
...   . .......: s EP0415 179 BI1                 f:nal Description The
present invention relates to a differential protective relay apparatus
which differentially protects a mul- tiple-branch bus bar having a
plurality of terminals through current transformers each provided on the
terminals 5   respectively. Fig. I shows a connection diagram of a power
system to which a differential protective relay apparatus Is -applied. In
the figure, Indicated by 0 is a bus bar, i to n are terminals of the bus
bar:O, 11 to In are current - .7.      transformers (will be termed CTs
hereinafter) provided for the terminals 1 to n, 20 Is a differential
circuit which is a parallel connection of the secondary circuits of the
CT11 to CTIn, and ZD Is the Impedance of a differential :to  relay 87
connected between terminals 20-1 and 20-2 of the differential circuit 20.
Generally, differential protective relay apparatus are categorized Into two
types, namely highImpedance differential systems and low-impedance
differential systems depending on the selected value of a high or low
-impedance ZD between the terminals of the differential circuit 20. In a
high-impedance differential system, the differential circuit Is shunted by
a relatively high Impedance .1   ZD, and therefore It takes little shunted
current components from the current transformersaCTil to CTi n with.
differential connection and little transferred energy from them.
Accordingly, when currents flow In the same direction toward the
differential circuit 20 on an Internal fault, a relatively high voltage
appears across the ter- minals of the differential relay 87 of the
differential circuit 20. On the other hand, In case currents circulate
N-.-v     through the CTiI to CTIn In differential connection an ,external
fault voltage, drops across the lead wire 20  resistances of the secondary
circuits of the CT1I to CT I n In differential connection are applied to
the excitation Impedance of the external fault current flow-out CT, and the
terminal voltage does not exceed a certain voltage value determined by. the
CT excitation characteristics. The low-impedance differential system
Introduces a great amount of shunted current components from CT11 to CTIn
with differential connection to the differential relay 87 of Impedance ZD
and most of energy Is 25  transferred to the differential circuit.
Accordingly, an Internal fault does not result In theinduction of a high
vol- -tage across the differential relay 87 of the differential circuit 20.
On the other hand, upon application of the voltage drops across lead wire
resistances of the secondary circuits of the CT11 to CTln at an external
fault, the impedance ZD of the differential circuit 20 becomes equal to or
lower than the secondary excitation Impe- dance of CTI n of the external
fault current flow-out terminal, resulting In a possibly greater flow-in
current to 30  the differential relay 87 of the differential circuit 20. On
this account, the low Impedance differential system is prone to malfunction
on an external fault current. The former high-impedance differential system
will further be examined In the following.bGenerally, as- suming that RD Is
a resistance of a differential circuit and R2 Is a total resistance the
secondary circuits of CTs (secondary winding resistance Rs plus secondary
lead wire resistance RL of CTs), the maximum external fault a3  current
IFEmax causes an apparent differential circuit current ID, and differential
circuit voltage VD as folows. .DS '  2  WIFE MX  (1.1) RD+R2 v
VD 5  ~~~~~~~~~~RD2 IFE Max   12 .40      if
R0 + R2 If RD x R2, the differential circuit voltage becomes: VD0 sR2 IFE
max (1.3) and It does not exceed a certain voltage value. On an Internal
fault, the minimum Internal fault pick-up current is given In terms of the
voltage Vs appearing across the impedance ZD the secondary excitation
current l(Vs) for the applied voltage Vs, and the number n of terminals
connected to the bus bars, as follows. IFmin = -.  n*I (Vs)  (1.4) .E . :
~~~~~~~~~~RD The conventional high-Impedance differential protective relay
schemes have the foregoing arrangement and operation, and involve the
following problem to be overcome. Although, with the intention of
preventing 5 the malfunctioning, the differential relay can be set to a
value lower than that given by the formula (1.3) on external faults, the
minimum pick-up current on internal faults Is limited to the value given by
the formula (1.4) as long as the relay is set in compliance with the
formula (1.3). Namely, when a large number of terminals are connected to
the bus bar 0 and the Internal fault current Is small, the minimum pick-up
sensitivity of fault de- tectlon adversely varies by both the secondary
excitation characteristics Il-V  of the CTs and the number n 56 of
terminals. From EP-A-0 378 788, an application to be acknowledged under the
terms of Article 54(3) EPC, a differ- 



ential protective relay apparatus is known for differential protection of a
bus bar having a plurality of terminals 2    V~~~~~~~ EP.0.415179 B1 and a
plurality of trunk lines. An impedance of the differential circuit
connected In parallel to a current trans- former Is changed depending on
either the terminal voltage of the differential circuit, or.depending on,
another terminal voltage derived from a part of the impedance. The present
invention Is intended to solve the foregoing prior art problems by a
different solution, and Its 6   prime object is to provide a differential
protective relay apparatus which allows the setting with wide latitude so
that even a small internal fault current can surely be detected.
Furthermore, in such a:differential protective relay apparatus, the
Insulation of the current transformer secondary-circuit should be~prevented
from, being Jeopardized. According to the Invention, a differential
protective relay apparatus Is constructed as, defined -in claim 1. 10
Preferable embodiments are defined in the dependent claIms.    : These and
other objects and novel features of the present Invention will become;
moresapparent from the following detailed description taken In conjunction
with the accompanying drawings. BRIEF DESCRIPTION OF THE DRAWINGS
' 15 Fig.. I Is a connection diagram of a power system to which the present
Inventionis applied;.  1 Fig. 2 Is a diagram explaining the principle of
the Inventive apparatus In:the eventof. an external -fault; Fig. 3 is a
diagram explaining the principle of the Inventive apparatus In the- event
of an Internal fault; Fig. 4 Is a graph explaining fundamental
characteristics of-the Inventive apparatus; 20      Fig. 5 Is a block
diagram showing an Inventive differential relay; Fig. 8 Is a block diagram
showing a harmonic ratio discrimination circuit; and. Fig. 7 is a schematic
diagram of an Interlock circuit. -DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS                      :. ! 25 An embodiment of this Invention
will be described with reference to the drawings. frset the operational
principle at the occurrence of a system fault will be explained, separately
for the cases of an external fault and Internal fault.
- 30  (a) Heavy external fault In the event of a heavy external fault,
currents lg, 12, In. (from the terminals- 1to n i'flow through the bus bar
0 toward a fault point F on the terminal n, and a current In, (In =  OFj
flows Out of thete-rminal n, as shown in Fig. 2.
