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*TERMICO
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FUNCOES DOS RELES

*SOBRECORRENTE-FASE E NEUTRO
‘INSTANTANEO(50)
‘TEMPORIZADO(51)
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‘EXTREMAMENTE-INVERSO
*TEMPO-INDEPENDETE

«SOBRECORRENTE COM RESTRICAO DE

TENSAO(51-V)

‘DIFERENCIAL(87)

-GERADOR
‘MOTOR

‘BARRA
*TRANSFORMADOR

‘DISTANCIA(21) |

-DIRECIONAL DE SOBRECORRENTE(67)

« TERMICO(49)

SEQUENCIA NEGATIVA(46)

*SOBRETENSAOQ(57) E SUBTENSAO(27)

«OUTROS



‘Electrical Power System Deyvice
Numbers and Functions '

.

The devices in switching equipment are referred to by
numbers, with appropriate suffix letters when necessary, ac-
cording to the functions they perform.

These numbers are based on a system adopted as standard
for autamatic switchgear by IEEE, and incorporated in
American Standard C37.2-1970. This system is used in
connection diagrams, in instruction books, and in specifi-

cations.

Device
Number

Definition
and Function

1

Master Element is the initiating device, suchasa
control switch, voltage relay, float switch, etc,,
which serves either directly, or through such per-
missive devices as protective and time-delay re-
lays to place an equipment in or out of opera-
tion.

Time-delay starting, or closing relay is a device
which functions to give a desired amount of time
delay before or after any point of operation ina
switching sequence or protective relay system,
except as specifically provided by device func-
tions 48, 62, and 79 described later.

Checking or interlocking relay is a device which
operates in response to the position of a number
of other devices, (or to a number of predeter-
mined conditions), in an equipment, to allow an
operating sequence to proceed, to stop, or to pro-
vide a check of the position of these devices or of
these conditions for any purpose.

Master contactor is a device, generally controlled
by device No. 1 or equivalent, and the required
permissive and protective devices, that serves to
make and break the necessary control circuits to
place an equipment into operation under the de-
sired conditions and to take it out of operation
under other or abnormal conditions.

Stopping device is a contro! device used primarily
to shut down an equipment and hold it out of
operation. [This device may be manually or elec-
trically actuated, but excludes the function of
electrical lockout {see device function 86) on ab-
normal conditions.]

Device
Number

Definition
and Function

10

11

12

13

14

15

16

Starting circuit breaker is a device whose principal
function is to connect a machine to its source of
starting voltage.

Anode circuit breaker is one used in the anode
circuits of a power rectifier for the primary pur-
pose of interrupting the rectifier circuit if an arc
back should occur.

Control power disconnecting device is a discon-
nective device — such as a knife switch, circuit
breaker or pullout fuse block, used for the pur-
pose of connecting and disconnecting the source
of control power to and from the control bus or
equipment.

Note: Control power is considered to include
auxiliary power which supplies such apparatus as
small motors and heaters.

Reversing device is used for the purpose of revers-
ing a machine field or for performing any other
reversing functions.

Unit sequence switch is used to change the se-
quence in which units may be placed in and out
of service in multiple-unit equipments.

Reserved for future application.

Over-speed device is usually a direct-connected
speed switch which functions on machine over-
speed.

Synchronous-speed device, such as a centrifugal-
speed switch, a slip-frequency relay, a voltage re-
lay, an undercurrent relay or any type of device,
operates at approximately synchronous speed of
a machine. :

Under-speed device functions when the speed of
a machine falls below a predetermined value.

Speed or frequency, matching device functions to
match and hold the speed or the frequency of a
machine or of a system equal to, or approximately
equal to, that of another machine, source or sys-
tem. :

Reserved for future application.

Shunting or discharge switch serves to open or to
close a shunting circuit around any piece of ap-
paratus (except a resistor), such as a machine

field, a machine armature, a capacitor or a reactor.
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Number

Definition
and Function

Device
Number

Definition
and Function

18

19

20

21

22

23

24

25

Note: This excludes devices which perform such
shunting operations as may be necessary in the
process of starting a machine by devices 6 or 42,
or their equivalent, and also exciudes device 73
function which serves for the switching of re-
sistors.

Accelerating or decelerating device is used to close
or to cause the closing of circuits which are used
to increase or to decrease the speed of a machine.

Starting-to-running transition contactor is a de-
vice which operates to initiate or cause the auto-
matic transfer of a machine from the starting to
the running power connection.

