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1. A differential protective relaying apparatus j i
i .

comprising: 4o
PR

a plurality of lines connected to a bus bar; F

a current transformer provided in each of said
trunk lines;

a differential circuit connecting each of
secondafy windings of the respective current
transformers in parallel;

a first switching over circuit for changing an
impedance of said differential circuit from a first
value into a second value depending upon a terminal
voltage of the differential circuit;

a second switching over circuit for changing
said impedance from the second value into a third value
depending upon the terminal voltage of said impedance;:

a plurality of voltage detecting elements for
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detecting said terminal voltage of said differential -

A

circuit and said terminal voltages of said impedance; g
and,

an interlock circuit for tripping a circuit

breaker which is constituted by a judgement logic i

seguence connection of contacts that are switched output 5

by said voltage detecting elements respectively. i
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DIFFERENTIAL PROTECTIVE RELAY APPARATUS

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to a differential
protective relay apparatus in which a plural-branch bus
bar including a plurality of terminals is differentially
protected via a current transformer provided in the
lines respectively.

Description of the Prior Art

Fig. 1 shows a system connection diagram of a
differential protective relay apparatus. Symbol "0"
indicates a bus bar; numerals 1 to n denote terminals
drawn from the bus bar "0", numerals CT 11 to CT 1ln
represents current transformers (simply referred to as
a "CT" hereinafter) connected to the respective
terminals 1 to n; and symbol "ZD“ represents an
impedance of a differential circuit 20 which is shunted
by parallel-connection of secondary circuits of the
above-described CT 11 to CT 1n.

In general, a differential protective relay
apparatus may be categorized into two typical
differential types, i.e., a high impedance differential
type and a low impedance differential one by selecting
either a high impedance, or a low impedance as the
impedance "ZD" of the above-described differential

circuit 20.
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In accordance with the former high-impedance
differential type, since the differential circuit is
shunted by the relatively high impedance ZD' the
shunted current components from the current transformers

CT 11 to CT 1ln which are differentially connected are

small and only small energy is transferred. As a

result, in case that the currents flow into the
differential circuit 20 in the same direction at an
internal fault, a relatively high voltage appears
across the impedance ZD of the differential circuit 20,
Whereas, in case that the current is circulated through
CT 11 to CT 1ln which are differentially connected at
the external fault, the voltage drops appearing along
the lead wire resistance of the secondary circuits of
the differentially connected CT 11 to CT 1ln are added
to the exciting impedance of the CT at the current
flowing terminal on the external fault, and thus do not
exceed over a value determined by the voltage drop vs
current of the CT exciting characteristics.

In, on the other hand, the low impedance
differential apparatus, a large amount of the shunted
current component flows from the differentially

connected CT 11 to CT 1ln to the impedance 7% and thus

D'
the most energy is transferred to the differential
circuit side.

As a consequence, the voltage appearing across the
impedance of the differential circuit does not go up soO

high in case of the internal failure.
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Whereas, on an external fault, the secondary
exciting impedance of the CT 1ln of the current flowing
out terminal and the impedance of the differential
circuit (Zd) show value of equal order or else the
latter shows lower one, which causes larger shunt
current through the differential circuit impedance 24,
by the voltage drop induced along the lead wire
resistance of the CT secondary circuit of differentially
connected CTs 11 ~ 1n-1.

As a consequence, there is a trend in the low
impedance differential tyée scheme that mis-operation
apt to occur when the heavy external fault current
flows.

In general, assuming that the resistance value of
the differential circuit 20 is "RD", and total
resistance value in the reciprocating path of the lead
wire and the like of the CT secondary circuit (the
secondary winding resistance value "RS" of CT and also
the resistance value "RL“ of CT secondary lead wire) is
"R2", when the maximum external fault current IFE max
passes, both the differential circuit current "ID" and
differential circuit voltage (i.e., a voltage acréss the

) V. are expressed as follows.

impedance Z D

D

R+ R, ‘Fg Me¥ sexen A1)
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D2
VD;_R__'F—-:R—-IFE max PR (1-2)
D 2
If RD > R2, then
VD < RZIFE max seesse (L.3)

The differential circuit voltage does not exceed over a
predetermined value.

