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A& Irequently employed protective connection
for power installations is, as is well known, based
on the principle that on certain points of the in-
stallation the proportion between voltage and cur-
rent is measured, said proportion corresponding
on the occasion of 3 short-circuit to the imped-
ance between the points in question and the point
of short-circuit, and that an automatic discon-
nection is made at the points, where the said
proportion is lowest, i. e. next to the short-circuit
point. ‘The measuring of the proportion between
voltage and current has generally been made in
special relays, called impedance relays, which di-
rectly or indirectly have released circuit break-
ers. It has, however, been found that such relays,
if they shall be sufficiently accurate and selec-
tive, will be rather complicated. Purther it has
been found that the so-called return ratio of most
mechanical relays is rather low so that the value
of the releasing quantity, for which the relay has
acted, must vary rather considerably, before the
relay ceases to act. Thig may often cause the re-
lease of g larger number of circuit breakers than
those actuated by the relays which are most ad-
jacent to the point of short-circuit.

The present invention relates to g protective
cennection for power installations, operating on
the aforesaid impedance prineiples, which con-
nection makes it possible to use very simple relays
and further gives g considerably better propor-
tion between the return current and the release
current than hitherto emp'oyed connections for
the same purpose. According to the invention a
transductor (a direct currént saturable reactor)
is fed on the D. C. side by one current and on the
A, C. side by another current determined from
cutside, of which currents one depends on the
voltage and the other on the current in the point
of the installation, where the protective opera-
tion is to be released, while g voltage across the
transductor is caused to act on a protective de-
vice, generally on a relay releasing g circuit break~
er. It is especially advisable to feed the trans-
ductor on the D. C. side by a current, dependent
on the voltage, and on the A. C. side by a current,
depending on the main current, which may for
instance be obtained by means of a current trans-
former. In this case it can be arranged with least

possible loss of power so, that the voltage across

the transductor is made to rise rapidly at such a
proportion between the voltage and current of
the line, which gives equal ampere turn numbers
on the D. C. and A. C. sides of the transductor, so
that even a relay, which is rather little sensitive
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In itself, only reacts for a certain value of the
aforesaid proportion.

A form of the invention is diagrammatically il-
lustrated in Fig. 1 of the accompanying drawing,
while Fig. 2 shows a diagram of the manner of op-
eration of the transductor employed. Figs. 3 to 6
show diagrammatically other modifications of the
invention,

In Fig. 1 the primary winding of a curreng;
transformer { is connected in 3 line 2 to be pro-
tected, while the secondary winding is connected
to the A. C. winding 3 of the transductor, illus-
frated in the conventional way. The primary
winding of a voltage transformer 4 is connected
between the conductors of the line, while its sec-
ondary winding is connected through an adjust-
ing impedance § and a rectifier 6, which may be
provided with smoothening members, to the D. C.
winding 7 of the transductor. The voltage across
the A. C. winding 3 is impressed on the relay 8,
which for instance may act to release g cireuit
breaker, -

The voltage conditions of g transductor, the
traversing alternating current of which is kept
constant by external means, are illustrated by
the diagram of Fig. 2. In this diagram the
abscissae designate the direct current I and the
ordinates the voltage Er across the A. C. winding
of the transductor. The different curves Ia1, Ias,
correspond to different values of the alternating
current traversing the transductor,

As long as the magnetizing direct current I, ag-
suming the same number of turng considerably
exceeds the crest value of the traversing alter=-
nating current, the transductor absorbs practi-
cally no voltage, since its core is permanently sat-
urated. When the transductor is employed as a
line protective device according to Pig. 1, this is
always the case in normal operation. If, on the
contrary, the direct current sinks below the crest
value of the alternating current, the voltage Er
across the transductor rises rapidly, because the
iron core will then during 3 larger or smaller part
of the eycle be more or less desaturated, so that a
voltage can be induced. For a rather small re-
duction of the direct current the voltage rises to
a value, corresponding to a complete reversal of
the magnetisation during one cycle, and then it
can rise only very little, substantially correspond-
ing to the leakage flux.

The proportion between direct current and al-
ternating current, at which the sudden rise of
voltage occurs, corresponds in the connection ge-
cording to Fig. 1 to a certain proportion between
the line voltage and the line current, i. e. at a
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short-circuit, to the impedances between the

measuring point and the short-circuit point. The
‘connection may thus be so adjusted that the re-
lay 8 will enter into action and release a protecs
tive operation as soon as this impedance sinks
below a certain value. The adjustment can pref-
erably be made by means of the impedance 5. In
certain cases it may be advisable to make this im-
pedance dependent on the voltage, for instance
so that the current traversing it rises more rap-
idly than the voltage. Hereby certain imperfec-
tions of the connection illustrated may be com-
pensated, such imperfections arising for instance
from the fact that the secondary current of the
current transformer | is divided between the
transductor and the relay coil, whence the trans-
ductor current will not be exactly proportional to
the main current.

