway. For parallel runs,
multiply C values by the number of conductors per phase.
= Available short-circuit current in amperes at beginning of circuit.

. Calculate “M” (multiplier) M =

2 xLx |,
Cx E,

1+ f
. Calculate the available short-circuit symmetrical RMS current at the

point of fault.
le symRMS Is.c. x M
Reprinted with permission,
Cooper Bussmann, Inc.;
www.cooperbussmann.com 53




m SHORT-CIRCUIT CALCULATION

(Courtesy of Cooper Bussmann)

25' - 500 kemil, 6 per Phase 50' - 500 kemil

Available Utility Service Entrance Feeder Cable
Infinite Conductors in Steel Conduit in Steel Conduit

Assumption KRP-C-2000SP
804 Amp Fuse 400 Amp Switch
>_
AN 2000 Amp Switch LPS-RK-400SP
1500-kVA Fault X1 Fuse
Transformer,

480 Volt, 3@, 3.5%Z, Motor Contribution = |\]

3.45%X, 0.56%R Fault X2

Example: Short-Circuit Calculation
(Fault #1)
1.

I

LI

KVA x 1000

trans

-l = 1804 x 28.57 = 51540 Amps

_ 1732 x L x 1, 1.73 x 25 x 51540 0.0349
- CxE, T 6 x 22185 x 480

1 __ 1
1+1 1+ 0.0349
. lsc.symams = lsc. X M = 51540 x 0.9663 = 49803 Amps

Is.c. motorcontin = 4 X 1804 = 7216 Amps
hotai s.c.symrms = 49803 + 7216 = 57019 Amps

.M = = 0.9663

(Fault #2)

1. Uselg oy RS @ Fault X, to calculate “f”

1.73 x 50 x 49803
f = 57185 x 280 - 0.4050

1
M = T 04050 © 0.7117

. Isc.ymams = 49803 x 0.7117 = 35445 Amps
Isym motor conrin = 4 X 1804 = 7216 Amps
lotat s.c. symrms = 35445 + 7216 = 42661 Amps

Reprinted with permission,
Cooper Bussmann, Inc.;
www.cooperbussmann.com. 54
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m SHORT-CIRCUIT CALCULATION

(Courtesy of Cooper Bussmann)

Notes:

*Transformer impedance (Z) helps to determine what the short circuit
current will be at the transformer secondary. Transformer impedance
is determined as follows:

The transformer secondary is short circuited. Voltage is applied to the
primary, which causes full-load current to flow in the secondary. This
applied voltage divided by the rated primary voltage is the impedance
of the transformer.

Example:

For a 480-volt rated primary, if 9.6 volts causes secondary full-load
current to flow through the shorted secondary, the transformer
impedance is 9.6 + 480 = 0.02 = 2%Z.

In addition, U.L. listed transformers 25 kVA and larger have a + 10%
impedance tolerance. Short-circuit amperes can be affected by this
tolerance.

**Motor short-circuit contribution, if significant, may be added to the
transformer secondary short-circuit current value as determined in
Step 3. Proceed with this adjusted figure through Steps 4, 5, and 6.
A practical estimate of motor short-circuit contribution is to multiply
the total motor current in amperes by 4.

***The L-N fault current is higher than the L-L fault current at the
secondary terminals of a single-phase center-tapped transformer.
The short-circuit current available (1) for this case in Step 4 should
be adjusted at the transformer terminals as follows:

At L-N center tapped transformer terminals,
I, = 1.5 x | atTransformer Terminals.

Reprinted with permission, Cooper Bussmann, Inc.; www.cooperbussmann.com.
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®
® m COMPONENT PROTECTION

(Courtesy of Cooper Bussmann)

How to Use Current-Limitation Charts

Example: An 800-amps circuit and an 800-amps, low-peak, current-
limiting, time-delay fuse

How to Use the Let-Through Charts:

Using the example above, one can determine the pertinent let-through data for
the KRP-C-800SP ampere, low-peak fuse. The let-through chart pertaining to the
800-amps, low-peak fuse is illustrated.

A. Determine the PEAK let-through CURRENT.

1. Enter the chart on the Prospective Short-Circuit Current scale at 86000
amp and proceed vertically until the 800-amps fuse curve is intersected.

2. Follow horizontally until the Instantaneous Peak Let-Through Current scale
is intersected.

3. Read the PEAK let-through CURRENT as 49000 amps. (If a fuse had not
been used, the peak current would have been 198000 amps.)

