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1. ABBREVIATIONS & SYMBOLS

The following abbreviations and symbols are used in this document:

Symbol Description Units

ALF = Accuracy Limit Factor or Kgsc

ANSI = American National Standards Institute

Cc = |EEE standard C57.13 "C" classification \Y

CT = Current Transformer

DT = Definite Time

E/F = Earth Fault

frnin = Minimum required operating frequency Hz

fn = Nominal operating frequency Hz

Idiff> = Current setting of P63x biased differential or high_ impedance REF element Iref

IDMT = Inverse Definite Minimum Time

IEC = International Electrotechnical Commission

IEEE = Institute of Electrical and Electronics Engineers

I>> = Current setting of short circuit element (P220) In

I _ Max!mum internal secondary fault cusrent{may also be expressed as a A
multiple of In)

It = Maximum secondary through4ault current A

It = Maximum secondary throughfault‘€arth current A

If max = Maximum secondapy*fault clrrent (same for all feeders) A

If max int = Maximum secondary contribution from a feeder to an internal fault A

I z1 = Maximum secondaryphase fault current at Zone 1 reach point A

Ife 21 = Maximum secondary‘earth fault current at Zone 1 reach point A

I _ Ma>§imum p'rospective secondary earth fault current or 31 x I> setting A
(whicheyeris lowest)

I _ Ma>_<imum p.rospective secondary phase fault current or 31 x I> setting A
(whiéhever is lowest)

In = QCurrent transformer nominal secondary current A

Inp =gmCurrent transformer nominal primary current A

lo =), Earth fault current setting A

IR:m2 _ ¢ Second knee-point bias current threshold setting of P63x biased differential Iref
element

Iref. _ Reference current of P63x calculated from the reference power and nominal A
voltage

Is = Current setting of high impedance REF element A

Isl = Differential current pick-up setting of biased differential element A

Is2 = Bias current threshold setting of biased differential element A

Isn = Stage 2 and 3 earth fault setting A

lsp = Stage 2 and 3 setting A

st = Motor start up current referred to CT secondary side A

K = Constant or dimensioning factor (may also be lower case)

k1 = Lower bias slope setting of biased differential element %

k2 = Higher bias slope setting of biased differential element %

Ks = Dimensioning factor dependent upon through fault current (P521)

Kssc = Short circuit current coefficient or ALF (generally 20)
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Symbol Description Units
Kt = Dimensioning factor dependent upon operating time (P521)

ml = Lower bias slope setting of P63x biased differential element O
m2 = Higher bias slope setting of P63x biased differential element
N _ ngimum earth fault current/core balanced CT rated primary current or CT O
ratio
n = Factor dependent upon location of CT secondary star point S
o/C = Overcurrent
Pn = Rotating plant rated single phase power % w
Ro = Total external load resistance \ Q
Ret = Resistance of current transformer secondary winding @ Q
REF = Restricted Earth Fault
R = Resistance of single lead from relay to current transform Q
rms = Root mean square Q
Rr = Resistance of any other protective relays sharing t enttransformer Q
R = Impedance of relay neutral current input at 3 Q
Rep = Impedance of relay phase current input at 30I, Q
Rs = Value of stabilising resistor Q
SEF = Sensitive Earth Fault \
Sva = Nominal output K VA
t = Duration of first current flow duri%eclose cycle s
T4 = Primary system time con S
tr = Auto-reclose dead time S
tIDiff = Current differential ON (P521) S
Ts = Secondary system % ant s
VA = Current transfor, r urden (VAc) VA
Ve = "C" class standard voltage rating \Y
A = Theoretic Num voltage produced if CT saturation did not occur \%
Vin = Input voltag . to an opto-input \%
Vi = Re d nee-point voltage \Y
Vp = Pe oltage developed by CT during internal fault conditions \%
Vs = @y voltage \%
VT \ ge Transformer
Xt = ansformer reactance (per unit) pu
X/R Primary system reactance/resistance ratio
Xe/Re = Primary system reactance/resistance ratio for earth loop
o @ = system angular frequency rad
Note: Specific relay settings used in this document are displayed in italics.

Refer to the relevent relay Technical Guide for information on setting
the relay.
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2.

2.1

2.2

2.3

INTRODUCTION TO CURRENT TRANSFORMERS

The importance of current transformers in the transmission and distribution of electri€al
energy cannot be over emphasised. The efficiency of current transformers, and associated
voltage transformers, affect the accurate metering and effective protection of transmission
and distribution circuits and connected plant.

Current and voltage transformers insulate the secondary (relay, instrument and meter)
circuits from the primary (power) circuit and provide quantities in the secondary which are
proportional to those in the primary. The role of a current or voltage transformer in protective
relaying is not as readily defined as that for metering and instrumentation., Whereas the
essential role of a measuring transformer is to deliver from its secondaryiwinding a quantity
accurately representative of that which is applied to the primary side, a“proté€tive current or
voltage transformer varies in its role according to the type of protectigniiy,serves.

There is no significant difference between a protective voltage transformer and a measuring
voltage transformer, the difference being only in the nature of the voltage transformed.
Normally the same transformer can serve both purposes; for préyided the protective voltage
transformer transforms reasonably accurately, its duty will laveybeen fulfilled. This cannot be
said for current transformers as the requirements for protective current transformers are
often radically different from those of metering. In somépcases the same transformer may
serve both purposes but, in modern practice, this,is the/exceéption rather than the rule. The
primary difference is that the measuring current transformer is required to retain a specified
accuracy over the normal range of load currents, whereas the protective current transformer
must be capable of providing an adequate oUtputtexer a wide range of fault conditions, from
a fraction of full load to many times full loadt

Current transformer magnetisation

The primary current contains two companents. These are the secondary current which is
transformed in the inverse ratio @ffthe turns'ratio and an exciting current, which supplies the
eddy current and hysteresis losses and magnetises the core. This latter current flows in the
primary winding only and thereferé, is the cause of the transformer errors. The amount of
exciting current drawn by a ‘eurrentytransformer depends upon the core material and the
amount of flux which must beadeveloped in the core to satisfy the burden requirements of the
current transformer.

It is, therefore, not sufficientdo"assume a value of secondary current and to work backwards
to determine the valuetef primary current by invoking the constant ampere-turns rule, since
this approach does naet take into account the exciting current. In the case when the core
saturates, a dispfoportionate amount of primary current is required to magnetise the core
and, regardless of thewalue of primary current, a secondary current will not be produced.

Limiting secondary voltage (V,)

The limjting'secondary voltage of the excitation characteristic is defined by IEC as the point
at whichia 10% increase in secondary voltage produces a 50% increase in exciting current. It
may, therefore, be regarded as a practical limit beyond which a specified current ratio may
notdbe maintained as the current transformer enters saturation and is also commonly
referred to as the knee-point voltage. In this region the major part of the primary current is
utilised to maintain the core flux and since the shunt admittance is not linear, both the
exciting and secondary currents depart from a sine wave. The ANSI/IEEE knee-point voltage
definition is not identical, as will be discussed later.

Rated accuracy limit factor

A current transformer is designed to maintain its ratio within specified limits up to a certain
value of primary current, expressed as a multiple of its rated primary current. This multiple is
known as the current transformer’s rated accuracy limit factor (ALF).
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3. TYPES OF PROTECTION CURRENT TRANSFORMERS
Generally, there are three different types of CTs: O
e High remanence type CT
e Low remanence type CT 0

¢ Non remanence type CT

The behaviour of CTs according to different standards but belonging to the same_type is’m
principle the same.

3.1 High remanence CTs \

The high remanence type has no given limit for the remanent flux. The CT, a magnetic

core without any air gaps and the remanent flux might remain for al ite time. The
remanent flux can be up to 70-80% of the saturation flux. Typical ex les of high remanent

type CTs are class P, PX, TPS, TPX according to IEC 60044 -gapped class C
according to ANSI/IEEE. Q

3.2 Low remanence CTs

The low remanence type has a specified limit for the ux. The magnetic core is
provided with small air gaps to reduce the remanent flux t el that does not exceed 10%
of the saturation flux. Examples are class TPY inghto IEC 60044-6 and class PR

according to IEC 60044-1. \

3.3 Non remanence CTs

The non remanence type CT has practically, ible level of remanent flux. The magnetic
core has relatively large air gaps in o o r e the secondary time constant of the CT
(to lower the needed transient fact h also reduces the remanent flux to practically
zero level. An example is class TPZ a ing to IEC 60044-6.

o
O
N

O
Q>®

L 4
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4.

4.1
411

41.2

42
421

CURRENT TRANSFORMER STANDARDS

The behaviour of inductive CTs in accordance with IEC 60044-1 and IEEE C57.13%is
specified for steady state symmetrical AC currents. The more recent standard IEC 60044-6
is the only standard that specifies the performance of inductive CTs (classes TPX, TPY and
TPZ) for currents containing exponentially decaying DC components of defined time
constant. This section summarises the various classes of CTs.

IEC 60044-1
Class P

Class P current transformers are typically used for general applicationsisuchs@s overcurrent
protection, where a secondary accuracy limit greatly in excess of theyvalue to cause relay
operation serves no useful purpose. Therefore a rated accuracy (limit ‘of 5 will usually be
adequate. When relays, such as instantaneous ‘high set’ overcurrent relays, are set to
operate at high values of overcurrent, say 5 to 15 times the rated current of the transformer,
the accuracy limit factor must be at least as high as the value ofythe setting current used in
order to ensure fast relay operation.

