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Example of measurement characteristics as per IEC s - £f-A
Rated primary current Ipn = y.. A
Rated extended primary current Ipe = \va- A
Secondary voltage Vsn = Yy mV
Class - .o:
Accuracy -.07. from .. Atovo- A,
Accuracy - .vo/aty- A,
Accuracy .07 at o A.
Example of protection characteristics as per IEC #- - £f-A
Primary current Ipn =1-.. A
Secondary voltage Vsn = yy.s mV
Class oP from y.va kA to f- KA (fig.v).
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y. Actuator lever — used to manually trip and reset the circuit breaker.
y. Actuator mechanism — forces the contacts together or apart.
v. Contacts — Allow current to flow when touching and break the flow

when touching and break the flow of current when moved apart.
f. Terminals

o. Bimetallic strip
#. Calibration screw — allows the manufacturer to precisely adjust the

trip current of the device after assembly.
v. Solenoid

A. Arc divider / extinguisher
Rated voltages of f--V or less, rated frequency of AC &-Hz / #-Hz,
and rated current of #vA or less.

For equipment overloud, short circuit protection and infrequent
transformation of circuits in illumination systems and distribution
Lines in in office buildings, houses and other similar buildings.
Accordance with the requirement of IECs-AaA, EN#- AqA standards

KA & \- KA breaking capacity.

B C D
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1 231 570 2 0 multiple of rated cument——= mudtple of rated current—e-
mutiple of rated cuTent—
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muitiple of rated current— mustiple of rated current—e

y. Pole number: v, v, ¥P

v. Rated voltage: vy. /f--V

v. Rated current: £, v-, \#, Y-, Y0, YV,
f-0-, FYA

f. Tripping characteristic: B (v-oln),
C(6-V-1In)

o. Rated short — circuit capacity: f.ok
A, sk A (Class v)

#. Rail dimension: yamm

v. Machanical life: v-,- - - cycles (on/off)

[J Underwriters Laboratories (UL)

] National Electrical Code (NEC) e s 147
L] IEC (International Electrotechnical Commission)

[J CSA (Canadian Standards Association) ﬁ
[ Canadian Electrical Code (CEC)
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Fig. 1. Capacitive fault cument in isolated neutral sysfem
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Flg. 1. Earth fault in power system with compensation
reactance earthing.
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Neutral not earthed

L Cannot detect a single earth fault by overcurrent unless a
second earth fault occurs on anome{ phase 7 Phase curent—>

T Newra crent
h pain curent

— p—
] . —
—_— —_—
11V 415V
Red phase is earthed - no current flows.
Neutral is raised (o phase volfage above earth. <
AN FAULT

Yellow and blue phases are at line voltage ahove
earth. but remain at phase voltage o neutral.

Shock hazard if person

Fire nisk if grouncing contact is loose - arcing - provides the earth
due to cable capacitance curents to earth. connection - capacitance
current.
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Broken neutral

Neutral earthed - EEBADS

u A serious problem:

— —-—
[— — I
= e \
: T
11kv 138 276v
—
Allhough the line vollages remain comect, 989 @) Load b
the phas: e./olhge (i) vary widely = || =

The red ysfiow and blue voltages to netitral
will depend on the connscted foad quantity
and balance, but could approach line
voltage.

L) s3lsme slpog iUl ads Jolas iype; Jlil &

@ Fault current flows through the earth path - producmg an
effective L-N shart circuit.

= t:ii

11kV 475V r& 0

Load L

The loop impedance can be lowered by
ineluding more conductors in the earth path -
e.g. cross bonding.

The overcurrent protect\cn o
on the load circuit breaker

will detect the fault current ~ Earth path 4
if the loop impedance is impedance
lov encugh te allow
sufficient current to flow
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Without load encroachment sector

With load encroachment sector

Ry= | —oxX) for X1<o Ohm
—Yo Ohm for (¢ Ohm < X
<vo Ohm)

—\/x Xy for Xy >ve Ohm

—ox X\ for X1<eOhm
—Yo++.0xXforXy>6 Ohm

— maximum \++ Ohm

Three terminal Line : ol b —o

olaks awb o Three terminal gl 1) 1al olkess cbli> s SUI G

135 5 o dwls 3 s 4 THree terminal Line sl wolews cbli>

Sy b Lot el U TOF ahais b Jas 5lial ZONE \ Sledis gl ol ol 3

(ZatZe)<(ZatZb) SV 5 ISl s (Jle (51 A3 dal s o (Siay o 005

21c

B
-5 i’) e
Y

Three terminal line configuration

Zone Y wloutid —V—FY—1¥-—Y
Lens Lt MHO waseis

(Single Line Or o lus 55 U o,lue S Jlazl et g w s LZONe Y (Lo

Zy=\v./. ZL\ for single line > Yo Km

< slize parallel Line)

g Al gt

=vo.+/ ZL\ for Parallel Line Or Single line < Yo Km
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Without load encroachment sector | With load encroachment sector