B. Determine the APPARENT PROSPECTIVE RMS SYMMETRICAL let-through

CURRENT.

1. Enter the chart on the Prospective Short-Circuit current scale at 86000 amps
and proceed vertically until the 800-amps fuse curve is intersected.

2. Follow horizontally until line A-B is intersected.

3. Proceed vertically down to the Prospective Short-Circuit Current.

4. Read the APPARENT PROSPECTIVE RMS SYMMETRICAL let-through
CURRENT as 21000 amps. (The RMS SYMMETRICAL let-through
CURRENT would be 86000 amps if there were no fuse in the circuit.)

400000 The data that can be
300000 obtained from the Fuse
Let-Through Charts and
100000 their physical effects are:
et 1) Peak let-through
current: Mechanical
forces
2) Apparent prospective
e o AMS symmetrical
I, Avalatle = 198000 A let-through current:
I, Let-through = 43000 A Heating effect
3) Clearing time: Less
than § cycle when fuse
is in its current-limiting
range (beyond where
fuse curve intersects
A-B line)

Prospective short-circuil current - symmelrical rms amperes

Reprinted with permission, Cooper Bussmann, Inc.; www.cooperbussmann.com.
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® m BUCK-AND-BOOST TRANSFORMER CONNECTIONS
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®
ot m TRANSFORMER CALCULATIONS

To better understand the following formulas, review the rule of
. transposition in equations.

. A multiplier may be removed from one side of an equation by
making it a divisor on the other side; or a divisor may be
removed from one side of an equation by making it a multiplier
on the other side.

el

. Voltage and Current: Primary (p) and Secondary (s)

Power (p) = Power(s) or Ep x Ip = Es x Is
Es x Is Es x Is

A Ep = Era— B. 1Ip = B

prlp_IS Ep x Ip

C Es h ' Is

N

. Voltage and Turns in Coil:
Voltage (p) x Turns (s) = Voltage (s) x Turns (p)
or
Ep x Ts = Es x Tp
Es x Tp Es x Tp

A Ep = —T B. Ts = Ep

prTs:Tp D prTs=ES

Es Tp
. Amperes and Turns in Coil:
Amperes (p) x Turns (p) = Amperes (S) x Turns (s)
or
IpxTp =1Is x Ts
Is x Ts

D=T B. Tp =

C.

w

=

Ip
Ip x Tp

C. Is

= Ts




m SIZING TRANSFORMERS

Single-Phase Transformers

Size a 480-volt, primary, or 240/120-volt, secondary, single-phase
transformer for the following single-phase incandescent lighting load
consisting of 48 recessed fixtures each rated 2 amps, 120 volts. Each
fixture has a 150-watt lamp.

*(These fixtures can be evenly balanced on the transformer.)

Find total volt-amperes using fixture ratings—do not use lamp watt
rating.
2 Amps x 120 Volts = 240 Volt-Amperes
240 VA x 48 = 11520 VA
11520 VA/1000 = 11.52 kVA
The single-phase transformer that meets or exceeds this value is
15 kVA.

*24 lighting fixtures would be connected line one to the common
neutral, and 24 lighting fixtures would be connected line two to the
common neutral.

Three-Phase Transformers

Size a 480-volt, primary, or 208/120-volt, secondary, 3-phase
transformer (polyphase unit) to supply one 280-volt, 3-phase, 25-kVA
process heater and one 120-volt, 5-kW unit heater.

The 5-kW unit heater cannot be balanced across all three phases. The
5 kW will be on one phase only. Adding the loads directly will undersize
the transformer. Common practice is to put an imaginary load equal to
the single-phase load on the other two phases.

5 kW x 3 =15 kW~

The 25 kVA is three phase; use 25 kVA.

25 kVA + 15 kVA* = 40 kVA

The nearest 3-phase transformer that meets or exceeds this value is a
45 kVA.

*(kVA = kW at unity power factor) (Transformers are rated in kVA.)




® m SINGLE-PHASE TRANSFORMER

Primary and Secondary Amperes

A 480/240-volt, single-phase, 50-kVA transformer (Z = 2%) is
to be installed. Calculate primary and secondary amperes and
short-circuit amperes.