: 35      Current transformers I1 to In-I of-the terminals I to n-I have
each a winding resistance and secondary lead resistance, with voltage drops
across the respective resistances being shown by (1, 2, 1),. (1,2,2) ...,
(n- 1, n, 2) as equivalent circuits in Fig. 2. Consequently, thefollowing
differential cIrcuitvoltage VD appears across the impedance of the
differential circuit 20, as Is generally known In the art. VD 5 IFE(RS 4
RRN   (2.1) 40   where N is a CT winding ratio, IFE Is an external fault
current (in terms of CT secondary), R Is a secondary winding resistance of
CT, and RL 1 a sum of secondary lead resistances of CTs. (b) Minimum
internal fault 45      In the event of a fault at point F on the bus bar 0,
the current distribution can be shown by solid arrows and dashed arrows In
Fig. 3. In this case, the detection sensitivity Is minimum, and this value
In terms of CT primary IFN Is given by:. IFIIN = n * f.(VD) + gzCVD) (2.2)
where I.=f,(Vt) Isafunction determined bytheCTsecondaryexcitation
characteristics,.,iR=g:V, D) is afunction 50   determined by the Impedance
characteristics of the differential relay 87, and n Is the number of
terminals. Generally, It Is noteasy to alterthe value of thefunction
I=f%(Vo), which Is dependenton the CTsecpondary excitation characteristics,
after manufacturing, while the impedance of the differential relay 87 can.
be atered. Although values given by the function of lt = g,(VD) can be made
sufficiently small usually, the CT secondary excitation current determined
by the function of Id = f.(VD) becomes not negligible in case that the
differential 55   circuit voltage VD for internal fault detection Is as
high as 100 volts or more, affecting the minimum pickup on Internal fault
In terms of CT primary. In order to avoid this Influence, It Is necessary
to have the Impedance 



characteristics of IR = g9(VD) so that the differential relay 87 can
operate even under a lower differential circuit voltage VD, and to make a
leakage component, I.e., the CT secondary excitation current expressed by
1, = 3    EP 0 4151791B1 f.(VD),as small as possible.              . -
-- Next, the fundamental characteristics of the foregoing differential
protection will be described In connec- ; tion with Fig. 4. In Fig. 4, the
differential-circuit voltage VD and CT secondary excitationvoltage V.1 are
plotted '- _ '  ' along the vertical axis, and the fault current IF and CT
secondary excitation current 1,X are'plotted leftward and en; V.'
rightward, respectively, along the horizontal axis. The operating
characteristics of the differential relay 87 is expressed by VD - lD. the
CT secondary excitation characteristics Is expressed by Vox- IX, and the
excitation characteristics of a parallel connection of n CTs each having
the Vex - 1I  characteristIcs is expressed by Van The following describes
the operation principle based on the above setup of characteristics,
separately lo for each type of fault. (1) Detection on Internal fault In
the operating characteristics VD - ID of the differential relay 87 shown In
the left-hand part of Fig. 4, the - ;  slope section of resistance RD, of
the differential circuit Is the object of concern. The reseltance Rc of the
dif- ferentiat circuit Is selected to be of a relatively low value on the
order of ohms. When a fault current IF flows In and the differential
voltage VD reaches to the minimum pickup voltage VI, the differentialarelay
87 operates. ' The current In terms of the system primary side IFN Is equal
to the minimum pickup current IN1 min In the case of a single CT, but If
there are unused terminals of n In number each connected to a CT, the
differential voltage 20  is applied to the secondary of n CTs In parallel
connection and the current becomes as follows. IF min = INi + 60   (2.3)
where lx. Is the CT secondary excitation current at the minimum pickup
differential voltage V1 when n CTs connected In parallel. By choosing a low
minimum pickup differential voltage VI, the current In terms of system
primary side IFI A258  and .1,.1 for the voltage VI become sufficiently
small, and the degradation of the fault detection sensitivity due -- '<  '
u - to the parallel connection of n CTs can be under control within a
certain range. Namely, the gradientof the ..'..'. .operating
characteristics VD - ID of the differential relay 87 Is made small so that
differential circuit voltage VD at the minimum pickup can be set small.
This results in a smaller CT secondary excitation current, and the higher
sensitivity performance Is accomplished by operating the CTs In lower
magnetic flux density. Conse- so   quently, the variation range of minimum
pickup due to the variation In the number of terminals connection to the
bus bar 0 can be suppressed below a certain safety threshold In a practical
sense. (ii) Prevention of malfunctioning at maximum external fault ' 35
Generally, when n terminals 1 to n are connected to the bus bar 0, the
differential circuit voltage VD ap- ...' ....  ' ' ' '  'pearing across the
impedance ZD of the differential circuIt at the occurrence of an external
fault on the terminal' n, as shown in Fig. 2, Is expressed byathe above
formula (2.1). By plotting the differential circuit voltage VD equal to V2
on the graph of Fig. 4 to determine a V3 with a certain marginal factor
over the V2, the differential voltage detecting elements that are designed
to operate at the level of V3 do not malfunction even during the 40
maximum external fault current on the terminal n. In this case, the
internal fault current for producing a voltage of V3 takes a value of mIFN
which compares with point P3 In Fig. 4. The CT secondary excitation current
varies between 1,,1 3 and I..3. As a result, the sys- tern minimum pickup
current (in terms of CT secondary) IF' seen from the CT secondary side will
have the following variation range. 45                                mI1 +
le.113 9 IF 'A mIFN + lM.3  (2.4) In conclusion, the minimum pickup varies
depending on the magnitude of the CT secondary excitation current
corresponding to the CT differential circuit voltage and the number of
terminals. W- (lii) Overall operation As mentioned previously, between the
minimum Internal fault and maximum external fault, there are two kinds of
Internal fault current detected values, I.e., IN and mIFN, In
correspondence to the magnitude of the dif- ferential circuit voltage VD In
order to obtain these two operating values, the differential protective
relay apparatus proposed previ- 5i5  ously by the applicant of the present
invention (EP-A-0 378 786 claIming the priority of Japanese Patent Ap-
plfcation No. 1-7714 (which hereinafter will be termed simply former patent
application) Is designed to choose 



a proper Impedance switching voltage V0 as follows.' 4    EP 0415 179Bl3 V
RDI                       I        (VD< V                (2.5 VDRD2IF~T +
(RRD)  F(VD.'o where IFN  VoIRDI. The value of the Impedance switching
voltage Vo is selected to be klI for a fault current IF and, "at the. same
ime, o beequalto te minmum  ickupdiffrential voltage VI at which a
high-ensit~vty. differential 10  current detecting element having the low
Impedance RD, operates, or alternatively It Is-selected'lo be'a proe vaue
below mIF1 corresponding to the voltage Vs. As a result, switching of the
differential circuit takes place from impedance Ni to RD2 at a level of
relatively low differeta  ici voitage V01and i a    id  urn *range in which
the differential circuit Impedance take the higher value R0D2. *  in
cntrast the resentInvenion Is Intended to have a wide current range In
which-th differential circuit 15  impedance takes thet lowervalue RD,, and
this will be described In: brief In the -following.1 -  .       ~~~~~..The
present Invention Intends to utilize the presence of even-order harmonic
components, such:,as the second harmonic, In the waveform of the
differential circuit current (voltage) as a condition for switching the
differential circuit Impedance. it Is a well known fact that In the current
differential scheme with a relatively low differential circuitimpe- 20
dance, the CT Is subjected to d.c. biased magnetization by a d.c. component
of fault current during the medium. fault current through the fault
terminal In the event of an external faultrsligi h occrrec  fa d.c.
saturation In which the magnetic flux in the core reaches the saturation
level only on the side of one. polarity. It Is also known that the
excitation current produced by the d.c. saturation of CT richly includes
even-order harmonic componentssuph. as the second harmonic component in.
