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ABSTRACT OF THE DISCLOSURE 
An overcurrent protection system for a polyphase dy 

namoelectric machine which responds to substantially the 
sum of the currents in all phases of the machine. 
A small transformer is connected in series with each 
phase winding. The additory effect of the output of the 
secondary windings of the transformers is then applied to 
operate the machine contractor control relay. 

SUMMARY OF THE INVENTION 
Many types of motor overload protection devices are 

used to protect motors from burnout. Thermal protectors 
respond to the temperature of the motor or its windings 
while overcurrent protectors respond to the current in the 
windings. Some protection devices respond to a combina 
tion of current and temperature. Current responsive de 
vices are generally faster in operation than thermal re 
sponsive devices and thus afford superior protection but 
usually at a premium cost. 
The application of thermal protector devices to poly 

phase motors is generally no different than their applica 
tion to single phase motors. The application of overcur 
rent protector devices to polyphase motors, however, is 
generally considerably more expensive as usually a sepa 
rate control relay is provided for each phase. Any one 
of these relays can de-energize the motor as a result of 
overcurrent in the respective phase winding associated 
with the relay. Occasionally only two phases of a three 
phase Y-connected motor are provided with overcurrent 
relays as an overcurrent in the unprotected phase will 
usually result in an overcurrent in the other phases and 
thereby cause the protector to de-energize the motor. 
However, this type of protection is entirely inadequate in 
the event of a single phase fuse burnout on certain types 
of power supply transformers. 

Individual phase overcurrent protection systems will de 
energize the motor in response to an excessively high 
current in any one of a plurality of phases. This is ac 
complished through the use of a current responsive re 
lay for each phase. 
The burnout of any phase winding of a polyphase ma 

chine, however, ultimately takes place when the phase 
winding temperature of that phase becomes excessive and 
causes physical destruction of the phase winding. 

In most polyphase dynamoelectric machines, the wind 
ings of any one phase are embedded and arranged in inti 
mate thermal transfer relationship with the other phase 
windings. These other phase windings, if not overloaded, 
can serve to cool an overloaded phase winding and pre 
vent its burnout. Thus, it can be appreciated that ulti 
mate burnout of a phase winding is not entirely dependent 
upon the current in that phase and that conventional over 
current protection of each phase is not by any means an 
accurate or perfect control despite its premium expense. 

Having recognized these shortcomings of these prior 
art devices, I conceived the idea of an overcurrent pro 
tection system which substantially measures and responds 
to the total current applied to the plural windings of a 
polyphase dynamoelectric machine. While also being an 
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imperfect control because of the imperfect and delayed 
heat transfer among the phase windings, this System is 
substantially lower in cost and easier to adjust than 
those systems using a current responsive relay for each 
phase. 

In order to obtain a measure of this total current, I 
provide a small current transformer in series with each 
phase winding. The current in the secondaries of these 
transformers is substantially proportional to the current 
in the respective phase windings. The additory effect of 
the output of these secondary windings is then applied to 
operate a control switch for the contactor of the machine. 
The additory effect is obtained by first rectifying the out 
put of the transformer secondary windings so that phase 
differences do not have a self canceling effect. Once 
rectified, the individual outputs are combined to operate 
the machine contactor control relay. 

Specifically, this invention involves an overcurrent pro 
tection system for a polyphase dynamoelectric machine 
having at least three power lines for connection to a 
source of polyphase electric power comprising: a cir 
cuit closing means having a plurality of contacts inter 
posed in said power lines and adapted to interrupt current 
flow through said machine; a first control circuit means 
for actuating said circuit closing means; a control Switch 
operatively associated with said control circuit for con 
trolling said circuit closing means; a plurality of current 
transformers each having a primary winding disposed re 
spectively in series with one of said power lines and a 
secondary winding inductively coupled to said primary 
winding; plural rectifying means for rectifying the current 
induced respectively to each of said Secondary windings; 
and means responsive to the additory effect of said recti 
fied currents for actuating said control switch whereby said 
circuit closing means is actuated to interrupt current flow 
through said machine in response to a total current in 
all phases of said polyphase dynamoelectric machine in 
excess of a predetermined value. 

