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[57] ABSTRACT 
Apparatus for detecting and controlling transformer 
conditions at a remote location. Detecting sensors and 
activating controllers are located within the trans 
former for detecting certain existing conditions of the 
transfonner and for applying control signals for chang 
ing the transformer conditions. Signals from the de 
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REMOTE TRANSFORMER MONITORING SYSTEM 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates, in general, to electrical induc 

tive apparatus and, more speci?cally, to remote moni 
toring and controlling systems for transformers. 

2. Description of the Prior Art 
Transformers used in power distribution systems are 

generally associated with protective devices which pre 
vent or limit damage to the transformer and its asso 
ciated apparatus. Distribution transformers of the com 
pletely self-protected type include a lightning arrester 
to protect the distribution system from lightning surges. 
The completely self-protected transformer also in 
cludes a circuit breaker on the secondary or low 
voltage side and a fuse link or‘a full range current 
limiting fuse or a fuse link in series with a full or partial 
range current-limiting fuse on the primary or high 
voltage side. 
The completely self-protected transformer is pro 

tected against excessive damage by its protective de 
vices. The secondary breaker disconnects the trans 
former from its load if the current becomes danger 
ously high. The current limiting fuse, the protective 
link, or the combination of both disconnects the trans 
former from the distribution feeder line if dangerously 
high current is drawn by a faulty transformer. 
With the presently available protective devices in a 

distribution transformer, activation of a protective de 
vice to limit system damage causes a power outage. A 
signal light is mounted on the transformer enclosure to 
provide visual indication of when the secondary circuit 
breaker is about'to trip. That is, the signal light is 
turned on at a lower overload current than that re 
quired to trip the breaker. The signal light remains on 
until reset even though. the load current is later reduced 
to a satisfactory level. When line crews see an illumi 
nated signal light, they are thereby given notice that a 
moderate overload condition has occurred. Repeated 
observations of an illuminated signal light usually indi 
cates that the transformer should be replaced with a 
higher capacity transformer. The signal light also gives 
a quick and accurate visual indication of where a 
tripped breaker is located when a power outage occurs. 

The completely self-protected transformer also in 
cludes an emergency control mechanism which effec 
tively changes the rating of the circuit breaker. The 
emergency control mechanism may be moved from its 
normal position to an overload position to allow the re 
setting of a tripped breaker. The rating of the circuit 
breaker may be increased by the emergency control 
mechanism for a short period of time until the bimetal 
lic strip in the circuit breaker has cooled sufficiently to 
allow setting of the rating of the circuit breaker at its 

. normal position. This usually permits quicker restora 
tion of service after a power outage. In some situations, 
the emergency control may be set to increase the ca 
pacity of the breaker and thus permit operation of the 
transformer with higher than normal overload current. 
While this procedure detrimentally affects the life of 
the transformer, the loss in some transformer life is 
sometimes justified when a power outage can be pre 
vented. ' - 

The versatility of the completely self-protected distri 
bution transformer is only limited by the necessity of 
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2 
visual observation and normal control of the trans 
former adjustments and switches. It is desirable, and, it 
is an object of this invention, to provide transformer 
apparatus in which the condition thereof may be moni 
tored at a remote location. It is also desirable, and it is 
a further object of this invention, to provide a trans 
former monitoring system which can respond to the 
monitored information and remotely control the trans 
former adjustments and switches according to a prede 
termined program. 

SUMMARY ‘OF THE INVENTION 

The secondary circuit breaker of the distribution 
transformer is connected to activator and detector de 
vices which control and monitor the status of the cir 
cuit breaker. A pressure detector is also used to moni 
tor the pressure of the liquid coolant in the transformer 
and therefore monitor the pressure of the gases above 
the liquid. Activator devices are included which may 
open and close the circuit breaker contacts from local 
or remote locations, adjust the emergency control 
mechanism, and reset the signal light. Detector devices 
are included which monitor the signal light, the emer 
gency control mechanism, and the circuit breaker 
contacts, as well as the coolant pressure. The detected 
information is sent to a remote monitoring station 
which provides visual or audible indications of the sta 
tus of the detected transformer variables. Activator 
control signals are originated at the remote monitoring 
station by manual means or automatically by pro 
grammed means and sent back to the transformer to 
correct any undesirable condition detected at the trans 
former by the monitor. Various combinations of activa 
tor and detector devices may also be used. 