addition to a'd.c. cmoet u  oof 25  set fault current. Accodinly, he
iffeental circuit Impedance RD,, should be switched over to the higher
value R, -only after the CT of the terminal from which the external-fault
current flows out has beenisaturated with the d.c. bias, and the second
harmonic component and other even-order harmonic components have increased,
and. the magnitude of the harmonic components or its proportion relative to
that of the sinusoidal fundamentalcomn,- 30  ponent has exceeded a.
predetermined value. Since the second  harmonic. and other' een
hannoniwcComfpo- nents increase as the fundamental component of the fault
current has increase, the detection of fault can be. done by detecting the
second and other even harmonic components In excess of a certain proportion
level In case the effective sinusoidal fundamental component has a large
value. Indicated by I In the left-shand part of Fig. 4,19 a dual slope
characteristics Of V0 IDN and. 1I represents the. a35 relation between the
error differental! voltage VE1.which Is produced across the diffeirential
circuitdurig the flowingof the external fault current I,,and the fault
current 'F.The slope of the VE5 'Echairacteristics~d es not exceed the
slopes determined by the differential circuit impedance IRD and the total
resistance value. of the, CT secondary circuit, and therefore malfunction
does not occur up to point Pal (nir.1, V0) in. the figure. However, if the
fault current reaches ?IFI, the differential circuit voltage will reach V2.
and therefore. the differential circuit 40  Impedance must have been
switched over at Po, before reaching P32. Namely, the VD - ID
characteristics is switched over at point P0 on the dual slope
characteristics I-i', and the Impedance of the differential circuit will
take the higher value RD2 In a significantly wide range. Even If the fault
current IF Increases, the difference VD resulting from the subtraction of
the even harmonic components Including the second harmonic component
(Inclusive of the d~c. component) from the fundamental 46  component In the
differential circuit voltage will Increase as the fault current IF does,
and therefore It is not proportional to the fault current IF as of the case
where there Is CT saturation, but develops ai tendency a shown by the
dashed line Ill In Fig. 4, for example. In this invention, It Is designed
such that the switching over condition of the differential circuit
impedance Is done only In response to the flowing of a large fault current
tIn1, by setting the switching over voltage VDs 50  as follows. VD8 =D(VD)
=Di (IDI) - D2 (102, ID4' ... 1D2,,) ~V0 (2.8) where ID, Is the fundamental
component of differential current corresponding to the-differential
-circuit voltage 56   VD, and IM, lv4, ..., Iw,, are even-order harmonIc
components indluded in the differential -current. 16,',wherein. 



teVD, ID, ID,, ID2 ID, and so on appearing In the differential circuit;.on
an external fault are.fntin. o h * .        ~~~CT excitation
characteristics, constants of CT secondary circuit and fault current IF.
The CT excitation characteristics, which Is a nonlinear characteristics
dueto the CT core saturation, cannot    EP 0 415179 B1 simply be
formulated. An example of the result of analysis by using a simple model of
CT characteristics is disclosed in publication -IEEE Transactions on Power
Apparatus and'Systems", Vol. PAS- 104,:No. 3, P. 678,.. Fig. A.1, March
1985. The foregoing discussion Is summarized by formulas as follows.- 5 6
D    RD1IF                              (VD( <VO) 1              7 VD
RD2%'F * % 1    RD2.) MIFl  (VD > V0o . .,   :: ~  .  -i: . 10
V  =V (R8  . RL)mlFI  (2.8)       . ; It  - |    (2.9)..-i R01 Namely, it
Is designed such that impedance switching over for the differential circuit
Is not based on the apparent differential circuit voltage, but the
switching voltage is determined by the function D(Vb) which is de- 15
pendent on the hysteresis of the CT characteristics, so that the Impedance
of differential circuit is switched over from RDt to RD2 only In the case
of flowing a large external fault current (elF1)r In the case of an
Internal fault, the current does not concentrate to one of CTs to cause It
to be saturaed, and therefore little harmonic components are created. D(VD)
= DI(IDI) - 20                                        =~Vo  (2.10)
- Accordingly, the condition of minimum fault pickup is as follows. 25
D(VD)  ~R~lI~l  .~Vl.
' RDI 2S   D (VD1  = }!D1 F1 -V 1   l  ;|t                         P
~~~~~(2.11)        t 30                          > In other words, a
minimum pickup takes place on the line I of the VD  ID characteristics, and
the operation accompanisd by the switching overto the high Impedance
section l.e., line N', on'a heavy fault, islthe casd where 35  the
following relation Is met; namely, at point P3(m1F1, V8) In Fig. 4. -RD21F2
V3  (2;12) . .. .On an external fault, an error. voltage VE appeared on the
differentially connected CT secondary circuits is applied to the CT of the
terminal atwhich the fault current flows out, and the error voltage VE
appearingiacross the differential circuit Is as follows. 40
VD = VE ' (RS + RL)IF On a light external fault, the differential relay 87
does not operate due to the following conditions. D(VD) S V0 : line ill -
line 11 c line 1] D(VD) = DI (lD) - D2 (ID2. I4, ..., Im.) C (RS * RJL I <
RD11F  (2.13) :45      In the case of a heavy external fault, the
differential relay does not operate due to the following conditions. D(VD)
9 Vo [-: line Ill, c line Ill c line I' D(VD) g (PR2 + RP)IF V0 : .
C~~~~~~~~ RD211F - -] + VO RDt 5RD21   you -    (2.14) RD1 The following
explains an example of the arrangement of the foregoing differential relay
87 in connection with Fig. 5. In Fig. 5, Indicated by 20-1 and 20-2 are
terminals connected to the differential circuit 20, 21 Is a voltage
transformer which transfonns the voltage across the terminals Into a
proporvoitage level,35 isa har- 56  nmonic contents discrimination circuit
which receives the secondary voltage of the voltage transformer 2i and
compares the second harmonic component (and other even-order harmonic
components If necessary) in the differential circuit voltage with Its
fundamental component, 22-1 and 22-2 are Ignition circuits which receive. 



.6    EP 0 415 179 B1 the output of the harmonic contents discrimination
circuit 35 to produce a voltage having a proper magnitude -and pulse width
and turn on or off semiconductor power switches of the following stage, and
23-1 and 23-2 are the semiconductor power switches which are triggered in
response to the outputs of the ignition circuits 22-1 and 22-2 thereby to
open or dose voltage waves of complementary polarities, and are formed of
GTO or s   SIT devices that becomes nonconductive by being-trlggered..
Indicated by 24 Is a resistor withits bth ends: -being opened or
short-circuited by the semiconductor power switches 23-1 and 23-2, 25 Is a
resistor connected In series to the resistor 24, 26 is a current
transformer having its primary winding connected In series to the resistors
24 and 25, and 27 Is a voltage transformer which couples the voltage across
the resistor 25 through Its secondary windings to Ignition circuits 28-1
and 28-2, which then control semiconductor power switches 10  29-1 and 29-2
(including SCRs which become conductive by being triggered) to latch.!
