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My invention relates to improvements in protective apparatus, and more particularly 

to improvements in protective relays for 
electric circuits and especially relays of the 

5 type whose time of operation is dependent on 
the distance between the relay and the fault point. An object of my invention is to pro vide improved protective apparatus whereby 
on the occurrence of abnormal circuit condi 10 tions so to change the mode of operation as 
to obtain an improved time characteristic. 
My invention will be better understood from the following description when consid 

ered in connection with the accompanying 
5 drawing and its scope will be pointed out in 'the appended claims. 

Fig.1 illustrates partly in diagram and 
partly in perspective an embodiment of my 
invention, and Fig. 2 illustrates diagram matically a modification of a part of my invention. 

Relays whose time of operation or release 
is dependent on the circuit current and volt 
age to get operation in such a manner that 
with a reduction in voltage operation may 
take place in a shorter time and/or at a lower current, are known. Apparatus embodying 
my invention, however, operates in accord ance with the following principles. If a 
force or a torque dependent on the current 
ofta circuit is exerted on a movable member 
such as a Ferraris disk and is opposed by a 
torque dependent on the voltage so as to be 
at rest normally, then the current necessary 
to move the disk against the voltage torque 
is dependent on the ratio of the current to the 
voltage. If the disk, when actuated by the 
current torque, is damped by eddy currents 
produced in it and dependent on the voltage, 
then the speed of the disk is also dependent 
on this condition. On the movement of the 
disk the direct torque exerted by the voltage should be ????????????????? 
damping torque and the direct torque may be 
made entirely ineffective at the moment mo tion begins. 

If the forces exerted by the current and voltage vary proportionally therewith, then 
proportiohality is also obtained between a 
current to which the device responds and the 
time of operation on the one hand and the 
distance on the other, that is to say, the time 
is directly proportional to the current and 
inversely proportional to the voltage. This, 
however, is not always desirable and the char 
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e in comparison with the 

acteristic can be in accordance with other 
functions than the first power, for example, the second power. 

Relays in which a Ferraris disk is con 
trolled by a current magnet and a voltage 60 
magnet are known. Since, however, in these 
the effect of the voltage magnet is based on 
the constant production of the opposing di 
rect torque, the time of operation is depend 
ent on the difference between the torques pro- 65 
duced by the current and the voltage. A 
characteristic dependent on the ratio of the 
current and the voltage is, however, not ob tained with such an arrangement. 
In the embodiment of my invention shown 70 in Fig.1 an electric circuit having conductors 

3, 4 and 5 is arranged to be controlled by a 
circuit breaker 6 herein shown as of the latch 
closed type and provided with a trip coil 7. 
The circuit of the trip coil is arranged to be 75 
controlled in accordance with my invention by protective apparatus such as a relay 8 
whose mode of operation is subject to change 
on the occurrence of abnoral circuit con ditions. 
The relay 8 as shown-comprises a movable 

element, such as a rotatable electric current 
conducting member or Ferraris disk 9, the 
movement of which is arranged to be con 
trolled by a plurality of electromagnetic 85 
means such as motor elements 10 and 11 which 
as shown are inductively related to the mem 
ber. The motor element 10 is responsive to 
a current of the circuit 3, 4, 5 and includes, 
as shown, a magnetic core 12 provided with 90 
windings 13, 14 and 15 and a cooperating 
magnetic member 16. The windings 13, 14 
and 15 are connected to be energized in ac 
cordance with the current in a conductor 5 
of the circuit by any suitable means such as 95 
the current transformer 17, suitable phase 
displacing means such as the resistor 18 be 
ing connected in circuit with the windings 
such as 13,14, 15. This motor element 10 may 
be constructed as set forth in German Patent 100 
316.599 so as to provide a torque which is 
substantially proportional to the first power 
of the current. As pointed out in this pat 
ent, this may be done by having the magnetic 
circuit of one of the windings such as 14 ar- 105 
ranged to become saturated at some predeter 
mined current, for example, normal line cur 
rent. The motor element 10 exerts a torque 
which tends to turn the disk 9 in the direc 
tion indicated by the arrow 19. 
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The motor element 11 as shown may be 
similar in construction to motor element 10, 
that is comprising a magnetic member 12 
whose branches are provided with windings 
13, 14, 15 and a cooperating magnetic 
member 16'. Windings 13, 14 and 15' are 
connected to be energized in accordance with 
a voltage of the circuit 3, 4, 5, such as the 
voltage between phase conductors 4 and 5 by 
any suitable means herein shown as a poten 
tial transformer 20. Suitable phase displac 
ing means such as a resistance 18" may be 
placed in circuit with the windings 13, 14", 
15. The motor element 11 normally exerts 
a direct torque which opposes the torque of 
the current element 10 and tends to turn the 
disk in the direction indicated by the arrow 
21. Motion in this direction is limited by 
suitable means such as an extension 22 on the 
shaft 23 which supports the disk, this exten 
sion coming to rest against a stop 24. 

