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Our invention relates to relay systems, and
it has particular relation to systems employ-
ing impedance responsive relays or like in-
struments, that is, instruments that act in
response to the differential action of the cur-
rent and voltage of the line with which they
are -associated. Relays of this type are de-
scribed in the co-pending application of
Josef Stoecklin, Serial No. 147,791, filed No-
vember 11, 1926.

In systems of the above described charac-
ter, the circuit breakers at the various sub-
stations are provided with relays arranged
to vary the tripping time of the circuit
breakers in accordance with the impedance
of the line to the point where a fault occurred.
This causes the circuit breaker nearest to the
fault to open first, and thus to disconnect only
the faulty sections from the remainder of
the system.

Among the objects of the present invention
1s the provision of an improved relay system
of the foregoing character, utilizing im-
proved means for compensating for the dif-
ference of the transformation ratio of the
transformers energizing such relays at the
various points of the system in order to se-
cure definite relationship between the oper-
ating characteristics of the relay devices at
the several points of the system.” More par-
ticularly, our invention is directed to the
compensation or correction of the difference
in the transformation ratios of the trans-
formers supplying the relays of the various
points of the system by adjustment of the
voltage applied to the voltage element of such
relays.

Our invention will be best understood from
the accompanying drawings wherein :

Fig. 1 is a circuit diagram of a distribu-
tion system to which our invention is appli-
cable;

Fig. 2is a diagram similar to Fig. 1, illus-
trating a relay system embodying our in-
vention; and

Fig. 3 is an enlarged cirenit diagram of
the compensating transformer shown in
Fig. 2.

A distribution system of the type referred
to hereinabove is shown diagrammatically

SYSTEM

1848793, and in Germany March 6, 1926.

in Fig. 1 of the drawing wherein at substa-

tions I, 11, etc., of a long high-voltage trans-
mission line 10 there are provided circuit
breakers 10* arranged to be tripped by means
of impedance relays II. The impedance re-
lays 1T are so connected to the distribution
line that, upon the occurrence of a fault, the
times within which the individual relays
cause the tripping of the associated circuit
breakers are proportional to the impedance
of the line between the respective circuit
breaker and the fault. In most cases, this
discriminating action of the relay is obtained
by means of a pair of co-operating voltage
and current elements, namely, a voltage coil
12 and a current coil 13. The voltage coil
12 is supplied through a voltage transformer
15 with a current corresponding to the volt-
age of the line at said point. The current
coil 13 is supplied through a current trans-
former 16 by a current correspending to the
line current at said point of the system. By
suitably bringing into co-operation the volf-
age coll and current coil, 12 and 18 of the
relay, its action may be made dependent on
the ratio of the voltage to the current of the
line, that is, to its impedance.

In any practical system of the foregoing
character the voltage and current coils of the
relay are not directly connected to the line
but through the intermediary of suitable volt-
age and current transformers, since it is im-
practical and also dangerous to operate the
relays directly from the high voltage system.

The current and voltage transformers uti-
lized for supplying such relays serve very
often a variety of additional purposes, such
as for the control of the circuit breakers in
response to other characteristics of the sys-
tem, for the supply of various meters at the
substation, etc. Very often the voltage and
current transformers at the various points of
the distribution system have different trans-
formation ratios. Accordingly, if the re-
lays at the several substations were directly
connected to the secondaries of the voltage
and current transformers at the different sub-
stations, the relays would not respond to the
actual resistance of the line in the same man-
ner. For instance, if one substation, say sub-
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station I, has a current transformer 16 with
the transformation ratio 100 to 5, and the
current transformer at the other substation
TT has a transformation ratio 200 to 5, and
the voltage transformers at the two substa-
tions have the same transformation ratio,
the action of the relays at the two substations
would not be correlated in the way required
in order to secure proper discriminative ac-
tion, as explained hereinabove. Only if the
current and voltage transformers at the sub-
stations all have the same transformation
ratio, the relays at the several poinés of the
system will exercise the same diseriminative
action.

