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My invention relates to improvements in
protective relay systems for “double-cireuit
electrical transmission lines, and more par-
ticularly to selective relay y%* mg for dou-

5 Dble-circuit transmission lines with their neu-
tral points grounded through high resistance,
or non-grounded.

One ob]ect of my in
improved means for protecting double-circuit
transmission lines of tx: Tind specified
against short circuiting and grounding of the
lines.

Another ob]ect of my invention is to pro-
vide improved menns for selecting and inter-
rupting a grounded and a shovt-civeuited cir-
cuit and protecting other circuit from
damages.

Another object of
vide improve ed means for corre

rention 18 £o provid
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my invention is to pro-
ctly selecting
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a grounded and a short- chcuiio” iveuit and
mterrupﬁno the same without failuie at the
sending end.

A further object of my invention is to pro-
vide means for obtainin g Lchcﬁ tial elements
in a directional power relay for the ground
protection, from the low fension 511 of a
power station of the kind spec"'ut

There are other objects of my invention,
which together with the foregoing will ap-
pear in the foll owing description,

In the accompanying drawing:

I’muvn 1 is a diagram of cirenits and ap-
paratus emb oclymc my imvention.

“10 ares 2, 3 and 4 are vector i ms.
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tion. Hor this purpose, a new pr rotective re-
lay system is Dmpmm and fully explained
in J)e St Je01ﬁc”e1on 0“ my co-pending patent
application Seria 5 801,405, filed on Au-
qust 22, 1928. In -this co-pending applica-
tion is disclosed o novel system utilizing the
kamno characteristics of ‘”l“c ground current
obtained in the transmi Sul(‘ll system of this

cind. According to a preferred form thereof,
& directional power rela ay 1is used, in which
the potential windings are normally ener-
gized in accordance Wl”l the phase-to-phase
voltages of the low tension side of the system,

while the eurrent 01\ sments are energized in
accordance with the unbalanced current be-
Lwem the cOrrespon ding phases of the twocir-
cuity, and the velay iz so arranged that the
movable contact member is actuated to one
direction when the current leads the voltages
by more than a pz‘ef'eter‘n' ed degree, such
as 30 degrees of phase angle

Wthh is dCuCl'
v the relative vai ues of the above-
tioned leading ground current and the

ile it is actuated to the oppo-
ion when t? 10 current does ot lead
by i ith the current lead-
ing bv 0 degrees, LOI‘ xample, the torque

1g Figure 2, It1, B2, I3 repre-
@en* ‘he line vo”'mre of each phase to the
ground, and C1, €2, C3 represent the nor-
mal clmronm m irrent in each line. When

one phase, say line B2, is orot nded, the volt-
age of the other two lines inerease to B/
and X3’ respectively, and the charging cur-

ines 83 and 181 increase acmrd]nmy,
as they are substantially proportional to the
o 0 lines v {ncn‘\/ely C1” and
e%m.‘ the charging current thus in-
The vectorial sum of them is repre-
ented by €7 which has a length three times
? e vector C1, C2 or C3.

IIO\"G""L, a mere arrangement of such
nature can only pz'o ect the system from
arounding, hn‘u not from sheri-cireniting.
My present invention pr rovides means for
enabling a single directional power relay of
the above-mentioned nature to gelectively
protect the trangmission system from short-
circuiting, as well as from grounding.

r-A.

6C

5

80

90

<
[934

100




10

M
<o

o
[

40

™
<

[l

2

Referring now to the drawing, wherein
Figure 1 shows a diagram of ecircuits
and apparatus embodying my invention, a
substation 1 receives alternating current elec-
trical power from a power station 2, by way
of a double-circuit high tension transmission
line, comprising two circuits 8 and 4, incind-
ing circuit-interrupters 5 and 6 at the receiv-
ing end, and circult interrupters 7 and 8 at
the sending end, respectively. The
point of the system 2 is not grounded, or al-
ternately, it may be grounded through a
high limiting resistance as hereinbefore de-
scribed.  But it will not be necessary to il-
lustrate this grounding resistance, because
such an arrangement may be readily under-
stood.

With the sending ends of the respective

circuits are associated current transformers 9.

and 10, whose secondaries are differentially
or oppositely connected for respective corre-
sponding phases, with their star points
grounded, and energize a directional power
relay 11.

The relay 11 comprises current windings
12 connected between respective phages of the
current transformers and the ground, and vo-
tential windings 18 energized in accordance
with the phase voltages at the power station.
The potential windings may be conveniently
energized from the low tension side of the
main transformers 14, through a potential
transformer 15, if necessary. With this ar-
rangement, considerable expenses in provid-
ing a high tension potential transformer may
be avoided.

The directional power relay alzo comprises
two opposed pairs of contacts 16 and 17 con-
trolled by an armature 18 carrying a movable
contact, for selectively engaging the contacts
16 and 17 in accordance with the energiza-
tion of the actuating windings 12 and 13.
The contacts 16 and 17 control the tripping
circuits of the cireuit interrupters 7 and 8.

