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The type, location, and ==
usage of receptacles are
identified by a schematic
symbol on a schematic
drawing or electrical print.
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ground receptacles can
be tested for proper
wiring connections using
a DMM or voltage tester.
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G F C I rece ptacl es are | 7=sTNG GF RecEPTACLES

-
NEUTRAL PERFORM TEST MEASUREMENT
tested to verify that the o gk oo (B OFEEERERER
] GROUND SLOT “Ho TO VERIFY METER WORKING
=L CONDITION
l RESET
» -'ﬂ/ BUTTON EIE

| hot, neutral, and ground
slots are properly wired e NG =

HOT SLOT AND NEUTRAL SLOT

and to verify that the R R A% 4 .
electronic fault detection I
and trip circuit is Al || §

functioning properly. A T oz

MEASUREMENT
B & A ON KNOWN ENERGIZED
MEASURE VOLTAGE BETWEEN SOURCE TO VERIFY
NEUTRAL SLOT AND GROUND SLOT WORKING CONDITION
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TESTING 120 V, SINGLE-PHASE,
LOCKING AND NONLOCKING RECEPTACLES

When testing a 120 V, |

Single-phase receptacle, o e O
the receptacle Is tested N

to verify that the voltage NN -

level Is within an BN /O
acceptable range for the

equipment and circuit TERESe)  lemlemmm.
and that the receptacle is

wired properly.

WORKING CONDITION
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Single-phase high-power loads are designed to
operate on 208 V, while some loads can operate on
either 208 V or 120 V.

I SPECIAL-USE RECEPTACLES

BLACK
WHITE CONDUCTOR CONDUCTOR RECEPTACLE

RED
CONDUCTOR i COLOR CODE
0

White or natural gray =
grounded conductor

Black = ungrounded (hot) conductor
Red = ungrounded (hot) conductor

G = GROUND Green or green with yellow
;/(V WHITE stripe = ground conductor
Y =

GREEN CONDUCTOR |
(OR BARE CONDUCTOR) RELERIRGLE
125/250V, 50 A, 4-WIRE
GROUNDED RECEPTACLE

HOT (BLACK)
HOT (RED)
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‘A 208 V, single-phase
receptacle Is tested to
ensure that the voltage
level Is within an
acceptable range for the
equipment and circuit
and that the receptacle
IS properly grounded.
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GROUND
sLoT =
HOT SLOTS\/-

15 A/250 V
RECEPTACLE —/

MEASURE VOLTAGE
BETWEEN BOTH HOT
SLOTS OF RECEPTACLE

MEASURE VOLTAGE
BETWEEN TWO HOT
SLOTS AND GROUND SLOT

GROUND
SLoT

HOT SLOTS | >

20 A/250 V
RECEPTACLE

omm @) PERFORM TEST MEASUREMENT
ON KNOWN ENERGIZED SOURCE
TO VERIFY METER WORKING

@ PERFORM TEST MEASUREMENT
ON KNOWN ENERGIZED SOURCE
TO VERIFY METER WORKING
CONDITION
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When testing a 120/208 V,
single-phase receptacle,
the receptacle Is tested to
verify that both voltage
levels are within an
acceptable range for the
equipment and circuit and
that the receptacle Is
wired properly.
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Three-phase receptacles e e
require that the voltage
between every slot on
the receptacle be
tested because they
can be powered by
different voltages.
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Measuring the voltage TETT— |

UTILITY
/” TRANSFORMER RECEPTACLE NEUTRAL-GROUND
R VOLTAGE TROUBLESHOOTING

between the neutral and Aty

AT MIDPOINT
— GROUNDED (NEUTRAL) T ;m}:’ibh) overloaded branch circuil

" CONDUCTOR

Possibie illegal N-G connection
_— UNGROUNDED (HOT)
= CONDUCTORS

-GROUNDED
TO METAL BOX
r\'IHlTE WIHE CONNECTED TO

determine If there are = SR

any illegal neutral-to- :