Electrically operated valve is an electrically op-
erated, controlled or monitored valve in a fluid
line.

Note: The function of the valve may be indi-
cated by the use of the suffixes.

Distance relay is a device which functions when
the circuit admittance, impedance or reactance
increases or decreases beyond predetermined
limits.

Equalizer circuit breaker is a breaker which
serves to control or to make and break the
equalizer or the current-balancing connections
for a machine field, or for regulating equipment,
in a multiple-unit installation.

Temperature control device functions to raise or
lower the temperature of a machine or other ap- -
paratus, or of any medium, when its temperature
falls below, or rises above, a predetermined value.

Note: An example isa thermostat which switches
on a space heater in a switchgear assembly when
the temperature falls to a desired value as dis-
tinguished from a device which is used to provide
automatic temperature regulation between close
limits and would be designated as 90T.

Reserved for future application.

Synchronizing or synchronism-check device op-
erates when two ac circuits are within the de-
sired limits of frequency, phase angle or voltage,
to permit or to cause the paralleling of these two
circuits,

26

27

28

29

30

31

32

33

34

35

Apparatus thermal device functions when the
temperature of the shunt field or the armortisseur
winding of a machine, or that of a load limiting
or load shifting resistor or of a liquid or other
medium exceeds a predetermined value; or if the
temperature of the protected apparatus, such asa
power rectifier, or of any medium decreases be-
low a predetermined value.

Undervoltage relay is a device which functions on
a given value of undervoltage.

Flame detector is a device that monitors the pres-
ence of the pilot or main flame in such apparatus
as a gas turbine or a steam boiler.

Isolating contactor is used expressly for discon-
necting one circuit from another for the purposes
of emergency operation, maintenance, or test.

Annunciator relay is a nonautomatically reset de-
vice that gives a number of separate visual indica-
tions upon the functioning of protective devices,
and which may also be arranged to perform a
lockout function.

Separate excitation device connects a circuit such
as the shunt field of a synchronous converter, to
a source of separate excitation during the starting
sequence; or one which energizes the excitation
and ignition circuits of a power rectifier.

Directional power relay is one which functions on
a2 desired value of power flow in a given direction,
Or upon reverse power resulting from arc back in

the anode or cathode circuits of a power rectifier.

Position switch makes or breaks contact when the
main device or piece of apparatus, which has no
device function number, reaches a given position.
Master sequence device is a device such as a motor-
operated multi-contact switch, or the equivalent,
or a programming device, such as a computer,

that establishes or determines the operating se-
quence of the major devices in an equipment dur-
ing starting and stopping or during other sequential
switching operations.

Brush-operating, or slip-ring-short-circuiting, de-
vice is used for raising, lowering, or shifting the
brushes of a machine, or for short-circuiting its
slip rings, or for engaging or disengaging the con-
tacts of 2 mechanical rectifier.
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36

37

38

39

40

41

42

43

45

Polarity or polarizing voltage device operates or
permits the operation of another device on a pre-
determined polarity only or verifies the presence
of a polarizing voltage in an equipment.

Undercurrent or underpower relay functions
when the current or power flow decreases below
a predetermined value.

Bearing protective device functions on excessive
bearing temperature, or on other abnormal me-
chanical conditions, such as undue wear, which
may eventually result in excessive bearing tem-
perature.

Mechanical condition monitor is a device that
functions upon the occurrence of an abnormal
mechanical condition (except that associated
with bearings as covered under device function
38), such as excessive vibration, eccentricity, ex-
pansion, shock, tilting, or seal failure.

Field relay functions on a given or abnormally
low value or failure of machine field current, or
on an excessive value of the reactive component
of armature current in an ac machine indicating
abnormally low field excitation.

Field cirenit breaker is a device which functions
to apply, or to remove, the field excitation of a
machine.

Running circuit breaker is a device whose princi-
pal function is to connect a machine to its source
of running or operating voltage. This function
may also be used for a device, such as a contactor,
that is used in series with a circuit breaker or
other fault protecting means, primarily for fre-
quent opening and closing of the circuit.

Manual transfer or selector device transfers the
control circuits so as to modify the plan of oper-
ation of the switching equipment or of some of
the devices.

"Unit sequence starting relay is a device which

functions to start the next available unit in a
multiple-unit equipment on the failure or on the
non-availability of the normally preceding unit.

Atmospheric condition monitor is a device that
functions upon the occurrence of an abnormal
atmospheric condition, such as damaging fumes,
explosive mixtures, smoke, or fire.

