June 17, 1941. E. SCHRODER 2,246,324
OVERLOAD PROTECTIVE RELAY
Filed Sept. 7, 1939

wog||[~R

3\
N

Overiodd - Currernt
O
=

/]

/0

7 a

! h@}” | JATURABLE - _
REACTOR z
ety O

—i i1}

Fio.3

Voltage

WITNESSES:

@W@%A.

INVENTOR
Lrnst Schroder

" 3 JoE rof BY
> Current B a/<§2%§;/¢ o,
Rated Currens ‘ ATTORKEY

Overload

!




Patented June 17, 1941

2,246,324

UNITED STATES PATENT OFFICE

2,246,324
OVERLCAD PROTECTIVE RELAY

Ernst Schrider, Berlin-Staaken, Germany, as-
signor to Westinghouse Electric & Manufac-
turing Company, East Pittsburgh, Pa., a cor-
poration of Pennsylvania

Application September 7, 1939, Serial No. 293,663
In Germany November 29, 1838

(Cl. 175-—294)

12 Claims.

My invention relates to a protective system
and particularly to an overlead protective system
for electrical apparatus. In its more specific as-
pects, my invention relates to a protective systern
in which a relay, such as a thermal bimetal re-
lay, operates during overloads on the electrical
apparatus to be protected with a time delay de-
pendent on the magnitude of the overload.

Electrical apparatus which is subject to over-
load has a very definite time-overload curve from
which may be determined how long a time a
definite overload may be maintained without ex-
ceeding the maximum permissible heating in the
apparatus. Likewise a definite curve may be
drawn showing fthe relationship hetween the
amount of overload and the time that overload
must exist before an overload time-delay relay
operates to open the circuit. A complete pro-
tection of the apparatus is attained if the over-
load relay has an operating curve which precisely
corresponds with the overlcad curve of the appa-
ratus. However, the adapting of the operating
curve of ‘the protective relay to the overload
curve of the apparatus is frequently not possible
to the desired extent. This applies in particu-
lar to power rectifier apparatus which, in gen-
eral, can carry relatively small overloads for
comparatively long intervals of time but must
be disconnected from higher overloads affer a
very short time.

It is an object of my invention to secure im-
proved overload protection by attaining closer
correspondence between operating curve of the
overload relay and the overload curve of the ap-

paratus to be protected than has heretofore been

possible.

Other objects of my invention will become evi-
dent from the following detailed description taken
in conjunction with the accompanying drawing,
in which: :

Figure 1 shows graphs of the overload curve of
the apparatus to he protected and the operating
curve of a thermal probtective relay of a known
type.

Pig. 2 shows a circuit arrangement exempiify-
ing my invention, and

Fig. 3 shows curves in which variations of the
notential across the shunt in the load circuit and
the potential across the intermediate transformer
are plotted against variations in the load cur-
rent. .

The relationships previously discussed as ob-
tained by prior art devices are reproduced in Fig.
1 of the drawing, wherein the overload is repre-
sented in percentage of rated power as a func-
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_ primary winding of the transformer 4 rises.

tion of the permissible overload interval or op-
erating time. In this graph, A represents the
overload curve of a rectifier while R represents
the operating curve of a bimetal relay. It will
be evident that the curves A and R do not corre-
spond closely enough to afford complete protec-
tion since the relay will open earlier than neces-
sary for small cverloads but too late to avoid
injury to the apparatus in the case of high over-
loads.

In Fig. 2 a thermal over-current relay | con-
trols the operating circuit for the trip device of
breaker 2. The control circuit for the relay { is
supplied through a current transiormer 3, the
primary coil of which is energized from the sec-
ondary coil of an intermediate transformer &, the
primary coil of which is energized, in turn, from
an alternating potential source 5 which has ap-
proximately constant potential. In the protec-
tion of a rectifier, for example, the alternating
potential source may be one phase of the alter-
nating current network supplying the rectifier.

In order to modify the voltage impressed upon
the transformer 4 in proper relation to the vary-
ing load current, a saturable reactor or choke coil
6 is provided, the voltage winding 7 of which
is placed in series circuit with the source 5 and
the transformer 4. A premagnetizing or control
winding 8 of this reactor is energized, in a pre-

ferred form, by current derived from a pair of

shunt leads 8 from a metering shunt or resistance
{8 placed in series with one main load line 11.

A quick acting relay {2 may be placed in se-
ries circuit with the secondary coil of trans-
former 3 to close the circuit to the breaker 2 in-
dependently to the thermal relay { upon the oc-
currence of an abnormally high overload.