" smanparo

ground connections. _ X,

\- GREEN WIRE (OR BARE WIRE)
CONNECTED TO GREEN SCREW

\'lHlTE WIRE

GREEN WIRE
NEUTRAL BUSBAR

BUSBAR

MAIN BONDING

SUMPER MO WARNING: DO NOT

T GROUNDIN MAKE A NEUTRAL TO

SrECTRODE GROUND CONNECTION

CONDUCTOR (GEC) BUILDING HAIN %%Ial#; IN A SUBPANEL
SERVICE ENTRANCE b vy R
ANE & \

GROUNDING SYSTEM \ \ SUBPANEL ~

BRANCH CIRCUIT \

/~GROUNDED
TOR| NEUTRAL
| / conoucto B

\conourr
GROUND
~EQUIPMENT GROUNDING
GROUNDING ELECTRODE ~ CONDUCTOR(EGC) |/ o 2
CONDUGTOR (QEC) GROUNDING SYSTEM
WARNING: DO NOT USE GROUNDING  /
TRSEVICE BRIFANCE 0DS UNLESS CONNECTED
GROUNDING SYSTEM SO HE EaC PR THE NECO

BUILDING PANELS
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In addition to clamp-on
ammeters and DMMS, |
electrical measurements | B
can be taken at a power S
panel with power quality - |
meters and noncontact
thermometers.




ELECTRICAL SYSTEMS

for

FACILITIES MAINTENANCE
PERSONNEL

Y ‘._';—_
y L ol o

,
r

4

M easu rl n g th e curre nt at | MEASURING cIRCUIT LOADING

. ] o PERFORM TEST MEASUREMENT ON KNOWN ENERGIZED
f CI I r I t SOURCE TO VERIFY METER WORKING CONDITION
llses all ‘: ‘:ll GROUNDED
GROUNDED (NEUTRAL) AT MIDPOINT
DUCTOR
0 ]

UNGROUNDED (HOT) L MEASURING MAIN

CONDUCTORS —~! 2 /HOT CURRENT

ON EACH PHASE
PERFORM CIRCUIT
CURRENT

amount Of |Oad On a MEASUREMENT @

PERFORM CIRCUIT
CURRENT

circuit (current draw). Rt

MEASURING
MAIN NEUTRAL
CURRENT

TO BRANCH
CIRCUIT

MEASURING
BRANCH CIRCUIT
CURRENT BACK
TO NEUTRAL

PERFORM TEST MEASUREMENT ON KNOWN ENERGIZED NEUTRAL BUSBAR
SOURCE TO VERIFY METER WORKING CONDITION
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Fuses are tested with an | estinG Fuses
ohmmeter or DMM with a Q) TS

WORKING CONDITION

continuity function. S

AT TOP OF FUSE @4

FUSIBLE LINK
MELTS AND
OPENS CIRCUIT
(BAD) FUSE

TO HIGH-
VOLTAGE
POWER
SOURCE

© vEASURE vOLTAGE
INTO AND OUT
OF EACH FUSE

o PERFORM TEST MEASUREMENT ON KNOWN ENERGIZED
SOURCE TO VERIFY METER WORKING CONDITION
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Circuit breakers that
are S u S p e Cte d Of o PERFORM TEST MEASUREMENT ON KNOWN ENERGIZED SOURCE

TO VERIFY METER WORKING CONDITION

ha-Ving a prObIem Can MEASURE VOLTAGE INTO TOP OF
. CIRCUIT BREAKER @

be tested using a DMM oL oo

or voltage tester.

CIRCUIT BREAKER

NO VOLTAGE
INDICATES BAD
CIRCUIT BREAKER

MEASURE VOLTAGE
OUT OF CIRCUIT
BREAKER €

o PERFORM TEST MEASUREMENT ON KNOWN ENERGIZED SOURCE
TO VERIFY METER WORKING CONDITION
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Infrared (IR) thermo-
meters and thermal
Imagers can be used to
identify problems in
building power
distribution systems
without making physical
contact with the
equipment to be tested.