Indicated by 30 Is a voltage detecting relay element connected to a
tertiary winding of the voltage trans- former 21 and It responds to the
magnitude of a voltage across the terminals 20-1 and 20-2. 31 l a voltage
detecting relay element which detects a voltage transformed by the voltage
transformer 26 and operates when a: primary current of the voltage
transformer 26 has reached a predetermined value in terms of the voltage 16
between the terminals 20-1 and 20-2 thereby to generat a n1" signal (to
close contacts). 32 Is a harmonic detecting relay elements which detects
even harmonic components (particularly, the second harmonic) In the voltage
transformed by the voltage transformer 26 and generate a "1" signal (to
close contacts).331i a voltage detecting relay elementwhich detectsthe
magnitudeofthe primaryvoltage (current)of thevoltagetransformer 27, and it
operates when the CT secondary currents flowing from the terminais 20-1 and
20-2 are larger than 20  a predetermined value thereby to form a proper
short circuit so as to lower the impedance seen from the ter- minals 20-1
and 20-2 for the purpose of high-speed operation. Fig. 6 is a block diagram
showing the arrangement of the harmonic ratio discrimination circuit 35. In
Fig. 6, Indicated by 41 and 42 are a 2-terminal reactance filter which
passes the fundamental component of the $-f''-''' ' ' ' ,'  input between
terminals 35-1 and 35-2 connected to the secondary winding of the voltage
transformer 21 and 25  blocks and second harmoni component to outputa
passing current through the filteres a voltage drop across a resistor 43.
44 and 45 are a 2-terminal reactance filter which passes the second
harmonic component and blocks the fundamental component, to output a
passing current through the filter asa voitage drop across a resistor 46.
Indicated by47-1 and47-2 are insulating amplifiersforthe
outputvoltagesofthe resistors43 and46, and 30  yield output voltages to
phase shift circuits of the following stage. 48-1 and 48-2 are phase shift
amplifying circuits which adjust the phase of the output voltages of the
amplifiers 47-1 and 47-2 thereby to produce output voltages In synchronism
with the frequency and harmonics of the power system. 49 is a current
transformer -* -  which receives the outputs of the phase shift amplifiers
48-1 and 48-2 as a primary Input, and outputs a sac-7 ondary output D(VD)
proportional to the difference of the primary Input with a positive and
negative polarities X -: :..separately from Its center-tapped secondary
winding to terminals 50-1 and 50-2.         - - The voltage transformer 21,
harmonic ratio discrimination circuit 35, Ignition circuits 21-1 and 21-2
and semiconductor power switches 23-1 and 23-2 in combination constitute a
first switching over circuit 61 which switches the Impedance of the
differential circuit In accordance with the ratio of the even-order
harmonic com- ponents to the fundamental component of the differential
circuit input. Similarly, the voltage transformer 27, 40 ignition circuits
28-1 and 28-2, and semiconductor power switches 29-1 and 29-2 in
combination constitute a second switching over circuit 62 which switches
the Impedance of the differential circuit In accordance with the terminal
voltage of the differential circuit Impedance. The "00 or '1" (cdosed/open)
signals produced by the operation of detecting relay elements 30, 31, 32
and 33 are delivered to a logic sequence circuit which forms an interlock
circuit 51 for tripping a breaker as shown In Fig. 7. In Fig. 7, Indicated
by 52 Is a lock-out relay for 45 tripping breaker, 52-a through 52-c are
auxiliary contact sets of the lock-out relay 52 of and 30-a, 30-b, 31-a,
.32-a, and 33-a are contact sets of the detection relay elements shown In
Fig. 5. Next the operation of the embodiment shown in Fig. 5 will be
described. (a) iUght Internal fault 50 On an internal fault currents flow
from the terminals I to n-1 toward a fault point F and the differential
circuit input is produced to the terminals 20-1 and 20-2. In this case, the
Input to the voltage transformer 21 includes a relatively little
distortions causing the harmonic ratio discrimination circuit 35 to produce
atoo small 



output to fire the Ignition circuits 22-1 and 22-2, and the semiconductor
power switches 23-1. and 23-2 remain 55 closed to keep the resistor 24
short-circuited. Accordingly, it is equivalently the Insertion of a
relatively low Im- pedance Rw provided by the resistor 25 and current
transformer 26 between the terminals 20-1 and 20-2, and consequently the
differential relay operates as a low-Impedance differential relay. If.the
detecting relay ele- ment 31 operates (close contact 31a) and the detecting
relay element 30 does notoperate (close contact 30b), 7    EP 0 415179 BD
the lock-out relay 52 is energized.
. (b) Heavy internal fault                          -. 5      In this case,
a large current Is applied to the terminals 20-1 and 20-2, causing
the-Ignition circuits 22-1 and 22-2 to produce large outputs, and the CT11
to CT(1 n-1) of terminais 1 to n-1 are less likelyto be saturated by the
fault currents fed by the power source. Therefore, its even harmonic
components;ID2, lw, .n ,l'bn are small and the harmonic ratio
discrimination circuit 35 produces a large output D(VD).,This output
provides a sufficiently large Inputs for the Ignition circuits 22-1 and
22-2i causing the semiconductor. power switches 23- 10 1 and 23-2, which
receive the outputs of 22-1 and 22-2i to open anode circuit,: and the
resistor 25 is inserted in series to the resistor 24. Consequently, a
series circuit made up of the resistors 24 and 25 and current trans- former
26 has a high impedance, the Impedance seen from the terminals 20-1 and
20-2 becomes also high, and the differential relay operates as a
high-Impedance differential relay. In this case, large currents flow in
from the CTs and heavy and large voltage drop appears across the re- i5
sistor 25, and the voltage applied to the voltage transformer 27 Is
also-high. Consequent y, the voltage trans- former 27 produces an output
large enough to fire the Ignition circuits 28-1 and 28-2.: On receiving the
outputs of the Ignition circuits 28-1 and 28-2, the semiconductor power
switches 29-1 and 29-2 become conductive alternately In every half cycle.to
short-circuit the resistors 24jand 25.'As aresult, the Internal Impedance
seen from the terminals .20-1 -and 20-2 becomes sufficiently lowand the
voltage of 20 the differential circuit does not rise in excess, and it does
not impairs the insulation of the CT secondary circuits connected to the
differential circuit. (c) Light external fault 25      Among the CTs
connected differentially, the CT connected to the terminalsewhere the.
external fault current flow out see the sum of the voltage drops along the
secondary leads of CTs connected to the terminals.where the fault currents
are fed from the source behind.Since the fauitcurrent Is small :in this
case, the voltage across the CT secondary lead wires are low and the
voltage applied between the terminals 20-1: and 20-2 Is also low.
Accordingly, the harmonic ratio discrimination circuit 35 produces a small
output D(VD) application of this small 30  output upon the Ignition
circuits 22-1 and 22-2 cannot turn off the semiconductor power swltchos"231
and 23-2, and the resistor 24 Is left short-circuited.