Rated output burdens higher than 15VA and rated accuracylimit factors higher than 10 are
not recommended for general purposes. It is possible, however, to combine a higher rated
accuracy limit factor with a lower rated output and Vice versa. When the product of these two
exceeds 150, the resulting current transformer may,beyuneconomical and/or of unduly large
dimensions.

Class P current transformers are defined sg'that,“at rated frequency and with rated burden
connected, the current error, phase displacementfand composite error shall not exceed the
values given in the table below.

Accurac Current Error at i_splacement at Rated Composite Error at
Class y Rated Primar Primary Current Rated Accuracy Limit
Current Minutes Centiradians Primary Current
5P +1% 5%
+60 +1.8
10P +3% 10%
Class PR

A current transformerwith®ess than 10% remanence factor due to small air gaps for which,
in some cases, awvalue“of the secondary loop time constant and/or a limiting value of the
winding resistafice may also be specified.

Class PX

A currept®transformer of low leakage reactance for which knowledge of the transformer
secondaryf eXcitation characteristic, secondary winding resistance, secondary burden
resistancesand turns ratio is sufficient to assess its performance in relation to the protective
relay,system with which it is to be used.

Class £X is the definition in IEC 60044-1 for the quasi-transient current transformers
formerly covered by class X of BS 3938, commonly used with unit protection schemes.

Class PX type CTs are used for high impedance circulating current protection and are also
Suitable for most other protection schemes.

IEC 60044-6
Class TPS

Protection current transformers specified in terms of complying with class TPS are generally
applied to unit systems where balancing of outputs from each end of the protected plant is
vital. This balance, or stability during through fault conditions, is essentially of a transient
nature and thus the extent of the unsaturated (or linear) zones is of paramount importance. It
is normal to derive, from heavy current test results, a formula stating the lowest permissible
value of V if stable operation is to be guaranteed.
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422

423

424

4.3
431

The performance of class TPS current transformers of the low (secondary) reactance type is
defined by IEC 60044-6 for transient performance. In short, they shall be specified in terms
of each of the following characteristics:

e Rated primary current

e Turns ratio (the error in turns ratio shall not exceed +0.25%)

e Secondary limiting voltage

¢ Resistance of secondary winding
Class TPS CTs are typically applied for high impedance circulating current protection.
Class TPX

The basic characteristics for class TPX current transformers are generally’similar to those of
class TPS current transformers except for the different error limits preseribed and possible
influencing effects which may necessitate a physically larger construction.%Class TPX CTs
have no air gaps in the core and therefore a high remanence factom(70<80% remanent flux).
The accuracy limit is defined by the peak instantaneous error duringthe specified transient
duty cycle.

Class TPX CTs are typically used for line protection.
Class TPY

Class TPY CTs have a specified limit for the remanent flux> The magnetic core is provided
with small air gaps to reduce the remanent flux t0'a, level,that does not exceed 10% of the
saturation flux. They have a higher error in{currest measurement than TPX during
unsaturated operation and the accuracy limit is defined by peak instantaneous error during
the specified transient duty cycle.

Class TPY CTs are typically used for line protection with auto-reclose.
Class TPZ

For class TPZ CTs the remanentfluxtis practically negligible due to large air gaps in the
core. These air gaps also minimige the&yinfluence of the DC component from the primary fault
current, but reduce the measuring (aceuracy in the unsaturated (linear) region of operation.
The accuracy limit is defined by @eak instantaneous alternating current component error
during single energization_with _maximum DC offset at specified secondary loop time
constant.

Class TPZ CTs are typically, used for special applications such as differential protection of
large generators.

IEEE C57.13
Class C

The G desigmiis identical to IEC class 10P but the rating is specified differently. Refer to
Appéndixf'B for equivalent ratings and conversion formulae between IEC and IEEE
classifications.
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5.

51

5.2

CHOICE OF CURRENT TRANSFORMER CURRENT RATING

Primary winding

The current transformer primary rating is usually chosen to be equal to or greater than the
normal full load current of the protected circuit to avoid thermal overload and overheating;of
the CT. Standard primary ratings are given in IEC 60044-1. The maximum ratio of curfent
transformers is typically limited to 3000/1 due to size limitation of the current transformer
and, more importantly, the fact that the open circuit voltage would be dangerously,high for
large current transformer primary ratings, such as those encountered_on large turbo
alternators (e.g. 5000A). It is standard practice in such applications o _use a cascade
arrangement, 5000/20A together with 20/1A interposing auxiliary current transfarmer.

Secondary winding

The total secondary burden of a current transformer includes not‘only thé internal impedance
of the secondary winding, the impedance of the instruments and relays which are connected
to it, but also that of the secondary leads. A typical value efyratédssecondary current is 5A
provided that the length of the leads between the current transformers and the connected
apparatus does not exceed about 25 metres. Up to this_length the additional burden due to
the resistance of the pilots is reasonably small in" relation to the total output of the
transformer. In installations with longer lead lengths, the use of 1A secondaries is sufficient
to keep the lead losses within reasonable limits. kosses*vary as the square of the current
and so are reduced to 1/25th of those for 5A gecondaries:.
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6. BURDENS AND CURRENT TRANSFORMER REQUIREMENTS
6.1 Overcurrent and feeder management protection relays O

6.1.1 P111
BURDENS

Current circuit

&
CT Input In CT Burden
1A “:i ,
Phase <0.2VAa
5A
1A
Earth <0 m
5A
Auxiliary supply
Case Size Relay inal Burden*
35mm DIN rail P111 ® 4.5VA
or flush mount
* Typical minimum burden with no opto-inputs or tacts energised. See below for
additional burdens. \
Additional burdens on auxiliary supply
Additional Burden ergising Voltage Burden
48V 0.5VA
Per energised opto-input
230V 0.6VA
CURRENT TRANSFORMER RE TS
The relay may be installed to @ir measure the primary current, where the nominal

system voltage is less than , passing the primary conductor through the guiding
channels in the relay housin

Where external CTs are NEC class P is recommended with an ALF equal to or greater
VA 10P10.

than 10. e.g. 5VA SIK

If a range greater is used, then a CT of rated power greater than that calculated
should be specified, injorder for the ALF at real load to be sufficient (i.e. greater than
maximum setti

For low g@cations, recommended LV CTs may be ordered with the relay from the

manuf v&
6.1.2 P12 3, P125 - P127
BURDE

Currth circuit

CT Input In CT Burden
1A <0.025VA at I,
Phase
5A <0.3VAat I,
1A < 0.008VA at 0.1l,
Earth
5A <0.01VA at 0.1l,
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Voltage circuit

VT Input Vn VT Burden A
0.074W at 57V
57 - 130V 0.38W at 130V
All 1.54W at 260V

(P125 - P127) 0.1102W at 220V

220 - 480V 0.525W at 480V
24W at 960V
Auxiliary supply
. Nomi W Maximum
Case Size Relay Blﬁd& Burden
Size 4/20TE P120 - P123, P125 < 3W OR8VA < 6W or 14VA
Size 6/30TE P126, P127 < 3W or8VA < 6W or 14VA

* Typical minimum burden with no opto-inputs or output/contacts energised. See below for
additional burdens.

Additional burdens on auxiliary supply

Additional Burden Burden
10mA

0.25W or 0.4VA

4
X\Jay Auxiliary Voltage

Per energised output contact -

Per energised opto-input

CURRENT TRANSFORMER REQUIREMENTS

The current transformer requirements are based on a maximum prospective fault current of
501, and the relay having amginstantaneous setting of 25l,. These CT requirements are
designed to provide operatiomof allprotection elements.

CT specification

Nominal L 2 mi Accuracy Accuracy Limit Limiting Lead
Rating t Class Factor (ALF) Resistance
1A 2.5VA 10P 20 1.30Q
5A 7.5VA 10P 20 0.11Q

Where the_criteria for a specific application are in excess of those detailed above, or the
actual lgad/resistance exceeds the limiting values, the CT requirements may need to be
incfeasedfaccording to the formulae in the following sections. For specific applications such
as SERyand REF protection, refer to the sections below for CT accuracy class and knee-
point’voltage requirements as appropriate.

Minimum knee-point voltage

Non-directional/directional DT/IDMT overcurrent and earth fault protection
Time-delayed phase overcurrent V 2 Ifz"x (Rt +Ri +Rp)
Time-delayed earth fault overcurrent V2 If?“ xRt + 2R +R, +Ry)

Non-directional instantaneous overcurrent and earth fault protection

Instantaneous phase overcurrent Vi 21

> st(Rct+RI+R

rp)

Instantaneous earth fault overcurrent Vi 2l x(Ry + 2R + R, +R )
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Directional instantaneous overcurrent and earth fault protection
Instantaneous phase overcurrent V 2 lf?px (Rt +R +Rpp)
Instantaneous earth fault overcurrent V 2 lf?" xRyt +2R +R, +Rp,)

Non-directional/directional DT/IDMT SEF protection - residual CT connection
Non-directional/directional time delayed SEF  V, > lf?”x (Ret + 2R +R, + Ren)
Non-directional instantaneous SEF Vi 2l xRy + 2R, + Rwt Ry

[
Directional instantaneous SEF Vi 2 %x (R +2R %R +R;)

Non-directional/directional DT/IDMT SEF protection - core-balance CTyconnection

Core-balance current transformers of metering class accuracy aré required and should have
a limiting secondary voltage satisfying the formulae given below:

Non-directional/directional time delayed SEF V(& If?" X(Rg + 2R, +Ry,)

Non-directional instantaneous SEF V2 by, X (R + 2R, +R,,)
Directional instantaneous SEF V= lf?”x (Rg +2R, +R,,)
Note: It should be ensured thatytheyphase error of the applied core balance

current transformer is{less‘than 90 minutes at 10% of rated current
and less than 150"minutes at 1% of rated current.