In accordance with my invention, the 
movement of the disk is arranged to control 
the circuit of one of the windings 3'-15' of 
the voltage element 11 so as to change the ac 
tion thereof from a direct torque to a damp 
ing torque, when the current element 10 in 
response to current of a predetermined value 
exerts a torque which is sufficient to overcome 
or predominate the direct torque of the volt 
age element. For this purpose I may pro 
vide in the circuit of the winding 13–15 
contacts 25 which are arranged to be actuated 
by the extension 22 so that they are normally 
closed and are arranged to be opened on the 
movement of the disk. The extension 22 may 
also be arranged to control contacts 26 in the 
circuit of the trip coil 7 after a predeter 
mined movement of the disk in the direction 
indicated by the arrow 19. 
Under normal circuit conditions, the direct 

torque of the voltage element 11 predomi 
nates over the opposing direct torque of the 
current element 10 to hold the extension 22 
in the position shown in Fig. 1 whereby to 
maintain the circuit of the winding 13'-15' 
closed. On the occurrence of a fault, involv 
ing, for example, the conductor 5 of the cir 
cuit 3, 4, 5 and causing the current to rise 
and usually the voltage to fall, the direct 
torque of the current element 10 predomi 
nates to overcome the direct torque of the 
voltage element 11 and thereby effects move 
ment of the disk in the direction indicated 
by the arrow 19. On the initial movement 
of the disk, the extension 22 releases one of 
the contacts 25 and thereby open circuits the 
winding 13' 15", circuit opening movement being limited by á stop 25'. In this way the 

60 motor element 11 is changed from a direct 
torque device to a damping torque device 
whose torque can be made proportional to 
the voltage by any suitable means. Conse 
quently the disk 9 is turned at a speed which 
is directly proportional to the torque exerted 
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by the current, that is, proportional to the 
current and inversely proportional to the 
damping force or torque exerted by the volt 
age that is inversely proportional to the volt 
age. If the disk 9 moves sufficiently for the 
extension 22 to engage the contacts 26, then 
the energization of the trip coil 7 and the re 
lease of the circuit breaker 6 is effected. In 
order to restore the disk 9 from the tripping 
to the normal or rest position a small counter 
force, or torque means such as a spring 27 
may be provided. 
The contacts 25 may be used to change the 

operation of the voltage element from a direct 
torque device to a damping torque device in 
a manner different from that shown in Fig. 
1. For example, as shown in Fig. 2, the cir 
cuit of suitable phase displacing devices such 
as an impedance 28 may be controlled in any 
suitable manner to effect a change from a 
direct torque to a damping torque so as to 
obtain the desired characteristic. Thus in 
Fig. 2 it will be noted that when the contacts 
25 are opened all three of the windings 13, 
14, 15' are effective to produce damping 
? as compared with only one winding in 

ig. 1. 
?hile I have shown and described my in 

vention in considerable detail, I do not de 
sire to be limited to the exact arrangements 
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shown, but seek to cover in the appended 
claims all those modifications that fall with 
in the true spirit and scope of my invention. . 
What I claim as new and desire to secure 

by Letters Patent of the United States is:- 
1. In a protective relay for an electric cir 

cuit, a movable electric current conducting 
member, electroresponsive means for moving 
the member in one direction, electromagnetic 
means inductively associated with the mem 
ber and arran ged normally to exert thereon 
a direct opposing action tending to prevent 
movement of the member in said direction by 
said electroresponsive means, and means ar 
ranged to be operated on movement of the 
member in said direction to change the ac 
tion of said electromagnetic means from a di 
rect opposing action to an action dependent 
on the speed of the member. 