In order to secure correlated/discriminc -
tive effect with relays supplied from instru-
ment transformers that differ in their trans-
formation ratio, special auxiliary or compen-
sating transformers are provided, such as
shown in Fig. 1 at substation IT, where the
compensating transformer 21 is connected be-
tween the current transformer 16 and the
current coil 13 of the impedance relay. The
transformation ratio of the compensating
transformer 21 is so chosen with respect to
the transformation ratioofthe transformer18
that the total transformation ratio chiained
by connecting the two transformers in the
series is again 100 to 5, like in the current
transformer at substation I.  In other words,
the auxiliary current transformer 21 serves
to compensate for the higher transformation
ratio of the current transformer at substation
11, as against other substations of the system.
The compensation for the differences of the
transformation at the various stations could
also be effected by providing auxiliary tap-
pings on the current transformers in order
to assure that the ratios of the current and
voltage supplied to the relays at the several
substations reflect the impedance of the sys-
tem in the same way. Lack of such compen-
sation would distort the relationship between
the tripping times of the relays of the several
substations. '

The above described arrangements for cor-
recting for the different transformation ra-
tios of the instrument transformers at the
several substations, have certain disadvan-

tages, from the view point of the practical op-’

eration of such systems. Thus, when an aux-
iliary current transformer is used, its sec-
onary current increases with an increase of
the ratio. of the main current transformer.
For example, if the main current transformer
at the first substation has a ratio of 100 to
5, the normal current supplied to the current
coil of the relay will be 5 amperes. If now
at another substation the current transformer
has a ratio of 200 to 5, the anxiliary correct-
ing transformer must have a ratio of 5 to 10.
Under such conditions, the normal current
supplied by the current coil of the relay from
the secondary winding of the compensating
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transformer, will be 10 amperes. The relay
will thus be overloaded under normal work-
ing conditions as compared to a relay that is
operated with a current transformer having
a 100 to 5 ratio. The-other type of compen-
sation, by means of auxiliary taps on the
current transformer, is not practicable be-
cause the limited number of turns used on the
current transformers makes it difficult to ob-
tain thereby close graduation of the trans-
formation ratios.

A distinct feature of the present invention
resides in the utilization of the voltage cir-
cuit of the relay for correcting discrepan-
cies in the transformation ratios of the cur-
rent transformer supplying the relays. More
generally our invention contemplates the con-
fining of the adjustment or corrections in the
transformation ratio of the instrument trans-
formers supplying the relays to the voltage
cireuit of such relays, irrespective of whether
the correction is required by reason. of im-
proper ratio of the current transformer or of
the voltage transformer.

Thus, taking the example considered above
of a substation, indicated in Fig. 2, where
the current transformer has transformation
ratio of 200 to 5, and we desire to compen-
sate this ratio with respect to a substation,
utilizing a current transformer having a ratio
100 to B, we connect the current coil 13 of
the relay directly to the 200 to 5, current
transformer. The correction is secured by
reducing the voltage supplied to the voltage
coil 12 of the relay, in the same ratio as the
current supplied to the current coil 13 is re-
duced, as by means of an auxiliary compen-
sating transformer 25 connected between the
voltage coil 12 and the voltage transformer
15 of the substation. - Assuming, for instance,
that the secondary voltage of the voltage
transformer at substation 1 is 110 volts, the
compensating transformer 25 is adjusted so
that the voltage supplied to the voltage coil
12 of the impedance relay is only 55 volts, cor-
responding to the higher rate of current trans-
formation at said substation.

The arrangements for applying to the
voltage coil 12 of the impedance relay only
a fraction of the voltage derived from the
secondary winding of the voltage trans-
former 15 may have a variety of forms fa-
miliar to those skilled in the art. In the
preferred construction we utilize an auto
transformer, such as shown in detail in Fig.

‘8. The relay that is to be used on the sys-

tem is designed so as to operate satisfac-
torily when supplied directly from such
current transformer of the system as has the
lowest transformation ratio, with the normal
voltage, say 110 volts, applied to the voltage
coil. Under such conditions, the relays are
suitable - for operation with transformers
having higher transformation ratios, it be-
ing only required to include a suitable cor-
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recting transformer in the voltage circuit
of the relay to reduce the voltage applied to
the voltage coil, as explained above.

In the preferred construction of the com-
pensating transformer, shown in Fig. 3, we
provide a large number of taps graduated in
accordance with the decimal system to per-
mit the tapping of as many per cent of the
total voltage of the transformer as desired.
Starting from the tap marked 0, at an in-
termediate point of the winding, there ave
taps 10 to 90 on one side of the transformer
and taps 1 to 10 on the other side of the trans-
former. Such arrangement greatly facili-
tates adjustment of the sensitiveness at the
various stations of the system by merely
varying in the same ratio the voltage supplied
to the voltage coils of the relays at all sta-
tions.