THERMAL IMAGER
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Power quality prob- [z
lems can damage 2 (WA A
electrical equipment

THAN 1 MIN

MOMENTARY TEMPORARY SUSTAINED

and lead to unsafe T e
Operating conditions. L —

SUPPLIED
VOLTAGE W R R

7 S
une / | s v
/ ! MORE THAN 10% INCREASE
VOLTAGE -/ MORE THAN
£10% 10% DECREASE FOR 0.5 CYCLESTO 1 MIN

8 FOR 0.5CYCLESTO 1 MIN Q&‘

|

FLUCTUATION SWELL

NORMAL HIGH-VOLTAGE - OSCILLATORY - IMPULSE
VOLTAGE \ TRANSIENT \ / TRANSIENT  / TRANSIENT

SUPPLIED
VOLTAGE

MORE THAN \0% L/MOFIE THAN 10% N TEMPORARY UNWANTED
DEC EASE INCREASE IN VOLTAGE ON POWER LINE
VOLTAGE FOR ‘OR VERY SHORT
ONGER THAN 1 MIN PEFHOD OF TIME

OVERVOLTAGE TRANSIENT
VOLTAGE PROBLEMS
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At no time should an _

electrical circuit have gr————
more than a 3% voltage
drop from the start of the
circuit (panel) to the

farthest point. -

MEASURE VOLTAGE AT
FARTHEST POINT IN CIRCUIT
IN NO-LOAD CONDITION

e EASURE VOLTAGE AT L8 BT
FARTHEST POINT IN CIRCUIT .
IN FULL-LOAD CONDITION ) FULLLOADVOLTARE

HID LAMP -

e DIVIDE VOLTAGE READING FROM MEASUREMENT TAKEN WITH ALL LOADS ON BY VOLTAGE READING FROM
MEASUREMENT TAKEN WITH NO LOADS ON TO FIND PERCENTAGE VOLTAGE DROP BETWEEN NO LOAD AND
FULL LOAD CONDITIONS

100% = 94% = 6%

e DIVIDE VOLTAGE READING FROM MEASUREMENT TAKEN WITH ALL LOADS ON (FULL LOAD) BY VOLTAGE READING FROM
?ETA‘%%HCER‘E;S];TAKEN AT START OF CIRCUIT TO FIND PERCENTAGE VOLTAGE DROP ACROSS
i I

1128 R
W:O,Bd 100% —94% = 6%

o IF EITHER ANSWER IN STEP 5 OR 6 IS GREATER THAN 3%, CHECK CIRCUIT FOR IMPROPER CONDUCTOR SIZE, TOO
LONG OF CIRCUIT RUN, AND/OR TOO MANY LOADS ON CIRCUIT (EVEN IF CIRCUIT BREAKER DOES NOT TRIP)

0 PERFORM TEST MEASUREMENT ON KNOWN ENERGIZED SOURCE TO VERIFY METER WORKING CONDITION
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Voltage unbalance within a
power distribution system
can cause high current
unbalance in loads such as
electric motors.

ONE OR TWO
BLACKENED
WINDINGS

Electrical Apparatus
Service Association, Inc.
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In general, voltage un-
balance should not be
more than 1%. Whenever
there Is a 2% or greater
voltage unbalance,

corrective action should | ’ ik e R Ao
be taken. |

I DETERMINING VOLTAGE UNBALANCE

EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE
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Current unbalance is
determined Iin the same
manner as voltage
unbalance, except that
current measurements
are used.

Chapter 5 — Electrical ﬁistfib_zi _

/

o PERFORM TEST MEASUREMENT ON KNOWN ENERGIZED SOURCE TO VERIFY
METER WORKING CONDITION

DISCONNECT

/ AS! Robicon

POWER QUALITY CABINET
CONTAINING TRANSFORMERS,
REACTORS, POWER FACTOR

CORRECTION CAPACITORS,
AND FILTERS

MEASURE INCOMING CURRENT

@ ADDCURRENT @) FIND CURRENT (@) FIND LARGEST @ FiND CURRENT
VALUES AVERAGE CURRENT DEVIATION UNBALANGCE
58 = C C,=C-C Cu=%x100
23 C,=56-53 4
P =3 C,=3A
168 A