Tt must be noted that this relay 11 is so
arranged that the armatuve 18 is actuated
to one direction, say to-the left when a short-
circuit current flows in one circuit, say 3,
which current always lags from the normal
voltage of the power system, while it is actu-
ated to the opposite dirvection, i e., to the right
when a ground current flows in the same
circuit 8, as hereinbefore described.

In circuit with each current winding 12,
there is inciuded the winding of an overload
relay 19, 20 or 21, and these windings are
star-connected at the outer terminals of the
overload relays. Between the star point and
the "earth is included the windings of two
ground current relays 22 and 23, in series.
It will be readily understood that these
ground current relays will not be energized
unless 2 ground current flows therethrough
due to the grounding of one circuit, because
the short circuit current or load current bal-

neutral
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ances with each other within the star-con-
nected windings of the relays 11 and 19, 20
and 21.

The contacts of the overload relays 19, 20
and 21, and of the ground current relay 22
are connected in parallel relation with each
other, and conunected between the multiple
contacts 16 and 17 of the directional power
relay 11 and the negative side of a direct
current control line, while the contact of the
other ground relay 28 isincluded in the ener-
gizing circuit for a change-over relay 24
across the control line. The relay 24 is pro-
vided with four pairs of contacts 25, 26, 27
and 28, and a movable armature 29, arranged
so as to change over the circuits connecting
the contacts 16 and 17 and the tripping coils
7" and 8 of the circuit interrupters 7 and 8,
in 2 manner as hereinafter described.

In order to provide a better understanding &
o

of the invention, I will now describe the op-
eration of selective protection which takes
place in case of one faulty circuit.

Now assume that a short-circuit has oc-

curred in the circuit 8, while the other cir-~

cuit 4 is normal. Unbalanced current will
then flow through the current windings 12
and those of the overload relays 19, 20, 21,
ut these currents balance with each other

within these star-connected windings; no -

current will flow to the ground current re-
lays 22 and 23. The contacts of the over-
load relays are thus closed and the arma-
ture 18 is actuated by the lagging short-cir-

cuit current to engage the contacts 16. The "

tripping circuit of the faulty circuit 3 is
thus completed- from one side of the control
. E . 94 3 Y
line through the tripping coil 7/, contacts
25, 16, and contacts 19, 20, 21 in multiple to

the other side of the control line, and the 7193

interruptber 7 is tripped to its open position.

When one line of the circuit 3 is grounded
by fault while the other circuit 4 is normal,
a ground current will flow through the cur-
rent windings 12 and the windings of the
ground current relays 22 and 23 to the ground,

and energize them. The armature 18 is then

actuated in the direction to engage the con-

tacts 17, while the relay 23 closes its con-

tacts, and completes the energizing circuit
of the change-over relay 24. The armature
29 is then operated to the upper position

shown. The tripping circuit of the circuit

interrupter 7 is thus completed from one side -

of the control line through, the tripping coil
77, the contacts 27, 17 and the contacts of the
relay 22, which is now energized, to the otl

her
side of the control line. 'The interrupter 7

is thus tripped to its open position selective- -
ly in response to the grounding of the asso-
ciated circuit 8. Tt will be obvious from the
foregoing, that the relay 22 must be operated
after the change-over relay 24 has been com-
pletely energized. Otherwise, the energizing -
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circuit of the other tripping coil 8’ would be
undesirably completed.

By some reason, such as in the case that the
grounding would have occurred at a point
adjacent to the receiving end, it would hap-
pen that the circuit interrupter 5 is first
tripped before the proper interrupter 7 is
open. In this case, the whole load is trans-
ferred to the other circuit 4, increasing its
load current, while in the grounded cireuit
3 there flows the leading ground current
only. As is obvious from the above-
mentioned special arrangement and setiing
of the relay 11, both the lagging current in
the circuit 4 and the leading current in the
circuit 8, function to actunate the armature
18 in one and the same direction so as to
complete the tripping circuit of the proper
interrupter 7.

When a grounding and a short-circuiting
should have occured simultaneously, the dif-
ferential currents in the relay windings 12
and the respective windings 19, 20, 21 are

_the sum of the large short-circuit current
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and the relatively small ground current,
while through the ground current relays 22
and 23 there flows the ground current only.
The relay 11 then operates its armature 18 to
the left position, due to the fact that the
vectorial sum of heavy short-circuit current
and relatively small ground current has such
a phase that the relay produces a torque in
the same direction with the short-circuit cur-
rent only. The energizing circuit of the

5 tripping coil 77 is thus completed across the

control line through coil 77, contacts 25 and
16, and contacts of the relays 19, 20, and 21
in multiple, and the faulty circuit 3 is in-
terrupted at the interrupter 7. It will be
readily understood that the overload relay
must have a time limit sooner than that of
the ground current relay 23, for the large
short-cireuit current.

In an ordinary watt-hour meter type re-
lay, the torque is maximum when the voltage
and current are in phase with cach other,
that is to say, the current in voltage winding
is made to lag the terminal voltage thereof
by 90 degrees, that is to say, the power factor

' of voltage winding circuit is made zero.

