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DEVICE FUNCTION NUMBERS
FOR
POWER DISTRIBUTION EQUIPMENT

PURPOSE OF DEVICE FUNCTION NUMBER

A system of nomenclature known as “device Tuncs
tiyn mambering™ has been devised. It provides a
means of quickly grasping Lhe main purpose of any
device used as a part of an awtomatic and manual
station conlrol, supervisory, and associated tele-
metering equipment. This system, [irst developed
in connection with automatic switchgear, is now
applied 1o all types of power distribution equip-
ment. It is based on the assignment of a standard
rumber to each af the zeveral fundamental func-
tipns performed by the component elements af a
complele equipment.

These device functions may reler 1o the actuil
fupetion the device performs In an equipment or
they may reler to the elecirical ar other guantity
to which the device is responsive. Hence, there
may be in some instances 2 choice of the function
number used for a given device. The preferable
choice, in all eases, is the one which is reecog-
nir.l.-d to have the narrowest inlerpretation so that
it most specifically identifies the device in the
minds of all individuals concerned with the design
and operation of the equipment.

The device [unction numbers with appropriate sul-
lix letter or letters, where necessary, are used
on electrical diagrams, in instruction books and
in specilications. o

The items included in this.publication are [rom
“Manual and Automatic Station Control, Supervi-
spry, and Associated Telemetering Equipment,
C37.2 - 1970." Complete copies of Lhe standard
are available [rom the American Mational Stan-
dards Institute, lne., 1430 Em:ldw:l;r. New York,

NY 10018

STANDARD DEVICE FUNCTION NUMBERS

D'eﬁce function nombers, each with Its correspond-
lng lenction name and the general description of
each function, are llsted In this publication.

When allernale names and descriplions are in-
¢luded under the function, only the pame and de-
seription which applies to each specilic case
should be used. In general, only one name for
e¢ich device such as, relay, contactor, circuit
Lreaker, switch, or device. is included in 2ach

{€) 1875 General Eleetrie Co.

funetion designation. However, when the function
is inherently not restricted to any specific type of
device and where the type of device itsell Is thus
merely incidental, any one of these alternative
rames, as applicable, may be substituted. Fer
example, if for device function 6 4 conlaclor is
used [or the purpose in plice of a circuit breaker,
the function name should be specified as Starting

Contactor.

Naombers from 93 to 59 should be assigned only lor
those functions in speciflc cases where noné of the
assigned standard device [unction numbers are

applicable. MNumbers which are "reserved for
future application” should not Le used.

DEVICE

NUMBER FUNCTION AND DESCRIFTION

MASTER ELEMENT 2 the iaitiating
device, such as a control switch. volt-
age relay, [leat swilch, ste, which
serves either directly or through such
permissive devices as protective and
time-delay relays to place an tquip:m.c nt
in or out of operation.

@

TIME-DELAY STAHRTING OR CLOEING
RELAY is a device that functicns 1o give
a desired amount of time delay Lelore
or alter any point of operation in a
swilching sequence ur protective relay
system, except as specifically provided
by device [unctions 48, 62 and 59,

CHECKING OR INTERLOCKING RELAY
is 4 relay that operales ln response io

the position of a number ¢l other devices
(or to 2 number, of predetermined con.
ditiens) in an equipment. to allow an
operating seguence to proceed, or to

stop, or to provide a check of the posi-
tion of these devices or of these condi-
tionz [er any purpose.

®

MASTER CONTACTOR [z a device,
generally controlled by device [unction

1 or the equivalent and the required
permissive and prolactive devices, that
serves to make and break the necessary
conitol circuits to place an equipment
into cperation under the desired condi-
tions and to take it out of operation under
other or abrormal cenditions.
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DEVICE DEVICE
FUNCTION AND DESCRIPTION NUMEER FUNCTION AND DESCRIPTION

NUMBER

®

®

O,

® ©

® ® 6

®

STOPPING DEVICE is a control device
used primarily to shul down an eguip-
ment and hald it out of operation, [This
device may be manually or electrically
actuated, but excludes the function ol
electrical lockout (see device [unction
E6) on abnormal conditions.|

STARTING CIRCUIT BREAKER is 2
device whose principal function is to
connect a machine to its source of start-

ing voltage.

ANODE CIRCUIT BREAKER is a device
used in the ancde circults of & power
rectifier [or the primary purpose of
Interrupting the rectifier circuit if an
pre-back should eccur, d

CONTROL POWER DISCONNECTING
CEVICE is a disconnecting device, such
as a knife switch, circuit breaker, or
pall-out fuse block, used [or the purpose
af respectively connecting and discon-
pecting the source of control power to
and from the control bus or equipment.

Kote: Control power is considered to
{nclude auxiliary power which supplies
guch apparztus as small metors and
heaters.

ﬁE\"ERSING DEVICE is a device that is
used for the purpose of reversing a ma-
chine fHeld or for perlcrming any other

peversing functions.

UNIT SEQUENCE SWITCH is a switch
that is used to change the Seguence in
which enits may be placed in and out of
gervice in multiple-unit equipments.

RESERYED FOR FUTURE AFPLICA-
T.[DN. g

OVER-SPEED DEVICE is usually a
direct- connected speed switch which
functions on machine overspeed.

§YNCHRONOUS-SPEED DEVICE i5 a2
dlgujcq such as a cenlriiugal»npeed
gwitch, a slip-Irequency relay, a volt-
age relay, an undercurrent relay, or
any type of device that operates at
approximately the synchronous speed of
§ machine.

i

UNDER-SPEED DEVICE is a device that
finctions when the speed of 42 machine
{alls below a pre-determined value.

(15) SPEED OR FREQUENCY MATCHING
DEVICE is a device thal functions to
match and hold the speed or the [requency
of a machine or of a system equal to, or
approximately egqual to, that of another
machine, sourcae, or System.

RESERYED FGR FUTURE APPLICA-
TION.

SHUNTING OR DISCHARGE SWITCH is
a switch Lhat serves to vpen or 10 close
a shonting circuit around any piace of
apparatus (except a resistor), such as
& machine field, a machine armature, a
gapacitor, or a reactor.

Mota: This excludes devices Lhat per-
form such shunting operations as may
be necessary in the process of starting
a machine by devices & ar 42, or their
equivalent, and alsa exeludes device
function T3 that serves for the switching
of resistors.

ACCELERATING OR DECELERATING
DEVICE is a device thal 15 used to close

or to cause the elesing of circuits which
are used to increase or decrease the
speed of & machine.

STARTING-TQO-RUNNING TRANSITION.
CONTACTOR is a device that operates
to initiate or cause the automalic trans-
fer of 2 machine {rom the starling (o
the running power connection.

VYALVE |z one used Iln a vacoum, air,
gis, oil, or similar line, when it |5
electrically cperated or has electrical
accessaries such as auxiliary switches,

®

DISTANCE RELAY is a relay that func-
tions when the circuit admittance, im-
pedance, or reactance increases or de-
creases beyond predetermined Limits.

EQUALIZER CIRCUIT BREAKER is a
breaker that serves to control or to
make and breik the equalizer or the
current=balancing connections for a ma-
chine field, or for regulating equipment,
in a multiple-unit installation.

®

@ TEMPERATURE CONTROL DEVICE is
a device that functions to raise or lower
the temperature of a machine or other
apparatus, or of any medium, when ila
temperature {alls below, or rises above,
a predetermined value.
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DEVICE DEVICE
NUMBER FUNCTION AND DESCRIPTION NUMBER FUNCTION AND DESCRIPTION

-

Conp'd.

@

® ® ©

NG

®

MNotle: An example iz a thermostat that
gwilches on 3 space heater in a switch-
gear assembly when the temperaturs
Ialls to a desired value as distinguished
from a device that is used to provide
automatic temperature regulation be-
tween clase limils and would be desig-
nated as device function 90T,

RESERVED FOH FUTURE
TION,

SYNCHROMIZING OR SYNCHRONISM-
CHECK DEVICE is a device that oper-
ates when fwo a-c circuits are within
the desired limits of [requency, phase
angle, or voltage, to permit or 1o cause
the paralleling of these two circuits.

APPLICA-

APPARATUS THERMAL DEVICE isa
device thal functions when the tempera-
ture al the shunt [ield or the amortissear
windirg of 3 machine, or that ef a load
limiting or load shilting resister or of a
liquid or other medium, exceeds 2 pre-
determined value: ar if the temperature
of the protected apparatus, such as a
power rectilier, or of any medium de-
ereases below i predetermined value.