On the other hand, in case of the internal fault,
when the voltage "VD" of the differential circuit
appearing across the impedance ZD is detected by the
setting sensitivity of the applied voltage VS' a

minimum internal fault detecting current is given by:

IF min = == + n - Iex(VS) esesas (1.4)
It should be noted that "Iex(Vs)" is a secondary
exciting current with respect to the applied voltage,

and "n" denotes the number of connected lines for the

protected bus bars.

Since the conventional high impedance differential
protective relay schemes are arranged as the above-
described configurations and operations, the high
impedance differential apparatus has the following
problems,

Although the differential relay can be set to

prevent the false operation on the external fault below
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the value expressed as in the formula (1.3), the minimum £
pick-up current of an internal fault should satisfy the .
formula (1.4) as long as the relay being set on the value
determined by the formula (1.3).

In other words, there are drawbacks that, when the
number of terminals connected to the bus bar becomes large
and furthermore the internal fault current is smaller, the
minimum pick-up sensitivity is adversely varied by both the
secondary excitation characteristic "I__-V__" of the

ex 'ex
current transformer and the number of the lines "n".

suERery

SUMMARY OF THE INVENTION

The present invention attempts to overcome one or
more of the problems of the prior art.

According to the present invention there is
provided a differential protective relaying apparatus
comprising:

a plurality of lines connected to a bus bar; ; i

a current transformer provided in each of said é ﬁ
trunk lines; j

a differential circuit connecting each of secondary f
windings of the respective current transformers in f
parallel;

a first switching over circuit for changing an
impedance of said differential circuit from a first value

into a second value depending upon a terminal voltage of

the differential circuit;

a second switching over circuit for changing said
impedance from the second value into a third value
depending upon the terminal voltage of said impedance:

a plurality of voltage detecting elements for
detecting said terminal voltage of said differential
circuit and said terminal voltages of said impedance; and

an interlock circuit for tripping a circuit breaker




which is constituted by a judgement logic sequence
connection of contacts that are switched output by said

voltage detecting elements respectively.

BRIEF DESCRIPTION OF THE DRAWINGS

Preferred embodiments of the present invention will
hereinafter be described, by way of example only, in which:

Fig. 1 is a power system connection diagram to
which a differential protective relay apparatus according
to a preferred embodiment of the present invention is

s, vae wIrl L

applied;

Fig. 2 is a schematic diagram of explaining the
operation principle of a preferred embodiment of the
present invention in case of the external fault;

Fig. 3 is a schematic diagram for explaining the
operation principle of a preferred embodiment of the .

present invention in case of the internal fault;

®0et Fig. 4 is a voltage current relationship for il ?’
S illustrating a basic characteristic according to a f
oes preferred embodiment of the present invention; .
e300 Fig. 5 is an internal schematic block diagram for f
odes representing a differential protective relay to which the 5

differential protective relay scheme according to a
preferred embodiment of the present invention is applied;
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Fig. 6 is a circuit diagram of an interlock

a pretermeol @m booliment ot

circuit of the differential relay according toAthe
present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring now to the accompanying drawings, a
detailed description will be made for a differential
proteétive relay apparatus according to a preferred
embodiment of the invention.

In Fig. 2, there is shown a schematic diagram for
explaining a basic operation of the present invention
in case that a heavy external fault occurs at a point
"F" of the terminal "n" in the power system shown in
I I

Fig. 1. In this case, currents I flow

17 2" ***1r “n-1
in from the respective terminals 1 to n-1 through the
bus bar 0 to the terminal "n", and above total current
I, (= IFE) flows out from this terminal "n".

Since, there are provided a winding resistance "RS"
and a secondary lead resistance "RL" in each of the
above-described CT 11 to CT 1ln-1 of the terminals 1 to
n-1, Voltage drops appearing across these resistance
are the one along the equivalent circuits 121, 122, ...,
(n-1, n, 1) (n-1, n, 2), as represented in Fig. 2.