2. In a protective relay for an electric cir 
cuit, a rotatable electric current conducting 
member, electroresponsive means for turning 
the member in one direction, electromagnetic 
means inductively associated with the mem 
ber and arranged normally to exert thereon 
a direct torque tending to prevent movement 
of the member in said direction by said elec 
troresponsive means, and means arranged to 
be operated on rotation of the member in said 
direction to change the action of said electro 
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magnetic means from a direct torque to a 
damping torque. 

3. A relay including a rotatable electric 
current conducting member and means for 
controlling the movement thereof, including 30 
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a plurality of electromagnetic means ar 
ranged to exert ????????? on the mem ber, one of said means being inductively re 
lated to the member, and means operative in 
response to the movement of the member 
when the torque of the other means is pre 
dominant for changing the action of said 
one of said means from a direct torque to a damping torque. 

4. A relay including a rotatable electric 
current conducting member and means for 
controlling the movement thereof, including 
a plurality of electromagnetic motor elle 
ments inductively associated with the mem 
ber and arranged to exert thereon opposing 
direct torques, and means operative in re 
sponse to the movement of said member when 
the torque of one of said elements predomi 
nates over the torque of the other for chang 
ing the action of the other element from a di rect torque to a damping torque. 

.5. A relay including a rotatable electric 
current conducting member and means for 
controlling the movement thereof including 
a plurality of electromagnetic motor elle 
ments inductively associated with the mem 
ber and arranged to exert thereon opposing 
direct torques, and means operative in re 
sponse to the movement of the member when 
the torque of one of said elements predomi 
nates over the torque of the other to control 
the circuit of a winding of said other element 
whereby to cause said other element to oper ate as a damping magnet. 

6. In combination with an electric circuit, circuit controlling means including a pro 
tective relay having a rotatable electric cur 
rent conducting member, and means for con 
trolling the movement thereof including a 
plurality of electromagnetic means induc 
tively associated with the member, one being 
arranged to be energized in accordance with 
the current of the circuit and to tend to move 
the member in one direction and another be 
ing arranged to be energized in accordance 

3 
with the voltage of the circuit normally to 
exert a direct torque on the member whereby 
to prevent movement thereof until overcome 
by said current energized means on the oc 
currence of an over-current condition, and 
means responsive to the movement of the 
member for changing the action of said elec 
tromagnetic means from a direct torque to a 
damping torque. - 

7. In a protective relay for an electric cir 
cuit, a rotatable electric current conducting 
disk and means for controlling the movement thereof including a plurality of electromag 
netic motor elements inductively associated 
with the disk, one of said elements being ar ranged when energized to exert a torquetend 
ing to move the member in one direction and 
the other of said elements being arranged 
when energized normally to exert a direct 
torque on the disk for preventing movement 
thereof in said direction, and means arranged 
to be operated on movement of the member 
in said direction to change the action of said 
other element from a direct torque to a damp ing torque. 

8. In combination, an electric circuit and circuit controlling means including a pro 
tective relay having a rotatable electric cur 
rent conducting member and electrorespon 
sive means for controlling the movement thereof, including a plurality of electromag 
netic means arranged to exert on the member 
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opposing torques respectively dependent on 
the current and the voltage of the circuit, said voltage responsive means being inductively 
related to the member, and means operative 
in response to the movement of the member 
when the torque of the current responsive means predominates for changing the action 
of the voltage responsive means from a direct torque to a damping torque. 

In witness whereof, I have hereunto set my hand this 10 day of February, 1928. 

JOSEFBIERMANNS. 
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