UNDERVOLTAGE RELAY is a relay
that functions an a given value of under-
vollige.

FLAME DETECTOR is a device that
monitors the presence of the pilot or
main [lame in such apparatus a= a pas
lurbine or a steam boiler.

ISOLATING CONTACTOR is 2 device
that is used expressly [or disconnecting
one circuit from another for the purposes
of emergency operation, maintenance,

or test.

ANNUNCIATOR RELAY [= a nonauls-
matically reset device that gives a num-
ber of separate visual indications upon
the lunctioning of protective devices,
and which may also be arranged to per--
form a lockout function.

SEPARATE EXCITATION DEVICE is a
device that connects a circuit, such as
the shunt [leld ol o synchronous conver-
ter, to a source of separate excitation
during the starting sequence] or one that

@

energizes the excitation and ignition eir-
cuits of a power rectifier,

DIRECTIONAL POWER RELAY lsa
device that functions on a desired value
of power {low in a given direction or
upon reverse power resclling Irom are-
Back in Lthe Anode or cathode circuils of
a pawer rectifler.

POSITION SWITCH is 3 switch that
makes or breaks coatict when the main
device or piece of apparatus which has
ng device function number reaches a
given positicn.

MASTER SEQUENCE DEVICE is a1 de=
vice such ag 2 motor-operated multi-
contact switch, or the equivalent, or a
programming devicu, such as a coms
puter, that establishes or determines
the operating sequence of the major ce-
vices In an equipment during starting
and stopping or during other sequential
switching cperations,

QR SLIP-RING
DEVICE js a device

BRUSH- QPERATING
SHORT-CIRCUITING
for raiging, lowering, or shifting the
brushes of a machine. or for shori-cir-
caiting its slip ringy, or [or engaging or
disengapging the contacts of 2 mechanical
rectifier.

POLARITY OR POLARIZING VOLTAGE
DEVYICE {s a device that operates. or
permits the operation of, another device

“on 3 predetermined polarity enly, er ver-

ifies the presence of 2 polarizing vollage
inan equipment.

UNDERCURRENT OR UNDERPOWER
RELAY is a relay that lunctions when the
current or power [low decreases below

a predetermined value.

BEARING FROTECTIVE DEVICE is a
device that [unctions on excessive bear-
ing temperaturs, or on other abnormal

, mechanical conditionz associated with

the bearing, such 2: undue wear, which
miy eventually result In excessive bear-
ing temperature or faflure.

MECHANICAL CONDITION MOMITOR
is 2 device that functions vpon the cé-
currence of an abrermal mechanieal
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DEVICE DEVICE .
NUMBER  FUNCTION AND DESCRIPTION NUMBER  FUNCTION AND DESCRIPTICN

conditicn (except Lhat associated with
bearings as covered under device [unc-

lion JB), such as excessive vibration,
eccenlricily, expansion, shock, Lilting,
or seal [allure.

FIELD RELAY is a relay that functlons
ena glven or abrormally low value or
fajlure of machine [leld currenl, or on
excessive value of the reactive com-
ponent of armature current in an a-¢°
machine indicating abnormally low field
excitatien,

FIELD CIRCUIT BREAKER ls a device
that functions to apply er remove the

. leld excitation of 2 machine.

@

RUNNING CIRCUIT EREAKER is a de-
vice whose principal fuactlon is to con-
nect & machine to ils source ol running
or operating voltage. This funclion may
also be used for 3 device, such as a con-
tactor, that is used In series with a eir-
cuit breaker or other [aull prolecting
means, primarily for {requent opening
and closing of the eircuil.

MANUAL TRANMSFER OR SELECTOR
CEVICE |5 a manually operated device
that Lransfers the ¢entral circuils in
order to modily the plan of operation of
the switching equipmenl er of some of
the devices.

UNIT SEQUENCE STARTING RELAY
Iz a relay that luncticns Lo start the next
avallable unit in 2 multiple-unit equip-
ment upon the fallure or nonavailability
of the normally preceding unit.

ATMOSFHERIC CONDITION MOMITOR
is a device, that lunctions upon the oc-
currence of an abnormal atmospheric
conditlon, such as damaging fumes, ex-
plosive mixtures, smoke, or lire.

REVERSE-FHASE OR PHASE-BALANCE
CURRENT RELAY is a relay that func-
tions when the polyphase currenis are of
reverse-phase sequence, or when the
polyphase currents are unbalanced ar

conlain negative phase-sequence com- .

ponents above a given amount.

@ PHASE-SEQUENCE VOLTAGE RELAY
is a relay that [unciions upon a pre-

determined valee of polyphase vollage
im the desired phase sequence.

[NCOMPLETE SEQUENCE RELAY isa
relay that generally reterns the equip-
ment o the normal, or oll, posilion and
locks It cul if the normal siarting, oper-
ating, or stopping seguence is not prop-
erly completed within a predetermined
time. U Lhe device !s used for alarm

.purposes only, it should preferably be
designated as 484 (alarmi.

MACHINE OR TRANSFORMER THER-
MAL RELAY is a relay that functions
when the temperaturs of 3 maching arm-
ature or other load-carrying winding ar
element of a machine or the lempesalure
ol a power rectifler or power trang-
farmer (inclading & power rectifier
transformer) exceeds 2 predetermined
value,

INSTANTANEOUS OVERCURRENT OR
. RATE-QF-RISE RELAY isa relay that
functions instantanepusly on an excessive
value of curreat or on an excessive rite
of current rise, thus indicatiag a faull
in the apparatus or cirouit Being pro-
lected. :

(51)  A-C TIME OVERCURRENT RELAY is
a relay with ejther a definile or {averse
time characteristlic thal functions when
the cerrent In an a-c circull exceeds o

predetermined value.

A-C CIRCUIT BREAKER is a device
thal is used to close and interrupt an da=-¢
power circuit onder normal conditions
ar to interrupt this circuit under [ault
or emergency conditions,

@ EXCITER OR D-C GENERATCR RE-
LAY is a relay that forves the d-¢ ma-
chine fiald excitation to build up during
starting or which functions when the
machine voltage has beoen Dulll up Lo a
given value.

RESERVED FOR FUTURE APPLICA-
TION,
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DEVICE DEVICE .
MUMEER FUNCTION AND DESCRIPTION KUMBER FUNCTION AND DESCRIPTION

)
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POWER FACTOR RELAY is 2 relay that
operates when the power [azter in an 2-2
circuit rises above or {alls below a pre-
determined value.

4

FIELD APPLICATION RELAY isa re-
lay that autamatieally controls the appli-
cation of the lield excitation to an a-<
metor at some predetermined point in
the slip eycle.

SHORT.CIRCUITIHG OR GROUNDING

DEVICE is 2 primary circuit switching
device that functions Lo short- circuit or
to ground a eircuit in response to auto-
matic or manual meins.

RECTIFICATION FAILURE RELAY is
a device that functions if ane or more
anodes of a power rectifier fail ta fire,
or to detect an 3re-back or on [ailure of
a dicde to conduct or blogk properly.

OVERVOLTAGE RELAY is a relay that
functions on 2 given value of overveoltge.

VOLTAGE OR CURRENT BALANCE
RELAY Is a relay that gperates cna
given dilference in vollage, or current
input er output, of two circuits.

RESERYED FOR FUTURE APPLICA-
TION. '

TIME-DELAY STOPPING OR OPENING
RELAY is a time-delay zelay that seérves
in conjunction with the device that inj-
tiates the shutdown, stopping, or opening
eperatien {n am automatie sequence or
protective relay sysiem.

LIQUID OR GAS PRESSURE OR VAC-

UUM RELAY lsa relay that operales ¢a
given values of liquid or gas pressure or
en given rates of change of these values.

GROUND PROTECTIVE RELAY 153
relay that functions on failure of the in-
sulation of @ machine, transformer. or
ol other apparatus to ground, or on
flashover of 2 d-¢ maching to ground,

Mote: This lunction is assigned only Lo
a relay that detects the {low of current
Irom the [rame of 2 machine or enclos-
ing case or structure of 2 piece of ap-
paratus to ground, or detects a ground
on a normally ungrounded winding or

circuit. -t is not applied lo a device con-
nected in the secondiry circult of 3 ¢ur-
reni translormer, or in the secendary
neutral of current translormers, <on-
nected in the power circuit of a normally
grounded system.