As a consequence, it is a well known fact that the

following differential circuit voltage "VD" appears

across the impedance "ZD" of the differential circuit

& = Ipg(Rg + Rp) . (2.1)
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where "V_" is equal to an error differential voltage,

"I_." is equal to an external failure curirent

FE

(transformed to CT secondary), "Ry" is the secondary i ;

winding resistance of faulted terminal CT, and "RL" is
5 the lead wire resistance of the external fault terminal
CT.
Fig. 3 is a schematic diagram for explaining
principle operation for an internal minimum fault occurs 4
at a point "F" in the bus bar "0" in the power system
10 shown in Fig. 1 illustrating the current distribution.

In this case, the detection current is minimum, and this

°:::& minimum value is expressed for the CT secondary circuit 7
:EZSQ° by: f ¥
o %000 E L
Ipmin = neI_ +Ip = ne£ (V) +g, (V) eunes (2.2)

15 where IeX = fe(VD) is a relationship known as vhe CT

secondary exciting characteristics, IR = gZ(VD) is also
L0020, a relationship known as the impedance characteristic of
0o’ o
°:{:° the bus differential relay circuit, and "n" is equal to
. the number of the bus bar terminals.

ov0o090
o:No; 20 In general, a value determined by the relational
T equation of Iox = fe(VD) is not so easily varied at site,
Poaso” but the impedance characteristic of the impedance Z_ can

D
be changed there. In normal, although a value determined

by the relational equation of I =ng(VD) can be made

R
25 sufficiently small, the CT secondary exciting
characteristic defined by’ the equation of Iex = fe(VD)
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is not negligible in such a case that the differential

circuit voltage V_ required for operating the

D
differential relay connected to the differential
circuit 20 in case of the internal fault exceeds some
or higher than 100V. As a result, this gives the
adverse influence to the minimum pick-up on the
internal fault expressed in CT primary current.
Consequently, to avoid such an adverse influence,
it is required to satisfy such a condition that the
differential relay can be operated even if the
differential circuit voltage "VD" is much smaller.
Then, a description is made to the basic
characteristics of the above-described differential
protection with reference to Fig. 4. In Fig. 4, an
ordinate denotes a differential circuit voltage "VD"
and also a CT secondary exciting voltage "Vex" whereas
an abscissa represents a fault current "IF" in the left
direction, and also indicates a CT secondary exciting

current in the right direction.

"T_ "
Similarly, an operating characteristic of a
differential relay 87 (this numeral also indicates the
NEMA switch board device number) connected across the
terminals 20-1 and 20-2 of the above-described
differential circuit 20 is represented by "VD~IF", a CT
secondary exciting characteristic is denoted by
"Vex—Iex" and also an exciting characteristic in case

that "n" pieces of CT having the same CT secondary

R NI BN .

4
Ri
i




exciting characteristic are connected in parallel is il

" - n
represented by Vexn Iex .

The operation principles with such a
characteristic setting for the various fault conditions
will now be described as follows:

(i) Detection on an internal fault
An attention is given to a portion of a gradient e

of a resistor R employed in the differential circuit

D1l

20 along the operating characteristic VD—IF of the

differential relay 87 shown in the left half part of

Sitite:

T

5
i
B

Fig. 4. The resistance value of the resistor RDl of the
differential circuit 20 is selected to be a relatively

lower value on the order of one ohms. The differential G
relay 87 starts to operate when the fault current IF
flows in and the voltage value reaches the minimum
pick-up differential voltage value "Vl". Assuming that
the current at this time is equal to "IFl", the

detection sensitivity is expressed as follows under such ¢

a condition that "n" pieces of CT are connected, and the
differential voitage is applied to a set of the
secondary circuits of CT which are connected in parallel

to each other:

I, min = 1F1+Iexn.1 = I +n Texl.1 cenee (2.3)

where "Iexn 1" corresponds to a CT secondary exciting

current at the minimum pick-up voltage value "Vl" in

case that "n" pieces of CT are connected in parallel to

= 10 =
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each other, and "Iexl.1" represents a CT secgndary
exciting current at the minimum pick-up differential
voltage value when one CT is connected.