High impedance REF protection

The high impedance REF elementsshallymaintain stability for through faults and operate in
less than 40ms for internal faults [provided the following conditions are met in determining the
CT requirements and value of assoCiated stabilising resistor.

V, > 4xls xR,

R

S

I
=é><(RCt + 2Ry)

Note: Class 5P or PX CTs should be used for high impedance REF
applications.

High impedancefdifferential protection

The relay gan be applied as a high impedance differential protection to 3 phase applications
suchias dusbars, generators, motors etc. The high impedance differential protection shall
maintainistability for through faults and operate in less than 40ms for internal faults provided
the following conditions are met in determining the CT requirements and value of associated
stabilising resistor.

Vi > 4x1s xR

R =‘1.4><IILS><(Rct +2R))

Where X/R < 40 and through fault stability with a transient dc offset in the fault current must
be considered, the following equation can be used to determine the required stability voltage.

V, =[(0.007 x X/R)+1.05 | x| x (R + 2R,)

If the calculated stability voltage is less than (Is x Rs) calculated above then it may be used
instead.
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Note: Class 5P or PX CTs should be used for high impedance differential
applications.
6.1.3  P124 O
This model is available as either:
e Self-powered (P124S) - powered by > 0.2l, secondary current, or; 0

e Dual-powered (P124D) - powered by either > 0.2l,, secondary current or an.auxiliary
supply.

BURDENS \%

Current circuit

CT Input In rden

1A
Phase 2.5VA

5A
1A

Earth 2.5VA
5A

Auxiliary supply

Case Size Relay Nominal Burden*

Size 6/30TE P124D 3W or 6VA

* Typical minimum burden with no opto-i or output contacts energised. See below for

additional burdens.

Additional burdens on auxiliary supp
&

Additional Bukde Relay Auxiliary Voltage Burden
24 to 60V dc <9mA
@) 48 to 150V dc <4.7mA
130 to 250V dc/
100 to 250V ac <2.68mA
- 0.25W
Opto-inputs
nergising Voltage Peak Current
0 to 300V dc <10mA

RRENT TRANSFORMER REQUIREMENTS
spegcification

Assuming that the CT does not supply any circuits other than the MiCOM P124, in practice,
the following CT types are recommended:

e 5VA5P10 or 5VA 10P10 (for 1A or 5A secondaries)
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6.1.4 P130C, P132, P138, P139

BURDENS

Current circuit

O

CT Input In CT Burden
1A
Phase "
5
<0.1VA ¢
1A
Earth
5A
Voltage circuit %
VT Input Vi Bur
50 - 130V rms at 130V

Auxiliary supply

Case Size Relay Mé‘l): ;g];nm
Compact P130C 10W
P132, P139 34.1W
40TE
P138 32W
P132, P139 42.3W
13W 32w

* Typical minimum burden at 220V d
below for additional burdens.

Additional burdens on auxiliary su \

o-inputs or output contacts energised. See

Additional Burden

Energising Voltage

Burden

19 to 110V dc

0.5W +30%

> 110V dc

Vin x 5mA +£30%

Per energised opto-input’ \
CURRENT TRANSF%&REQUIREMENTS

CT specification

Nominal ominal Accuracy Accuracy Limit Limiting Lead

Rati Output Class Factor (ALF) Resistance
2.5VA 10P 20 1.30Q
7.5VA 10P 20 0.11Q

Where the“criteria for a specific application are in excess of those detailed above, or the
actual lead resistance exceeds the limiting values, the CT requirements may need to be
increased according to the formulae in the following sections.

Note: The P138 may be applied at low system frequencies of 16%:Hz or
25Hz. Any VA or knee-point voltage quoted must apply at the chosen

nominal frequency (f,).
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Minimum knee-point voltage

The knee-point voltage of the CTs should comply with the minimum requirements of the
formulae shown below.

DT/IDMT overcurrent and earth fault protection

Time-delayed phase overcurrent Vi 2kxlg x(Ry + R +R )

Time-delayed earth fault overcurrent Vi 2kxlg x(Ry + 2R +R; +R)

If the P13x is to be used for definite-time overcurrent protection,4thensthe dimensioning
factor, k, that must be selected is a function of the ratio of the maximumishort-circuit current
to the pick-up value and also of the system time constant, T,. Thefrequired value for k can
be read from the empirically determined curves in Figure 1. Whentinverse-time overcurrent
protection is used, k can be determined from Figure 2.

Theoretically, the CT could be dimensioned to avoid saturation By, using the maximum value
of k, calculated as follows:

k~1+o0T,
=1+ X/R

However, this is not necessary. Instead, it is_sufficientito select the dimensioning factor, k,
such that the correct operation of the required™protection is guaranteed under the given
conditions.

.

k
T,=10 ms \
1 AN

N N\
A N\
. N\ SN

T1= 50 ms \
T,= 500 ms

AN
T,= 100 ms N

0.1

T,=250 ms

X

0401 } |
1 10 100
Maximum symmetrical secondary current (lcp, lcn)

/1
operate T

Figure 1: Dimensioning factor, k, for definite time overcurrent protection (f, = 50Hz)

Note: T _XIR__XIR

= (in seconds)
o  2nxf
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Figure 2: Dimensioning factor, k, for inve e overcurrent protection (f, = 50Hz)

6.1.5 P141 - P145
BURDENS

Current circuit

CT Burden
1A <0.04VA at rated current
VA Burden
5A <0.01VA at rated current
1A <40mQ over 0 - 30In
Impedance
5A <8mQ over 0 - 30In
Voltage circuit
Vn VT Burden
100 - 120V < 0.02VA rms at 110V
380 - 480V < 0.02VA rms at 440V
.Case Size Relay Nominal Burden*
Size 8/40TE P141, P142 11W or 24VA
ize 12/60TE P143 - P145 11W or 24VA

Typical minimum burden with no opto-inputs or output contacts energised. See below for
additional burdens.
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Additional burdens on auxiliary supply

Additional Burden Energising Voltage Burden A

24 to 54V dc 0.09W

Per energised opto-input 110 to 125V dc 0.12W
220 to 250V dc 0.19W

Per energised output contact - 0.13W
With optional 2nd rear communications - 1.25W
With optional 10Mbps Ethernet card - 2.25W
With optional 100Mbps Ethernet card - 3.75W

Opto-inputs
Energising Voltage {eehurrent
0 to 300V dc 3.5mA

CURRENT TRANSFORMER REQUIREMENTS

The current transformer requirements are based{@n _a"maximum prospective fault current of
50l, and the relay having an instantaneous settinghof 25I,. These CT requirements are
designed to provide operation of all protectiopielements.

CT specification

Nominal Nominal A ac;/. Accuracy Limit Limiting Lead
Rating Output & Factor (ALF) Resistance
1A 2.5VA 10P 20 1.30Q
5A 7.5VA 10P 20 0.11Q

Where the criteria for a specific_application are in excess of those detailed above, or the
actual lead resistance exceeds the limiting values, the CT requirements may need to be
increased according to the formulae in the following sections. For specific applications such
as SEF and REF protegtionj refer to the sections below for CT accuracy class and knee-
point voltage requirements ds appropriate.

Minimum knee-paintwoltage

Non-directional/directional DT/IDMT overcurrent and earth fault protection
Time-delayed phase overcurrent V2 If?”x (Rt +Ri +Rp)
Time-delayed earth fault overcurrent Vi 2 If?” x(Ry + 2R +R; +R,)

Nan-directional instantaneous overcurrent and earth fault protection
Instantaneous phase overcurrent Vi 21, x(Ry +R +Rp)
Instantaneous earth fault overcurrent Vi 215y x (R + 2R + R, +R)

Directional instantaneous overcurrent and earth fault protection

I
Instantaneous phase overcurrent V 2 f?” xRt +R +Rp,)
I
Instantaneous earth fault overcurrent Vi 2 f—2” x(Ry + 2R +R; +Ry,)

Non-directional/directional DT/IDMT SEF protection - residual CT connection

Non-directional/directional time delayed SEF  V, > If?“x (Ret +2R +R; +R)
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Non-directional instantaneous SEF Vi 215 x(Ry + 2R + R, +R)
Directional instantaneous SEF Vi 2 lf?”x (Rt +2R +R, +Rp)

Non-directional/directional DT/IDMT SEF protection - core-balance CT connection

Core-balance current transformers of metering class accuracy are required and should have
a limiting secondary voltage satisfying the formulae given below:

[
Non-directional/directional time delayed SEF ~ V, > " x (R, +2R, +R,,)

2
Non-directional instantaneous SEF Vi 21y, x(Ry + 2R, +R.)
Directional instantaneous SEF Vi 2 IfE”x Rg+2R +R.,)
Note: It should be ensured that the phase error of the, applied core balance

current transformer is less than 90 minutesmat 10% of rated current
and less than 150 minutes at 1% of rated eurrent:

Low impedance REF protection

When X/R <40 and |; < 15l,:
Vi 224x1, x (R, +2R))

When X/R <40 and 15I, < It < 40l, or 40 < X/R < 120 andl; < 15I,,:
Vi 248xl, x(Ry +2R))

Note: Class 5P or betterhCTs, should be used for low impedance REF
applications.

High impedance REF protection

The high impedance REF elementshall maintain stability for through faults and operate in
less than 40ms for internal faults provided the following conditions are met in determining the
CT requirements and value of.associated stabilising resistor.