COVERNOR is the assembly af [uid,
electrical, or mechunical control egquip-
ment used for regulating the flow af
water, steam, or other medivm (o the
prime mover [or such purposes as stari-
ing, holding speed or load, or stopping.

NOTCHING OR JOGGING DEVICE isa
device that funetions to allow only a
specilied number of eperations of a2 given
device, or equipment, or a specillied
number of successive operations within
a given time of each other. It is also 2
device that functions 1o energize 2 cir-
cuit periodically or lor {ractions of
specified time intervals. or that is usec
to permit intermittent aceeleration ar
jogging of 2 machine at low speeds far
mechanical positioning.

A-C DIRECTIONAL OVERCURRENT
RELAY is'a relay that functions on 3 de-
sired value of 3-¢ over-current flowing
in a predetermined direction,

BLOCKING RELAY is a relay that inl-
tiates a pilot signal [or blocking of Lrip-
ping on external [aulis jn 2 transimission
line or in other apparatus under preces
termined conditions, or cooperates with

" other devices to block Lripping or lo
block reclosing on an oul-of-slep condi=

tion or on power savings.

PERMISSIVE CONTROL DEVICE is gen-
erally a bwo- position, manually-operated
switch that, in one position, permils the
closing of a circuit breaker, or the plac-
ing of an equipment Iato operation, and
in the other positien prevents the circeit
breaker or the eguipment [rom being
operated,

RHEQSTAT is a variable resistance de-
vice used In an electrie circuit. which is
electeically operated 'or has other glec-
trical accessories, such as auxiliary,
pesition. or limil sxitches.

LIQUID OR GAS-LEVEL RELAY isa
relay that cperates on given values of
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DEVICE DEVICE
NUMBER FUNCTION AND DESCRIFPTION NUMBER FUNCTION AND C-ESCRIPTION

@

liquid or gas level er on given rates of
change of these values.

D-C CIRCUIT BREAKER is a ¢ir¢uit
breaker that is used to close and intér.
rupt a d-¢ power clrcuit onder normal
conditions or to interrupt this circult
under [ault or emergency conditions.

LOAD-RESISTOR CONTACTOR is a con-
lactor that is used to shunl or insert a
gtlep of load limiting, shifting, or imdi-
cating resistance in a pawer circuit, ar
{o switch & space heater in circuil, or to

" ewiteh a light or regenerative load re-

sistor ol a power rectilier or other ma-
chine in and out of clrcuit.

ALARM RELAY is a relay cther than an
annunéistor, a5 coverad under device
[enction 30, that is used to operate, or
{o nperate in connection with, a visuval

or audible alarm.

POSITION CHANGING MECHANISM is
a mechanism that s used for moving 2
main device [rom one position to another
in an equipment: as for example. shilting
a removable eircuit breaker unit to and
[rem the connected, disconnected, and

test positions,

D-C OVERCURRENT RELAY is a relay
that funetions when the current ina d-¢
circuit exceeds a given value,

PULSE TRANSMITTER Is used Lo gen-
érate and transmit pulses over a tele-
metering or pilat-wire eircult to the re-
mote Indicating or recejving device,

PHASE-ANGLE MEASURING OR OUT-
OF-STEF FPROTECTIVE RELAY is a
relay that [unctions at 2 pre-determined
phase angle between two vollages or be-
tween bwo currents or between veltage
and current.

A-C RECLOSING RELAY is a relay that
controls the automatic reclosing and
locking out of an a-¢ elrcuil interrupter.

LIQUID OR GAS FLOW RELAY isa re-
lay that operates on given values of liquid
or gas [low or on given rates ol change
of these values.

FREQUENCY RELAY iz a relay that

functions on a predetermined value of
Irequency (either under or over or on
normal system frequency) or rate of

change of [requency.

D-C RECLOSING RELAY is a relay rhat
controls the automatic closing and re-
clasing of a d-¢ clrcult Interrupter, gens
erally in response lo load circuil condis

tions.

AUTOMATIC SELECTIVE CONTROL
QR TRANSFER RELAY is a relay thal
aperates to select autornatically between
certaln soorces or conditions in an eguip-
ment, or performs a lrans{er operatien
Zutomatically.

QPERATING MECHANISA is the com-
plete electrical mechanism or Serveo-
mechanism, including the operating mo-
tor, solenoids, positior switches, etc,
lor a tap changer, induction regulator,
or any similar piece of apparatus which
otherwise has no device function number,

CARRIER CR PILOT-WIRE RECEIVER
RELAY is a relay that is operated or
restrained by a signal used In connection
with carrier-current or d-c pilot-wire
lault directional relaving.

LOCHKING-OUT RELAY is an electrically
operaied hand, or electrically, rese; re-
lay or device that functions to shut down

or hold an equipment out of service, ar
both, upon the occurrence of abnarmal
conditions.

DIFFERENTIAL PROTECTIVE RELAY
is a protective relay that functions on a

© percentage or phase angle or other quan-

titative dillerence of tw) currents or of
some other electrical quantities.

AUXILIARY MOTOR OR MOTOR GEN-
ERATCOR is one used for operating aux-
iliazy equipment, such 43 pumps,
blowers, exciters, rotating mapgnetic
amplifiers, ete.

LINE SWITCH is a switch used as 1 dis-
connecting, load-interruptesr, or isolating
gwiteh in an a-¢ or d-¢ power circuit,
when this device is electrically aperated
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DEYICE

NUMBER FUNCTION AND DESCRIPTION

or has electrical accessories, such as
an auxiliary switch, magnsatic lock, ete,

REGULATING DEVICE is a device that
luncticns to regulate a quantity, ,or quan-
titles, such as voltage, corrent, power,
speed, frequency, temperature, and

load, ata gertain value or between cer-
tain (generally close) limits for machines,
tie lines or other apparatus.

VOLTAGE DIRECTIONAL RELAY isa
relay that operates when the voltage
across an open cireult brebiker ar con-
tactor exceeds a given value [n a given
direction.

YOLTAGE AND POWER DRECTIONAL
RELAY is o relay that permits or causes
the connection of bwo circuits when tha
voltage difference between them exceeds
2 given value in 2 predetermined direc-
tioen and causes these two circuits to be
disconnected {rom each other when the
power [lowing between them excesds a
given value In the opposlte direction,

FIELD- CHANGING CONTACTOR isa
contactor that functions to Increase or
decrease, in one step, the value of [jeld
excliation on a machine.

TRIPPING OR TRIP-FREE RELAY isa
relay that [unctions to trip 3 circuit
breaker, contactor, or equipment, or to
permit Immediate iripping by other de-
vices: or (o prevent Immediate reclosure
of a circuit interrupter If it should open
dutomatically even though its closing cir-
cull iz maintained closed.

-
o5
pE =

*Used only lor speciiic applications
?T * » in Individeal installations where
: none of the assigned numbered
48 = functions from 1 to 84 are suitable.

@) -

SUPERVISORY CONTHOL AND INDICATION .

A simllar series of numbers, prefixed by the let-
ters RE (for “remaote’) shall be used [or the inler-
posing relays performing functions that are cons
troljed directly from tha supervisory system.

Typical examples of such device [unctions are;
RE1l, RES, and REJ4.

Mote: The use ol the "RE™ prelix for this
purpose in place of the former 200 Series
al numbers now makes it passible Lo ob-
tain increased [lexibility of the device
function numbering system. For example,
In plpeline pump stations, the numbers 1
through 99 are applied to device [unctions
that are asseclated with the over-all sk-
tion operation, A similar series of num-
bers, starting with 101 Instead of 1, are
used for those device [uncrions that are
associated with unit 1: a similar series
starting with 201 for device functions that
are associated with unit 2: and so on, for
each unit in these installations.

SUFFIX LETTERS

Sullix letters may be used with device [unction num.
bers for varions purposes. They permit 2 mani-
lold multiplication of available [unction designations
for the large number and variety of devices used in
the many types of equipment covered by this stan-
dard. They may also serve to denote individueal or
specific parts or auxiliary contacts of these devices
or cerlain distinguishing features, charagteristics,
or conditions which describe the use of the device
or Its contacts In the equipment.