It should be noted that if the minimum pick-up

differential voltage V. is selected to be a lower value,

1
equivalent pick-up currents on the systems primary side

"IF " and Ie l" with respect to this minimum operation

1
differential voltage value Vl become sufficiently small
and therefore the reduction of the fault detecting
sensitivity due to the CT secondary exciting
characteristic can be controlled as desired at planning
value.

In other words, the gradient of the operating
characteristic VD—IF of the differential relay 87 is
selected as low so that the differential circuit voltage
VD at the minimum pick-up can be held low. At the same
time, the higher sensitivity is realized under such a
condition because the CT secondary exciting current is
small, and also a variation range of the minimum
pick-up caused by variations of the number of the
terminals connected to the bus bar "0" is controlled
below a predetermined value where no practical problem
may occur,

(ii) Prevention of false operation on a maximum
external fault

In general, in case that "n" pieces of terminals 1

to n are tonnected to a bus bar "0", and an external

- 11 -
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fault occurs in the terminal "n as shown in Fig. 2,
the differential circuit voltage "V, " appearing across
the impedancer"ZD" in the differential circuit 20 is
expressed by the above-described formula 2.1.

If the error differential voltage VE expressed in
the above formula 2.1 is equal to "V," denoted in Fig.
4, and the voltage "V3" is determined having a proper
allowance ratio with respect to this error differential
voltage V2, the differential voltage detecting element
which has been set to be operated upon this voltage
"V3" does not operate falsely even if the maximum
external fault current flows through the bus bar "0".
It should be noted that the internal fault current for

producing the voltage V, is equal to a value "RI_."

3 F1l

corresponding to a point "P3" shown in Fig. 4, and the

CT secondary exciting current varies between Iexl 3 and

Iexn 3+ BAs a result, the system minimum pick-up value
Ig, (expressed in CT secondary current value) is given
by:
) .
2Ipy * Tex1.3 £ 79" £ gy * Texn,s eves (2.4)

In other words, this system minimum pick-up value varies

in a range of:

LI + nvoQT + n

r1 T Tex1.3 Fl Tex1.3

Thus, the minimum pick-up is considerably raised, as
compared with that in case of the minimum pick-up
" n
current IFl .
- 12 o
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(iii) Overall operation

As there are two different values of "IFl" and

e R AT A I,

"QIFl" in the above-described two cases, the following

relationship should meet between them and also the

5 V. -I_ characteristic should have the following broken

D °F
line having two slopes RDl’ R

, as expressed in Fig. 4.

D /

i

Vp = RppIp (Vp £ Vg = Vp) ceeee (2.5) 3
Vp = Rpplp + (Rpy = Rppllpy  (Vp 2 Vg = Vy) !

cees. (2.6)

where IFl = VO/R

D1
‘ﬁfl° 10 That is to say, when the differential circuit
faot d voltage V_ is low, a relatively low resistance value b

D

pee such as "RDl" of the differential circuit 20 is given : ﬁ

to the impedance Z and when the differential circuit

Dl
is high, a relatively high resistance value

voltage VD

15 such as "RD2" of the differential circuit 20 is given

to the impedance 2 with the result that the

1!0:1( D’
RS differential protective relay 87 according to the

present invention operates as the current differential
tldltz
13

relay in the lower current range, and does as the

¢1ea et
1 L3

20 voltage differential relay in the higher current range.

e The method for setting a value of the voltage V0

D-IF characteristic is

realized based upon the following principle. If a

£ to switch the above-described V

current at which the error differential voltage "VE“

25 caused by the fluctuations in the each CT

- 13 =
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characteristics and secondary circuit constants reaches
equal to the minimum pick-up differential voltage value
"Vl" which is set at high sensitivity as previously

described, is k-times higher than the minimum operating

current "I_.", satisfying the following equations are

Fl
obtained:
R_-R
D172
V., = kI cenee (2.7)
E Ry, * R, Fl
vy = Ry I ‘ ceees (2.8)
Ry
Rp1 Ry, * R, k Ipy = Rpylpg
+ R
ok o= EElﬁ___% ceee. (2.9)
2

In other words, when the resistor “RDl" of the
differential circuit 20 is selected to be a proper value,
the value of "k" is always greater than 1, and also it
is possible to determine k > &.

