


Objectives

When trainees have completed this lesson, they should be able to
do the following:

1. Size branch circuits and feeders for electric motors.
. Size and select overcurrent protective devices for motors.
. Size and select overload relays for electric motors.

. Size and select devices to improve the power factor at motor
locations.

. Size motor short circuit protectors.
. Size multi-motor branch circuits.
. Size motor disconnects.

This is a knowledge-based module; there are no Performance Tasks.
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1.0.0-2.3.0

Introduction; Motor Basics

* The three basic types of
motors are squirrel-cage

Induction motors, wound- TSE&”SGTr
rotor induction motors, o il
and synchronous motors.

NEC Article 430 covers » ""
motor circuits and motor e P =
control connections, while —

SQUIRREL B BEARING  COOLING

NEC Article 440 covers

JUNCTION BOX

SHAFT

-

3
w T
o
——

air conditioning and sonra
refrigeration equipment.




1.0.0-2.3.0

Squirrel Cage Rotor

« A squirrel-cage motor consists of steel laminations
mounted on a frame (the stator) and a rotating shaft with
embedded copper or aluminum windings (the rotor).

« When the stator is energized, a current is induced in the
rotor. The speed at which the magnetic field rotates is
known as the synchronous speed.
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1.0.0-2.3.0

Types of Windings Found
In Three-Phase Motors

« The stator windings of three-phase motors are connected
In either a delta or a wye configuration.

e Some motors start in a wye configuration to reduce
Inrush current and then switch to a delta configuration

when running.

WYE-CONNECTED MOTOR WINDINGS DELTA-CONNECTED MOTOR WINDINGS
(SERIES CONNECTED) (SERIES CONNECTED)




1.0.0-2.3.0

Dual Voltage, Wye-Connected,
Three-Phase Motors




1.0.0-2.3.0

Equivalent Parallel Circuit
« The leads are connected in series for the higher
voltage and in parallel for the lower voltage.

« At the lower voltage, leads 4, 5, and 6 are connected
together, as shown here.
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1.0.0-2.3.0

Arrangement of Leads in a Nine-Lead,
Delta-Wound, Dual-Voltage Motor

Many delta-connected motors also have nine leads, but
there are only three circuits of three leads each.

T1
T2
— 13
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1.0.0-2.3.0

Lead Connections for a Three-Phase,
Dual-Voltage, Delta-Wound Motor

T1 TH1 T2 T3
T2
T3




1.0.0-2.3.0

Lead Connections for a 12-Lead,
Dual-Voltage, Delta-Wound Motor

T2 T3

12-LEAD HIGH-VOLTAGE DELTA

T2 T3

2
12-LEAD LOW-VOLTAGE DELTA ’_
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1.0.0-2.3.0

Next Session...

Calculating Motor Circuit Conductors




CHONOESCRCH 0 '

Calculating Motor Circuit Conductors
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The basic components of a
motor circuit include the circuit
conductors, overload
protection, motor controller,
control circuit, disconnect
switch, and overcurrent
protection.

In some cases, a switch can
serve as both the control and
the disconnect, or a fuse/circuit
breaker can be used to provide
both overload and overcurrent
protection.
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CHONOESCRCH 0 |

Typical Motor Control Center

* To size the feeder
conductors for more than
one motor, find the full-load “3wine Fecoen
current of each motor in 1
NEC Table 430.250, then I i L
multiply the value of the ._E ] st
largest motor by 1.25 and o I N
add the sum of the = "

=

remaining motors. Lorr—ile —

10HP 10HP
SQUIRREL 1A L J ST HROO—HSQUIRREL

CAGE e CAGE

« The calculated amperage L B R
may have to be increased
for the circuit voltage drop
and/or power loss.

R
®
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CHONOESCRCH 0 |

Next Session...

Motor Protective Devices
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4.0.0-4.2.0

Motor Protective Devices

« Generally, two levels of overcurrent protection are required for
motor circuits: overload protection and short circuit (including
ground fault) protection.

« Ordinary motors must have short circuit/ground fault protection
sized at 300% of the motor’s full-load current, while DC and
wound-rotor motors can have protection sized at 150%.

480V, THREE-PHASE,
3-WIRE FEEDER
— ~

52A FULL-LOAD
CURRENT x 150%
=78A

®

RO 40HP

o0 WOUND-
ROTOR

(i

65A FULL-LOAD ®-
CURRENT x 300% HRCS
= 195A
50HP OO E®

SQUIRREL | ®
CAGE ;
0 [ @

T
14A FULL-LOAD 10HP 4

CURRENT % 300% (SQUIRREL}—XA = @
= 42A CAGE e

(B

G 10HP
—hC— SQUIRREL) 14A FULL-LOAD
CAGE / CURRENT x 300%
HROCO——— =42A
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4.0.0-4.2.0

Fuse Application Guidelines
for Motor Branch Circuits

Type of Motor

Motor Overload
and
Short Circuit

Dual-Element, Time-Delay Fuses

Backup
Overload and
Short Circuit

Short Circuit Only
(Based on NEC
Tables 430 7
through 430.250
current ratings)

Nontime-Delay Fuses

Short Circuit Only
(Based on NEC
Tables 430 .
through 430.250
current ratings)

125% or less of
motor nameplate
current

Service Factor 1.15
or Greater or 40°C
Temp. Rise or Less

125% or next
standard size (not
to exceed 140% of
motor nameplate
current)

150% to 175%

150% to 300%

Service Factor Less 115% or less of

Than 1.15 or motor nameplate
Greater Than 40°C current
Temp. Rise

i P

Fuses give overload
and short circuit
protection.