Vi 24 xIs xRy
R, :IILX(RC.( +2R,)
S

Note: Class 5P or PX CTs should be used for high impedance REF
applications.

High impedanee differential protection

The relay candbe applied as a high impedance differential protection to 3 phase applications
such as“busbars, generators, motors etc. The high impedance differential protection shall
maintain stability for through faults and operate in less than 40ms for internal faults provided
the following conditions are met in determining the CT requirements and value of associated
stabilising resistor.

V, > 4xlsxR,

R, =‘|.4><IILS><(Rct +2R))

Where X/R < 40 and through fault stability with a transient dc offset in the fault current must
be considered, the following equation can be used to determine the required stability voltage.

V; =[(0.007 x X/R)+1.05 | xI; x (R + 2R))



Application Notes B&CT/EN AP/B11

Burdens & CT Regq. of MICOM Relays Page 19/46

If the calculated stability voltage is less than (Is x Rg) calculated above then it may be used

instead.
Note: Class 5P or PX CTs should be used for high impedance differe @
applications.

6.2 Motor protection relays O

6.2.1 P210, P211
BURDENS
Auxiliary supply

Case Size Relay
35mm DIN rail mount P210
35mm DIN rail P211
or flush mount

* Typical minimum burden with no opto-inputs or output tacts energised. See below for

additional burdens.
Additional burdens on auxiliary supply @

Additional Burden ergising Voltage Burden
48V 0.5VA

x 230V 0.6VA

CURRENT TRANSFORMER REQUI
The relay may be installed to tly asure the primary current, where the nominal

system voltage is less than passing the primary conductor through the guiding
channels in the relay housin

Per energised opto-input

Where external CTs are us
than 10. e.g. 5VA 5P10 or 80

lass P is recommended with an ALF equal to or greater
10.

If a range greater tha sed, then a CT of rated power greater than that calculated
should be specifiéd, inyorder for the ALF at real load to be sufficient (i.e. greater than
maximum setting).

For low voItag&%tions, recommended LV CTs may be ordered with the relay from the
manufacturer,
6.2.2 P220, P225O
BU DE@
& uit

CT Input In CT Burden
1A < 0.025VA at I,
Phase
L 5A <0.3VAatl,
1A < 0.004VA at 0.1l,
Earth
5A <0.01VA at 0.1l,

Voltage circuit

VT Input Vn VT Burden

57 - 130V
All <0.1VAatV,
220 - 480V
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Auxiliary supply

Case Size Relay Nominal Burden*
Size 6/30TE P220, P225 < 3W or 6VA

* Typical minimum burden with no opto-inputs or output contacts energised. See below for
additional burdens.

Additional burdens on auxiliary supply

Additional Burden Relay Auxiliary Voltage Eden
Per energised opto-input - <"10mA
Per energised output contact - 025w

CURRENT TRANSFORMER REQUIREMENTS

Zero sequence current, a characteristic of earth faults, can be detected by either a residual
connection of the three phase CTs or by the use of a core-balance @I. If the neutral of the
motor is earthed through an impedance or isolated from earth™in, the Case of an insulated
network, a core-balance CT is preferred as it avoids possible, problems with false zero
sequence current detection arising from asymmetrical saturation offphase CTs during motor
start-up. Starting currents can reach values up to severaltimesf(typically 5 — 6 times) the
motor rated current. This phenomenon can be aggravatedibythe magnetisation of CTs when
opposing residual fluxes exist in the CTs.

These issues may be overcome by employing suitable “earth fault settings and by careful
selection of the CTs, but the use of a core-balange transformer is recommended.

Motor Recommended Alternative
Earthing
Solidly - y .
3 ph CTs (and stabilisingyresistance®) 3 ph CTs and core-balance CT
earthed
Impedance } 3 ph CTs (and stabilising resistance*) or
earthed 3 ph CTs and core_agacig T 2 ph CTs and core-balance CT
Insulated 3 ph CTs and core-balance CT 2 ph CTs and core-balance CT

* Where a residual CT®connection is used, the value of stabilising resistance can be
calculated from:

R ='|S_tx(Rct+an+Rm)

(o]

S

n = 1, fordawiresCT connection (star point at CTs)
n =2, far 6/wire CT connection (star point at relay)

The shert-circuit current setting, 1>>, should be set less than 90% of the CT accuracy limit
factor. Under these conditions tripping is guaranteed for fault currents up to 50 times the
value‘efsaturation current for symmetrical CT current output.
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IEC 60044-1 Specifications

Breaking Device In Accuracy | Accuracy Limi
Rated Output Burden (VA) Class Factor (AL
Fused contactor 1A >0.025+ (2R, +R. ) x| 2 5P 10
=Y. r)”%n
5A >0.3+ (2R, +R.)x1 2 5P 10
Circuit break 1A 2 5P
ircuit breaker >0.025 + (2R, +R )| )
50 %I

5A >0.3+ (2R, +R )xI 2 5P

Note: A CT with accuracy class 10P may be u i ad of 5P, however
the thresholds of thermal overload and alance protection functions
will be less precise. This may be where the motor has
been oversized in relation to its pugpose ‘O is not used for heavy duty

services.
62.3  P241-P243 (b

BURDENS

Current circuit

In CT Burden
<0.04VA at rated current
VA Burden
<0.01VA at rated current
1A <40mQ over 0 - 30In
Impedance
5A <8mQ over 0 - 30In
Voltage circuit @
VT Input Vi VT Burden
All * 100 - 120V < 0.06VA rms at 110V
Auxiliary suppl
Cas Relay Nominal Burden*
Size 8/40T P241 11W or 24VA
P242 11W or 24VA
P243 11W or 24VA

icab minimum burden with no opto-inputs or output contacts energised. See below for
itional burdens.

Additional burdens on auxiliary supply
1 4

Additional Burden Energising Voltage Burden

24 to 54V dc 0.09W

Per energised opto-input 110 to 125V dc 0.12wW
220 to 250V dc 0.19wW

Per energised output contact - 0.13W
With optional 2nd rear communications - 1.25W
With optional 10Mbps Ethernet card - 2.25W
With optional 100Mbps Ethernet card - 3.75W
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6.3
6.3.1

Application Notes
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Opto-inputs

Energising Voltage Peak Current

0 to 300V dc 3.5mA

CURRENT TRANSFORMER REQUIREMENTS

The current transformer requirements are based on a maximum prospective fault current of
501, and the relay having an instantaneous setting of 25l,. These CT requirements a.re

C)O

designed to provide operation of all protection elements.

CT specification

Motor differential protection

Nominal Nominal Accuracy Accuracy Limit i Lead
Rating Output Class Factor (ALF) istance
1A 2.5VA 10P 20 1.30Q
5A 7.5VA 10P 20 0.11Q

For IEC standard protection class CTs, it should be ensured %s 5P are used.

Interconnection and generator protection relays

P341 - P344
BURDENS

Current circuit

CT Burden
<0.04VA at rated current
VA Burden
<0.01VA at rated current
<40mQ over 0 - 30In
Impedance
A <8mQ over 0 - 30In
Voltage circuit L 4
VT Input Vn VT Burden
Al 100 - 120V < 0.06VA rms at 110V
‘ ’ 380 - 480V < 0.06VA rms at 440V
Auxiliary sup
Relay Nominal Burden*
P341, P342 11W or 24VA
P342, P343 11W or 24VA
Size 16/80 P343, P344 11W or 24VA

* Typieal minimum burden with no opto-inputs or output contacts energised. See below for

additional burdens.
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Additional Burden

Energising Voltage

Burden A

24 to 54V dc 0.09W
Per energised opto-input 110 to 125V dc 0.12W
220 to 250V dc 0.19W
Per energised output contact - 0.13W
With optional 2nd rear communications - 1.25W
Opto-inputs
Energising Voltage Peam-’
0 to 300V dc 3.5mA

CURRENT TRANSFORMER REQUIREMENTS

P341 CT requirements

The current transformer requirements are based on agmaximum prospective fault current of
50I, and the relay having an instantaneous setting “of ' 25l,. These CT requirements are
designed to provide operation of all protection elements.

CT specification

Nominal Nominal Ac N Accuracy Limit Limiting Lead
Rating Output SS Factor (ALF) Resistance
1A 2.5VA 10P 20 1.30Q
5A 7.5VA 10P 20 0.11Q

Where the criteria for a specifigyapplication are in excess of those detailed above, or the
actual lead resistance exceeds, theylimiting values, the CT requirements may need to be
increased according to the fesmulae in the following sections. For specific applications such
as SEF and REF protection, srefer to the sections below for CT accuracy class and knee-
point voltage requirements as appropriate.