Tnstead of simply connecting the relay 8 in
parallel to a transductor fed by current and volt-
. age, it may be connected in other ways, so as to
depend on the voltage across the transductor,
for instance as shown in Pig. 3 in a bridge be-
tween two opposite corners of a tetragon, in
which two opposite sides consist of transductors
having A. C. windings 38’, 3"’ and D. C. windings
7, 17"’ and the two remaining ones of constant
inductances 9. The two transductors may then
have a common core or common cores, if each
transductor have two cores in the very usual
manner. The connection is preferably so ar-
ranged that the bridge conductor normally will
carry no current, whereby the action of the relay
may be more sensitive than in the simple con-
nection shown in Fig. 1, or alternatively the
sensitivity of the transductors for a certain
proportion between direct and alternating cur-
rent may be less. In employing one single trans-
ductor it is possible as shown in Fig. 4; to ap-
ply to the relay only part of the transductor volt-
age instead of the entire voltage. In trans-
ductors having two cores and the two halves
10, 10’ of the A. C. winding connected in series,
as shown in Fig. 5, it is also possible to utilize the
voltage across third windings 1f, {1’ connected
in the same manner as the D. C. windings
12, 12’. This voltage contains an essential second
harmonie, which does not appear to an essential
degree.before the crest value of the alternating
current exceeds the direct current.

1t is also possible as shown in Fig. 6 to inter-
change the functions of the current and voltage
transformers in Fig. 1, so that the alternating
current of the transductor will depend on the
voltage and its direct current on the main cur-
rent at the point of the installation, where the
protective action is to be released. The A. C.
winding 13 should-in such case be series-con-
nected with an impedance {4, which essentially
determines the current therein. It has then
full voltage in normal operation, but loses its
voltage at a short-circuit through an impedance,
corresponding to the adjustment of the pro-
tective connection, whence the relay should be
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, 4 .
connected In & corresponding manner so as to
release the protective action, when its current
sinks below & certain value.

I claim as my invention:

1. A protective connection for & power cir-
cuit, comprising a direct current 'saturable re-
actor, means for feeding the alternating current
winding of said reactor directly, rectifier means
feeding the direct current winding of said reactor,
one of the winding cwrrents being dependent
on the voltage and the other on the current in
said power circuit, a protective device for such
circuit, and means controlled by the voltage
across the alternating current winding of said
reactor to operate said protective device.

2. In a device as claimed in claim 1, the means
for feeding the alternating current winding be-
ing dependent on the current in said circuit.

3. In & device as claimed in claim 1, said feed-
ing means feeding the reactor windings with
currents proportional to the voltage and current
of said circuit.

4. In a device as claimed in claim 1, the means
feeding a current dependent on the voltage in-
cluding a voltage-dependent impedance, whereby
the current fed by such means is a non-linear
function of the voltage in said circuit.

5. A protective connection for a power cir-
cuit comprising two direct current saturable re-.
actors, means for feeding the alternating current
windings of said reactors directly, rectifier means
feeding the direct current windings of said re-
actors, one of the winding currents being de-
pendent on the voltage and the other on the cur-
rent in said power circuit, means connecting the -
alternating current windings of said reactors in
two opposite legs of a bridge, impedances in the
other legs of the bridge, a protective device for
said power circuit, and means controlled by the
voltage from the bridge across the alternating
current windings to operate said protective device.

FREDRIK DAHLGREN.

" REFERENCES CITED

The following references are of record in the
file of this patent:

UNITED STATES PATENTS

Number Name Date
Re. 22,768 Lamm e cmiimeem June 4, 1929
1,715,684 Thomas ———eeeemme June 4, 1929
1,774,944 Petch - e Sept. 2, 1930
2,013,815 Wensley wo——eeeee-- Sept. 10, 1935
2,067,143 LOZaN e Jan. 5, 1937
2,149,092 Kettler - cmoeeeeee e Feb. 28, 1939
2,157,006 Qesinghaus - May 2, 1939
2,352,985 Washington .-~ July 4, 1944
2,381,527 Traver wccecececmme—— Aug. T, 1945

FOREIGN PATENTS

Number Country Date
566,232 Germany —--ceomem—— Dec. 13, 1932
66,170 NOIWAY -oeemmmemmmm June 25, 1946