Letter sufflixes should, however, be used only when
they accamplish 3 useful purpose. For example.
when all of the devices In an equipment dre i5so0-
ciated with only one kind of apparatus, suchas a
feeder or motor or generator, it i3 commoan prac-
tice, in order to retain maximum simplieity in de-
vice function identification, not to add the respec-
Live sullix [etter F or M or G to any of the device
function numbers,

In order to prevent any possible conflict or con-
fusion, each suffix should preferably have only one
meadning in an individual equipment. To accomplish
this, short distinctive abhreviations, such as con-
tiined in American Standard Abbreviations lor Use
on Drawings, Z32.13-1930, or any appropriate
comhbination of letters, may also be used as letter
sullixes, where necessary. Huowever, each sulllx
should not eonsist of mare than thres (and prefer-
ably not more than twa) letters, in order to keep the
complete function designation 35 short and simple
as possible,

The meaning of each sullix used with a device lunc-
tion number shouid be designated in the [ollowing
manner on the necessary drawings or publications
applying to the equipment: TC, Trip Coil: V, Volt-
age: X, Auxiliary Relay.
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MAIN DEVICE PARTS

These letiers denote paris of the main device, dis
vided into the two following categories:

(1) All parts, such as the following:

LK Brake

C Coil or Condenser or Capacilor
CC Closing Coil

NIC  Holding Coil

i Cperating Motar

MF  Fly-ball Mator

ML Load-limit Motor

MS Speed Adjusting or Synchronizing Motor
5 Solenoid

sl Seal=in

TC Trip Coil

¥ Yalve

(1) Ail auxiliary contacts and position and Umit
switches for such devices and equipment as cir-
cuit breakers, contictors, valves and rhesstats
and contacts of relays. :

1, Contact that is open when the main device is in

the standard reference position, commaenly re-

ferred to a3 the nonoperated or de-energized
pasition, and that closes when the d:\-l:r.- as-
sSumes the opposile position.

b. Contact that is closed when the main device is
. im the standard reference position, commonly
referred o a3 the nonoperaled or de-enerzized
position, and that opens when the device assumes
the opposite position.

Note: The simple designation "a™ or "b™ 13
used In all cases where there I5 no need lo
adjusi the contacis to change posilion at any
particular point in the travel of the main de-
vice ar where the garl of the travel where the
contacts change posilion i3 of no signilicance
in the control or operating scheme. Hence
the "a* and “b" desicnations vsually are sul-
ficient for circuit breaker auxiliary switches.

AUXILIARY SWITCHES FOR CIRCUIT BREAKER
OFERATING _ MEI’.‘HA‘-ISME

For the mechanically trip-free mechanism of 2 -
circuit breaker:

i3 Contact that is open when the operating mecha-
i nism of the main device is in the nonoperated
position and that closes when the operating me-
chanism assumes the opposite position.

bb Contact that is closed when Lhe operating me-
chanism of the main device is In the nongperated
position and that opens wher. the operating me-
chanism assumes the opposite positien.

The part of the stroke at which the auxiliary switch
changes position should, il necessary, be specilied
in the description. “LC™ is used to desicnale (he
latehs checking switch of such 5 mechanism. which
iz cloged when Lhe mechinism linkage is relaiched
alter an opening operaticn of the circuit breaker.

LIMIT SWITCHES

"LS" designates & limit switch This is a position
switch that is actuated by a main device, suchas a
rheostal or valve, ab or near its extreme end of
travel, Itz wusual function i2 o open the eireuit of
the cperating motor at the ead ef travel of the main
devige, but it may also serve lo give an indicaton
that the main device has reached an extreme posi-
tion of travel.

TORQUE LIMIT SWITCHES

This Is a switch that Is vsed to open an operating
metor circult at a desired torque limit at the ex-
treme end of travel of a main cevice, such as a
valve, It should be desipnated as lollows:

tge Tergque Limit switch, opensd by tordque-respan-
sive mechanism, to stop valve closing.

tge Torgue limit switch, opened by torgue-respon-
sive mechanism. to stop valve opening.

QTHER SWITCHES

If several similar auxiliary, pasition. and limit
swilches are present on the same main device,
they should be designated with supplementary nu-
merical sulliiues as 1, 2, 3, ele., when necessary,

OTHER CHARACTERISTICS OR CONDITIONS

The following letters cover all other distinguishing
features or characteristics or conditions, not
specifically described previously, which secve 1o
describe the use of the device or its contacts in the
equipment, such as: -

A Accelerating or Automatic
Blocking or Backup

B
c Close or Cold
D Decelerating or Detonate or Downor Disengaged
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In the eases where the same suffix (consisting el
one letter or a combination of letters) hag different
meanings in the same equipment, depending upon
the device function number with which It is used,
then the eemplate device funciion number with its
suflix leper or letlers and jis corresponding func-
tian name should be listed in the legend in each
case, as lollows: 63V, Vazuum Relay; TOH, Rals-
ing Relay for Device 70: 90V, Voltage Regulator,

Wole: Letter sulfixes used with specilis
device funetion numbers [or a typical ap-
plcation, mamely pipeline pump installa-
ticns, are lisied in Proposed Device Nums
bers and Functons for Pipaline Pump Sta-
tions under Automatic or Remocte Control,
Amarican Institute of Elecirical Engineers’
Publication &8, February, 1958,

AUXLIARY DEVICES

These lefiers depote sepirate ouxiliary devices,
gueh as: .

c Closing Relay or Contacior

CL  Augliary Relay, Closed (energized when
ma)a device is in elesed position]

C5 Control Switch

D “Down'™ Position Switch Relay

L Lowering Relay

(0] Opgning Relay er Contactor

0P  Ausiliary Relay, Open (energized when main
device i= In open position)

PE Pugh Button

R Ha)sing Relay

o “Up" Positlon Swilch Relay

x

Y} Aumiliary Relay

1 5

Mote: In the contrel of a circuit breaker
with 2 ss-called X-¥ relay control scheme,
the X relay is the device whose main con-
tacts are vsed lo energize the elosing coil
or the device which In some other manner,
such as by Lthe release of stored ¢energy,
causes the breaker to close., The con-
tacts of the ¥ relay provide the anti- pump
featqre for the circull Lreaker.

ACTUATING QUANTITIES

These letters Indicate the condition or electrical
nuantity fo which the device responds, or the med-
fum in which the device responds, or the medium ~
in which it is located, such as:

A Air or Amperes
= Current
E Electrolyie

= =] B30 0 o

- Frequeney or Flow or Fault
Level or Liquid
Power or Préessure
F PFower Factor
il
Speed
Temperature
Yeoltage or Velts er Vacuem
Reactive Power
Vibration
Water or Warts

= =
El:l:".l-
-]

MAIN DEVICE

These letters dencte the location of the main device
in the circuil, or the type of cireait in which the
cevice iz used, or the type of circuit or apparatus
with which it is associated, when this is necessary,

such as:

A Alarm or Auxiliary Power
AC  Alternating Current

AN Anode

B Battery or Blower or Bus
Bk Braks

BP Bypass

BT Bus Tie

1 Capacitor or Condeaser or Compensalor or
Carrier Curreat

CA Cathode

D Discharge

DC Direet Corrent

Exciter

Feeder or Fleld ar Filament

Cenerator or Ground® -

Heater or Housing

Line or Logic

Motor or Metering

Network or Neutral®

Pump or Phase Comparison

Reactor.or Rectiller

Synchrenizing or Secondary

Transformer or Thyratron

TH Transformer (High-veltage Side)

TL Translormer (Low-voltage ide)

Tk Telemeter

u “Unit

=My e E O

*Note: Sulfix "N* is generally used in
prelerence ta "G" [or devices connected
in the secondary neutral af current
transformers, or in the secondary of a
current transformer whose primary
winding is located in the neutral of 2
machine or power transformer, except
in the case of transmission Line relaying,
where the suffix “G" |s more commonly
uged for those relays that operate on
ground faults.

(o)m—u\ﬂumuyt‘ﬁd\uﬂ\bgnwmuéhu\u:,‘)j_‘,tj)‘&‘
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s cliagrarn mpmibiots in Tabla 1 are used by Squane D and, whare applicable, confarm ko NEMA (Mallora! Electrical Margfaciurens Assocalion)

landards.