Minimum knee-paint violtage

Non-directional/difectional DT/IDMT overcurrent and earth fault protection

Time-delayed‘phase overcurrent

Time-delayed earth fault overcurrent

|
szf?px(Rct+R|+R

rp)

|
Vie2 xRy + 2R 4Ry 4Ry

Non-directional instantaneous overcurrent and earth fault protection

Instantaneous phase overcurrent

Instantaneous earth fault overcurrent

Vi 2l x(Ry +Ry +R

rp)

Vi 2l x(Ry + 2R +R +Ryy)

Directional instantaneous overcurrent and earth fault protection

Instantaneous phase overcurrent

Instantaneous earth fault overcurrent

|
szf?px(Rct+R|+R

rp)

|
Vie2 xRy + 2R 4Ry, 4Ry

Non-directional/directional DT/IDMT SEF protection - residual CT connection

Non-directional/directional time delayed SEF

Vi 2If3”><(Rct +2R +R, +Ryy)
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Non-directional instantaneous SEF Vi 215 x(Ry + 2R + R, +R)
Directional instantaneous SEF Vi 2 lf?”x (Rt +2R +R, +Rpy)

Non-directional/directional DT/IDMT SEF protection - core-balance CT connection

Core-balance current transformers of metering class accuracy are required and should have
a limiting secondary voltage satisfying the formulae given below:

[
Non-directional/directional time delayed SEF  V, > fz—”x (R +2R, +R,,)

Non-directional instantaneous SEF Vi 21y, x(Ry + 2R, +R.)
Directional instantaneous SEF Vi 2 IfE”x Rg+2R +R.,)
Note: It should be ensured that the phase error of the, applied core balance

current transformer is less than 90 minutesmat 10% of rated current
and less than 150 minutes at 1% of rated eurrent:

High impedance REF protection

Refer to the high impedance REF protection CT requirements,for the P342 — P344 generator
protection relays in the following section.

Reverse and low forward power protection

Refer to the reverse and low forward power protection CT requirements for the P342 — P344
generator protection relays in the following section.

P342 - P344 CT requirements

The current transformer requirements¥er each current input will depend on the protection
function with which they are relatedyand@whether the line current transformers are being
shared with other current inputs. Wherescurrent transformers are being shared by multiple
current inputs, the knee-point voltage tequirements should be calculated for each input and
the highest calculated value used.

The P34x is able to maintain_all' protection functions in service over a wide range of
operating frequency due to it§frequency tracking system (5—-70Hz).

When the P34x protection“functions are required to operate accurately at low frequency, it
will be necessary tosusenGil's with larger cores. In effect, the CT requirements need to be
multiplied by fo/fmint

Generator diffefential protection - biased differential protection

The knee-paintveltage requirements for the current transformers used for the current inputs
of thedgeneratar, differential function, with settings of I1s1 =0.05l,, k1 =0%, 1s2 =1.2l,, k2
=150%, and with a boundary condition of through fault current < 101, is:

60

Vk = 501 (Ret + 2RL + Ry) with a minimum of T for X/R <120 If <10In
60

Vi > 301 (Ret + 2RL + Ry) with a minimum of Tn for XIR <40 If <10In

Where the generator is impedance earthed and the maximum secondary earth fault current
is less than In then the CT knee point voltage requirements are:

60

Vk 2 251 (Ret + RL + Ry) with a minimum of n for X/R <60 If <10In
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60
Vk > 301 (Ret + RL + Ry) with a minimum of In for X/R <100 If <10In, X/R <120 If <5In
60
Vk 2 401 (Ret + RL + Ry) with a minimum of n for X/R <120 If <10In

For Class-X current transformers, the excitation current at the calculated knee-point voltage
requirement should be less than 2.51, (5% of the maximum prospective fault current, 501, on
which these CT requirements are based). For IEC standard protection class CTs, ‘it should
be ensured that class 5P are used.

Generator differential protection - high impedance differential protection

If the generator differential protection function is used to implement high impedance
differential protection, then the CT knee-point voltage requirement”afd yalue of associated
stabilising resistor is:

Vi 22xIs1xR,

I
Re :1.5><|SL1><(RC.[ +2R))
Voltage dependent overcurrent, field failure and negative phase sequence protection

When determining the CT requirements for,an “input that supplies several protection
functions, it must be ensured that the most onerotusteondition is met. This has been taken

into account in the formula given below. The formula is equally applicable for CTs mounted
at either the neutral-tail end or terminal end of the,generator.

V, >20x|, x (R + 2R, +R,)

For class PX CTs, the excitatioh currentzat the calculated knee-point voltage requirement
should be less than 1.0l,. FordlEC standard protection class CTs, it should be ensured that
class 5P are used.

Directional sensitive earth fauit,protection
Residual CT connection

It has been assumed that the directional SEF protection function will only be applied when
the stator earth faultycurrent is limited to the stator winding rated current or less. Also
assumed is that the maximum X/R ratio for the impedance to a bus earth fault will be no
greater than 10¢Thetrequired minimum knee-point voltage will therefore be:

Vi 26xl (R, +2R, +R;)

For class"PX CTs, the excitation current at the calculated knee-point voltage requirement
shauld befless than 0.31, (i.e. less than 5% of the maximum prospective fault current, 20I,,
on which“these CT requirements are based). For IEC standard protection class CTs, it
should beyensured that class 5P are used.

Core-balance CT connection

Unlike a line CT, the rated primary current for a core-balance CT may not be equal to the
stator winding rated current. This has been taken into account in the formula:

Vi > 6xNxl x(Ry +2R, +R,)

Note: The maximum earth fault current should not be greater than 2I,.
i.e. N < 2. The core-balance CT must be selected accordingly.
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Stator earth fault protection
The earth fault current input is used by the stator earth fault protection function.

Non-directional DT/IDMT earth fault protection
. I
Time-delayed earth fault overcurrent elements Vi 2 f?” xRy +2R, +R;,)

Non-directional instantaneous earth fault protection

Instantaneous earth fault overcurrent elements Vi 2l xRy + 2R, +R,,)

Low impedance REF protection
When X/R <40 and |; < 15l
Vi =224 xI,x(Ry +2R))

When X/R < 40 and 15l < Iy < 401, or 40 < X/R < 120 and I; < 15l,;
V, > 48x| x(Ry +2R,)

Note: Class PX or 5P CTs should ¢e used for low impedance REF
applications.

High impedance REF protection

The high impedance REF element shall maintaingstability’ for through faults and operate in
less than 40ms for internal faults provided the following“€onditions are met in determining the
CT requirements and value of associated stabilisingwesistor.

V 24 xIs xRy

S

|
R, = L x(Rg +2R)

Reverse and low forward power protection

For both reverse and low forward power protection function settings greater than 3% P,, the
phase angle errors of suitablg protection class current transformers will not result in any risk
of maloperation or failuré to aperate. However, for the sensitive power protection if settings
less than 3% are used, gt isyrecommended that the current input is driven by a correctly
loaded metering class clifrent tfransformer.

Protection class current transformers

For less sensitive ‘power function settings (>3% P,), the phase current input of the P34x
should be driven by a correctly loaded class 5P protection current transformer.

To correctlydloachthe current transformer, its VA rating should match the VA burden (at rated
current) of the‘external secondary circuit through which it is required to drive current.

Metering clas$ current transformers

For low power settings (<3% P,), the I, sensitive current input of the P34x should be driven
by a correctly loaded metering class current transformer. The current transformer accuracy
class will be dependent on the reverse power and low forward power sensitivity required.
I he table below indicates the metering class current transformer required for various power
settings below 3% P,.

To correctly load the current transformer, its VA rating should match the VA burden (at rated
current) of the external secondary circuit through which it is required to drive current. Use of
the P34x sensitive power phase shift compensation feature will help in this situation.
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%Pn

Reverse and Low Forward PowerSettings

Measuring CT Class

0.5

0.6

0.8

1.0

1.2

1.4

1.6

1.8

2.0

22

24

2.6

2.8

3.0

I

N
0@

N

Distance protection relays

P430C, P432, P433, P435, P436, P437, P4

BURDENS

Current circuit

CT Input In CT Burden
1A
Phase
5A
<0.1VA
1A
Earth
5A
Voltage circuit \
Vn VT Burden
50 - 130V < 0.3VA rms at 130V
Rela Nominal Maximum
y Burden* Burden
P430C 4w 8W
P433, P435, P439 13W 29W
P436 13W 37TW
P433, P435, P437, P438,
B4TE P439 13W 37TW
P432 13W 40W

* Typical minimum burden at 220V dc with no opto-inputs or output contacts energised. See

below for additional burdens.
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Additional burdens on auxiliary supply

Additional Burden Energising Voltage Burden
19 to 110V dc 0.5W £30%

Per energised opto-input O
> 110V de Vin x 5mA -1_-30"/0

CURRENT TRANSFORMER REQUIREMENTS

CT specification V'S

The current transformers should comply with the IEC 60044-1 class 5P fault limi es. If
auto-reclosing is used, it is advantageous to use class TPY current transformers“conforming
to IEC 60044-6 Part 6 (current transformers having anti-remanence cores).

Note: The P436 and P438 may be applied at low sys uencies of
16%Hz or 25Hz. Any VA or knee-point voltage t ust apply at
the chosen nominal frequency (f,).

Minimum knee-point voltage

Distance protection
The knee-point voltage of the CTs should comply wi h@um requirements of the

formulae shown below.

Phase fault distance protection Vi

Earth fault distance protection V& (Rt +2R +R, +Rp)
Theoretically, the CT could be dimensioned i
of k, calculated as follows:

k~1+oT,
—1+X/R \

aturation by using the maximum value

However, this is not necessary. Ins it is sufficient to select the dimensioning factor, k,
such that the correct operatio required protection is guaranteed under the given
conditions. Q

2 4
The required dimensioni 7k, for distance protection if auto-reclosing is not used can

be obtained from Figur Thewdotted line represents the theoretical characteristic maximum
k =1+ X/R.

O
Q>®

L 4
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25

9

Q

D T

0 &0 100 % 200 2680
T,/ ms .

Figure 3: Dimensioning factor, k, for di ceprotection (f, = 50Hz)

Note: T, = ﬂ = X/Rw in seconds)
® 2n
This CT requirement ensures @ of distance element within 120ms at 95% of the set
zone reach.