46

47

48

49

50

51

52

53

54

55

56

Reverse-phase, or phase-balance, current relay isa
relay which functions when the polyphase currents
are of reverse-phase sequence, or when the poly-
phase currents are unbalanced or contain negative
phase-sequence components above a given amount.

Phase-sequence voltage relay functions upon a
predetermined value of polyphase voltage in the
desired phase sequence.

Incomplete sequence relay is a relay that generally
returns the equipment to the normal, or off, posi-
tion and locks it out if the normal starting, op-
erating or stopping sequence is not properly com-
pleted within a predetermined time. If the device
is used for alarm purposes only, it should prefer-
ably be designated as 48A (alarm).

Machine, or transformer, thermal relay is a relay
that functions when the temperature of a machine
armature, or other load carrying winding or ele-
ment of a machine, or the temperature of a
power rectifier or power transformer (including

a power rectifier transformer) exceeds a predeter-
mined value.

Instantaneous overcurrent, or rate-of-rise relay is
a relay thai functions instantanecusly on an ex-
cessive value of current, or on an excessive rate of
current rise, thus indicating a fault in the appa-
ratus or circuit being protected.

Ac time overcurrent relay is a relay with either a
definite or inverse time characteristic that func-

tions when the current in an ac circuit exceeds a
predetermined value.

Ac circuit breaker is a device that is used to close
and interrupt an ac power circuit under normal
conditions or to interrupt this circuit under fault
or emergency conditions.

Exciter or de generator relay is a relay that forces
the dc machine field excitation to build up during
starting or which functions when the machine
voltage has built up to a given value.

Reserved for future application.
Power factor relay is a relay that operates when
the power factor in an ac circuit rises above or

below a predetermined value.

Field application relay is a relay that automatically
controls the application of the field excitation to



Device Definition Device Definition
Number and Function Number and Function
an ac motor at some predetermined point in the device, or equipment, or a specified number of
slip cycle. successive operations within a given time of each
other. It also functions to energize a circuit

57 Short-circuiting or grounding device is a primary periodically or for fractions of specified time in-
circuit switching device that functions to short- tervals, or that is used to permit intermittent ac-
circuit or to ground a circuit in response to auto- celeration or jogging of a machine at low speeds
matic or manual means. for mechanical positioning.

58 Rectification failure relay is a device that func- 67 Ac directional overcurrent relay is a relay that
tions if one or more anodes of a power rectifier functions on a desired value of ac overcurrent
fail to fire, or to detect an arc-back or on failure flowing in a predetermined direction.
of a diode to conduct or block properly.

68 Blocking relay is a relay that initiates a pilot sig-

59 Overvoltage relay is a relay that functionson a nal for blocking of tripping on external faults in
given value of overvoltage. a transmission line or in other apparatus under

predetermined conditions, or cooperates with

60 Voltage or Current balance relay is a relay that other devices to block tripping or to block reclos-
operates on a given difference in voltage, or cur- ing on an out-of-step condition or on power
rent input or output of two circuits. swings.

61 Reserved for future application. 69 Permissive control device is generally a two-

position, manually operated switch that in one

62 Time-delay stopping or opening relay is a time- position permits the closing of a circuit breaker,
delay relay that serves in conjunction with the or the placing of an equipment into operation,
device that initiates the shutdown, stopping, or and in the other position prevents the circuit
opening operation in an automatic sequence. breaker or the equipment from being operated.

63 Pressure switch is a switch which operates on 70 Rheostat is a variable resistance device used in an
given values or on a given rate of change of pres- electric circuit, which is electrically operated or
sure. has other electrical accessories, such as auxiliary,

position, or limit switches.

64 Ground protective relay is a relay that functions
on failure of the insulation of a machine, trans- 71 Level switch is a switch which operates on given
former or of other apparatus to ground, or on values, or on a given rate of change, of level.
flaghover of a de¢ machine to ground.

72  De circuit breaker is used to close and interrupt 2
Note: This function is assigned only to a relay dc power circuit under normal conditions or to
which detects the flow of current from the frame interrupt this circuit under fault or emergency
of a machine or enclosing case or structure of a conditions.
piece of apparatus to ground,or detects a ground
on a normally ungrounded winding or circuit, It is 73 Load-resistor contactor is used to shunt or insert
not applied to a device connected in the secondary a step of load limiting, shifting, or indicating re-
circuit or secondary neutral of a current trans- sistance in a power circuit, or to switch a space
former, or in the secondary neutral of current heater in circuit, or to switch a light, or regen-
transformer, connected in the power circuit of a erative load resistor of a power rectifier or other
normally grounded system. machine in and out of circuit.