1' Standard Elamentary Diagram Symbaols

EWITCHES

SELECTORS

Cincait Brgakars
w/! Thermal OL

SaEER Tt RiT:

Cirowl Braakes
W quﬂ-c oL

Digearmipal Cirgudt Intenupter

Frisun & Liguid Lorvisl Swiiches Tempiradung
Vazuum Switches Azluated Swilches
" L 0, )
Limit Switchas Speed (Fluggng) Anti-Flug
N.0D. NG, E F F
]
¢ =P ol als oto
Hihe! Closed Hold Dpen “‘T"" J"J:‘-"‘ J""J:-\‘
Oy @ OT0 c—-0 cr’;"c‘: =0
H ]

Flow Ewnitches Foet Switches

WO MG

g G

PUSH BUTTONS - MOMENTARY CONTACT

2-Poslion Selector Swich

3-Position Selector Switch
®

J L

olo s

O O a2
JIK][L
Al 1|
Apl | !

2-Position Selecior Fush Bution

PUSH BUTTOMS = MAINTAINED

N N, RO &N Mushroom ‘Wobk's llurrinated
{double circult) Himd Slick
alea DIQ e ;EE
A o © \
M
Y o
PILOT LIGHTS INSTANT OPERATING CONTACTS
1 Push-bo=Tast Fush-tc-Test w Blowouwe wio Sloweut

LR |

B oLy

[indicata coker by Ister)

e

CONTACT
2 Birgle Diptlm
Circuits Circwn
T [ o .I_ID
1
o ; O o :-. ? il
| I M-l
Lampy
TIMED CONTACTS
Cantact action retarded ahar coll ks:
Engrgized Ceenergized
MOTLC NCTO MOT.C MOTE

ke i
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Standard Elementary Diagram Sym

“Table 1 Standard Elementary Diagram Symbols (cont'd)

INDUCTORS TRANSFORMERS

Itoe Core Alr Cora Auta lron Core Air Core Current Diual Voliage

OVERLOAD RELAYS AC MOTORS

Thermmiad Magnelic Single Phasa F-Phass 2.Phasa, 4-Wire Wound Roser
Enuirral Caga

Ty 4 O oA

Armatura Shunt Field Sapias Fiald Commimuiating or
{2haw 4 laops) [show 3 loops) Companzating Fiald
{show 2 loops}

Ommm

WIRING

Mot Connected Connecied Power Control Taminal Graund Mechanical Mecharizal
a Connaction Ireriack
‘ Connection

CAPACITORS RESISTORS

Fixed

e

Adjusiahls Heating Adjusiatile, Rbussastat,

Elermeni by Fed Taps Patentiomatar or

s i jusiable Tops

SEMICONDUCTORS

Dhicche ar Half Tunnel Zener Bidirectonal Trias S5CH PUT Photosansiive
Wave Rectifier Dinde Dioda Breakdown Diode Cell

Full Wave NEN PMP LT, LT, Gate Tum-OF

Ractifiar Transistor Transistor N Base P Base Thyristor

& G g2 B2 A

: B1 Bl
E E 6 i
4
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1 Standard Elementary ﬁlﬂrlm Symbols [cont'd)

OTHER COMPONENTS

Ball Buzzer Hom, Alarm, Matar (incicata
IEI Siranatc, typee by Wxtbars)

Tharmecouple Meter Shumt

Bathery
He= T

;)
A
u

SUPPLEMENTARY CONTACT SYMBOLS

SPST, N.O. SPST, N.C. SPDT
Single Sreak. Double Break Eingla Break  Couble Broak Gingle Break  Double Break
o~92 © © Tt g .:..J' o0
o o
DPST, 2 N.O. DPET,2N.C DFOT
Single Break  Double Break Singla Brewk Crauble Broak Single Braak  Doublie Braak
T ]
M o] : s CI'-—I"‘D a9 O'-I'"p Qo
l T ! o} : Q
LD o o o——o D_._'D ;
D“““ Q—-:"j o ! o
+ o o
IEC SYMBOLS
F‘Lﬂh'!l. Iurn. Ceil Aux, Corvacts Corbkasiar

O MNEC Broaimrs

Aoom i3y

STATIC SWITCHING CONTROL

Limit Switeh, N.O., Static Contral
Sitic switthing contral |3 & malhod of swikching alectrical circults without fhe use of contadts,
mimarily by sclid stale devices. Ta indicale static switching contral, use the symbola shown in this
= 0 tahla, unu::tminn them in & diarmand as Bhosn,

TERMS
3PET. Singe Pole, Single Thow NAD:  Mommally Open PUT: Programmable Uinijuncion Trangaiors
3P0T. Sege Pole, Doubla Throw NGC: Momally Closed SCA:  Silcon Controlled Fectifer
JPET:  Double Pole. Singla Throw TO,  Timed Open Trae: Bidraclional Trads Thyrstar
IFOT  Doubla Poie. Double Thiow TL:  Timed Closed WIT:  Unjjurcticn Transshon
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NEMA and IEC Markings and Schematic Diagr
Control and Power Connection
Table 2 NEMA and IEC Terminal Markings

L& La
i g # A
B A 1 &
T T¢® T2
Me specilic Me standnrd
Alphanuminm, comidpand f
r:ll:l'm'l'll |nu_-.m9#n1£i TSI o
|r'r|rlld:|il1..~;\rﬂ||s
Power Terminals Control Terninals Col Terminals
1 3 a5 Al Al A1 A2 Al B
4 3
= i B
B [=TF 14 &2
2 1 & 7ol numeria, sl a2z A2 A3 A2 B2
Singhe digil numaris, geskjrains sequanca, Cing Tappad Imﬂd T
. and (8 funchian . . I Wi
1.-.-::‘1\'::" Bl mh'lul';gml 3o NG, .4 ot MO Wirding Wirding WWincing indings
Power Terminals Cenrgl Tanminals Cail Tarminals

Table 3

NEMA and IEC Controller Markings and Elementary Diagrams

Typical Comprollar Markings Typecal Ebemantary Diagram

Tyoical Controller Merings Typicaw Elarmnantary Diagram

Al 1 ‘& B 1@ B 11 BTOP g g START oy gy
¢ _'i’_ i l _?_ W—T:T:l_n_m—o_"%q
Az —‘2!'_ —‘-1; —E _'I{E 2 - o

Table 4 Control and Power Geonnections for Across-the-Line Starters, 600 V or less
{From NEMA standard ICS 2-321A.60)

2-Phase, 2-Wira

L1, L3: Phase 1
Line Markings L1, L2 L2, L4: Phase 2 L1, L2, L3
Ground, when used L1 is abways ungrounded | - L
Motar Running 1 elament L1 — -
Ouarcurrent, 2 plament —_ L1, L4 -
units In: 3 slemen’ - - L1, L2, L3
Contral Clreuit Connected to L1, L2 L1, L3 L1, L2
Fer Reversing, Interchange - L1, L3 L1.L3
Lines
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Examples of Control Circuits
2- and 3-Wire Contral
Elementary Diagrams

Lew Wallage Ralaase and Law Yolage Protection are the basic contral creulls encountarec In molor confrol apoications, Tha shnplest schamas
ara shown balwy. Ciher vasialions shown in this section may appear more complicated, oul can atways o resolyed inlo thesa two Basic
schemes.

Mota: The sontrel cncults shown in This sschon may nolb nclede overcurman probective devioes requingd by appliosbls eleclrical codes. Sed pags
1% hee examples af cantrol creud avercurment proteclive devices and iheir usa.

Low Vollage Release: Low Voltage Prolection:
2-Wire Contral 3-Wire Contral

FIG.1 L1 Lg

a
s -1 I-‘-\-\ ------ L y
|
PILOT DEVICE SUCH A8 | "
LIMIT SWITCH,

PSESEURE BWITCH, ETC.