The foregoing system for compensating
differences in the transformation ratios of
the instrument transformers, secures correct
operation of the relays independently of the
differences in the instrument transformers
used at the several stations; eliminates the
possibility of overloading the relays by rea-
son of the employment of higher ratio cur-
rent transformers; and readily permits ad-
justments of the sensitiveness of the relays
throughout the system.

We claim as our invention:

1. In a distribution system, a relay device
having current and voltage elements co-
operating to produce an effect responsive to
a ratio of the voltage and current of said
system, a circuit including a current trans-
former for supplying said main current ele-
ment, a circuit including a main voltage
transformer for supplying said voltage ele-
ment, and a second voltage transformer con-
nected between said main voltage transformer
and said voltage element to so vary the cur-
rent supplied thereto as to cause said velay
device to respond to the conditions of said
system with a predetermined sensitiveness
irrespective of the transformation ratios of
the main current and voltage transformers
supplying said relay device.

2. In a distribution system having a plu-
rality of station, a plurality of relay devices
at sald stations, each relay device comprising
a voltage element and a current element co-
operating in response to a ratio of the vol-
age and current of said system, voltage
transformers at said stations for supplying
the voltage elements of said relays, current
transformers at said stations for supplying
the current elements of said relays, the trans-
formation ratios of the current transformers
at the several stations varying with respect
to each other, and means associated exclusive
ly with circuits of said voltage elements for
compensating the differences in the transfor-
mation ratios of said transformers at the
different stations to secure the same charac-

3

ter of response of the relay devices at the
several stations.

3. The combination as defined by the
claim 2, characterized by an auxiliary volt-
age transformer for adjusting the voltage
applied to the voltage element of said relay
devices, said voltage transformer having a
plurality of tappings permitting application
of any desired integer percentage of the full
voltage of the voltage transformer to the
voltage clement of said relay devices.

4. In a distribution system, a plurality of
relay devices, each having a current element
and a voltage element cooperating to pro-
duce an effect corresponding to a predeter-
mined relation of the current and voltage of
& system, a plurality of current transformers
of different transformation ratios for supply-
ing the current elements of the individual re-
lay devices, and a plurality of voltage trans-
former means associated with the individual
relay devices for supplying the voltage ele-
ments of said devices, said voltage trans-
former means having different transforma-
tion ratios so related to the different transfor-
mation ratios of said current transformers,
as to secure said predetermined relation
of the current and voltage of the system in
said relay devices.

5. In a distribution system, an alternating
current transmission line, a plurality of cir-
cuit breakers at spaced points along said line,
a plurality of relay means for individually
operating said circuit breakers, said relay
means having current elements and voltage
elements operating in response to a predeter-
mined relationship of the current and volt-
age of said line, current transformers of
different transformation ratios for individ-
ually supplying the current elements of said
relays, and voltage transformer means of
different transformation ratios for individ-
ually supplying the voltage elements of said
relays, the voltage transformation ratios be-
ing so adjusted to the transformation ratios
of the associated current transformers as to
secure the predetermined relation of line
current and line voltage in the individual
relays.

6. In a distribution system, an alternating
current transmission line, a plurality of cir-
cuit breakers at spaced points along said line,
a plurality of relay means for individually
operating said circuit breakers, said relay
means having current elements and voltage
elements operating in response to a predeter-
mined relationship of the current and voltage
of said line, current transformers of differ-
ent transformation ratios for individually
supplying the current elements of said re-
lays, main voltage transformers of different
transformation ratios for individually sup-
plying the voltage elements of said relays, the
voltage transformation ratios being so ad-
justed te the transformation ratios of the
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-associated ‘current transformers as to secure
the predetermined relation of line current
-and line voltage in ‘the individual relays,
and additional voltage ‘transformer means
= ‘interposed between one of said main voltage
transformers and the voltage element of the
-associated relay for compensating for the
difference of the transformation ratio of the
associated current transformer against that
‘10 ‘i)f a.transformer. associated with another re-
ay.
In testimony whereof I have hereunto sub-
seribed my name this 6th day of September,
A. D. 1927, at-Zurich, Switzerland.
13 : JOSEF STOECKLIN.
In testimony whereof I have hereunto sub-
scribed ‘my name this 27th day of October,
A.D. 1927, at Lyon, France.
ARNOLD ROTH.

30

40 -

45

50

60

65