Therefore.the.differentlal relay operates as a low.lmpedance differential
relay connected In series with the. resistor 25 and current transformer
26.ln :this case, thoutput VD of harmonic ratio discrimination circuit 351s
smalli causing the detection relay element30Qto be reset(closed contact
30b) and the detecting relay elements 31 and 32-to be also reset:(open
contacts 31a and 32k). and: 35  the lock-out relay 52 is not energized. (d)
Medium external fault Slmilarto the above case, avoltage drop proportional
to thesum of the currentsflowingfrom.the terminais 40 where fault currents
flow arises between the terminals 20-1 and 20-2, and this voltage drop'is
greater than' the case of the preceding light external fault. The detecting
relay element 30 may operate depending on the magnitude of the resulting
differential circuitvoltage VD. Depending on the instantthe occurrence of
the fault, a d.c. component will appear, causing the CT of the terminal,
from which the fault current flows out, to be d.c. saturated, and even
harmonic components Including the second harmonic are yielded In the
excitation current, 45  lie., differential current. In response to the even
harmonic components, the detecting relay element;31 stays reset due to Its
even harmonic discrimination and suppressing characteristics. Due to the
reduction of the out- put with the existence of the even harmonic bias
mentioned before, the harmonic ratio discriminatin circuit does not
increase Its output directionally proportional to the magnitude of
differential currents, but It produces sufficient output only when the
faultcurrent Input applied to 30 is largerenough for the pick-up of 30,
thus firing. 50  the ignition circuit 22-1 and. 22-2. Then, the
semiconductor power switches 23-1 and 23-2 are brought open and the
resistors 24 and 25 are Inserted in series to the circuit. Namely, in
contrast to the case of no harmonic ratio discrimination circuit 35 used
(i.e., preceding patent application), the differential relay operates as a
high-impedance differential relay only after the passage of a 



larger current. In other words, it attains a wider current range In which
the inventive differential relay can op- 55   orates as a low-impedance one
than that of the. preceding patent application. it operates as a
low-impedancoe differential relay even in the range of medium external
fault currents and never bring an unnecessary high value In impedance of
the CT secondary circuit 8    EP 0 415179 B1 (e) Heavy external fault With
a large through fault current, the detecting relay elements 30 and 31 may
operate. In common with the above case, the harmonic ratio discrimination
circuit 35 also produces a large output, firing the Ignition 5   circuits
22-1 and 22-2 to produce sufficient outputs. Then, the semiconductor power
switches 23-1 and 23-2 become open, and the differential relay operates as
a high-impedance differential relay. Based on the oper- ation as a
high-impedance differential relay, by setting the detecting relay element
32 as sufficiently high rel- ative to the differential circuit voltage VD
appearing across the CT secondary lead wire, the element 32.1i pre- vented
from malfunctioning, as Is known In the prior art. 10      The foregoing
embodiment is an example of carrying out the present Invention. Various
other arrange- ments are possible, and they are, needless to say, included
in the scope of this invention as defined In the appended claims. Namely, a
differential protective relay apparatus based on this invention is designed
to detect even har- monic components in the differential circuit current
which Is observed in the event of an external fault and to 15  switch over
the impedance of the differential circuit In accordance with the contents
of harmonics thereby to alter the switching over voltage, whereby the
differential circuit impedance can be kept lower over a wide fault current
range. In consequence, the differential relay has enhanced pickup
sensitivity to Internal fault detection. ,r*.S83       The differential
protective relay apparatus based on a particular aspect of this Invention
Is designed to switch over an impedance of the differential circuit to a
lower Impedance in accordance with the terminal vol- 20  tage across the
impedance, whereby the voltage of the differential circuit does not rise In
excess and it does not Impair the insulation of the CT secondary circuits
connected to the differential circuilt. Claims 25 1.  A differential
protective relay apparatus comprising: a plurality of terminals (1-n)
connected to a bus bar (0); current transformers (11-1 n) each provided for
said terminals respectively; a differential circuit (87) having an
Impedance (ZD) connected in parallel to the secondary windings of said
current transformers; a first switching over circuit (61) for switching
over the value of the impedance (ZD) of said differential 30      circuit
(87) on the basis of a defined functional value determined by a fundamental
component and even harmonic components of the input to said differential
circuit (87); a plurality of voltage detecting elements (30-33) for
detecting voltages in said differential circuit (87) and a voltage across
said impedance (ZD); and a breakertripping interlock circuit(61), including
logically connected contactsto be closed and opened by said voltage
detecting elements (30-33), for tripping a breaker. 2.  A differential
protective relay apparatus according to claim 1, wherein said impedance
(ZD) of said dif- ferential circuit (87) is formed by a plurality of
resistors (24,25) and a primary winding of a voltage trans- former (26)
connected In series. 40  3.  Adifferential protective relay apparatus
according to claim 2, wherein said first switching over circuit (61)
comprises: a voltage transformer (21) which transforms the differential
circuit Input; a harmonic ratio dis- crimination circuit (35) which Is
connected to a secondary winding of said voltage transformer (21), dis-
criminates the proportion of even harmonic components with respect to the
fundamental component in the differential circuit input and produces an
output signal when said proportion exceeds a predetermined 45      value;
an ignition circuit (22-1, 22-2) which produces an ignition signal in
response to the output signal from said discrimination circuit (35); and a
first switching device (23-1, 23-2) connected In parallel to a first
resistor (24) among said plurality of series-connected resistors (24,25),
for releasing a short-circuit across said first resistor (24) In response
to said ignition signal In order to switch over said impedance of the
differential circuit (87) from a first Impedance value to a higher second
impedance value in response so      to said output signal from said
discrimination drcult. 4.  A differential protective relay apparatus
according to claim 3, wherein said plurality of voltage detecting elements
comprises: a first detection relay element (30) connected to a tertiary
winding of said voltage transformer (21) of said first switching circuit
(61); a second detection relay element (31) connected in 



s5       parallel to the secondary winding of said voltage transformer (26)
whose primary winding is connected In series to said plurality of resistors
(24,25); a third detection relay element (32) which detects even-order
harmonics in the voltage transformed by said voltage transformer (26) whose
primary winding is connect- ed in series to said plurality of resistors
(24,25); and a fourth detection relay element (33) which is con- 9    -~.-*
.                  : EP 0 415179B1            .                       * '(e
Heavy external fault With a large through fault current, the detecting
relay elements 30 and 31 may operate. In common with the above case,
the'harmonic ratio discrimination circuit 35 also produces a large output,
firing the ignition t circuits 22-1 and 22-2 to produce sufficient outputs.
Then, the semiconductor power switches;23-J1 and 23-2 become open, and the
differential relay operates as a high-impedance differential relay. Based
on the .oper- atlon as a high-impedance differential relay, by setting the
detecting relay element 32as suffiiently.high rel- ative to the
differential circuit voltage VD appearing across the CT.secondary lead
wire, the element 2 is pre vented from malfunctioning, as is known In the
prior art. A0 .'   :    o The foregoing embodiment Is an example of
:carrying out the present Invention. -Various other. arrange- -  *....
ments are possible, and they are, needless to say, included. In. the
scope.of this..invention as defined .In .the appended claims. Namely, a
differential protective relay apparatus based on this Invention is designed
to detect even' har- 'monIc components In the differential circuit current
which Is observed in the event of an external fault and to 16  switch over
the Impedance of the differential circuit in accordance with the contents
of harmonics thereby to alter the switching over voltage, whereby the
differential circuit impedance can .be kept-lower over a wide fault current
range. In consequence, the differential relay has enhanced pickup
sensitivity to Internal fault detection. The differential protective relay
apparatus. based on a particular aspect of this Invention Is designed to
switch over an Impedance. of the differential circuit to a lower Impedance
In accordance with the terminal vol- 20  tage across the Impedance, whereby
the voltage of the differential circuit does not rise In excess and it does
not Impair the Insulation of the CT secondary circuits connected to the
differential circuit. Claims 25 '-~.'...;.:.:;... .. 1. A differential
protective relay apparatus comprising: a plurality of terminals (1-n)
connected to a. bus bar : .   (0); current transformers (11-1In) each
provided for said terminals respectively; a differential circuit (87)
having an-impedance (ZD) connected in parallel to the secondary windings of
said current transformers; a first switching over' circui (61) for
switching over the value of the Impedance .(4): of said differential 3 is
; dcircuit (87) on the basis of a defined functional value determined by a
fundamental component and even ..harmonic components of the input to said
differential circuit (87); a plurality of voltage detecting elements --.