Further aspects and advantages of the invention will 
become apparent as this specification proceeds to describe 
the invention in conjunction with the accompanying draw 
ings wherein like elements have been designated by like 
numerals throughout and in which: 
FIG. 1 shows an overcurrent protector system incorpo 

rating the invention wherein the currents from the cur 
rent transformers of each phase are added to operate a 
dashpot time-delay control relay having a mechanical lock 
out mechanism. 

FIG. 2 shows a modification of the system of FIG. 1 
wherein the current transformers separately energize sepa 
rate windings on a single dashpot time-delay control relay 
and wherein the mechanical lockout mechanism has been 
replaced by an electrical lockout. 

FIG. 3 shows a modification of the system of FIG. 1 
wherein the dashpot time-delay relay is replaced by a 
bimetal relay. 

Referring now more particularly to FIG. 1 of the 
drawings, I have shown one form of the invention as 
applied to a three phase induction motor 10. Induction 
motor 10 is the type in which the windings of one phase 
are embedded within the windings of the other phases 
thereby placing the windings of the several phases in 
intimate thermal transfer relationship. Lines 12, 14 and 
16 connect motor 10 to a source of three phase electrical 
power. This power may be interrupted by de-energiza 
tion of a circuit closing means such as contactor 18 
having contacts 20, 22 and 24 in lines 12, 14 and 16 
respectively which are normally held in the closed posi 
tion during operation of motor 10 by energization of 
coil 26 of contactor 18. 
Contactor coil 26 is energized by control circuit 28 

which extends between lines 12 and 16 and serially 
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connects coil 26, control switch 30, manual switch 32 
and motor high temperature responsive safety switch 
34. The opening of any of switches 30, 32 or 34 serves 
to de-energize coil 26 and open contacts 20, 22 and 24. 

In order to operate switch 30 I have provided cur 
rent transformers 36, 38 and 40 having their primary 
windings 42, 44 and 46 connected in series respectively 
with lines 12, 14 and 16 between the contacts of con 
tactor 18 and motor 10. The secondary windings 48, 
50 and 52 of these transformers have diodes 54, 56 
and 58 respectively in series therewith and diodes 
60, 62 and 64 respectively in parallel therewith. Diodes 
54, 56 and 58 rectify the output from the secondaries 
of the current transformers so that one transformer out 
put may be combined with another in an additory man 
ner, i.e., without one output partially canceling the other 
because of phase differences. Diodes 60, 62 and 64 
complete the circuits for the secondary windings during 
the half cycles when diodes 54, 56 and 58 are not 
conducting. 

In the system shown in FIG. 1, switch 30 is actuated 
to an open position by upward movement of the solen 
oid (actuator) plunger 66 of a dashpot time-delay relay. 
The solenoid coil 68 for actuating plunger 66 in the up 
ward direction is connected in series with the parallel 
combinations of the series connected components of 
secondary winding 48 and diode 54; secondary winding 
50 and diode 56; and secondary winding 52 and diode 
58. Thus, one-half wave output of the currents induced 
to the secondary windings 48, 50 and 52 is collectively 
directed through coil 68. When this collective current 
exceeds a predetermined safe value, switch 30 is opened 
which de-energizes contactor coil 26 causing contacts 
20, 22 and 24 to open and de-energize motor 10. A 
mechanical latch 70 is provided to hold switch 30 in 
the open position so that motor 10 cannot be restarted 
until the latch is manually reset. A spring bias adjust 
ment 71 is provided at switch 30 for adjustably varying 
the predetermined value at which switch 30 is opened. 
To prevent switch 30 from being prematurely opened 

by motor surge currents at startup, plunger 66 is pro 
vided with a dashpot delay mechanism 72. 
The control system shown in FIG. 2 is similar in struc 

ture and operation to that shown in FIG. 1 except that 
the mechanical lockout mechanism 70 has been replaced 
by an electrical lockout mechanism and that the single 
relay coil 68 has been replaced by three relay coils 
68a, 68b and 68c each of which is in series with but 
one of the secondary windings of the current trans 
formers. 