As a result, if an amount of a fault current is

equal to, or below than a value m I the switch for

Fl'
detecting the differential circuit voltage V0 operates
before the current differential element having the
higher sensitivity operate falsely so that the impedance
Zh of the differential circuit 20 is switched over to
the high impedance, which can therefore be operated as

the voltage differential element. As a consequence,

= 14 -
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there is no problem that the switching over operation
is performed in accordance with the broken-line
characteristic and two resistance values RD can be

given depending upon the differential voltage magnitude

v For a referrence, the switching over voltage V,

D
for having two slope line characteristic of VD - IF
curve, can be set at V0 being different from Vl as
follows considering the relationship between V0 and
error differential voltage Vg
'
O —nm1. <o cee.. (2.10)
Dl Fl Fl

Referring now to Fig. 5, an example of an internal
schematic of the differential relay 87 which is
connected to the differential circuit 20 will be
described. 1In Fig. 5, reference numerals 20-1, and 20-2
indicate connection terminals of the differential
circuit 20; reference numeral 21 denotes a voltage
transformer for transforming the voltage appearing
across this connection terminal to a voltage having a
proper value; reference numerals 22-1 and 22-2 denote
ignition circuits for receiving secondary voltages
having opposite polarities with each other from the
voltage transformer 21 and for producing a voltage
having a proper amplitude and a propér wave shape so as
to turn ON/OFF a semiconductor power switch connected at

the subsequent stage; and reference numerals 23-1 and

- 15 -
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23-2 represent semiconductor power switches which are 3
ignited by receiving the ignition voltages produced in

the above-described ignition circuits 22-1 and 22-2 so

] as to sw;tch voltage waves having opposite polarities
g 5 with each other. Further, reference numeral 24

% indicates a resistor which is opened or shortcircuited i
: by means of the semiconductor power switches 23-1 and

23-2; reference numerals 25-1 and 25-2 are resistors

B R

f series-connected to the resistor 24; reference numeral
10 26 indicates a transfornmer, the primary winding of which

is series-connected to the resistors 24, 25-1 and 25-2;

aedo

®eoue’ reference numeral 27 indicates a voltage transformer for

et o b
“ed 2 transforming a voltage appearing across the resistor L
s Cee 25-2, The semiconductor power switches 29-1 and 29-2

°°:°° 15 are turned ON/OFF by the ignition circuits 28-1 and 28-2

connected to the secondary winding of this voltage

transformer 27. Reference numeral 30 indicates a

asee voltage detecting element connected to the quaternary :

8 o & N

TS winding of the above-described voltage transformer 21, :
20 for sensing an amplitude of a voltage appearing across

the terminals 20-1 and 20-2. Reference numeral 31

) indicates a voltage detecting element for detecting the

%h o voltage which has been transformed by the transformer 26

. and for producing a signal "1" (to make a contact

25 closed) when the primary current of the transformer 26
becomes a proper value which is obtained from the

terminals 20-1 and 20-2., ' Reference numeral 32 indicates

- 16 -
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a voltage detecting element for producing a signal "1"
(to make a contact closed) to detect the voltage
transformed by the transformer 26 higher than the
equivalent values of the voltages across the terminals
20-1 and 20-2., Reference numeral 33 represents a
voltage (current) detecting element for detecting an
amplitude of a voltage which is transformed by the
above~described transformer 27 and operates when the CT
secondary current is higher than a predetermined value
as viewed from the terminals 20-1, 20-2 so as to form a
proper output circuit at a heavy external circuit.

It should be noted that the above-described
transformer 21, ignition circuits 22-1 and 22-2, and
semiconductor power switches 23-1 and 23-2 constitute a
first switching over circuit 41 for changing the
impedance of the differential circuit 20. Also, the
above-explained transformer 27, ignition circuits 28-1
and 28-2, and semiconductor power switches 29-1 and 29-2
constitute a second switching over circuit 42 for
changing the impedance of the differential circuit 20.