.   :. t . _ .. ..- (30-33) for detecting voltages in said differential
circuit (87). and a voltage across said Impedanc e   (ZD); and a
breakertripping interlockcircult(51), including logically connected
contacts to be closed and opened i -by said, voltage detecting elements
(30-33), for-tripping a breaker.. 2.: A differential protective relay
apparatus according to claim 1, wherein said impedance (ZD) of said dif-
ferentlal circuit (87) Is formed by a plurality of resistors (24,25) and a
primary winding of a voltage trans- former (26) connected in series. .40
Adifferential protective relay apparatus according to claim 2, wherein said
firstswitching overcircuit(61) comprises: a voltage transformer (21) which
transforms the differential circuit input; a harmonic ratio dis-
crimination circuit (35) which Is connected to a secondary winding of said
voltage transformer (21), dis- criminates the proportion of even harmonic
components with respect to the fundamental component in the differential
circuit input and produces an output signal when said proportion exceeds a
predetermined value; an Ignition circuit (22-1, 22-2) which produces an
Ignition signal In response to the output signal from said discrimination
circuit (35); and a first switching device (23-1, 23-2) connected In
parallel to a first resistor (24) among said plurality of series-connected
resistors (24,25), for releasing a short-circuit across said first resistor
(24) in response to said Ignition signal In order to switch over said
Impedance of the differential circuit (87) from a first Impedance value to
a higher second Impedance value In response to said output signal from sald
discrimination drculL 4.  A differential protective relay apparatus
according to claim 3, wherein said plurality of voltage detecting .elements
comprises: a first detection relay element (30) connected to a tertiary
winding of said voltage transformer (21) of said first switching circuit
(61); a second detection relay element (31) cqnnected In 



parallel to the secondary winding of said voltage transformer (26) whose
primary winding Is connected In series to said plurality of resistors
(24,25); a third detection relay element (32) which detects even-order bJ.l
E               harmonics in the voltage transformed by said voltage
transformer (26) whose primary winding is connect- ed in series to said
plurality of resistors (24,25); and a fourth detection relay element (33)
which Is con- 9 * C   L   H4  S *    :
:X_   .. .    ,   .:   .  :   . ... .. E
::~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~.
.. A I .. ; M EP 0 415179 B1. nected In parallel with a second resistor
(25) among said plurality of resistors (2,25) and. Is responsive to a
voltage across said second resistor (25). 5.: A differential protective
relay-apparatus according to claim 3, wherein said harmonic ratio
.discr.imiation circuit (35) comprises: a first resonance. circuit (41,42)
which passes the fundamental. component of the differential circuit input
and blocks the even harmonic components thereof, and a second resonance
cir- cult (44.45) which blocks sald fundamental component and passes said
even harmonic components, and a circuit (43,46,47-1,47-2,48-1,48-2,49) for
outputting a signal which Is proportional to the. difference be- tween the
fundamental component and even harmonic components in the differentall
circuit Input. 10 6.  A differential protective relay apparatus according
to claim 4, wherein said interlock circuit comprises: a -first logical
circuit comprising a normally-closed contact (30-b) of said first detecting
relay element (30) In series to a normally-open contact (31-a) of said
second detection relay element (31); a econd logical circuit comprising a
normally-open contact (30-a) of said first detecting relay-element (30)
In:series to a normally-open contact (32-a) of said third detecting relay
element (32); and a third logical circult compris- ing a normally-open
contact (33-a) of said fourth detecting relay element (33), saidfirst
through thJrd log- ical circuits being connected In parallel with each
other. 7.  A differential protective relay apparatus according to claim 6,
wherein said interlock circuit (51) is con- 20 nected I series to a
lock-out relay (52) for tripping a breaker, and to a normally-closed
contact (52-a) of said lock-out relay (52). 8.  A differential protective
relay apparatus according to any of claims 1 through 7 further comprisinga
seo- - aaond switching over circuit (62) which switches oVer the value of
the Impedance. (ZD) of said differential circuit (87) on the basis of the
voltage across said Impedance. 25 9.  A differential protective relay
apparatus according to claim 8 when dependent on claim 4, whereln sald
second switching overcircuk (62) comprIses:- avoltage transformer (27),
connected In parallel' toisaid seo ond resistor (25), for transforming a
voltage across said second resistor (25),-an lnition circult (28-1,28& 2),
connected to a secondary winding of said voltage transformer (27), for
producing an Ignition signal In 30       response to the second resistor
voltage; and a switching device (29-1, 29-2), connected In'parall to sald
series-connected resistors (24,25), for short-circuitng said pluraity of
resistors (24,25) in reapons-to said Ignition signal, said second switching
over circuit (62) switching over the Impedance (4) of the differential
circult (87) to a third impedance value lower than said first impedance
value by short-cir.cuiting said series- connected plurality of rosistors
(24,25) upon detecting that sald voltage across said second resistor (25)
W::  35   exceeds a predetermined value. Patentansprlche 40   1.
Differentialschutzrelais mit einer Mehrzahl von Anschlssen (1-n), die an
eine Sammelschiene (0) angeschlossen sind;. mit Stromtransformatoren
(11-In) fOr Jewells ainen der AnschlOsse; mit einer Dlfferentlalschaltung
(87) mit einer Impedanz (ZD), die parallel zu den Sekundirwicidungen der
Stromtrarisformatoren geschaltet ist; mit einer ersten Umschaltvorrichtung
(61) zum Umachalten des Impedanzwertes der Impedanz (4) der
Differentiaischaltung (87) auf der Basis elnes definierten Funktionswertes,
der durch elne Grundkompo- nente und durch geradzahlige harmonische
Komponenten des Elngangssignals derDifferentialachaltung (87) bestimmt
wird; mIt elnem Spannungedetektorelement (30-33) zum Messen von Spannungen
In der DifferentIsohaltung (87) und Sher Spannung Ober der Impedanz (ZD);
und mit elner Trennschalterauslosungs-Verrlegelungaschaitung (51), die
logich. verknflpfte Kontakte auf- 



welst, die durch die Spannungsdotektorelemente (30-33) zum Ausiosen ahes
Tronnachalters gesohlos- sen und gedffnet warden. 56 2.