Low voltage release is a 2-wira contra schema using a Low valage prolection i & 3-wine coniral scheme ssing
rmaintairad contact phot dayice i sanas with tha stadar coil momeaEny Coact push butions or Similar pilol denices 1a
Thiz achama 's used when & s1erter 3 segui*ad fo unztaon ey

aulsmatically without the atention of &n opecsorn. & power This schere is dasigred to prevent the unexpected staing of
Failurs ocours whioa tha coacts of ha pilal device are c osed mators, which coukd rasull i injury be MAac S aparakars or
s starer wil dropoul, Whisn powar is reglared | e stader durmage 1o the criven machinery, Tha slarker 8 anageed by
will evtomatically plehup through the dosed corlacis of the pressing the Slar bution, &n euxiliary wolding cioeil corlact on
pliot device. tha taner ‘orms a para i clroult argund tha Start bution

comiacts, holding the stanar in afar 1he bulon & relsased. |1 a
powar Tailure gogurs, e slater wil drop out and wil opan the
holding circuit contact. When sower is rasiarad, tha Btart bution
muslt be cpereted agnn bafore the mowor will restan,

Thi term “Jawra® control is derved fam e fact IRalim e
basic dircuil, at leasi three wires gre required to cornact the

Tha lerre "2 -wirg” aonirol is derivad frorm Bee lact thitin the
basic cincuit, only tao wiras are required 1o connpect e pilol
devics te 1he stamter.

pitat cevices o the sarter
2-Wire Conlrol: 3-Wire Control:
Maintained Contact Hand-OFF-Auto Selector Swilch Momentary Contact Multiple Push Butlon Slalion
FiG. 3 L1 L AG.a 4 START L2
e
LA |
= l ETART
HANCICFF [AUTO STOR STOP STOP | g N Ok
M o } 1
Al 4
AR I STAAT

:-1'?.__.”_?;“—:: Az

2WIRE CONTROL DEVICE

A Hand-DN-Aubo sslacton switsh s used an 2wing aoniral Whan g mater must be srted anc siopped fram more tha ang
applications wers it isdesirable o ope rate the starer maenually Inesalian, any number of Stan and Stop sush butions may ba
B3 well 5 Bamatically, The staer coi I3 menuely enargized wirad fogether. It is aleo pagsinla o use only ore Start-Slop
when [he ewitsh |a tumed 16 tha Hars: positan and (s station ard have saveral Stop bultons al d*ferant ocalions bo
murlarmatisally enegized by the plol davice whan the gwitzh & Bodve AE &N MergeEncy sop.

in e Audo posion,
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3-Wire Control
Elementary Diagrams

3-Wire Control:
Filot Light Indicates when Motor i Stopped

d-Wire Gontrodl:
Pilot Light Indicates when Motor is Running

FiG. 1 u Lz FIG. 2 L1 La

STAAT
1 STOP 2 i B 6

L o
L M)

3

A pilct light can be wired in paralial with the staner coil ta A pilol ight may be required 1o indicale when the motor s
indicate when the starter is energized, indicating the mator is slopped. This can be iImplementéd by wirng a narmally-closed
nning auxiliary conkact on tha starier in series with the pilot light, as

shown above. When tha starer iz desnargizad, the miot ligh
ilurminates, When the starber picks up, the auadiany contact
opans, iEming off the lighi.

3-Wire Control: 3-Wire Control:
Push-to-Test Pilot Light Indicates when Motor is Hiuminated Push Button Indicates when Motor is
Running Running

* Pushing on pilo ght oparates Star contacts.

Whan the Mator Running pilot light ta not I, there may ba doubt The lluminated push bufton combines & Stan button and pilol
as o whalher the oircuit |8 open ar whather the pilot light bulh ght in cre unit, Pressing the piol lighl l8ns aperales the Start
k= burmed cat. To tast tha balb, push ihe eolar zap of the Push- conlacts. Space s saved by using & bwo-usnit push bution
#o-Test pelod Fghit. stabion instead of thres,

3-Wire Control: 3-Wire Control:

Fused Control Circuit Transformer Fused Control Circult Transformer and Control Relay
FG.5 4 La Fid. 8 L1 - L2
Fut FLR2 * .| I: :l D !
START M et
ETOR i A LEALE |
1 ETAAT
[X] TP CH oL
BROUND 1
i used) = | M
GRCWMD
{If used) J:-"
As an aparater salety precavdion, a step-dawn transtormes can A starter ool with & high V& rating may require a confrod transfarm-
e used to provide & control circuit voltage lower than line er of considarable size. A centrel relay and a ranafonmer with & low
voliage. The diagram sbove shows one way 10 provide VA rating can be conrectad 53 the normally-cpen relay contact
overcurnent profection for cantrol clrouits controls the staer col on the pamary orline side. Square D Size 5
Combination Startar Form F4T stariers use 1his schemea.

Gl jeas pSiseS (0) sie — o slay el sl aall Copall slye 485 Aasay Galalal) (55 5 ke
ABB 4S )5 il MNSI a 56SH aSaill 5 a5l il o) Qe st g iy Jaaoi 100 Ayl 55530



el cla gl b Jae Y aiy Jilas Sl 1 Juadl

Examples of Control Cireuits
3-Wire Control
Elementary Diagrams

Jogging: Selector Switch and Start Push Button Jogging: Selector Push Bution

o e AUN  JOG .
Li " L2 1 | Mo o4
| aToe ATANT 3 "‘F'- I| U 4, -GS :
| iJf‘:"' “"': o Bi 2 M
| o I Ble o
| Algly ALY |
EIT T 1| | | 5‘:" | : :
i i'll"l-il | .. .
P —
Jagaing. or inching, & defined by NEMA a8 the momesatary A spaoior pesh bultan may Ba used to colmin jogging, A s
aparation af & mok Trom sl for ihe purpose of aoeomplishing abova I lhe Run positen, the selaciorpush sulon provices
aerall Frcwemgnts of e drivan rraching, Ong method of joggirg rarmal 3-wire cortrol by tha Jog pos'tion, tw holding circuit is
1% Shweern mhovs, Thy selecionr switch disconnects tha holeing Eroken and jogging 18 accompished by deprazsing the
circuit camect and joggng may e accomplishad by prassing the pugh buctan,
Etart push bulion,

Jogging: Control Relay

Jogqing: Cantral Relay for Reversing Starter

FiG, 3
]
‘Whan The Stard push buton & pressed, the contral ralay s This cantral schama permile jogging e melor akher in he
prorg zed, which in m anengees the starter cod. The narmally- borwand oo reveirsa direclion, whathar e molor is 81 standstill or
open starer ausilisry oontac] and ralay corbact hen form a mialng. Fressing the Slan-Sawand or Star-Roverse push bulton
hedding circuit @nund e Blan push bullon, Wihan the Jog pesh energires e comresponding slartes ool which closes fee clrcult
bution '3 pragsed, he starter oof is energised (independont of e o the contbrol ralay. The relay poks up and completes ta holding
rely) and no holding circull foorms, thus jogging can be oblained, circull arownd tha Starl bution. A3 long as the raley s erergized,

aithar tha forward or revarse contacior remaing anergizad.
Pressing elther Jog push bultan will eanergize the relay,
releesing tha ciosed contacion. Funher pressing of tha Jog sutian
parmits jogaing In the desired dracton.

3-Wire Contral J-Wire Control:
FIG, § FiG. 6
F it m T aL Lu‘
[] —
1. |
i
i 1
Al : i
E] (k] | -Odﬂ"\‘\ﬁs
?:_ | |m2 O Dﬁ’ T LT SWITSHES IF USE
!
Whan one Stad-Siop station is required to contral mare than ong 3-wire conbrol of a réversing BaMer can be implamanied with &
aterter, fhe schems above can baused. A maintained overicad on Farward-Reverse- 3100 BUEN Dulton station as shown poove. Limit
ary ora of e motors Wil drop out all three steners. gwilchas may be added b 80 thamotor al a certain paint in ether

direstian, Jumpses B 0 3 ard T to 2 muat then be remaoved,

i

B ﬁ AEB
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3-Wire Control
Elementary Diagrams

FWire Control:

Reversing Starter Multiple Push Button Station

Mase thar cng Forward-Reverss-Stop push bution station may be
reguirad and can be connacled in the manner shown abowve.

3-Wire Control: Reversing Starter wf Pilot Lights 1o
Indicate Motor Diraction

LIMIT SWiTCHES |F usisu:

Piiol lights may be connected in parallel with tha forward and
revarae contactor colls, Indicating which cantacior |8 enargized
and thus which dreclion the malor s running

3-Wire Control:
2-Speed Starier

FiG. 3

MG g =

| STOF

A-wiire controd of a 2-speed starer with & High-Low-Stop push button
station is shown above. This schame aliows the operalor io start the
medor frem rast at aither speed or bo change fram kow %o high speed.
The Stop tuften musl be operated befona i i possible o changs from
high & low speed. This amangemant i intended o prevent axcessive
line current &nd shock W mosor and driven machinery, which results
whan malons renning at high speed are reconnected for a lower speed

3-Wire Control: 2-Speed Starter w/ 1 Pllot Light to
Indicate Motor Operation at Easch Speed

ME A L cr = £y

el

One pilot light may be veed to indicate cperation al both low and
high speeds. One exira normally-cpen auxliary contact on each
contactor is required. Two plet Bghts, one for each spesd, may
bee used by connecting pilal lights in parafial with righ and low
coils (Se8 réversing stader diagram abowa).