Coils 68a, 68b and 68c are respectively in series with 
the series combinations of secondary winding 48 and 
diode 54, secondary winding 50 and diode 56, and 
secondary winding 52 and diode 58. In contradistinc 
tion to the arrangement of FIG. 1, each relay coil con 
ducts a current corresponding only to the current in 
duced into the secondary winding in series therewith. 
While the several currents are not added in a single 
coil as in FIG. 1, it will be readily appreciated that the 
currents are unidirectional and that the polarity and 
coil winding direction are selected so that the magneto 
motive force of each of coils 68a, 68b and 68c is in 
a common direction and the additory effect of these 
forces operates plunger 66 to actuate switch 30 in a 
manner similar to that described in connection with 
FIG. 1. 
The electrical lockout shown in FIG. 2 includes a 

normally open holding contact 74 actuated to the closed 
position by energization of coil 26 and a normally 
open reset switch 76 arranged in parallel with contact 
74 and in series with contactor coil 26. If for any reason 
one of switches 30, 32 or 34 is opened and contactor 
coil 26 de-energized, contact 74 is opened thereby pre 
venting re-energization of the contactor coil 26 until 
reset switch 76 is momentarily closed, thus precluding 
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restarting of motor 10 until the system is reset. This 
reset system may be operated remotely as switch 76 
may be placed wherever desired. The lockout system 
shown in FIG. 2 is considered to be an alternative to 
the mechanical system of FIG. 1 and one system may 
be substituted for the other. 
The control system shown in FIG. 3 is similar in 

structure and operation to the system shown in FIG. 1 
except that the coil 68 has been replaced by a heater 
coil 68d having substantially higher resistance for heat 
ing a bimetallic element actuator 78 operatively con 
nected to actuate switch 30. When the current in coil 
68d, which is the additory effect of the outputs of each 
of the current transformers, exceeds a predetermined 
value, bimetallic element 78 is heated sufficiently to open 
switch 30 causing de-energization of contactor coil 26 
which in turn opens contacts 20, 22 and 24 to de-energize 
motor 10. Because of the inherent thermal time delay 
of this system, a dashpot mechanism as shown with 
the systems of FIGS. 1 and 2 is normally not required. 
If desired, the system of FIG. 3 may be provided with 
either a mechanical lockout as shown in FIG. 1 or 
an electrical lockout as shown in FIG. 2. 

I claim: 
1. An overcurrent protection system for a polyphase 

dynamoelectric machine having at least three power lines 
for connection to a polyphase electric power system 
comprising: a circuit closing means having a plurality 
of contacts interposed in said power lines and adapted 
to interrupt current flow through said machine; a first 
circuit means for actuating said circuit closing means; 
a control switch operatively associated with said first 
circuit means for controlling said circuit closing means; 
a plurality of current transformers each having a primary 
winding disposed respectively in series with one of said 
power lines and a secondary winding inductively coupled 
to said primary winding; a heat responsive switch actu 
ator means for actuating said control switch; an electrical 
resistance means for heating said heat responsive switch 
actuator means; second circuit means for placing said 
electrical resistance means in conducting relation with 
said plurality of secondary windings whereby said circuit 
closing means is actuated to interrupt current flow 
through said machine in response to a total current in 
all phases of said polyphase dynamoelectric machine 
in excess of a predetermined value; a plurality of cur 
rent rectifiers, each disposed in series with one of said 
Secondary windings for conducting current during one 
half cycle to said electrical resistance means; and a 
second plurality of rectifiers each disposed with respect 
to one of said secondary windings for conducting cur 
rent during the other half cycle. 

2. The apparatus as defined by claim 1 wherein each 
of said second rectifiers shunt its respective secondary 
winding. 
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