An interlock circuit 51 for tripping a circuit
breaker is constituted by a judgement logic sequence
connection, shown in Fig. 6, formed by the respective
contacts 30-a, 30-b; 31-a, 32~a and 33-a which are
switched output from the above-described detecting

elements 30, 31, 32 and 33.
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In Fig. 6, reference numeral 52 denotes a tripping
coil of the circuit breaker; and reference numeral 52-a
indicates a contact ¢f the circuit breaker 52,

Then, the circuit overall operation of the
differential relay 87 shown in Fig. 5 will now be
described.

(a) In case of a light internal fault

For instance, when a power source side is connected
via a single transmission line "n" to the bus bar "0",
a current may flow from a CT 1n of this terminal "n" to
the differential circuit 20. At this time, since a
voltage (differential voltage) appearing across the
differential circuit 20 is low, the voltage which is
applied via the voltage transformer 21 to the ignition
circuits 22-1 and 22-2 is also low. As the result, the
ignition circuits 22-1 and 22-2 does not fire without
switching the semiconductor power switches 23-1 and
23-2, and the resistor 24 is shortcircuited.

As a result, the differential circuit 20 is
operated as the low impedance circuit in which the
resistors 25-1 and 25-2 having low values and the
primary winding of the transformer 26 are connected
between the terminals 20-1 and 20-2., 1In this case, the
operation of the differential relay 87 is the operation
of the low-impedance current-differential relay.

It should be noted that the voltage detecting

element 30 of the differential circuit 20 is reset (the
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contact 30-b is closed) and therefore do not lock the
operation of the voltage detecting element 31.

(b) In case of a medium internal fault

In this fault case, the fault currents are supplied
from not only the above-described CT 1ln but also from
some of the terminals having the power sources to the
internél fault point. As a consequence, the voltage
across the differential circuit 20, namely the voltage
between the terminal 20-1 and 20-2 is further increasea
as compared with the previous case. As a result, the
voltage which is applied via the voltage transformer 21
to the ignition circuits 22-1 and 22-2 is also
increased. Thus, the ignition circuits 22-1 and 22-2
ignite the semi-conductor power switches 23-1 and 23-2
so that a path between the anode and cathode being
shorted is now opened. Therefore, between the terminals
20-1 and 20-2, the resistors 24, 25-1, and 25-2, and
also the primary winding of the transformer 26 are
connected in series, with the result that the
differential circuit 20 shows the higher impedance. At
this time, if the current flowing through the primary
winding of the transformer 26 is detected, and the
voltage detecting element 32 having lower sensitivity
operates so as to close the contact 32-a, it should be
understood that the medium internal fault can be

detected.
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In this case, with the operation of the voltage

detecting element 32, the differential relay 87
operates as the voltage differential relay. Also with
the operations of the above-described semiconductor
5 power switches 23-1 and 23-2, the voltage detecting
element 30 operates to perform the interlock operation
(the contact 30-a is closed and contact 30-b is opened).
(c) In case of a heavy internal fault b

Similar to the above-described case of the medium

10 fault, the fault currents are supplied from a number of
°:x:° terminals other than CT 1ln to a fault point (F). As a
°::a§ result, a sufficient current flows between the terminals
s Toee 20-1 and 20-2, Depending upon the resistors 25-1 and j

25-2, and the impedance of the primary winding circuit

15 of the transformer 26, the differential voltage is
produced between both terminals of the differential éi Q

cevo circuit 20, namely terminals 20-1 and 20-2, and the

o eo voltage appearing across the transformer 21 also becomes
sufficiently high. As a consequence, the voltages which
e ° 20 are applied via the transformer 21 to the ignition

o o

circuits 22-1 and 22-2 are sufficiently increased. The

°~J.° ignition circuits 22-1 and 22-2 turn closing conditions

LX

of the semiconductor power switches 23-1 and 23-2 to the

e e o
[ e
o
°
L3
o
600

open conditions. Thus, the shortcircuited resistor 24

25 is opened so that the differential voltage caused by the
above-described resistors 24, 25-1, and 25-2 and aliso
the primary winding of the transformer 26 becomes
sufficiently high.