3
—x1
% x 100

G =
C, = 0.0535 x 100
c =

o PERFORM TEST MEASUREMENT ON KNOWN ENERGIZED SOURCE TO

VERIFY METER WORKING CONDITION Bi35%
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The phase sequence of
power lines can be

Verlfled US|ng a phase = 70 SUPPLY OF STARTER
Seguence tester. . //"'

I PHASE SEQUENCE TESTER MEASUREMENT

MOTOR CONTROL
ENCLOSURE—~
DISCONNECT ON

FUSES/CIRCUIT BREAKERS
(OVERCURRENT PROTECTION)

VERIFY ALL THREE-PHASE INDICATOR
LIGHTS ARE ON

Iy
TN
TR
o 0 O~
@ 4 [T——@ CHECK PHASE SEQUENCE LIGHTS

FOR CORRECT TEST LEAD ORDER

T~
~—@) REMOVE PHASE SEQUENCE
TESTER FROM CIRCUIT

| _——MAGNETIC MOTOR STARTER OR SOLID-STATE
] MOTOR STARTER WITH OVERLOAD PROTECTION

—— LOCAL MOTOR CONTROL

SELECTION



ELECTRICAL SYSTEMS

for ','f/, - =
FACILITIES MAINTENANCE Chapter 5 — Electrical . anz,wfu Systems
PERSONNEL N

I NONLINEAR LOADS

In nonlinear loads,
current Is not a pure
proportional sine wave
because current Is drawn
In short pulses.

PERSONAL COMPUTER COPIER

ELECTRONIC
LIGHTING WELDING MACHINE

S
ORING PROGRAMMABLE ELECTRIC
LOGIC CONTROLLER MOTOR DRIVE
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frequency (180 Hz) on
nonlinear loads produces
high currents on the
neutral conductor.

I HARMONIC DISTORTION NEUTRAL CONDUCTOR CURRENT

The third harmonic current

THIRD HARMONIC
FREQUENCY CURRENT

2 g )
CANCELSOUTON N —&—7)
NEUTRAL CONDUCTOR —~ _A )
P

4 204
E= LINEAR

204 LOAD
LINEAR

LINEAR LOADS

THIAD HARMONIC
FREQUENCY CURREN
ON NONLINEAR LOADS 20A / il
(180 Hz) PRODUCES HIGH g ) nevran
CURRENTS

ON 4/
NEUTRAL CONDUCTOR P A
I
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0 reduce harmonic distortion and overheating
problems, the best wiring method Is one In which

each circuit has its own neutral conductor (no shared
neutrals).

I ELECTRICAL SYSTEM WIRING METHODS

NEUTRAL NEUTRAL
CONDUCTOR CONDUCTOR

10A 20 A N
N__10A

A
B
N
10A

NEUTRAL
CONDUCTORS

c 10A

ORIGINAL WIRING METHOD IMPROVED WIRING METHOD BEST WIRING METHOD
(ALL CONDUCTORS (NEUTRAL TWO TIMES SIZE OF (SEPARATE NEUTRAL FOR

EQUAL SIZE) HOT CONDUCTORS) EACH PHASE)
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HARMONIC FILTERS

- Three-phase harmonic
filters are Installed |-
between the transformer R

and distribution panel to T
reduce harmonic ] - o -
frequencies and total || :

harmonic distortion.

R
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Common types of
transformers used in g — .
commercial applications
include power, control == \3

circuit, lighting, and step-
down transformers. £ 1 -
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LIGHTING STEP-DOWN
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K-RATED TRANSFORMERS

A K-rated transformer is
a transformer designed
to handle the extra
heating effects caused
by harmonic distortion.
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Because transformers
can be overloaded for
short periods, It IS

Important when taking
measurements to take
them over incremental N

TRANSFORMER OVERLOADING

TRANSFORMER RATED
CURRENT MULTIPLIER

1 2 3 4 6 8 10 15 20 30 40 60 80100

ti m e p e ri O d S . PERMISSIBLE OVERLOAD TIME
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Control-circult trans-
formers are tested by
checking for open circuits
In the colls, short circuits
between the primary and
secondary coils, and
colls shorted to the core.

COILS SHORTED TO CORE