Plugging:
Plugging a Motor to a Stop from 1 Direction Only
L _gron 5 i 7 20 |
F
= L

CR /

F X r A

ot

oro

Plugging s defined by NEMA as a braking system in which the motor
conmeclions are reversed 20 the molor developa 8 counter lrgus, thus
exarting a relarding force. In the above schame, forward ratation of tha
mater Clages tha normally-opan plugging swilch contact ang
engrgizing contral ralay CR. When ihe Slop push button |s operated,
trea fonward contacior dropg out, the reverse cantacior k& endrgized
through the plugging switch, contred relay contact and nommally-closed
forward auxilary contact. This reverses e motor connections and the
malor is braked to a stop. The plugging switch then opens and
gisconnects the reverse contatlor. The conbral relay also drops aut.
The control ralay makes il impossicts for the meter In be plupged in
reversa by roteling Ihe mator rotor closing ihe plugging switch. This
tyge of control is not Lsed for running in reverse,

Anti-Plugging:
Maotor to be Reversed but Must Mot be Plugged

Anli-pluggng protecton i defined By MEMA as the effect of &
device that operates fo prevent application of counter-lorque by
the: rmodar until the motor speed has been reduced bo an
fcceptable value. In the schema above, wish the maolor aperating
in orvg draCtinn, a contact an tha anb-plugging awitch apens the
conirgl circult of the contactor used for the opposile dirsctisn
Thia contact wil not close wntil 1he molor has siowed down, &lar
which the albwr conlector cen be energized.
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Examples of Control Circuits
Shunting Thermal Units During Slarting Period
Elementary Diagrams

Shunting Thermal Unils During Starting Period

Fid. 1 -
aricie 430-35 of the NEC describes circumstances undor r—D— |
which i s acceptable to shuni thermal units during = » ’
gbnotrngty long acceleraing panios. 3 u—-——L—-l:

430-35. Shunting During Starting Period. ok 0 ol T

@) Homautomalically Started. lemuh:rr-ltl:ﬂ:r |
sanad reator, tha overcad profsction shall be — — —
parmitied ko be ghunbid of cul oul of the ciroull during |
s stanting parod of tha matar If the device by which 1,
P pwericad peotechion & shunted of cul aul Gannol e e ] |~‘~ .

lal in the Staring position and il fuses or inverse tma " | ~v~—--\II
coru] hraakgrs raled or sel a1 not aviar 400 parcent of wre— i 17 < waron
e full-lomd cumrent of the molor ere so bealed in the [ 2
exroat i b0 e opErative during the s1aming perod of | T
1M Motor. | 1

(&) Automatically Started. The molor overoad protection § [ .
shill not b shunted oF Gul ol during the Slaring I:H'J_ _r:;:z-_ E,?_.l
pariod if the molar s aulomaltically starfed.

Excepiion. The moior ovenivad prolecion shal be .
pRTea 1o e Shunted o Gt o duning L starting pancd' _ sTam ) =
" .

an an avomatically sarted molor whers, bl
{1} The molor slaning perod enceeds he e delay
I T
"]
-

af avalalie motor cvenad protecihve davicas, mnd
A Lsted maans are prowiddd 1o

4, Boenss moldr mdaion And ia Automatioe iy
pravar! the shunfing or cut ow! in e aveal
that the motar fale fo stat, and

& Limif e fme of cvadoad prodechion Swming
orcul out o kess ihan the locked rolor fire
rating of e peofached molor, and

a Prowide for shutdown and manial rescart if
moior renning condiion is mol adcfod.

Figuras 1 and £ show possible cirouils for usa in
oonunchon wilh 3-wang control schamas., Figurs 1 camaliss
with MEC requirerments. Figure 2 excoeds NEC
iaguirermienls, but 1he additonal salety proviced by the zem
spead swiich mighl be desiable.

Figune 3 shows & circuit for wse wil & 2-wine, autsmatically
sarted contiod schema that complies with NEC
raquiremenis. UL or other Ested devioes must be used in
this arvangemant

,_
=
<
]
P
2
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g
Té | g
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¥
1
=
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Owercurrent Protection for 3-Wire Control Circulits
Elementary Diagrams

3-Wire Control:

Fusing in 1 Line Only

Li L2
Fut
e STAAT M oL
|e
M GHD

Common conlral wilh 1|ning in e B unl,- and wEh both lines
ungrounded or, if wser's conditions permil, with one ling groundad

& Wire Control:
Fusing in Bath Lines

Fui Fu2
START W
STOR A oL
M

Commeon control with 1u5i|'|.g in Both lines and with both lings
ungrounded.

3-Wire Control;

& Fusing In Both Primary Lines

b

M@

Conirol circuit ransformes with Tusing in both primary linss, no
secondary fusing and all Bnes ungrounded.

20 3-Wire Controf: ! s
Fusing in Both Primary and .;e::nndﬂry le..,

PG4 ,_,

Jras =

Cantrgl cinguit translommer with fusng in bolh grirnany lines and
both sacondary lines. with all knes ungraunded.

ire [‘-l;-nlml

Coniral cincu® translormer with Tusing in ene secondary line and
Ball prrany lings. with ona ling groundad.

F=Wire Coninol; « R

% Fusing In Both Primary and Secondary Lines
= For Large Starters using Small Transformer

Fifi. 5 FIG. & L1 Lz
ﬁ FUs CA ('”E“\ iuﬂﬂ
| Noad

PRE
LaanS
X1 bk Xz

Caontrod circuit transhormar with fusing in both primary lines and
both sacondary linas, with all Bnes ungrownded. Used lor large VA

ORs only,

J fieRsend”

"
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Jelemec anlaqu-; [EC D-Line Control Relays
(for input modules see page 42)

Control Relays: CAZ and GA3

R e
AN MO MO D RO

| RN

A M A

FiG. 2 MH B
.t MO KO AT MO

SRR

wWoE oM oM

4 N.O. Instantarsous
CA2 D40 and CA3 DN4D

3M.0. & 1 M.C. Ingtantaneouws
CA2 D31 and CA3 DM3

PG4 1 oE B AT FIGE wonomoa
B ko T "f'";':’t'f'
S SO
Az ‘.|I+ = x4 = g ,:L 2 m .
2 M.0, & 2 N.C. Instanlaneous, w' 2 Make-Before-Break | 2 N.D. & 2 N.C. Instantansous w' Mechanical Lalch
CAZ DCEZ and CA3 DC22 CA2 DK22 and CAZ DK22

1RO ATNG, E

La1 DMt LAT DMID

Fia 11 BN TR A FIG, 42 B e e FlG& 13 BBl OHE FIG, 94 2o T

RO OND MG RO MO B R O MWD R R NO WO MO MO

| | I okl 1 (I |

yorE YA FHF1 VN

HE XMa [T TR I ] Eaa meaa HE MW

2 M0 & 2MN.C w2 Make-Baiore-Braak 4 N.O. 4 n.C. AMOE TNG

LAY DC22 La1 DNaD L1 DhOd LAt DRt

G, 15 B e FIG. 16 Bl & FIG. 17T ] FIG. 1B 2 BT |
] W e o MO MO WD WD NC ND T e
5§ B4 Oy D78
H (2] = (23 HOoH TN 5 O oM
2nN.0. 2 MO, w Grounding Screw 2Dustighl N.O. & 2N.0. | 2 Dusitight N.C. & 1 N.O. & 1H.C,
LA D20 LAT D¥20 LA DZ40 LAT DE3

FIG. 19 (T ] ElG. 20 uop FIG. 11 o i
L] i £ oM

Oin Dula.'g. THO & TNC Om st ay, TN O owel 1 Offaet NOL i E:-el.ay. AIND &1 MC
LaZ DT LAZDE LAS DR

FiG. ¥3 & Ei FIG. 23 sy &1 Y Figa. 24 el BVEL FiG. 28 e -1
T Fhd! e e b ulc e Nlo -fl:
= ! it Fain ik "L
A e N Yooy
ity B 4 S L | -
B :_ __“E ES HACE [-=5 ¥ ) AL
LAE DK LAS D2 1RO &1 NE Instantanecus | 2 H.O. Instanlaneaus
LAB DM11 LAE CNZO

D Hergmad 3
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Iype T OUverioad Reiays
Class 8502 and 8065

Power Terminails m
.t 1 a5 i -
o, o (:)
P T 2
2 4 §

Power Iminals an contacions, overloads and swiltheg &re single Goil ievrming's are designated by 3 letter and @ number. Tarminals
digits — odd for line side terminals and even for load site terminals. for a singla winding coil ane designated “41° and “A2".