If auto-reclosing is used, theN|ning factor k for the CTs is increased as follows:

Kt|[1+0-T,-| 148
.
6.42  P441,P442, P4 &
BURDENS

Current circuit

In CT Burden
1A <0.04VA at rated current
VAIBuUr
5A <0.01VA at rated current
1A <40mQ over 0 - 30In
Impedance
5A <8mQ over 0 - 30In
¢ o
Voltage circuit
VT Input Vn VT Burden

100 - 120V < 0.03VA rms at 110V
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Auxiliary supply

_ Nominal Maximum
Case Size Relay Burden* Burden O

Size 8/40TE P441 15W or 16VA 20W or 20VA
Size 12/60TE P442 18W or 19VA 26W or 26VA
Size 16/80TE P444 21W or 22VA
’_
* Typical burden with half of the opto-inputs and one output contact per boardsenergised.
See below for additional burdens.
Additional burdens on auxiliary supply \
Additional Burden Energising Voltage urden
24 to 54V dc 0.09W
Per energised opto-input 110 to 125V \U 0.12wW
0.19W
Per energised output contact 0.13W
With optional 2nd rear communications 1.25W
With optional 10Mbps Ethernet card 2.25W
With optional 100Mbps Ethernet card 3.75W
Opto-inputs
Energising Voltage Peak Current
0 to 300V dc > 3.5mA
CURRENT TRANSFORMER REQ\ NTS
CT specification
For accuracy, class PX or 5P commended.

Minimum knee-point valtag
Distance protection \

The knee-point volt f the CTs should comply with the minimum requirements of the
formulae shown b .
Phase fault dis ection

V., 0. (1+ X/R)x (Ry +R))

Eart auhe protection
Kl 71 % (14 X, IR, )x (Ry + 2R,

The required knee-point voltage must be calculated for the three phase fault current at the
Zone Preach and also for the earth fault current at the Zone 1 reach. The higher of the two
alculated knee-point voltages is used.
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6.4.3 P443, P445 (MiCOMho)
BURDENS

Current circuit

In CT Burden ( ’

1A <0.04VA at rated current
VA Burden

5A <0.01VA at rated curre%

1A <40mQ ov, - 30In
Impedance

5A <8 - 30In

Voltage circuit

VT Input Vn @den
; :!E 110
Phase 100 - 120V Armsat ——V
Q \/g

Nominal Burden*

Auxiliary supply

Case Size Relay

Size 8/40TE

P445 12W or 24VA
Size 12/60TE
Size 16/80TE P44 12W or 24VA

or output contacts energised. See below for

* Typical minimum burden with no opt6-
additional burdens.

Additional burdens on auxiliary(s

Additional Burden Energising Voltage Burden
24 to 54V dc 0.09W
Per energised opto-inp 110 to 125V dc 0.12wW
L 4 220 to 250V dc 0.19W
Per energised output c ct - 0.13W
With optional reaficommunications - 1.25W
With option te OM communications - 1.25W
Opto-in
Energising Voltage Peak Current
0 to 300V dc 3.5mA
C NT TRANSFORMER REQUIREMENTS

CT specification

gor accuracy, class PX or 5P CTs are recommended.
Minimum knee-point voltage

Distance protection

The knee-point voltage of the CTs should comply with the minimum requirements of the
formulae shown below.

Zone 1 reach point accuracy

Vi 2 0.6l 71 x(1+ X/R)x (Ry +R))
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6.5

6.5.1

Zone 1 close-up fault operation

V, >1.4xl . xRy +R,)

The higher of the two calculated knee-point voltages is used. It is not necessary to repeat the
calculation for earth faults, as the phase reach (3J) calculation is the worst case for CT
dimensioning.

Current differential protection relays
Selection of X/R ratio and fault level

The value of X/R ratio and fault level will vary from one system to another,“but ‘seélecting the
correct value for the CT requirements is critical. In the case of single end fed (radial) systems
the through fault level and X/R ratio should be calculated assuming the faultyoccurs at the
location of the remote CT. For systems where the current can feed through the protected
feeder in both directions, such as parallel feeders and ring main “€ircuits, further
consideration is required. In this case the fault level and X/R ratio €hould ‘be calculated at
both the local and remote CTs. In doing so the X/R ratio and fauligevel“will be evaluated for
both fault directions. The CT requirements, however, should!be Based upon the fault
direction that gives the highest knee-point voltage. Under no _circumstances should the X/R
ratio from one fault direction and the fault level from the other bg“used to calculate the knee-
point. Doing so may result in exaggerated and unrealistie\CT requirements.

P521
BURDENS

Current circuit

CT Input In S CT Burden
TA <0.025VA at I,
Phase
SA <0.3VAatl,
1A < 0.008VA at 0.1l,
Earth
S5A <0.01VA at 0.1,

Auxiliary supply

Case Size N Relay Nominal Burden*
Size 6/30TE P521 3W or 6VA
* Typical minimumgdtirdenswith no opto-inputs or output contacts energised. See below for
additional burdens.

Additional burdens en auxiliary supply

/ i@itional Burden Energising Voltage Burden

Peft energisedsopto-input - 10mA

Per energised output contact - 0.4W or 0.4VA

CURRENT TRANSFORMER REQUIREMENTS

CI specification

For accuracy, class PX or 5P CTs are recommended.
Minimum knee-point voltage

Current differential protection

The knee-point voltage of the CTs should comply with the minimum requirements of the
formulae shown below.

Vi 2K xK; x|, x(Ry +2R,))
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6.5.2

Ks is a constant depending on the maximum value of through fault current (as a multiple of I,)
and the primary system X/R ratio. K; is determined as follows:

When X/R < 40:
Kg =[0.023 x| x (X/R+55) |+[0.9x (X/R +26) |

When X/R > 40:
K = [0.024 xle x (X/R+ 44)] + [0.06 x (X/R+ 725)]

K; is a constant depending on the current differential operating time (tIDiff)sand the primary
system X/R ratio.

For applications where the CT knee-point voltage is fixed (e.g. a fetrofit application where
the CTs are already installed), it may be possible to reduce the CT requirements by adding a
small time delay to the relay. The tIDiff setting allows the user to inerease the relay operating
time thus making the relay more stable. For some applications,a time setting of 50ms may
reduce the required CT knee-point voltage by as much as®80%™Further reductions in CT
knee-point are possible with longer time delays.

For applications where the relay is set for instantanéousyoperation, i.e. tIDiff =0s, K; =1.
When a time delay is applied, K; is determined asdfellowst

When X/R < 40:
K, =1-(6.2xtIDiff)  for tIDiff < 0.186s

K, =0.07 for tIDiff > 0%&s

When X/R > 40:
K, =1-(2.5xtIDiff )  for tIDiff < 0.25s

SEF protection
Core-balance CT connection

Core-balance CTs of metering” class accuracy are required and should have a knee-point
voltage satisfying the fallowing formula:

Vi 2l x (RE+ 2R R,
P541 - P546
BURDENS

Current circuit

N In CT Burden
1A <0.04VA at rated current
VA Bdrden
5A <0.01VA at rated current
1A <40mQ over 0 - 30In
Impedance
5A <8mQ over 0 - 30In
Voltage circuit
VT Input Vn VT Burden
All
(P543 - P546) 100 - 120V < 0.02VA rms at 110V
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Auxiliary supply

Case Size Relay Nominal Burden*
Size 8/40TE P541 11W or 24VA
Size 12/60TE P542 - P544 11W or 24VA
Size 16/80TE P545, P546 11W or 24VA
* Typical minimum burden with no opto-inputs or output contacts energised. See below for
additional burdens.
Additional burdens on auxiliary supply
Additional Burden Energising Voltage rden
24 to 54V dc 0.09W
Per energised opto-input 110 to 125V dc 0.12wW
220 to 250V(dc 0.19W
Per energised output contact - 0.13W
With optional 2nd rear communications 1.25W
With optional 10Mbps Ethernet card 2.25W
With optional 100Mbps Ethernet card 3.75W
Opto-inputs
Energising Voltage & Peak Current
0 to 300V dc 3.56mA
CURRENT TRANSFORMER REQU NTS

CT specification \

For accuracy, class PX or 5P CT%ommended.
Minimum knee-point voltag

Current differential proteg'

The knee-point volt he CTs should comply with the minimum requirements of the
formulae shown belck

Vk ZKXInX Ct+ Rl)

K is a consta ding on the maximum value of through fault current, I; (as a multiple of
I,) and i stem X/R ratio. K is determined as follows:

et at’ls1 =0.2l,,, k1 =30%, Is2 =2I,, k2 =150% (k2 typically set at 150% for two-
ifferential schemes):

When (I x X/R) < 1000 x I;

4 K>40+0.07x(l xX/R)
& K>65

en 1000 x I, < (s x X/R) < 1600 x I:
K =107

For relays set at Is1 =0.2I,, k1 =30%, Is2 =2I,, k2 =100% (k2 typically set at 100% for
three-ended current differential schemes):

When (ls x X/R) <600 x I
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K >40+0.35x% (I x X/R)
& K>65

When 600 x I, < (I x X/R) < 1600 x I, O
K =256 O

Earth fault protection

Core-balance CT connection S

Vi > 6xNxl, x(Ry +2R)) @
Note: Applicable when X/R < 5 and the maximum current is not

e
greater than 2I,. i.e. N < 2. The core-balan¢e ust be selected
accordingly.