The potential of the alternating current source
§ is distributed over the coil 7 of the saturable
reactor € and the primary winding of the trans-
former 4 in the ratio of their inductances. As
long as the current in the shunt 8, and accord-
ingly the current in the magnetizing coil 8, is
small, the inductance of the coil 7 is compara-
tively large so that a large portion, or the largest
portion, of the alternating potential irom the
source § is impressed across its terminals.

As long as the current in the winding § is in-
sufficient to cause the core of the reactor 4 to ap-

‘proach saturation, the potential across the wind-

ing T changes very liftle. If, however, with in-
creasing current, the choke core approaches satu-
ration, the inductance of the coil 7 begins to de-
crease more rapidly so that the potential on the
If,
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after this, the reactor core is fully saturated, the
potential impressed across the intermediate
transformer 4 rises only a little with further in-
crease of the load current in the shunt 8. -

In Fig. 3 the potential change in the trans-
former 4 is plotted in curve C as a function of the
current through the shunt 19. The potential on
the shunt 10 is, on the other hand, represented by
the straight line B. It will be noted that for the
selected relationship that in the region between
approximately rated load and fifty percent over-
load, the potential on the transformer 4 is less
than, and does not vary in proportion to; the volt-
age across the shunt 18. Thus, between these
load values the potential, and consequently the
current through the relay I, will be less than if
they varied directly with the amount of overload.
As a resulf, the time delay relay will require more
time before operating and the operating curve R
of Figure 1 will be raised between the points of
zero and fifty percent overload to correspond
more closely to the overload curve A. For over-
loads above fifty percent the curves of Fig. 3
show that as a result of the reactance coil 8, the
voltage of transformer & is greater, and conse-
quently the relay | will operate after a shorter
time interval, than that shown in Fig. 1. Thus
the operating curve R of Fig. 1 will be shifted to
the left for values above fifty percent overload to
more closely correspond to overload curve A.

Of further advantage is the fact that the ther-
mal relay, as curve C in Fig. 3 also shows, is, in the
region between zero load and the rated load or
current, supplied by a current which even in the
zero load condition corresponds approximately to
half the rated load. As a result of this the ther-
mal relay is always in a heated condition pro-
pitious for operation so that inaccuracies in the
release time, as a consequence of varying initial
temperatures, are avoided.

It will be evident that the operating curve of
the relay may be further changed and adapted to
other operating conditions by changing the char~
acteristics of the premagnetizing winding 8.

Although I have shown and described certain
specific -embodiments of my invention, I am
fully aware that modifications thereof are pos-
sible. My invention, therefore, is not to be re-
stricted except insofar as is necessitated by the
prior art and by the spirit of the appended claims.

I claim as my invention:

1. In a protective system, a load eircuit, a cir-
cuit interrupter interposed therein, voltage con-
trolled delay means for effecting operation of said
circuit interrupter, a magnetizable core, a re-
actance coil on said core, a magnetizing coil on
said core and meang connecting it for energiza-
tion from said load circuit in proportion to the
- varying current therem a constant voltage sup-
bly circuit and means connecting it in series cir-
cuit with said reactance coil, and means connect-

ing said voltage controlled delay means for ener-~

gization from said series circuit.
2. In a protective system for a load circuit, a

main breaker, relay means to control the opera-.

tion of said breaker, voltage controlled delay
means for effecting operation of said relay means,
a magnetizable core, a reactance coil on said core,

a_magnetizing coil on said core and means for-

energizing it from said load circuit in proportion
to the varying current therein, a constant voltage
supply circuit, means connecting said reactance
coil in series .circuit with said constant voltage
supply circuit, and means connecting said voltage
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controlled delay means for energization from said
series circuit.

3. A protective system according to claim 2,
wherein the voltage controlled delay means com-
prises a thermal element.

4. A protective system according to claim 2,
wherein is provided a second relay means and
means connecting it for energization from said
series circuit to control the operation of said
breaker upon the occurrence of high overloads in
said load circuit, said second relay means being
operable to open the main breaker prior to oper-
ation of the first named delayed relay upon the
occurrence of abnormal circuit loading.

5. In a protective system for a direct current
load circuit, a main breaker, relay means to con-
trol the operation of said breaker, voltage con-
trolled thermal delay means for effecting oper-
ation of said relay means, a magnetizable core, 3
reactance coil on said core, a magnetizing coil on
said core, a shunt in said load circuit, means for
energizing said magnetizing coil from said shunt
in proportion to the varying current in said load
circuit, a constant voltage supply circuit and
means connecting it in series circuit with said re-
actance coil, and means connecting said voltage
controlled thermal delay means for energization
irom said series circuit.