- 20 -

Laaa 2



00so

e &8

e o0

10

25

Therefore, the voltage across the resistor 25-2 is
transformed by the transformer 27, The ignition
circuits 28-1 and 28-2 are energized via this
transformer 27 output so as to ignite the semiconductor
power switches 29-1 and 29-2. As a result, the
semiconductor power switches 29-1 and 29-2 turn on to
provide the short circuit conditions, so that both the
resistors 24 and 25-1 are shortcircuited. As a
consequence, the impedance "ZD" of the differential
circuit 20 becomes sufficiently low and thus the value
of the voltage is lowered to a proper level value.

Since the voltage detecting element 33 is set to
detect a proper over voltage, the heavy fault condition
is detected so as to derive an external isolated output
for controlling circuit-breaker tripping circuits.

A setting of this voltage detecting element 33 is
In case of the maximum external

determined as follows.

fault (fault current IFE max), the error differential

.
current IDE

is expressed by:

RS
+ R

= o—/——— 1 max
D S FE

Accordingly, no error operation happens.

The differential voltage "VD" which is produced in
the CT secondary (differential) circuit by the
differential current occurring on the heavy internal

heavy fault (fault current I; max), is expressed by:

- 21 -
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VD = RDID = RDIFl max

The value of this differential voltage is properly set
as follows, which is sufficiently lower than the

insulating withstand voltage V

BILS of the CT secondary

circuit:

§5—1~§; . IFE max < VD < RD IFl max < VBILS
As a consequence, the voltage detecting element 33 can
perform the proper operation.

(d) In case of a light external fault

In case of an external fault, since an algebraic
sum on currents which have passed through the CT 11 to
CT 1n of the terminals 1 to n connected differentially
becomes zero, no current flows through both the
terminals 20-1 and 20-2 of the differential circuit 20,
and no sufficient input can be obtained to operate the
respective detecting elements 31, 32, 33, However, in a
practical case, there is a differential current formed
by accumulating errors, namely an algebraic sum current
due to the manufacturing errors of CTs. A degree of
this algebraic sum current is directly proportional to a
degree of the passing current. Since the value of this
current is small in case of the light fault, the voltage

detecting element 31 with the proper,setting of voltage

does not operate.
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A ratio "k" of the limit current value of the
false operation when the external fault current passes
to the internal fault pick-up current is significantly
influenced by the combination of the impedance “ZD" of
the differential circuit 20, the CT secondary winding

resistance R and the CT secondary lead wire resistance

SI

RLI

When the first switching over circuit 41 is reset
condifion in case of the light fault, it is selected
that the voltage detecting element 31 does not operate,
so that no false operation occurs.

(e) 1In case of a heavy external fault

In case that a heavy external fault current passes
through, there are some possibilities of the false
operation of the above described voltage detecting
element 31 is erroneously operated if a value of this
failure current becomes large.

If the operating voltage of the first switching
over circuit 41 is so selected as to operate at a
differential current lower than the above-described
value of the fault current, the switching over operation
thereof is carried out at the lower current than the
fault current which may cause the false operation of
the voltage detecting element 31. Thus, the
differential circuit 20 becomes a high impedance circuit
in which the résistors 24, 25-1 and 25-2, and the
primary winding of the transformer 26 are connected in

series.
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If the impedance of the differential circecuit 20
becomes high, the differential circuit 20 cannot obtain
a sufficient differential current for its operation
unless a voltage having a value higher than a
predetermined value is applied thereto, so that this
differential circuit 20 does not bperate falsely.

When the pick-up of the voltage detecting element
32 is so set that no false operation of this element
occurs at the voltage produced by the differential
circuit in case that the maximum external failure
current passes through, the voltage detecting element
32 does not operate falsely even if the maximum current
passes through the bus on the heavy external fault. As
a whole, no false trip of the bus occurs.

As previously described in the previous operation
item of the heavy internal fault, the current (voltage)
detecting element 33 for detecting the heavy internal
fault is set at a sufficiently high current value, so
that no false operation thereof occurs by the error
differential current "IDE" which is induced by the
external fault current in one terminal connected to the
bus bar "0", and also a care is taken into an allowable
safety limit value for CTs. As a consequence, the
current (voltage) detecting element 33 does never
falsely operate.