6.5.3 P547 0

BURDENS

Current circuit

In CT Burden

1A <0.04VA at rated current
VA Burden

5A <0.01VA at rated current

1A <40mQ over 0 - 30In
Impedance

5 <8mQ over 0 - 30In

Auxiliary supply

Case Size Nominal Burden*
Size 8/40TE 15W
* Typical minimum burdenfwi opto-inputs or output contacts energised. See below for
additional burdens.
Additional burdens»on @y supply
AdditionabBurden Energising Voltage Burden
24 to 54V dc 0.09W
Per energi@-input 110 to 125V dc 0.12wW
220 to 250V dc 0.19W
output contact - 0.13W
ional 2nd rear communications - 1.25W
Energising Voltage Peak Current
v 0 to 300V dc 3.5mA

CURRENT TRANSFORMER REQUIREMENTS

CT specification

For accuracy, class PX or 5P CTs are recommended.
Minimum knee-point voltage

The knee-point voltage of the CTs should comply with the minimum requirements of the
formulae shown below.
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Vi 21 x[1+(0.15x X/R) | x (Ryy +2R))

6.5.4 P591 - P595
Auxiliary supply
Case Size Relay Nominal Burden 0

Size 4/20TE P591 - P594 4w
Compact P595 7.8W at 220V dc 4
6.6 Transformer differential protection relays %
6.6.1 P630C, P631 - P634, P638 \
BURDENS @
Current circuit
CT Input In Burden
1A
Phase
5A
<0.1VA
1A
Earth
5A
Voltage circuit
VT Input Vi K VT Burden
50 - < 0.3VA rms at 130V

Auxiliary supply

Case Size Nominal Maximum
Burden* Burden
Compact C 8w 10W
40TE 1-P633 12.6W 34.1W
632 - P634 14.5W 42 3W
84TE
13W 32W

* Typical minimum 220V dc with no opto-inputs or output contacts energised. See
below for additional butdens.

uxiliary supply

ional Burden Energising Voltage Burden

19to 110V dc 0.5W +30%
Pe ised opto-input
> 110V dc Vin x 5mA £30%
CURRENT TRANSFORMER REQUIREMENTS
L 4
CT specification
60044-1 accuracy class 5P or equivalent.
Note: The P638 may be applied at low system frequencies of 16%:Hz or

25Hz. Any VA or knee-point voltage quoted must apply at the chosen
nominal frequency (f,).

Minimum knee-point voltage

Differential protection
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The required knee-point voltage must be calculated for phase fault current and also for the
earth fault current. The higher of the two calculated knee-point voltages is used.

The CT requirements are based on the default settings. For transformer differential
protection; Idiff> = 0.2 Iref, m1 = 0.3, m2 = 0.7, IR,m2 = 4 Iref, and for busbar differential
protection; Idiff> = 1.2 Iref, m1 = 0.2, m2 = 0.8, IR,m2 = 1.8 Iref.

Phase fault differential protection V, 2Kx (R, +R))
Earth fault differential protection V 2K, x(Ry +2R))

K is a constant depending on the maximum value of through fault current{(asg@aymultiple of I,)
and the primary system X/R ratio. For phase faults, K is determined as¥follows:

When (I x X/R) < 500 x ,;
K =0.14x (I, x X/R)

When 500 x I, < (I x X/R) < 1200 x I
K=70
For earth faults, K. is determined as follows:
When (lie x X/R) <500 x I
Ke =0.14 x (I, x X/R)
When 500 x |, < (I x X/R) < 1200 x I
K, =70

e
Typical knee-point voltage requirément for transformer differential protection

The through fault stability required for most transformer applications is determined by the
external through fault current®and transformer X/R ratio. The through fault current in all but
ring bus or mesh fed transfermets, is given by the inverse of the per unit reactance of the
transformer. For most transfarmers, the reactance varies between 0.05 to 0.1pu, therefore
typical through fault current’is given by 10 to 20I,,.

For conventional 4transformers (non-autotransformer), the X/R ratio is typically 7. This
cancels out the 0.14 'multiplier, leaving only the maximum secondary through fault current (l¢)
to multiply with theloop resistance, giving:

Vi 2 | (Rt 2R))
Alternativelyjias a'conservative estimate:

Ry +2R))

t

Vo

Low impeédance REF protection

The“CT requirements for low impedance REF protection are generally lower than those for
differential protection. As the line CTs for low impedance REF protection are the same as
those used for differential protection the differential CT requirements cover both differential
and low impedance REF applications.

High impedance REF protection

The high impedance REF element shall maintain stability for through faults and operate in
less than 40ms for internal faults provided the following conditions are met in determining the
CT requirements and value of associated stabilising resistor:

V, > 2xIdiff> xR,

I
R, =1.1x |di:‘f> x(Rg +2R))
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6.7
6.7.1

For faster operation of the REF element, a larger knee-point voltage will provide reduced
operating times. Refer to the graph below showing the operating time of the REF element for
differing ratios.
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impedance ratios in of 5 to 120 and for fault currents in the range of

0.5to 40 In. @
Busbar protection relays
P741 - P743 ’\
BURDENS \K

Current circuit

Note: The diagram is the rxnvestlganons which were carried out for

In CT Burden
1A <0.04VA at rated current
5A <0.01VA at rated current
1A <40mQ over 0 - 30In

Imp ce
5A <8mQ over 0 - 30In

Auxiliary supply
4
Case Size Relay Nominal Burden*
ize 8/40TE P742 16 - 23W
Size 12/60TE P743 22 - 32W
Size 16/80TE P741 (with all comms boards) 37 - 41W

* Typical minimum burden with no opto-inputs or output contacts energised. See below for
additional burdens.

O

R O
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Additional burdens on auxiliary supply

Additional Burden Energising Voltage Burden
24 to 54V dc 0.09wW

Per energised opto-input 110 to 125V dc 0.1

220 to 250V dc 0.19
Per energised output contact - 0.13W
Opto-inputs 4
Energising Voltage Peak @urr
0 to 300V dc 3.

CURRENT TRANSFORMER REQUIREMENTS
CT specification

The characteristics of the CTs are set in each peripheral u 743), therefore allowing
different classes of CTs to be used in the same schem he following CT specifications

may be used:
IEC 60044-1 class 5P or PX (equivalent to s X)

IEC 60044-6 class TPX, TPY or TPZ
IEEE C57.13 class C.

Note: The following kn oint“requirements can be converted to an

equivalent C vol ification as per Appendix B.

Minimum knee-point voltage %
Differential protection Q
The knee-point voltage of th hould comply with the minimum requirements of the
formulae shown below.

Vi 20.5% |0y % @
And for each CT: ¢

Vi 2 limaxj §2R|)

t
The recomnc)&eciﬁcation makes it possible to guarantee a saturation time greater
ith

than 1.4ms remanent flux of 80% of maximum flux (class TPX). This provides a
sufficien

6.8 C'r\@r fail protection relay
6.8.1 8
NS

Current circuit

security for CT saturation detection.

[ 4
CT Input In CT Burden

1A < 0.025VA at I,

Phase
5A <0.3VAatl,
1A < 0.008VA at 0.1l,

Earth
5A <0.01VA at 0.1,
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6.9
6.9.1

6.9.2

Auxiliary supply

Application Notes

Burdens & CT Reg. of MICOM Relays

Case Size

Relay

Nominal Burden*

Size 4/20TE

P821

2W or 5VA

additional burdens.

* Typical minimum burden with no opto-inputs or output contacts energised. See below (0

Additional burdens on auxiliary supply V'S
Additional Burden Energising Voltage
Per energised opto-input - 10mA
Per energised output contact or 0.4VA

CURRENT TRANSFORMER REQUIREMENTS

CT specification

Assuming that the CT does not supply any circuits other than th

the following CT types are recommended:

e 5VA 5P10 (for 1A or 5A secondaries)

Voltage and frequency protection relays

P921 - P923
BURDENS

Voltage circuit

VT Input

®fz>

S

iCOM P821, in practice,

VT Burden

All

<0.25VA

< 0.36VA

Auxiliary supply

A

Case Size

Relay

O

Nominal Burden*

Size 4/20TE

P921 - P923

* Nominal is with
energised. See

Additional bur

xiliary supply

e opto-inputs energised and one output contact per card
r additional burdens.

ional Burden Relay Auxiliary Voltage Burden
24 to 60V dc 10mA
Per ised opto-input 48 to 125V dc 5mA
130 to 250V dc 2.5mA
Per e‘ergised output contact - 0.25W or 0.4VA
41 - P943
URDENS
Voltage circuit
VT Input Vh VT Burden
100 - 120V < 0.02VA rms at 110V

380 - 480V

< 0.15VA rms at 440V




Application Notes

Burdens & CT Regq. of MICOM Relays

Auxiliary supply

B&CT/EN AP/B11

Page 41/46

Case Size Relay Nominal Burden*
Size 8/40TE P941, P942 11W or 24VA
Size 12/60TE P943 11W or 24VA

* Typical minimum burden with no opto-inputs or output contacts energised. See be for

additional burdens.

Additional burdens on auxiliary supply

L 4

Additional Burden Energising Volta
24 to 54V dc 0.09W
Per energised opto-input 110 to 125V d 0.12wW
220 to 250V 0.19W
Per energised output contact & 0.13W

Opto-inputs

Energising Voltage

N

0 to 300V dc

Peak Current

3.5mA
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7.

7.1

APPENDIX A

Converting an IEC 60044-1 protection classification to a limiting secondary voltage

The suitability of a standard protection current transformer can be checked against the
limiting secondary voltage requirements, specified in this document.