Consequently, the torque is maximum when
the current in current winding is in phase
with the terminal voltage of voltage winding,
as the torque is maximum when the current
flux and voltage flux have 90 degrees phase
cdifference with each other. Therefore, the
torque is zero when the current in current
winding and the terminal voltage of voltage
winding have 90 degrees phase difference.
In the present invention, the power factor
of voltage winding circuit is not made zero,
but has a suitable substantial value, and by
proper selection of the power factor, the
relay is made to have its torque zero when

© line current of the system leads line voltage

3

by a certain angle. With the connection of
the relay 11 shown in the drawing, a vector
diagram for the relay is given in Figure 4,
wherein P1 represents the voltage impressed
on the voltage winding of one phase, which
is the line-to-line voltage of the system, while
I1 represents the current in the current wind-
ing of the same phase, which is in phase
with the line current. According to the in-
vention, assume that the power factor of volt-
age winding circuit is made 0.5, that is to say,
the current therein lags the terminal voltage
by 60 degrees. PI1 then represents the cur-
rent in voltage winding. The torque will be
zero when I1 and P’I1 are in phase or in oppo-
site phase with each other. This condition
occurs when I1 is shifted forward by 30 de-
grees and takes the position of 117, and this
signifies that the line current I1 leads the
phase voltage E1 by 30 degrees.

The directional relay has normally a zero
torque relationship as taught by the position
of the vectors 117 and PI’ in Figure 4 and
such zero torque relationship ceases to exist
when a short circuit or ground occurs on the
system to be protected because of the change
of the position of these two vectors.

Although I have shown only one embodi-
ment of my invention, it will be readily un-
derstood that various modifications and
changes are possible, and I do not intend to
limit myself by the specific disclosure but
only insofar as set forth in the appended
claims.

I claim as my invention:

1. A protective system adapted for use in
a grounded neutral system including a high
resistance to ground or a non-grounded sys-
tem, a double-circuit transmission system of
such a nature that the faulty ground current
is often lower than the load current in the
circuit, means for interrupting said two cir-
cuits at the power station end, respectively, a
directional power relay for controlling said
interrupting means and comprising current
elements energized in accordance with the
unbalance between said two circuits and po-
tential elements energized in accordance with
the normal phase voltages of the power sta-
tion, and a change-over relay operated in ac-
cordance with a ground current for reversing
the connection of said interrupting means
with the contacts of said directional power
relay.

2. A protective system adapted for use in a
grounded neutral system including a high
resistance to ground or a non-grounded sys-
tem, a double-circuit transmission system of
such a nature that the faulty ground current
is often lower than the load current in the
circuit, means for interrupting said two cir-
cuits at the power station end respectively,
a directional power relay for selectively
controlling said interrupting means in ac-
cordance with leading current and lagging
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‘current which flows in one circuit when it is

faulty, a ground current relay in series with
said directional power relay, a second ground
current relay, and a change-over relay con-
trolled by said second ground current relay
for reversing the connection of said interrupt-
ing means with the contacts of said direc-
tional power relay.

3. A protective system adapted for use in
a grounded neutral system including a high
resistance to ground or a non-grounded sys-
tem, a double-circuit transmission system of
such a nature that the faulty ground current
is often lower than the load current in the
circuit, means for interrupting said two cir-
cuits respectively at the power station end,

.means for selectively controlling said inter-

rupting means in accordance with. lagging
current which flows in one circuit when it is
short-circuited and means for reversing the
function of said first means in accordance
with a grounding of said circuit.

4. A protective system adapted for use in
a grounded neutral system including a high
resistance to ground or a non-grounded sys-
tem, a double-circuit transmission system of
such a nature that the faulty ground current
is often lower than the load current in the
circuit, a directional power relay comprising
an opposed pair of contacts, & plurality of
current windings energized in accordance
with the unbalance Lbetween respective corre-
sponding phases of said two circuits, a plu-
rality of potential windings energized in ac-
cordance with the respective phase voltages
in the power station end, and a contact-carry-
ing movable armature actuated thereby, said
relay being so arranged that the actuating
torque is zero when the current leads the
phase voltage in phase by a predetermined
degree, a change-over relay for reversing the
connection of said pairs of coentacts, and a
ground current relay for energizing said
change-over relay.

5. A protective system adapted for use in a
grounded neutral system including a high
resistance to ground or non-grounded sys-
tem, a power-station, a transmission line of
stich a nature that the faulty ground current
is often lower than the load current in line,
a circuit interrupter having a tripping coil
for cutting out said line from said power sta-
tion, a directional power relay for controlling
the circuit of said tripping coil of said in-
terrupter, said relay comprising a contact-
carrying movable armature which is actuated
in one divection in accordance with the

ground current when said line is grounded,
so as to prepare one tripping circuit, and is
actuated 1n the opposite direction in response
to short-circuit current in said line, so as to
prepare another tripping circuit, a current
relay energized by said ground current for
completing a control circuit, and a second cur-
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rent relay included in said control circuit for
reversing the tripping circuit completed
through said armature.

In witness whereof I affix my signature.
: SHIZUO SUNAIRL
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