It should be noted that the above-described

preferred embodiments are merely examples according to
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the invention. Therefore, it is apparent tﬁat various
arrangements may be conceived without departing from
the technical scope of the present invention, which are
clearly involved by the claims.

While has been described above, in accordance with
the present invention, since the impedance of the
différential circuit is switched depending on the
terminal voltage of the differential circuit, or the
terminal voltage of a part of the impedancgf whether
the high impedance differential relay or the low
impedance differential relay is automatically selected,
and the drawbacks inherent in the respective
differential relay scheme are solved, the sensitivity T
of the differential protective relay apparatus can be
increased to surely detect the faults even with a light
internal fault current. Therefore, there are great
advantages by utilizing the present invention in the

actual power system. i
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:
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1. A differential protective relaying apparatus

comprising:
a plurality of lines connected to a bus bar;
a current transformer provided in each of said
trunk lines;
a differential circuit connecting each of ;
secondafy windings of the respective current
transformers in parallel;
‘000 a first switching over circuit for changing an
LA impedance of said differential circuit from a first
value into a second value depending upon a terminal 1

voltage of the differential circuit;

a second switching over circuit for changing

said impedance from the second value into a third value

Jeose depending upon the terminal voltage of said impedance; 'ﬂ‘
sVett, a plurality of voltage detecting elements for
; detecting said terminal voltage of said differential

circuit and said terminal voltages of said impedance;
and,

an interlock circuit for tripping a circuit

g | o breaker which is constituted by a judgement logic
sequence connection of contacts that are switched output

by said voltage detecting elements respectively.
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2. A differential protective relaying apparatus
as claimed in claim 1, wherein said impedance of the
differential circuit is constructed of a plurality of
resistors and a primary winding of a voltage

transformer connected in series.

3. A differential protective relaying apparatus
as claimed in claim 1, wherein said first switching i
over circuit comprises a voltage transformer for
transforming a voltage appearing across said
differential circuit; ignition circuits connected to
the secondary winding and the tertiary winding of said
voltage transformer; and semiconductor power switches
triggered by said ignition circuits and connected in
parallel to each other, for shortcircuiting or opening
a part of the resistors which constitute said impedance
of the differential circuit, so as to change the

impedance.

4, A differential protective relaying apparatus
as claimed in claim 1, wherein said second switching
over circuit comprises a voltage transformer for
transforming a voltage appearing across a part of
resistors which constitute said impedance of said
differential circuit; ignition circuits connected to a

secondary winding and a tertiary winding of said voltage

transformer; and semiconductor power switches switched
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by outputs from the ignition circuits and connected in
parallel to each other, for shortcircuiting or opening
a part of the resistors which constitute said impedance
of the differential circuit, so as to change said

impedance from the second value into the third value.

5. A differential protective relaying apparatus
as claimed in claim 1, wherein said plurality of voltage
detecting elements comprise a first voltage detecting
element connected to the quaternary winding of a voltage
transformer in said first changing circuit; a second and
a third voltage detecting elements having different
detecting sensitivities connected to a secondary winding
of a voltage transformer whose primary winding is
connected in series with said impedance of said

differential circuit.

6. A differential protective relaying apparatus
as claimed in claim 1, wherein said interlock circuit
for tripping the circuit breaker is so arranged that
each of contacts which are switched by a first voltage
detecting element is connected in series to contacts
which are switched by a second and a third voltage
detecting elements respectively, and said contacts
connected in series are connected in parallel to a
contact which is switched by a fourth voltage detecting

element.
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7. A differential protective relaying apparatus as
claimed in claim 1, wherein said interlock circuit for
tripping the circuit breaker is so constructed that a lock
out relay for tripping the circuit breaker is connected in
series to a contact of a lock out relay.

8. A differential protective relaying apparatus
substantially as hereinbefore described with reference to
and as illustrated in Figures 2 to 6 of the accompanying

drawings.

DATED THIS 12TH DAY OF AUGUST 1991
MITSUBISHI DENKI KABUSHIKI KAISHA
By Its Patent Attorneys:

GRIFFITH HACK & CO.

Fellows Institute of Patent
Attorneys of Australia.
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