An estimated limiting secondary voltage can be obtained as follows:

VA x ALF
X — + (

Vi ALF x| cht)

n

If Ry is not available, then the second term in the above equation can bevignored as it
typically only adds a small amount to the estimated secondary limiting voltage:

To ensure that the current transformer has a high enough rating for the, relay’s burden it is
necessary to work out the current transformer’s continuous VA rating using the following
formula:

VA, >12x(R +R)

Example 1:

An estimate of the secondary limiting voltage of a 400/5A%current transformer of class 5P 10
with a rated output burden of 15VA and a secondary, Winding, resistance of 0.2Q will be:

< 15X10 L 40x5%02

A
=40V
Example 2:

For a particular application of a 1A MICOM overcurrent relay it is required to determine the
most appropriate class P current transformer to be used. The secondary limiting voltage
required has been calculated at_87.3V using a current transformer secondary winding
resistance of 2Q.

The current transformer rated@ttputiburden must be:

VA, > 1.2 x (R +R.)

ct ='n
> 12 x (14,0,025)
>1.025VA

The nearest rating‘above this will be 2.5VA.

The accuracy limif factor required can be determined by:

V= YQXALE | ALF oL <R,
n
87.3:2'5X—1ALF + ALF x1x2
—45xALF
AL 873
45
~19.4

The nearest accuracy limit factor above 19.4 is 20.

Therefore the current transformer required to supply the MiCOM overcurrent relay will be a
2.5VA 10P 20. (i.e. 2.5VA is the rated burden, 10 (%) is the nominal accuracy class, 20 is
the ALF).
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8.

8.1

APPENDIX B

Converting IEC 60044-1 standard protection classification to IEEE standard volfage
rating

The MiCOM series protection relays are compatible with ANSI/IEEE CTs as specified in the
IEEE C57.13 standard. The applicable class for protection is class "C", which specifies'asfon
air-gapped core. The CT design is identical to IEC class P but the rating is specified
differently.

The IEEE C class standard voltage rating required will be lower than @n’ IEC knee-point
voltage. This is because the IEEE voltage rating is defined in terms ©f useful gutput voltage
at the terminals of the CT, whereas the IEC knee-point voltage includes the voltage drop
across the internal resistance of the CT secondary winding added t6 the useful output. The
IEC knee-point is also typically 5% higher than the IEEE knee-point:

Where IEEE standards are used to specify CTs, the C class yoltageyrating can be checked
to determine the equivalent knee-point voltage (Vi) according,to’ IEC. The equivalence
formula is:

Vi =(Cx1.05) + (Kgge I xRt
=(Cx1.05)+(100xR )

Note: IEEE CTs are always ®A secondary rated, i.e. |, =5A, and are
defined with an accuracydlimitfactor of 20, i.e. K5 =20.

The following table allows C57.13 ratings tefbe‘¢onverted to a typical IEC knee-point voltage:

% EE C57.13 C Classification
CT Ratio Ret* 100 C200 C400 C800
ﬁ Vi Vi Vi Vi
100/5 0.04Q 56.5V 109V 214V 424V 844V
200/5 0.08Q2 60.5V 113V 218V 428V 848V
400/5 0.16Q2 68.5V 121V 226V 436V 856V
800/5 023202 84.5V 137V 242V 452V 872V
1000/5 0400 92.5V 145V 250V 460V 880V
1500/5 0.60Q 112.5V 165V 270V 480V 900V
2000/5 0.80Q 132.5V 185V 290V 500V 920V
3000/5 1.20Q 172.5V 225V 330V 540V 960V

* Agsuming 0.002/turn typical secondary winding resistance for 5A CTs.
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9. APPENDIX C
9.1 Use of METROSIL non-linear resistors

“Metrosils” (non-linear resistors) are used to limit the peak voltage developed by the currept
transformers under internal fault conditions, to a value below the insulation level of the
current transformers, relay and interconnecting leads, which are normally able to withstand
3000V peak.

The following formulae should be used to estimate the peak transient voltage (V,) that could
be produced for an internal fault. The peak voltage produced during an internal fault.will be a
function of the current transformer knee-point voltage and the prospectivetyoltage (Vy) that
would be produced for an internal fault if current transformer saturation did not éecuf:

V, =2,2xV, x(V; - V)

V; =I"'x(Ry + 2R, +Ry)

When the value given by the formulae is greater than 3000V¥peak, ‘Metrosils should be
applied. They are connected across the relay circuit and sep/éjthe purpose of shunting the
secondary current output of the current transformer from the relay”in order to prevent very
high secondary voltages.

Metrosils are externally mounted and take the 4orm,of\annular discs. Their operating
characteristics follow the expression:

V=Cx[0%
whereV = Instantaneous voltage applied toithe Metrosil
C = Characteristic constant’of the Metrosil

I = Instantaneous currentthrough the Metrosil

With a sinusoidal voltage applied “aeross the Metrosil, the RMS current would be
approximately 0.52 times the peak current. This current value can be calculated as follows:

4
\/E X Vsin(rms) J

|(rms) = 0.52)(( C

whereVsinmms) = rms value ofithe sinusoidal voltage applied across the Metrosil.

This is due to theffact that the current waveform through the metrosil is not sinusoidal but
appreciably distorted.

For satisfactory @pplication of a Metrosil, it's characteristic should be such that it complies
with thesfollowingrequirements:

1. At the relay voltage setting, the Metrosil current should be as low as possible and no
greatef than =~ 30mA rms for 1A CTs and = 100mA rms for 5A CTs.

2. At the maximum secondary current, the Metrosil should limit the voltage to 1500V rms
or 2120V peak for 0.25s. At higher relay voltage settings, it is not always possible to
limit the fault voltage to 1500V rms, so higher fault voltages may have to be tolerated.

The following tables show the typical Metrosil types that will be required, depending on relay
current rating, REF voltage setting etc.

Metrosil units for relays using 1A CTs
The Metrosil units for 1A CTs have been designed to comply with the following restrictions:
1. At the relay voltage setting, the Metrosil current should be less than 30mA rms.

2. At the maximum secondary internal fault current the Metrosil should limit the voltage to
1500V rms if possible.
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The Metrosil units normally recommended for use with 1A CTs are as shown in the following

table:
Nominal .
Relay Voltage Characteristic Recommended Metrosil Type Q
Setting
C B Single Pole Relay Triple Pole Relay
Up to 125V rms 450 0.25 600A/S1/S256 600A/S3/1/S802
125 - 300V rms 900 0.25 600A/S1/S1088 600A/S3/1/S1195

Note:

Single pole Metrosil units are normally suppliedf witheut mounting
brackets unless otherwise specified by the customer:

Metrosil units for relays using 5A CTs

These Metrosil units have been designed to comply with the followingreguirements:

1. At the relay voltage setting, the Metrosil current should“be less than 100mA rms (the
actual maximum currents passed by the units is showntbelow’their type description).

2. At the maximum secondary internal fault current the, Metrosil unit should limit the
voltage to 1500V rms for 0.25s. At the higher rélayssettings, it is not possible to limit
the fault voltage to 1500V rms hence higher fault voltages have to be tolerated
(indicated by *, **, ***).

The Metrosil units normally recommended foriuséwith 5A CTs and single pole relays are as
shown in the following table:

Secondary @ed Metrosil Type
Internal .
Fault elay Voltage Setting
Current Up to 200V rms rms 275V rms 300V rms
600A/S1/S1213 600A/S1/S1214 600A/S1/S1214 600A/S1/S1223
50A rms C = 540/640 C =670/800 C =670/800 C =740/870*
35mA rms 40mA rms 50mA rms 50mA rms
600A/S2/P/S1217m| 600A/S2/P/S1215 | 600A/S2/P/S1215 | 600A/S2/P/S1196
100A rms C =470/540 C =570/670 C =570/670 C =620/740*
70mA rms 75mA rms 100mA rms 100mA rms
600A/S3IR/S1219 | 600A/S3/P/S1220 | 600A/S3/P/S1221 600A/S3/P/S1222
150A rms C =4380/500 C =520/620 C =570/670** C =620/740***
100mA rms 100mA rms 100mA rms 100mA rms

* 2400V peaky** 2200V peak, *** 2600V peak

In some situations single disc assemblies may be acceptable. Metrosil units for higher relay
voltage Setiings and fault currents can also be supplied if required. Contact AREVA T&D for
detailed‘applications.

Note:

The Metrosil units recommended for use with 5A CTs can also be
applied for use with triple pole relays and consist of three single pole
units mounted on the same central stud but electrically insulated from
each other. To order these units please specify "Triple pole Metrosil
type", followed by the single pole type reference.
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10. APPENDIX D

for 250V minimum and compliant with IEC60269-1 general application type gG with hi
rupturing capacity are acceptable. This gives equivalent characteristics to HRC "Red Spo
fuse types NIT/TIA often specified historically.

10.1 Fuse rating of auxiliary supply O
Use of standard ratings between 6A and 16A is recommended. Low voltage fuse-links ratb

Where only one or two relays are wired as a fused spur, it is acceptable to use a 6A ratiﬁ\;.
Generally, five relays could be connected on a spur protected at 10A, and ten r raibs
or 16A fuse.

Note: This applies to MiCOM Px10, Px20, Px30 iestdevices. It
also applies to Px40 series devices with hardwares and later

as these have inrush current limitation on switch-on onserve the
fuse-link.
The recommended external protective fuse for the auxiliary DC the P59x series
interface units is a 2A HRC (high rupture capacity) GE Red Sp pe NIT or TIA, or if a UL
recognised fuse is required, 2A time delay Gould type AJT2.
Alternatively, miniature circuit breakers (MCB’s) m@tect the auxiliary supply
circuits.
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