6. In a protective system for a load circuit,
a main breaker, relay means to control the oper-
ation of said breaker voltage controlled thermal
delay means for effecting operation of said relay
means, a magnetizable core, s reactance coil on
said core, a magnetizing coil on said core and
means for energizing it from said load circuit
in proportion to the varying current therein, a
constant voltage supply circuit, a transformer
including a primary winding and a secondary
winding, means connecting said reactance coil
and said primary winding in series circuit with
said constant voltage supply circuit, and means
connecting said voltage controlled thermal de-
lay means for energization from said secondary
winding.

7. In a protective system for a direct current
load circuit, a main breaker, relay means to con-
trol the operation of said breaker, voltage con-
trolled thermal delay means for effecting oper-
ation ‘of said relay means, a magnetically sat-
urable core, a reactance coil on said core, a mag-
netizing coil on said core means for energizing
it in proportion to the varying current in said
load circuit, a constant voltage supply circuit,
and a transformer including a primary winding-
and a secondary winding, means connecting said
reactance coil and said primary winding in series
circuit with said constant voltage supply circuit,
and means for energizing said voltage controlled
thermal delay means from sald seconda,ry'
winding.

8. In a protective system for a direct current
load circuit, a main breaker, relay means to con-"
trol the operation of said breaker, voltage con-
trolled thermal delay means for effecting: oper-
ation of said relay means, a magnetically sat-
urable core, a reactance coil on said cere, a mag-
netizing coil on said core, a shunt in said load
circuit, means connecting said magnetizing coil
for energization from said shunt in propertion to
the varying current in said load circuit, a con-
stant voltage supply circuif, a transformer in-
cludmg a primary winding and a secondary wind-

ing, means connecting said reactance coil and

75

said primary winding in series circuit with said
constant veltage supply circuit, means connect-
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ing said voltage controlled thermal delay means
for energization from said secondary winding,
a second relay means and means connecting it
for energization from said secondary winding
to control the operation of said breaker prior
to the operation of the thermal delay means
upon the occurrence of abnormally high over-
loads in said load circuit.

9. In a protective system for a load circuit, a
main breaker, relay means to control the opera-
tion of said breaker, voltage controlled thermal
delay means for effecting operation of said relay
means, a magnetically saturable core, a reactance
coil on said core, a magnetizing coil on said core,
and means for energizing it from said load cir-
cuit in proportion to the varying current therein,
a constant voltage supply circuit, means connect-
ing said reactance coil in series circuit with said
constant voltage supply circuit, and means con-
necting said voltage controlled delay means for
energization from said series circuif, said mag-
netically saturable core and said magnetizing coil
being so dimensioned as compared to the imped-
ances in said series circuit that the current acting
on said delay means between approximately zero
and fifty percent overload on said load circuit
is smaller than the current linearly dependent
on said overload current and for values of said
overload current above fifty percent is larger
than the current linearly dependent on said over-
load current.

10. In a protective system for a load circuit,
a main breaker, relay means to control! the op~
eration of said breaker, vollage controlled delay
means for effecting operation of said relay means,
a magnetizable core, a reactance coil on said
core, & magnetizing coil on said core and means
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for energizing it from said load circuit in pro-
portion to the varying current therein, and a
constant voltage supply circuit, means connect-
ing said reactance coil in series circuit with said
constant voltage supply circuif, and means con-
necting said voltage controlled delay means for
energization from said series circuit, said mag-
netizable core being designed to be saturated
by the current in said magnetizing coil when
the overload in said load circuit is greater than
one hundred percent,

11. In combination with a protective system
according to claim 9, a second relay means and
means for connecting it for energization from
said series circuit to effect operation of said
breaker immediately upon the overload current
in said load circuit reaching approximately one
hundred percent.

12. In a protective system for a load circuit,
a main breaker, relay means to control the oper-
ation of said breaker, volitage conirolled delay
means for effecting operation of said relay means,
a magnetizable core, a reactance coil on said
core, a magnetizing coil on said core and means
for energizing it from said load circuit in pro-
portion to the varying current therein, a con-
stant voltage supply circuit and means connect-
ing it in series circuit with said reactance coil,
and means connecting said voltage controlled
delay means for energization from said series
circuit, said magnetizable core being so designed
that the steepest portion of its saturation curve
occurs approximately between full load current
and one hundred percent overload current in
said load circuit.

ERNST SCHRODER.