BRIEF DESCRIPTION OF THE DRAWINGS I 

Further advantages and uses of this invention will be 
come more apparent when considered in view of the 
following detailed description and drawings, in which: 

FIG. l is a cut-away view of a distribution trans 
former including activators and detectors according to 
this invention; - 

FIG. 2 is a schematic diagram illustrating the trans 
former conditions which are detected and activated ac 
cording to this invention; 
FIG. 3 is a view showing activating and detecting de 

vices connected to a circuit breaker according to a spe 
ci?c embodiment of this invention; 

» FIG. 4 is a schematic diagram illustrating» activator 
and detector connections according to a speci?c em 
bodiment of this invention; and 
FIG. 5 is a block diagram illustrating an overall trans 

former monitoring and controlling system constructed 
according to this invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Throughout the following description, similar refer 
ence characters refer to similar elements in all ?gures 
of the drawings. 

Referring now to the drawings, and FIG. l in particu 
lar, there is shown a pole-type completely self 
protected distribution transformer 10. The transformer . 
10 includes an enclosure 12 with a lightning arrester l4 
and a primary bushing 16 mounted thereon. The bush 
ing 16. includes a current~limiting fuse or fusible link 18 
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and a protective link 20 which protect the primary dis 
tribution system from internal transformer faults. 
Secondary bushings, such as the bushing 22, are at 

tached to the enclosure 12. A signal light 24 is mounted 
on the enclosure 12 and is electrically connected to ter 
minals on a circuit breaker 26. A core and coil assem 
bly 28 is secured inside the enclosure 12 with the cir 
cuit breaker 26 attached thereto. Required winding 
leads, such as the lead 30, extending from the coil to 
appropriate bushings. 
The circuit breaker 26 includes two sets of contacts 

each connected in series with a secondary winding 
lead. A three-phase transformer would have a circuit 
breaker with three sets of contacts. The contacts are 
opened or “tripped” by a bimetallic strip through 
which the contact current passes. A circuit breaker 
having thermally responsive bimetallic elements and 
suitable for use with this invention is described in US. 
Pat. No. 2,686,242, which is assiged to the same as 
signee as is this invention. 
Activators and detectors are attached to the circuit 

breaker 26 and are electrically connected through the 
.plug 31 and the cable 34 to an encoder-transmitter 36 
and to a decoder-receiver 38. A pressure detector 40 
detects the pressure of the liquid coolant 42 contained 
within the transformer enclosure 12. An emergency 
control activator 44 may be remotely controlled to 
change the amount of current necessary to open the 
contacts of the circuit breaker 26. A remote contact 
activator 46 may be remotely controlled to open or 
close the contacts of the circuit breaker 26. A manual 
contact activator 48 mechanically trips the contacts of 
the circuit breaker 26 when a handle 50 is turned to 
move the linkage 52. 

' The detectors and the remotely controlled activators 
are linked to a remote monitoring station which proc 
esses the detected information and issues appropriate 
control signals. The function of the detectors and acti 
vators illustrated in FIG. 1, and of additional detectors 
and activators not illustrated in'FlG. 1, is described in 
greater detail hereinafter in this description. 

' FIG. 2 is a schematic diagram of a transformer 10 
having desired activators and detectors contained 
therein. The enclosurev 12 encloses the core and coil as 
sembly 28 which has a current-limiting fuse 18 in a lead 
of the primary winding 56. The circuit breaker 26 is 
connected in the circuit of the secondary winding 58. 