115% or next
standard size (not
to exceed 130% of
motor nameplate
current)

Overload relay gives
overload protection
and fuses provide
backup overload
protection.

150% to 175%

X—i—

Overload relay
provides overload
protection and fuses
provide only short
circuit protection.

150% to 300%

—
|v

|

|

@

O,

Overload relay
provides overload
protection and fuses
provide only short
circuit protection
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4.0.0-4.2.0

Determining Running
Current With an Ammeter

* When supplying overcurrent protection for an existing
oversized motor, determine the full-load running current
of the motor using an ammeter.

« Size the overcurrent protection based on the measured

current. Label the fuse clips with the fuse type and size
for future replacements.




4.0.0-4.2.0

Motor Starting Current Characteristics

 The current of a motor
during the first half cycle

can be as much as 11 T ERTSTR

times higher than the 132_/*

motor’s full-load amps | T

(FLA). b
 After the first half-cycle, s \“\

the motor drops to the N

locked-rotor current and =~ = woronewenaze i SO

remains there for : e —

several seconds. It then
drops to the motor FLA.




4.0.0-4.2.0

Think About It — Overload Protection

In a 230V/460V motor such as the one shown here,
which applied voltage requires the larger overload
protection device?




4.0.0-4.2.0

Time-Current Characteristics of Dual-
Element Fuses and Overload Heaters

* The main types of devices used to provide motor overload
protection include overload relays, fuses, and circuit

breakers.

* Motor protective devices should have time-current
characteristics similar to motor damage curves, only faster.

PERCENTAGE OF MOTOR
FULL-LOAD AMPS

o]
o
o
2

_—y
o
o

~d

o

MOTOR DAMAGE CURVE

CLEARING TIME
OF DUAL-ELEMENT

\\ FUSE SIZED AS
" e, BACKUP OVERLOAD

/\\ o PROTECTION
CLEARING TIME OF T )

OVERLOAD HEATER

TIME




4.0.0-4.2.0

Circuit Components of a Typical
10-Horsepower Motor

* The overload relay is typically sized at 115% of the rated
current.

 Dual-element fuses are sized at 125% for 1.15 service
factor motors and 115% for 1.0 service factor motors.

30A SWITCH NEMA SIZE 1 STARTER 10HP, 480V, THREE-

PHASE, 1.15 SERVICE
/ FACTOR, FULL-LOAD
AMPERES 14, ACROSS-
f ___ THE-LINE STARTER
| \

OVERLOAD RELAY
TYPICALLY WILL TRIP
AT 115% OF RATED
CURRENT (16.1A)
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5.0.0-5.2.0

Circult Breakers

LINE

A

——— CIRCUIT BREAKER
MOTOR CIRCUIT

PROTECTOR (MCP)
—>—— MAGNETIC ELEMENTS

=
MOTOR
STARTER

STARTER CONTACT

THERMAL //
OVERLOAD RELAY
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5.0.0-5.2.0

Next Session...

Multi-Motor Branch Circuits:
Equipment Grounding Conductors
for Motor Feeder and Branch Circuits




6.0.0-7.0.0

Multi-Motor Branch Circuits;:
Equipment Grounding Conductors
for Motor Feeder and Branch Circuits

Two or more motors of no more

than 6A each are permitted on PHASE FECDER

a 20A branch circuit at 120V or . MINMUM WIRE OW
a 15A branch circuit at 600V. =& |
Two or more motors of any v I i ]
rating with individual overload ONE 164, oL G |
protection may be installed on

a single branch circuit that is = =t

protected by a motor short ——
circuit protective device
(MSCP).

——————



6.0.0-7.0.0

Several Smaller Motors
Supplied by One Branch Circuit

« NEC Section 430.53(B)

requires branch circuit
protection to be no greater T
than the maximum amperes  gspno l
permitted by NEC Section A ?

430.52 for the lowest rated " ling.
motor of the group.

Per NEC Table 430.52, the S o @

2HP YoHP 1%.HP

maximum protection rating for daRA  1AA 11RA

ALL THREE-PHASE

ONE 15A, 3-POLE CB

a circuit breaker is 250% of SGURREL ChCE
the lowest rated motor (in this

case, 2.5 X 1.1A=2.75A).

MOTORS




Power Factor Correction
at Motor Terminals

» Power factor correction can be (B ] -
provided by installing
capacitors at the induction \fL DISCONNECT
motor. I

- ldeally, capacitors should be COMBINATION
Installed between the overload PONTHOLEER

device and the disconnect OUEHLON
(Point 2 on the diagram shown

here). Capacitors located at

Point 3 will require a change

in overload protection. ==
e




Next Session...

Wrap Up




Wrap Up
3-2-1
3 — Write 3 important things learned during class

2 — Wirite 2 questions you have about the material
1 — Write 1 thought you had about the material
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Next Session...

MODULE EXAM

Review the complete module to prepare
for the module exam. Complete the Module
Review as a study aid.
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