Primary amperes:

Ip = kVAx 1000 _ 50x1000 _ 50000 _ 104 Amps

Ep 480 480

Secondary amperes:
_kVAx1000 _ 50x1000 _ 50000 _
S=""f = Taa0 - Toap - 208Ames

Short-circuit amperes:*

_Is _ 208 _
lSC_%Z =90 - 10400 Amps

m THREE-PHASE TRANSFORMER

Primary and Secondary Amperes
A 480/208-volt, 3-phase, 100-kVA transformer (Z = 1%) is to
be installed. Calculate primary and secondary amperes and
short-circuit amperes.
Primary amperes:
kVA x 1000 _ 100 x 1000 _ 100000

A A 22 P S 12
P=Epx173 ~ 480x1.73 831 0 Amps
Secondary amperes:
_kVAx 1000 _ 100 x 1000 _ 100000 _
“Esx173 -~ 208x173 360 - loAmps

Short-circuit amperes:*

oo s _ 278
|SC—%Z =501 - 27800 Amps

*Short-circuit amperes is the current that would flow if the transformers’ secondary
terminals were shorted phase to phase. See Ugly’s pages 53-56 for calculating
short-circuit amperes point to point using the Cooper Bussmann method.

63
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L2y THREE-PHASE CONNECTIONS
Wye (Star)

Voltage from “A,” “B,” or “C” to Neutral = Epuse (Ee)
Voltage between A and B, Band C, or Cand A = Eue (E)
I, = I, if balanced.

If unbalanced,

b= 412+ 12 = (lax ) = (Isx lo) = (Iex 1)

E. = Ep x 1.73

Eo = E.+ 1.73

(True Power)
Power =

Neutral
|, x E.x 1.73 x Power Factor or ground

(cosine) E —

(Apparent Power)
Volt-Amperes = I x Ex 1.73 .

Delta

ELINE (EL) = EF‘HASE (Ep)
lwe = I x 1.73
lose = 10+ 1.73

(True Power)
Power =

A~
lo x E.x 1.73 x Power Factor /
(cosine)  Ep
(Apparent Power)
Volt-Amperes = I x E:x 1.73

*Neutral could be ungrounded.
Also see NEC Article 250,
Grounding and Bonding.
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u TRANSFORMER CONNECTIONS
Series Connections of Low-Voltage Windings

Delta-Delta
Three-Phase Additive Polarity

High Voltage &
A,

Low Voltage i

Star-Delta :
Three-Phase Additive Polarity

High Voltage 1
A

Low Voltage a<]

c

Note: Single-phase transformers should be thoroughly checked for
impedance, polarity, and voltage ratio before installation.
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® |73 1RANSFORMER CONNECTIONS

Series Connections of Low-Voltage Windings (continued)

Delta-Star B
High Voltage

Low Voltage
Three-Phase Additive Polarity

Star-Star

B
High Voltage )\
A ¢

Low Voltage
Three-Phase Additive Polarity

Note: For additive polarity, the H1 and the X1 bushings are diagonally

opposite to each other.
pp 67




m TRANSFORMER CONNECTIONS

Series Connections of Low-Voltage Windings (continued)

Delta-Delta A
High Voltage

Low Voltage
Three-Phase Subtractive Polarity

Delta-Star
High Voltage

Low Voltage
Three-Phase Subtractive Polarity

Note: For subtractive polarity, the H1 and the X1 bushings are directly

opposite to each other.
68




®
® m MISCELLANEOUS WIRING DIAGRAMS

Two Three-Way Switches

Common Common
terminal terminal

Selilay S L L Lamps

Neutral i

Two Three-Way Switches and One Four-Way Switch

Common Common
terminal terminal

115 Volt

L Lamps

Bell Circuit

Doorbell
Transformer

Push Button




m MISCELLANEOUS WIRING DIAGRAMS

Remote-Control Gircuit: One Relay and One Switch
Neutral

115 Volt
Fuse
VWV t I Lamps

24 Volt

Relay

Off
Switch

m SUPPORTS FOR RIGID METAL CONDUIT

Conduit Size Maximum Distance Between Supports
10 Feet
12 Feet
14 Feet
—2% 16 Feet
3"and larger 20 Feet

Source: NFPA 70°, National Electrical Code®, 2026 edition, NFPA, Quincy, MA,
2025, Table 344.30(B), as modified.

m SUPPORTS FOR RIGID PVC CONDUIT CONDUIT

Conduit Size Maximum Distance Between Supports
142"

2%4'-3"

3%"-5"

6

For Sl units: (Supports) 1 foot = 0.3048 meter.
Source: NFPA 70°, National Electrical Code®, 2026 edition, NFPA, Quincy, MA,
2025, Table 352.30(B), as modified.
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