The desired activators and detectors are shown in 
block form with dashed lines indicating either an elec 
trical or a mechanical connection to the circuit breaker 
26. The manual contact activator Al provides means 
for manually changing the position of the circuit 
breaker contacts. The activator Al may be a mechani 
cal linkage connecting the circuit breaker contacts to 
an externally mounted handle, an electrical switch 
which controls a motor connected to the circuit 
breaker contacts, or any other suitable activator de 
vice. ' 

The remote contact activator A2 provides means for 
remotely changing the position of the circuit breaker 
contacts. The activator A2 may be a motor or solenoid 
which is connected to vthe circuit breaker contacts, or 
any other suitable activator device. The signal light 
reset activator A3 provides means for remotely reset 
ting the signal light. The signal light reset activator A3 
may be a solenoid or motor which disengages the signal 
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light contacts, limit means which limits the movement 
of the remote contact activator A2 to the amount nec 
essary to reset the signal light contacts, or any other 
suitable activator device. 
The emergency control activator A4 provides means 

for recalibrating or resetting the rating of the circuit 
breaker 26. With the circuit breaker 26 described by 
this invention, adjusting screws provided on the outside 
of the circuit breaker 26 effectively change the posi 
tion of the bimetallic strips inside the circuit breaker 
housing. By turning the adjustment screws, more or less 
movement of the bimetallic strips is necessary to trip 
the breaker contacts. Turning the adjustment screws 
may be accomplished with a solenoid or motor which 
is electrically connected to the adjustment screws. The 
emergency control position detector Dl provides 
means for detecting the position of the emergency con 
trol adjustment. That is, determining whether the cir 
cuit breaker 26 is adjusted to trip at its normal current 
or at an overload value above the normal value. The 
detector D1 may be a switch which is closedby the 
movement of the activator A4 when the emergency 
control is set at the overload position. 
The contact position detector D2 provides means for 

detecting the position of the contacts of the circuit 
breaker 26. That is, determining whether the contacts 
are open or closed. The detector D2 may be a switch 
which is activated by the mechanical movement of the 
contacts, an electrical connection to the contacts 
which detects a change in voltage across the contacts 
when-they change position, or any other suitable detec 
tor device. The signal light detector D3 provides means 
for detecting if the signal light 24 is illuminated. A con 
venient detector arrangement is an electrical connec 
tion to the signal light voltage. An illuminated signal 
light indicates that an overload condition has occurred 
in the transformer. If only remote indications are de 
sired, the external lamp of the signal light 24 may be 
omitted from the transformer components. 
The pressure detector D4 provides means for detect 

ing the pressure of the coolant in the transformer. Pres 
sure detection is desirable since the transformer tank 
will withstand only a fixed amount of pressure. Al 
though the pressure of the coolant is proportional to 
the temperature of the coolant, pressure detection is 
more reliable since pressure distribution is usually 
much more uniform than temperature distribution. The 
pressure detector D4 may be a switch which is acti 
vated when the coolant pressure reaches a predeter 
mined value. 
The information signals from the detectors D1, D2, 

- D3 and D4 are applied to an encoder-transmitter 36 

60 

from which they are tranferred to a remote monitoring 
station. Activating signals from the remote monitoring 
station are applied to the decoder-receiver 38 from 
which appropriate control signals are applied to the ac 
tivators A2, A3 and A4. 
FIG. 3 illustrates a speci?c embodiment'of the inven 

tion wherein the circuit breaker 26 has detectors and 
activators connected thereto. The circuit breaker 26 
includes the contact handles 60 and 62 which may be 
moved to open and close the circuit breaker contacts. 
The handles 60 and 62 are mechanically intercon 
nected by a rod 64 to which a lifter link 66 is attached. 
The linkage 68 is pivoted on pin 70 and is attached to 
the lifter link 66 and to the wheel_72. The motor 74 ro 
tates the wheel 72 when it is desired to change the posi 
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tion of the breaker contacts. Because of the eccentric 
connection of the linkage 68 to the wheel 72, the motor 
may move the handles 60 and 62 in two directions with 
out reversing the direction of rotation of the motor 74, 
although a reversible motor may‘ be used. 
The signal light 24 is activated when the contacts 76 

and 78 are electrically connected together within the 
housing of the circuit breaker 26. US. Pat. No. 
2,686,242 discloses a suitable arrangement for con 
necting the contacts 76 and 78 together when the cur 
rent ?owing through the circuit breaker 26 is excessive. 