Differentlalschutzrelais nach Anspruch 1, bei dem dle Impedanz (ZD) der
Dlfferentialschaltung (87) durch. elne Mehrzahl von Widerstfinden (24,25)
und eine Primirwicklung Sines Spannungstransformators (28) gebildet wird,
die In Serae geschaltet sind. 10 I III~ 1111 IljI11111 II INI    *
EP0415-179B.                                    . .. .. 3.
Differentiaischutzrelais nach Anspruch 2, bel dam die erste
Umschaltvorchtung (61).i.o19ende Teile ent- hilt: einen
Spannungstransformator (21), der das Differentiaieingangasignal
tranhformiert; eine Oberwellenverhiltnis-Diskriminatorschaltung (35), die
mR der Sekundarwiddung des Spanhungs- 5       transformators (21) verbunden
lt, den Antell der geradzahllgen Harmonlechen gegonOber derGrnndwel-
lenkorponente in der Differentialaschaltung diskirIminiert und sin
Ausgangasignal erzeugt; wenn dieser Anteil eonen vorbestimmten Wort
Oberschreltet; eine Zulndschaltung (22-1, 22-2), die abhingig von dem
Ausgangasignal der Diskicliinatorichalitung (35) ein Zfndsignal erzeugt;
und 10      eine erste Schaltvorrichtung (23-1, 23-2), die parallel zu dem
ersten Widerstand (24) der Mehrzahl von In Seri geschalteten Widerstinden
(24,25) geschaltet et, um abhgnglg von demr ZIndsignal elnen"Kurz- schlu&
von dem ersten Widerstand (24) zu entfernen, um die Impedanz der Different
6schaltung (87) von olnem ersten Impedanzwert auf aonen hoheren, zweiten
Impedanzwert zu shalten, wenn, dh Dikrimi- : natorschaltung eln
Ausgangsaignal llefert. 15 4.  Differentlalschutzrelais nach Anspruch 3,
bel dom die Mehrzahl von Spannungciesktorelerenten fol- gende Elements
aufweist ein erstes Detektorrelaisslement (30), das an eine Tertiirwickiung
des Spannungtafr)4der ersten Umschaltvorrichtung (61) angeschlossen et;. 20
ein zwelbts Detektorrelaiseieneent (31), dos parallel an die
Selcundirwicklung des Spannungstransforna- tors (26) angeschlossen ist,
dessen Primarwickiung in Seri mltder Mehrzahl von Widerstinden (24,25)
geschalbtt ist; ein drittes Detektorrelaiselement (32), das die
geradzahligen Harmonischen In der von dem Spannungs- transformator (26)
fibertragenen Spannung auswertet, dessen Primairwicidung In Sorie mit der
Mehrzahl * 25     von Widerstinden (24, 25) geschaltet st; und mit einem
viertn Detektorrelaiselement.(33), das parallel zu elnern zwelten
Widerstand (25) der.Mehrzahi... von Wlderstinden (24, 25) geschaltet lst
und auf sine Spannung an dem zweiten. Wld'erstand.,.(25) an- *pricht. * 30.
- Differentlalschutzrelais nach Anepruch 3, bei dome die Oberwellen
Diskr.minatorschaltun.   fbigence Toils enthalt:
. .,3.. .o.,en ersten Reaonanzkreis (41 42),. der die Grundiomponente des
EIn.g.gssn  dor W t eschaltung passieren lafit und dle geradzahllgen
Harrnonischen spent,;. o;nen zweiten Resonanzkre s.(44, 45), der die
Grundwelle sperrt und die genadza igen HarmonI.chen ,  . 35    durchlilt;
und sine Schaltung (43,46, 47-1,47-2, 481, 48-2, 49) zum Ausgeben slnes
Signals, :das proportional zu der Differenz zwischen der Grundkompononte
und den geradzahligen Harmonischen Im Eingangsslgnal der
Differentialechaltung lit. 6.  Differentlalschutzrelahs nach Anspruch 4,
bel dam die Verniegslungaschaltung foigende Tolle enthalt :         si ,
elne erste logische Schaltung mit einem Ruhekontakt (30-b) des ersten
Detektorrelaiselementes (30), der in Serb mit einem Arbeitskontakt (31-a)
des zwelten DetektorreIalseiementes (31) geschalet ist sine zwelte logische
Schaitung mit elnem Arbeltskontakt (30-a) des ersten
Detektorreiaiseiementes (30), der in Serle mit einern Arbeltskontakt (32-a)
des dritten Detektorrelalselementes (32) geschaltbt Idt; und eine dritte
logische Schaltung mk elnem Arbeitskontakt (33-a) des vierten
Detektorrelaielementes (33), we  di e4    diebte ie zwelte und die dritb
logische Schaltung parallel zuelnander geschalbtt sind. 7.
.Differentialschutzrelals nach Anspruch 6, bel dem die
Verrlegelungeschaltung (51) in Serie mit elnem Sperrebabs (52) zum Ausiosen
sines Trennschalters und lneom Ruhekontakt (52-a) des Sperrelala (52) ge- 



schaltet let. 80 8. Dlfferentialeschutzrseais nach elnem derAnsprfiche I
bie 7, bel dem eine zweite Umschaltvorrichtung (62) vorgesehen Ist, die den
impedanzwert (ZD) der Differentlaischaltung (87) auf der Basi der Spannung
fber der Impedanz schaltet. 55   9.  Differentialechutzrelals nach den
Anspruchen 4 und 8, bel dem die zwelte Umschaltvorrichtung (62) fol- gende
Toils enthilt oehen Spannungstransformator (27), der parallel zu dem
zwelten Widerstand (25) ge- schaltet ist, um die an diesem anstehende
Spannung zu transformieren; eine Zfindechaltung (28-1, 28-2), die mit der
Sekundarwicidung des Spannungstransformators (27) ver- 11 *'
I I!II  I  111111 II1111 11I1 11111IIl    EP0 415179 B1, bundenistt um ein
Zfndsignal abhangig von der Spannung an dem zwelten Widerstand zu erzeugen;
und sine Schaltvorrichtung (29-1, 29-2), de parallel zu den In Serie
geschaltbtbn Widerstanden f(24k 25) liegt, ur die Mehrzahl von Widerstanden
(24, 25) abhangig von dem ZOndsignal kurzzuschileBen, wobel die zweibt
Umschaltvorrichtung (62) die Impedanz (ZD) der Differentlalschaltung :(87):
durch KurzschiieBen \       der in Serlie geschalteten Mehrzahl von
Widerstanden (24, 25) auf elnen dritten Impedanzwert schaltet, der
niedriger als der erste Impedanzwort let, wenn die an dem zwelten
Widerstand,,(25) abfalIende Span- nung eonen vorbestimmten Wert
Oberschreltet. 10   Revendications: 1.  Dlspositif de relals de protection
diff6rentiol compronant pluslours bornes (1 A n) connect" A une barro bus
(0): des transformatours de courant (11 A In) chacun provu, respectivement,
pour lesdites bornes un circuit diffbrentiol (87), ayant une Impbdance
(ZD), connecte on parallole aux enroulements secondal- 15      res deadits
transformateurs de courant; un premier circuit de conversion (61) pour
convertir la valour de ;Iimpbdance (ZD) dudit circuit diff6rentliel (87)
sur Ia base d'une valour fonctlonnelleo dbfInle, d6toeMin6a par une
composantb fondamentale et des composantes harmoniques paires de l'entr6o
dudit drcuit dif-: f6rentiel (87): plusleurs 6l6ments de d6tection de
tension (30 A 33) pour d6teter des tensions dans ledit circuit differentisl