65 Governor is the assembly of fluid, electrical, or 74 Alarm relay is a device other than an annunciator,
mechanical control equipment used for regulating as covered under device No. 30, which is used to
the flow of water, steam, or other medium to the operate, or to operate in connection with, a
prime mover for such purposes as starting, hold- visual or audible alarm.
ing speed or load, or stopping.

75 Position changing mechanism is a mechanism

66 Notching or jogging device functions to allow that is used for moving a main device from one

only a_specified number of operations of a given
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76

17

78

79

80

81

82

83

84

85

position to another in an equipment; as for ex-
ample, shifting a removable circuit breaker unit
to and from the connected, disconnected, and
test positions,

De overcurrent relay is a relay that functions
when the current in a dc circuit exceeds a given
value.

Pulse transmitter is used to generate and trans-
mit pulses over a telemetering or pilot-wire cir-
cuit to the remote indicating or receiving device.

Phase angle measuring, or out-of-step protective
relay is a relay that functions at a predetermined
phase angle between two voltages or between
two currents or between voltage and current,

Ac reclosing relay is a relay that controls the
automatic reclosing and locking out of an ac cir-
cuit interrupter,

Flow Switch is a switch which operates on
given values, or on a given rate of change, of
flow.

Frequency relay is a relay that functions on a
predetermined value of frequency — either
under or over of on normal system frequency —
or rate of change of frequency.

Dc reclosing celay is a relay that controls the
automatic closing and reclosing of a dc circuit
interrupter, generally in response to load circuit
conditions.

Automatic selective control or transfer relay is
a relay that operates to select automatically be-
tween certain sources or conditions in an equip-
ment, or performs a transfer operation auto-
matically.

Operating mechanism is the complete electrical
mechanism or servo-mechanism, including the
operating motor, solenoids, position switches,
etc., for a tap changer, induction regulator or
any similar piece of apparatus which has no de-
vice function number.

Carrier or pilot-wire receiver relay is a relay that
is operated or restrained by a signal used in con-
nection with carrier-current or d¢ pilot-wire fault
directional relaying.

Bé

87

88

89

90

91

92

93

24

95

96
97

Locking-out relay is an electrically operated,
hand or electrically reset, relay that functions to
shut down and hold an equipment cut of service
on the occurrence of abnormal conditions.

Differential protective relay is a protective relay
that functions on a percentage or phase angle or
other quantitative difference of two currents or
of some other electrical quantities.

Auxiliary motor or motor generator is one used
for operating auxiliary equipment such as pumps,
blowers, exciters, rotating magnetic amplifiers,
etc.

Line switeh is used as a disconnecting load-
interrupter, or isolating switch in an ac or d¢
power circuit, when this device is electrically
operated or has electrical accessories, such as an
auxiliary switch, magnetic lock, ete.

Regulating device functions to regulate a quantity,
or quantities, such as voltage, current, power,
speed, frequency, temperature, and load, at a
certain value or between certain (generally close)
limits for machines, tie lines or other apparatus.

Voltage directional relay is a relay that operates
when the voltage across an open circuit breaker
or contactor exceeds a given value in a given di-
rection, '

Volitage and power directional relay is a relay that
permits or causes the connection of two circuits
when the voltage difference between them ex-
ceeds a given value in a predetermined direction
and causes these two circuits to be disconnected
from each other when the power flowing be-
tween them exceeds a given value in the opposite
direction.

Field changing contactor functions to increase or
decrease in one step the value of field excitation
on a machine.

Tripping or trip-free relay functions to trip a cir-
cuit breaker, contactor, or equipment, or to per-
mit immediate tripping by other devices; or to
prevent immediate reclosure of a circuit inter-
rupter, in case it should open automatically

even though its closing circuit is maintained
closed.

Used only for specific applications on individual
installations where none of the assigned num-
bered functions from 1 to 94 is suitable.
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'CURVAS CARACTERISTICAS: TEMPO X CORRENTE
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NOTES: ‘ ] x
A) Phasa ct's should be rated TAIP
i aprmnmuhly 150% of E?:I l ® ® ®
|.li B) Neutrslct's sh::;dhlﬁ raled 87)(2 ©E E19—(32)—(4)
! tha ma:d":unl'! ground 1 L
'\ fault current, {
\ [ éﬂ—g E_>
CD 3 @MALEN SMALL GENERATOR
FLD
@ 1. 0-500KVA below 5KV
K@ 2. 501-1000KVA below 2.4KV
e ®
O
L
s 600 volts and below,
< other types of grounding
may be applicable.