The emergency control adjusting screws 80 and 82 
are connected to crank arms 84 and 86, respectively. 
When the solenoid 88 is activated, the rod 90 is moved 
substantially in an axial direction to rotate the adjusting 
screws 80 and 82. The position of the adjusting screws 
80 is detected by the switch 92. When the rod 90 is ex~ 
tend-ed from the solenoid 88, the button 94 is depressed 
and the switch 92 is activated. The secondary leads 96 
and 98 conduct the secondary winding current through 
the circuit breaker 26. 
FIG. 4 illustrates a schematic- diagram of a trans 

former ‘constructed according to a speci?c embodi» 
ment of this invention. The circuit breaker 26 includes 
the individual circuit breaker contact structures 1100 
and 102 which each include a bimetallic strip through 
which the secondary currents flow. The terminal pairs 
across which the activator and detector signals are ap 
plied are denoted with the activator and detector sym~ 
bols Al, A2, A3, A4, D1, D2, D3 and D4 according to 
FIG. 2. 
The motor 74 opens and closes the circuit breaker 26 

from remotely originated signals. The handle I04 may 
be utilized to locally and manually activate the circuit 
breaker 26. Conductors 106 and 108 which are con 
nected to the, breaker contact ‘structure W2 provide 
means for electrically detecting the position of the cir 
cuit breaker 26. When the circuit breaker 26 is closed, 
negligible voltage will develop across the conductors 
I06and 1108. When the circuit breaker 26 is opened, 
a voltage develops across the conductors 1106 and 1108 
through the resistor 110. . 
The switch 112 activates the signal light 241 and is me 

chanically connected to the bimetallic strips of the cir 
cuit breaker 26. When a predetermined amount of load 
current ?ows through either bimetallic strip, the switch 
112 is closed. Thus, the signal light 24 is turned on and 
a voltage is detected across the signal light 241. The so 
lenoid 114 may be activated to open the switch 112 to 
reset the signal light 24. 
Solenoid 116 activates the emergency control feature 

of the circuit breaker 26 by mechanical coupling to the 
bimetallic strips. When the emergency control is acti 
vated, switch 118 closes to detect the position of the 
emergency control. Similarly, the pressure switch 120 
is closed when the coolant pressure reaches a predeter 
mined value. ' 

The value of the voltages provided by the detectors 
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in this embodiment is substantially equal to one-half - 
the voltage of the secondary winding 58. Other ar 
rangements may be used, such as a separate control cir 
cuit winding, to provide the control voltages. 
FIG. 5 shows the transformer 10 in association'with 

a plurality of other transformers, such as transformers. 
122, 124 and 126, and a remote monitoring station 
128. Each transformer is connected to a transmitter 
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receiver device il3tl which processes the activating and 
detecting signals between the transformer and the re 
mote monitoring station 1128. Transfer of the signal 
from the transformer to the remote monitoring station 
may be accomplished by telephone lines, power line 
carrier systems, radio signals, or any other suitable 
means. - 

The remote monitoring station I28 provides the 
equipment necessary to utilize the intelligence informa 
tion signals from the transformers. Detector signals are 
applied to the detector decoder-receiver 132 which 
processes the signals to the proper form for application 
to the transformer status indicator 1134 and to the pro 
grammed automatic activator control 136. The trans 
fonner identi?er 137 processes unique coded informa 
tion signals transmitted from each transformer by its 
associated transmitter-receiver device 130 into the 
proper form for application to the transformer status 
indicator 1134. 
The transformer status indicator 1134 may be a cath 

ode‘ ray tube on which the information is displayed in 
printed words. For example, a typical display would be 
“TRANSFORMER 237-SIGNAL LIGHT ON.” The 
station indicator 134 may also be an arrangement of 
panel lights wherein each light represents a particular 
transformer status. It is within the contemplation of this 
invention that other means of indication and identi? 
cation may be used, for example, a print-out device, 
such as a typewriter. _ 