(87) et une tension aux bornes de ladite impedanco (ZD); et un circuit de
verroulilage ::  : 20  do doclenchement de disjonctur (51), incduantdes
contacts connect6s defacon logIque pourebtrefeorm6s et ouverts par leadits
e6lments de clitoction de tension (30 A 33), pour.d6cionchor un
db0joncteUr. 2.  Dispositif de relais de protection diff~rentiel solon la
rovendihation 1, dans lequel ladite imp6dance (ZD) dudit circuit
diff6rentiol (87) eat constitueo par plusleurs rosistances (24, 25) ot par
un enrouleoent pri- .. 25. . . maire d un transformatur de.tension (26)
connects on s6rioe. 3.  Dispositif de relais de protection diffbrontiol
selon la revendication 2, dans lequel.ledit circuit deoconver- sion (61)
comprend un transformateur de tension (21) qui transforme l'ontrbe de
circuit difforentlei; un circuit de dbtermination de rapport d'harmoniques
(35) qul est connectb A un enroulement secondaire du- -     - -30-  -dit
transformateur de tension (21), qui ddtermine la proportion de
composanbts'dharmorhlques pairos pat rapport A la composante fondamentale
dans l'entr6e de circuit diffhrentiel et qui produit un'signal de sortie
:lorsque ldite proportion d6passe une valour pr6d6termn6e; un circuit
d'amorgage (22-1:, 22-2) qul pro-. duitun signal d'amorgage en r6ponse au
signal desortie duditcircuitde d6termination.(35); etunpremir dispositif de
commutation (23-1, 23-2) connecto on paralille A une premibre resistance
(24) parml lesdites plusiours r6sistances connect6es en s6eie (24, 25),
pour supprimer un court-circult aux bornes do ladito premibre resistance
(24) en reponse audit signal d'amorgage afin de convertir laditbimpbdance
du circuit difforentiel (87) d'une premibre valour d'impbdance en une
seconde valeur d'impdancoe plus 6ov6o, en r6ponse audit signal de sortie
dudit circuit de dbtermination. 40  4.  Dispositif de relais do protection
differentloi selon la revendication 3, dans Isquel lesdits plusleurs 616-
rr   ....  . ments de d6tection de tension comprennent: un premier e6lmont
relais de d6tection (30) connectb A un enroulementtertiaire
dudittransfolrmateur de tension (21) dudit premier cirout de conversion
(61); un se- cond element relais de d6tection (31) connecte en parallele A
l'enroulement secondaire dudit transforma- tour de tension (26) dont
lVenroulement primalre est oonnecte en s6rie auxdits plusleurs r"siatances
(24, 25) ; un troisiemo 6e6ment relals de d6tection (32) qui ditecte des
harmoniques de rang pair dans la ten- sion.transform6e par ledit
transformateur de tension (26) dont lFenroulement primaire est connectb en
s6- rio auxdites plusieurs rbsistances (24, 25); et un quatribnme 6i6ment
relals do ddtectlon (33) oonnecte en *:        :        parallole A une
seconds rbsistance (25) parml Iesdites plusleurs rbsistances (24, 25) et
qui est sensible 



A une tension aux bornes de ladite seconds resistance (25). :50  5.
Dispositif de relais de protection diff6rentlei selon la revendication 3,
dans lequel ledit circuit de dMerii- nation de rapport d'harmonique (35)
comprend un premier circuit r6sonnant (41,42) qul laisse passer la
composantefondamentale de l entr6e de circuit diff6rentiel etqui arrte ses
composantes harmoniques paires ; et un second circuit resonnant (44, 45)
qui arrte ladite composante fondamentale et qui laisse passer lesdites
composantes harmoniques paires ; et un circuit (43, 46, 47-1, 47-2:48-1
48-2,49) pour sortirun signal qui est proportionfnel Ala diff~rence entreoa
composantofondamentale etles composantes harmoniques palres dana Ientr6o de
circuit differentiol. 512 111 Hill llolll~ Hlll 11 1l11    EP 0 415 179 BI
6.  Dispositif de relala de protection diff6rentlei salon la revendlcation
4, dans lequelldit circuit deverroull- lage comprend: un premier circuit
loglque comprenant un contact normalemontfferm6.(30-b) dudit premier,, ,
6l6ment relals de d6tectlon (30) en s6rie avecun contact
normalementouvert(31-a)-duditsecond 616ment relais de detection (31); un
second circuit logique comprenantun contact normalermentouvbrt (30a) dudit
5       premier 6e6ment relais de d6tection (30) en seie avec .un contact
normalement ouvert (32-a) dudit trol- -8ibme 66ment relabs de detectlon
(32); et un trolsibme circuit. logique compronant un cohtact normale- ment
ouvert (33-a) dudit quatrieme 6l6ment relais de d6tection (33), leadits
premIer a trolsibme circuits logiques etant connectes en. parallele lea uns
avec les autres. 10  7.  Dispositif de relais de protection diff6rentlel
solon la revendlcation 6, dans loqul Wedit circuit de verrouil- lage (51)
eat connecte en s6rle a un relals de blocage (52) pour dedencher un
disoncteur, et d un contact nonnalement fermr (52-a) dudit relal de blocage
(52). 8.  Dispositif de relabs de protection diff6rentlel solon l une
quelconque des revendlcations I a 7, cornorenant en outre un second circuit
de conversion (62) qul convertit la valeur de I'lmp6darocr (Z) du dt ,cI' t
dif- forentlel (87) sur la base de Ia tension aux bornes de ladite
Impedance. -9.  Dispositif de relais de protection differentiei solon la
revendicatlon 8, lorsqu'eile 6r dlareiendic- tion 4, dans loquel ledit
second circuit de conversion (62) comprend un transforrmateur.de tension
(27), connecte en paralilel a ladits seconds resistance (25),
pourtransformrerune tension aux bornesdeoladite second. resistance (25); un
circult d'amorgage (28-1,28-2), connecte a un enrouie, hment secondai re
dudit transformatour de tension (27), pour produire un signal d'amorcage en
reponse ala tension do la seconds resistance ; et un dispositif de
commutation (29-1, 29-2), conncte en. parallo auxdites r6eistances
connectfes en s6rie (24, 25), pour court-circulter lesdites reslstances.
(24, 25) en reponse audit signal d'amorgage, ledit second circuit de
conversion (82) convertlssant 'limp6dance (Z) du circuit diff6rentiel (87)
en une trolsimern valour d'imp6dance plus petite quo ladite premlire.
valeur dimp6danceoen court- circuitant lesdites plusleurs r6sletances
connectbes en serile (24,25) lors deoIa d6tection du failt quo ladite
tension aux bornes de ladite seconde resistance (25) excede une valour
prdater mine. 30 35
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