* Recommended protection for small generators as used in industrial plants.

.3@

NOTES: 1

A) Neutral ct's should be rated "ltﬁn)
Hﬂ:mﬂnately onc—hall' of Ez‘ l @ @ @
the maximum ground .

fault current.

B) Phase ct's should be rated
approximately 150% ol

[ull load. (D ,
& )4
@ = GEN LARGE GENERATOR
@ FLI} \LARGE 1. 0-500KVA below 6KV
. @ 2. 501-1000KVA below 2.4KV
B 3. Above 1000KVA, any voltage
g ®
oE
Rr——

£
Recommended protection for large generators as used in industrial plants,




{a) with the

Ground overcurrent protection for motors:
three conductors passed through a ring-type current transformer;

(b) with conventional-type current transformers.
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_ Differential protection for motors where the neutral leads
are available: (a) with toroidal (ring) type CTs and instantaneous

overcurren: relays (30); (b) with conventional-type CTs and differ-
ential relays.
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Notes: 1. The cirecles indicate functions that may be packaged
individually or in various different combinstions.
2. Additional protection for Synchronous motors covered
in Section 11.16.
3. Protection to avoid re-energization after short-time
interruptions covered in Section 11.14.

Typical recommendations for motor protection: (a) for
motors without neutral leads and RTD's available; (b) for motors with
neutral leads and RTD's available.
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Protegdio de transformador

falha de disjuntor / temporizagao

relé de sobrecorrente instantneo e temporizado
relé para defeito a terra

diferencial

temperatura do dleo
temperatura do enrolamento
bucholz do transformador
bucholz do comutador sob carga
nivel de 6leo do transformador
vélvula de seguranca
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Work sheet for connecting differential relays around a two
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PROTECAO DE SOBRECORRENTE EM SISTEMAS RADIAIS

1) Determinar os pardmetros da rede em estudo

- piveis de curto-circuito dos pontos de conexdio com a concessionaria de
energia(Thevenin do sistema para as 3 sequéncias ou o nivel de comrentes de
curto-circutio trifasico e monofasico)

- geraé;ﬁo propria - dados de poténcia dos geradores, tensdo, reatincias
- dados da rede . _
. cargas(poténcia, tensdo, fator de poténcia)

. cabos(parAmetros, capacidade)

- cendrios da rede - contingéncias(perda de elementos, geragdo so pela
concessiondria, geragio prépria e ambas, etc) : '

- equipamentos de protegio(fusiveis, relés térmicos, disjuntores, relés de
sobrecorrente(51/50, 51-N/50-N. 51-G/50-G), diferenciais)

2) Célculo dos niveis de curto nas vérias barras da rede
- monofisico

- trifasico

- e se necessario : duplafase e duplafase-terra

3) Definigfio das relagdes dos TC’s dos relés de sobrecorrente

. - mixima carga em cada TC
- critério de curto-circuito(saturagdo do TC)

4) Definigdo das protegdes de baixa tensdo(maima corrente de carga € niveis de
corrente de curto-circuito e de partida, no caso de motores)

- fusiveis + relés térmicos
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- disjuntores de baixa tensio

5) Definigdo dos TAPES dos relés

_TAPE1 > I maximo de carga/(RTCX 1.0)
- TAPE2 < Iminimo de defeito/(RTCx1.5)

- TAPE3 > Iméximo de defeito/(RTCx20)

] mAximo | minimo l
defeito defeito

6) Definir os diais para que exista coordenagdo entre elementos adjascentes dos
extremos da rede(pontos de carga) até as fontes, garantindo protegdo contra
situagdes de curto-circuito e seletividade. :

- tempo do relé a montante(B) = tempo de coordenagio + tempo de atuagdo do
relé a jusante(A) ( tempo de coordenagiio = 0.4 s - relés eletromecanicos € 0.3
o - reiac sstaticos € microprocessados) para a menor corrente de defeito do relé
a jusante.
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7) Protegdes especificas de equipamentos

- diferenciais de transformadores(ponto e curva ANSI ¢ INRUSII}, moiores ¢

barramentos
- protegoes térmicas(curto-circuito) - cabos L
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