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My invention relates to a protective System. 
and particularly to an overload protective System 
for electrical apparatus. In its more Specific as 
pects, my invention relates to a protective system 
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 Inay be 
drawn showing the relationship between the 
amount of Overload and the time that, Overload 
must exist before an overload time-delay relay 
Operates to open the circuit. A compete pro 
tection of the apparatus is attained if the over 
load relay has an operating curve which precisely 
corresponds With the Overload 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 highei Overloads after a 
Very short time. 

It is an object of my invention to Secure in 
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 shows graphs of the overload curve of 
the apparatus to be protected and the operating 
curve of a thermal protective relay of a known 
type. 

Fig. 2 ShoWS, a circuit arrangeasent eXenapiify 
ing my invention, and 

Fig. 3 shows curves in which Variations of the 
potential across the shunt in the load circuit and 
the potential across the interiaediate transformer 
are plotted against Variations in the load Cir 
rent. 
The relationships previously discussed as pio 

tained by prior art devices are reproduced in Fig. 
1 of the drawing, wherein the Overlo2.0 is repre 
sented in parcentage of rated power as a fung 
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primary Winding of the transformer 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 Sinal CVerloads but too late to avoid 
injury to the apparatus in the case of high over 
loads. 

In Fig. 2 a, thernal 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 transformer 3, the 
primary coil of Which is energized from the Sec 
Ondary coil of an intermediate transformer 4, 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 
S is provided, the voltage winding 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 9 from a metering shunt or resistance 
A placed in series with one main load line . 
A quick acting relay 2 may be placed in se 

tries 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 

5 is distributed over the coil 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 it, and accord 
ingly the current in the magnetizing coil 8, is 
Small, the inductance of the coil is compara 
tively large so that a large portion, or the largest 
portion, of the alternating potential from the 
Source 5 is impressed across its terminals, 
As long as the current in the Winding 8 is in 

Sufficient to cause the core of the reactor A to ap 
proach Saturation, the potential across the wind 
ing 7 changes very little. If, however, with in 
Creasing current, the choke core approaches Satu 
ration, the inductance of the coil begins to de 
Crease more rapidly So that the potential on the 
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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 . . 

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 O. The potential on 
the shunt 0 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 A is less 
than, and does not vary in proportion to, the volt 
age across the shunt f). Thus, between these 
load values the potential, and consequently the 
current through the relay , will be less than if 
they varied directly with the amount of overload. 
As a result, 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 6, the 
Voltage of transformer 4 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 Cin 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 circuit, 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 means connecting it for energiza 
tion from said load circuit in proportion to the 
varying current therein, a constant voltage sup 
ply 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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2,246,324 
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, a 
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 
from 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, 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, 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 Woltage controlled 
thermal delay means from said secondary 
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 core, a mag 
netizing coil on Said core, a shunt in said load 
circuit, means connecting said magnetizing coil 
for energization from said shunt in proportion to 
the Varying current in said load circuit, a con 
Stant Voltage supply circuit, a transformer in 
cluding a primary winding and a secondary wind 
iing, means connecting said reactance coil and 
Said primary Winding in series circuit With said 
constant Voltage 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 thernal 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 circuit, 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, 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 
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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 circuit, and means con 
necting said Voltage controlled delay means for 
energization from said series circuit, said mag 
letizable 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. 

il. In combination with a protective system 
according to claiin 9, a second relay means and 
In eans 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, Irelay means to control the oper 
ation 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 pro 
portion to the Varying Current therein, a con 
Stant Woltage 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 SCHRÖDER. 