Auxillary Contact Terminais

Overload Relay Contact Terminals

FIG.3 Location FId. 4

] I | = E 85
Status
19 21 31 43 g3 MO.erNC) T %\AL
i%% Lok £ 1—%
With Isolaied ) :
-1!:: 2 = }‘: I N.G.Atrl-;lrmﬂnnlm:l N\Tgﬁﬁ?““ |3N&1|:1:I

Aucliary conlacts on conlaciors, relays and push bubtion contacts
uze Z-Cigit Ierminal designations, as shown in the disgram above.
The first digit indicates the location of the cortact on the device. Tha "B for @ MO leolated contach N the device has a non-lsciated

second digit indicabes the status of the contacts, N.OLor N.C, *1° alam sontact (single pele), the secand digits of the MO larminals
ard “2” inticate N.G. contacts. “3° and “4” indicate N.0. contacts, ar 5" and 3"

Crgroad cortact tarminals ane markad with bwo digits. The fist
digi is "B". The sacond digits are *5" and "8" ko a N.C. and "7~ and

Class B502 Type PD or PE Contactor
w/ Class 2065 Type TR Overload Relay

Praar bl s S

s Llll'\"-D
e ll:‘I » l- - ConT
man
e
PERTACT Boaslegt

7w Cosmaos

18 Sisamart
1 bral i

e gt
I—fl——_—a.

i
o

. L U
] ]

(4] u (= .

Li M oL TZ

T —

L3 ] aL 13

o —

Elgmentary Diagram

| HeRsand"

=3
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ﬁ_ m-mmmqw'] IEC Contactors and Auxiliary Contact Blocks
= (for Input Modules see page 42)
—
!! 3 and 4-Pole Contactors: LC1 and LP1
(Terminal markings conform to standards EN 50011 and 50012]
FG. 1 1 3 o1 FiG. 2 LI T ) FIG. 3 3 um
ol e i i'i‘i”F s o 1 o il
Tieie YN, ALY
'] . L = L 4 & =2 s & 5 o
D08 10 1o D32 10 D0g 01 to D32 01 D40 11 10 DES 11
ik “ 55:'._-. e Y U Mmooy Py i AT 1 am
9N B Pist
I YLD, S Gy
2 4 H k]
D12 004 o DB 004 D12 008 and DS 008 D40 D0S to B0 008

THOETNG ;
LAY DN 10 LAY DN 11 LAT DN 83
FIG. 13 o o= FIG. 14 2 oE FIG.15 H o T = FiG. 15 BomoTom FiG. 17 = nnm
v | ) Vi sy ?_? ? :,, I 1.1
7 Yo R ' Yy
PR MO TE OB o R "R BB TH B4
i 13
1ME. 2MO 82N w 4 MO, 4 MG INDO. & 1NC.
LAt DN 04 2 Make-Belore-Break LAY DM 40 LA D O LAl DR 31
LAt DT 22

i

Q. & M.0. (5-24 V) wf Grounding Scraw | 2 Dustiight N.O. (24-50 V) & 2 M.0. | 2 Dusttight M.O. (24-50 V) & 1 MO, & 1 N.C.
LAY DX 20 LAY DY 20 LAY DE 31

LAS DK 2, LAS DK 3

1 MO & 1 NC. Instantanecus
LAS DN 11

2 N.O. Instantanecus
LAE D& 20

A Aéksmt

41
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Heduced Voiltage Contraliers
Class BEOG
Autotransformer Type, Size 7

Reduced Voltage Autotransformer Controllers wf Closed Transition Starting:

Class BEDG Siza T
e A T T
o ¥ )

I
100
Al
i1 |
50
a
n
peaoci
7

-
-5

MOTCR

|

' O ISCONNECT SWITCH |
Y 1l ¥
l}“’
S
.;;;;R:'

5§
A .

CIRCLNT BREAKER

i

En._
T
L
==

SOLID STATE
CAEALOAD RELAY

TR B 4R 1) pr

2TR [H1} pR

-»————ol‘g—n:n— asar T4
. e K
i [%1) BEC (X3 |

w o —‘@ﬂj ;
St !
]

18 23 iH1) PR
_H‘-_"}n"-»‘_ PRI, i

i) sEC x| !

iH1} PRI = j 2
[T

| —
T, .

T
(X1) BEG (M2 b |
2 WIRE CONTROL DEVICE {If ussd) ARSUNG
R R LTI
fom =] =
| e START |

JﬁT:L{jH-J

|
i HeRimonsd” B1
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Reduced Voltage Controllers
Class BE30
Wrye-Delta Type, Size 1YA-5YA

Wye-Delta Type Reduced Voltage Controllers, Size 1¥A-5YA:
Class 8630

-1 . rr Fwt
L . o
1 — i
'.. o
" W
oI P
SRRt TR |
o 1 i =, B
g Loss]

T a

Size 1'¥A-5% A Contrallers with Opan-Tranaltion Starling

- &
Lim el i =
i i
4 1
.,u.:.g.: - It Y "..:......:
P i ' 14
H 5 N AR e 5
L ] & ::::i- HI: |
s
.--'r-'l b i
._sletji Paduaroesst |
- oo i
1 ' 0
=0 ; :
o= " I
L33 Ear k. e
2 i
T (=
:l o
i Lo}
- v P
L st
oS T
bt [
(31 Lo
- R T T ] = 1
owmg= L] =
L 2 S =
Size 1¥A-5YA Contrallers with Closed-Transition Staring 2
|
1

- D] #2ks
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Heguceq voilage omironers
Class 8647
Primary-Resistor Type

3-Phase Primary-Resistor Reduced Voltage Controllers:

Class 8647, Size 1-T

FIG. 1 oy nG. 2 R
o ol 3 W nES n_\‘ o e M RER 0L .-
|S ' ol W |§ | E_{"E "
1 L] A ] 1 LY
1 A RES T2 } | W FES [
12 O Egi——r«”ﬁ&—o-@ u{)—ltagl i -~
o H el
1 h ; ;gg: Dl
1 h M PES - : : M BES o S
: 1 A0 o=E -
] ]

i PR

TH TH A I
mﬂ-—'@— m-u—@—
EWAE CONTROL DEVICE [fl umach E“ECNTFH.EE'I‘EI:FHEIM"I
p——— b ——— o e
I ETART | (] STARAT X
STOR o
=l LA
'":I ™
Size 1-4 Size 5
AG. 3 1===1 M RES LT T FiG. 4 = M RES 0T ™
e ] b =0 ERe ! == =
£ L= ¢ ST L R0 L =
- M RES 25T T2 m :Eg: M RES 20T T2
Lo Ot Eg: — —0- wotas 2o 58 | | = = Q-
Wi o I 200 U . | ;
- EE’.,: I—f T 7 ! EE : |—l‘|—] /
L“:'_ig L W RES o | w/f U-:§ | Mo REE e ré,“
15 I A BOmE T-i_ll--—|:‘JIL —
peli-o l_| < ey [_I Ir 1
L ~ SOLID STATE
'éIU g[r. o Eé CIVEALOAD RELAY
;_'|T-F| L G i lrn
T3 ; ' i )
—y— qu—@.-_, TR {H1) PR
8 ] A

L — |
I ."j 1} PRI ; X1 SEC xE)
! 1
i u ; %;
Iu—."'

i

Hi| PRI
b Nk

= i
fHi) PR v
i e U | | L A —
—{ -
Fua IMfy SEC e
# Wil COKTRACL DEVICE (¥ used) GROUND i} PRI
P L | I — W mad} T s A T
| ETART | | S e e L a
g gl g w FO1 (K1) SEC (3 &
A & WIRE CONTROL DEVICE # usad) GRAILAD
r——— k= ——— e
1 eroe START
51 3 : ] @ @
L35 | L
Size B Size 7

l Wl 65
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