Ry

= | —oxXy for Xy<o Ohm —ox XY for Xy<eOhm
—Yo Ohm for (o6 Ohm < X — Yo+ .oxXY forXy>o Ohm
<vo Ohm) — maximum \.» Ohm

—\x Xy for Xy >vo Ohm

Three terminal Line ol <dl> —
2 UTOF b U L Lulasel Z0N Y clebs ol 5 8 S0 L glae (= ool o
A el s WONT Y e 5 mer G Sy 5 U b il
Zy=\.YxZL to the TOF point + Y x (ZL from the TOF point to the)
farthest away —
.t (Za+Zc)<(Za+2Zb) S Three terminal line s U silae (Jte (sl
Zy=\.vx(Za+vxZb)
ZoneY olodas —F—FY—1V-—Y
Lol en s s forward o 50 o ol Ses 4, g5 4y LZONeY olatas
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:Lens ; Mho «asis
RY—Zvf =\.vx(ZL\+ ZL longest following)
But<ZLimit — Load
gl Sy 5035 S kS E0 VT LYY /ey Lot leml | Sl il 5 oS S s o
DAl Oluebl LB CBF 5 jLal cbli= 4 jgomee 5 00 Lo
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Quadrilateral aasiw —
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Jla;ﬁ}gwd\ﬁ%L_MHO aasin 3ol a4 S b s Glacus sl i g

gk a S

Xyr=-.\x Xvf Offset =i~ ,

Without load encroachment sector

With load encroachment sector

Rr=

—oxXy for Xr<e¢ Ohm
—Yo Ohm for (6 Ohm < Xy
<vo Ohm)

—ox Xy for Xy < eOhm
—Yo++ .0xX Xy forXy > o Ohm

— maximum y. . Ohm

—\/xXy for Xy >ve Ohm

9 ol sala_ul Rlimit—load =Z

imit_toag F€OS ¢ atat, 5| RIiMit-load a—uls ol —
338 o sske v Al COS ¢l
Three terminal Line ;o> <Ib—g
3 UTOF bt b Lt ilasl Z0NE ¥ cles ol 5 b IS0 L pllae (= ool o
Addalpr b V00T i 53 g e Sday S (25093 U b il
ZL to the TOFpoint+
vx(ZL from the TOFpoint to thefarthest away substation)

DS s et esls Ol Jle (sl

Z\”:\.Ax{
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(Reverse) Zone ¥ wloadiid —d—FY—1Y—Y
Js bty b U 5 (Reverse Direction) ., Ses g 55 Z0ONE ¢ Slaks
2 g o dloes
Mho aasiw
Zf=-\xZvf, minimums Q

Quadlirateral aasiw
Xfr =\ x Xyf, minimumsQ

Without load encroachment sector

With load encroachment sector

Rsr=

—oxX¢r for X¢r <o Ohm

—oxX¢r for Xer <eOhm
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—Yo Ohm for (¢ Ohm < Xsr —Yo++.0xX¢r for X¢r >0 Ohm
<vo Ohm) — maximum ).+ Ohm
—\xXer for Xer >ve Ohm

Zone & wltas —F—FY—1Y-Y
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T(UE>) =45
v KV :
IE> =y KA if 107 X liperm < +.Y KA
ELSE: Yo/ X liherm
TUE>)=\¥5s

v KV :
IEp =+ Y KA if Yo/ X lperm < + Y KA
ELSE: Yo/ X liherm

0.02
NI: TEp= 0.8 IEthroughfmax 1
0.14 |Ep

1.0
VI: TEp = 038 IEthroughfmax 1
135(| IE,

Time delay o\ , High set inseaneous ¢+ <3 55 i OC sladl, ol kas
Pick up oL > s .33 5 s oslizad Time delay o\N ;i s EF (ol Lol sl
O Yol ol EF laad,y ol o s il 5 ab 0L 2 VY0 1 OC ey ol
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Overcurrent time protection a-, 01:

Time delayed &\ and instantaneous &-

High set Inverse Time
instantaneous

— *
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Tl >>=0.05s
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0.02
NI:T. = 1.5s Ithrough—max -1
CP0a4f 121,

1.0
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Earth overcurrent time protection 6\N:

Time delayed oIN
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NALY N

Time delayed &) and instantaneous &

High set instantaneous Inverse Time
| >>=8%1,, I, =15x1,,
Tl >>=0.05s NI:T, =0.1
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High set instantaneous Inverse Time
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&5W g REF &y patiii —Y— 88— Y—Y
13,8 el 5 kil b Gillee (65U REF (lbad, Sl anlons el
Vest>(Rct+V*R|)*|through fault
lthrough fault = Maximum v — phase through fault current
R. = cable resistance
sy 458 55 Al V.0 B by gade Vsane RL it
U > REF &y mlad —¥'—80—-1¥-Y
Is=HV CT error (%) +Neutral CT error (%) +o/.
Bl bas —dF—1F—Y
ANSI CODE:
\ - Master Element
Y - Time Delay Starting or Closing Relay
¥ - Checking or Interlocking Relay
¢ - Master Contactor
° - Stopping Device
1 - Starting Circuit Breaker
Y - Anode Circuit Breaker

A - Control Power Disconnecting Device
4 - Reversing Device
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Y+ - Unit Sequence Switch

VY - Reserved for future application

VY - Overspeed Device

V¥ - Synchronous-speed Device

V¢ - Underspeed Device

Ve - Speed - or Frequency, Matching Device
V1 - Reserved for future application

VYV - Shunting or Discharge Switch

YA - Accelerating or Decelerating Device

Y4 - Starting to Running Transition Contactor
Y+ - Electrically Operated Valve

Y1 - Distance Relay

YY - Equalizer Circuit Breaker

YY - Temperature Control Device

Y ¢ - Over-Excitation Relay (V/Hz)

Yo - Synchronizing or Synchronism-Check Device
Y1 - Apparatus Thermal Device

YV - Undervoltage Relay

YA - Flame Detector

Y4 - Isolating Contactor

¥+ - Annunciator Relay

¥\ - Separate Excitation Device

Y'Y - Directional Power Relay

Y'Y - Position Switch

Y'¢ - Master Sequence Device

Yo - Brush-Operating or Slip-Ring Short-Circuiting, Device
Y1 - Polarity or Polarizing Voltage Devices
YV - Undercurrent or Underpower Relay

YA - Bearing Protective Device

¥4 - Mechanical Conduction Monitor

¢+ - Field Relay

€Y - Field Circuit Breaker

¢Y - Running Circuit Breaker

£Y - Manual Transfer or Selector Device

£¢ - Unit Sequence Starting Relay

¢o - Atmospheric Condition Monitor

¢71 - Reverse-phase or Phase-Balance Current Relay
£Y - Phase-Sequence Voltage Relay

£A - Incomplete Sequence Relay

€4 - Machine or Transformer, Thermal Relay
°+ - Instantaneous Overcurrent or Rate of Rise, Relay
©) - AC Time Overcurrent Relay
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oY - AC Circuit Breaker

oY - Exciter or DC Generator Relay

ot - High-Speed DC Circuit Breaker

oo - Power Factor Relay

°7 - Field Application Relay

oV - Short-Circuiting or Grounding (Earthing) Device
oA - Rectification Failure Relay

°4 - Overvoltage Relay

1+ - Voltage or Current Balance Relay

1) - Machine Split Phase Current Balance
1Y - Time-Delay Stopping or Opening Relay
1Y - Pressure Switch

1¢ - Ground (Earth) Detector Relay

1o - Governor

11 - Notching or Jogging Device

1V - AC Directional Overcurrent Relay
1A - Blocking Relay

14 - Permissive Control Device

v+ - Rheostat

V) - Level Switch

VY - DC Circuit Breaker

VY - Load-Resistor Contactor

V¢ - Alarm Relay

Yo - Position Changing Mechanism

¥1 - DC Overcurrent Relay

YV - Pulse Transmitter

YA - Phase-Angle Measuring or Out-of-Step Protective Relay
Y4 - AC Reclosing Relay

A+ - Flow Switch

AY - Frequency Relay

AY - DC Reclosing Relay

AY - Automatic Selective Control or Transfer Relay
At - Operating Mechanism

Ao - Carrier or Pilot-Wire Receiver Relay
A1 - Lockout Relay

AY - Differential Protective Relay

AA - Auxiliary Motor or Motor Generator
A% - Line Switch

4+ - Regulating Device

1Y - Voltage Directional Relay

Y - Voltage and Power Directional Relay
Y - Field Changing Contactor
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¢ - Tripping or Trip-Free Relay
42 - Reluctance Torque Synchrocheck
47 - Autoloading Relay
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