The information signals are applied to a computer or 
a programmed automatic activator control I136 ‘which 
processes the received information and sends appropri 
ate predetermined signals to the activator encoder 
transmitter 113%. The activator encoder-transmitter 138 
sends the desired activating signals to a particular iden 
tified transformer. The manual activator controll40 
may be used to send desired activating signals in re 
sponse to observations of the status indicator 1134. The 
manual activator control 1140 may comprise an ar 
rangement of push-buttons and/or switches. 
The transformer status indicator 1134 indicates which 

transformer is being monitored. This is accomplished 
by means of a code which is assigned to identify each 
separate transformer. It also indicates the status of the 
breaker contactsgof the emergency control, and of the 
signal light, and the pressure of the coolant. The auto 
matic activator control 136 may be programmed to 
originate activating signals in response to the detected 
information. For example, the program may be such 
that after a predetermined number of signal light indi 
cations, the maintenance indicator and alarm 142 
would be activated to alert personnel to make the 
proper replacements or changes in the transformer sys 
tem. The program may be such that an open circuit 
breaker will be reset only once automatically. The pro 
gram may be such. that the emergency control will be 
activated to a higher load current position to prevent 
the tripping or opening of the circuit breaker as long as 
the pressure of the coolant is below a predetermined 
value. _ ' 

In general, the transformer management philosophy 
of the electric utility company will determine the type 
of program by which the transformers will be con 
trolled. Since numerous changes may be made in the 
above-described apparatus and different embodiments 
of the invention may be made without departing from 
the spirit thereof, it is intended that all of the matter 
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contained in the foregoing description or shown in the 
accompanying drawings, shall be interpreted as illustra 
tive rather than limiting. 

I claim as my invention: 
1. A transformer comprising an enclosure, a core and 

coil assembly positioned in the enclosure, a circuit 
breaker assembly positioned in the enclosure, said cir 
cuit breaker assembly having open and closed contact 
positions and having emergency control means with 
normal and overload settings, overload responsive 
means positioned in the enclosure, said overload re 
sponsive means having normal and overload condi 
tions, position means for detecting the position of said 
circuit breaker assembly, condition means for detect 
ing the condition of said overload responsive ‘means, 
transfer means for transferring electrical signals corre 
sponding to the detected information from said posi 
tion means and said condition means to the exterior of 
said enclosure, said electrical signals being electrically 
measurable from the exterior of said enclosure, switch 
ing means for switching said emergency control means 
between the normal and the overload settings in re 
sponse to signals from a remotemonitoring station, and 
means for detecting information about the setting of 
said emergency control means. ‘ 

2. The transformer apparatusof claim 1 including 
means for resetting the .overload responsive means to 
its normal‘ condition in response to signals from a re 
mote monitoring station. 

3. The transformer apparatus of claim 1 wherein the 
emergency control means includes rotatable adjusting 
screws, and the means for activating the emergency 
control means includes a solenoid having an output 
shaft, said output shaft being eccentrically coupled to 
the adjusting screws. 

4. A transformer comprising an enclosure, a core and 
coil assembly positioned in the enclosure, a circuit 
breaker assembly positioned in the enclosure, said cir 
cuit breaker assembly having open and closed contact 
positions, overload responsive means positioned in the 
enclosure, said overload responsive means having nor 
mal and overload conditions, position means for de 
tecting the position of said circuit breaker assembly, 
condition means for detecting the condition of- said 
overload responsive means, transfer means for transfer 
ring electrical signals corresponding to the detected in 
formation from said position means and said condition 
means to the exterior of said enclosure, said electrical 
signals being electrically measurable from the exterior 
of said enclosure, and driving means for moving the cir 
cuit breaker assembly between the open and closed po 
sitions in response to signals from a remote monitoring 
station, said driving means including a motor having a 
rotating shaft, circuit breaker contact handles con 
nected to the circuit breaker contacts, a pivoted link 
age having first and second ends, the ?rst end of said 
linkage being coupled to the circuit breaker contact 
handles, and the second end of said linkage being ec 
centrically coupled to the motor shaft. 

5. The transformer apparatus of claim 3 wherein the 
means for detecting information about the position of 
the emergency control means includes a switch which 
is controlled by the position of the solenoid output 
shaft. 6 

6. A transformer monitoring system comprising 
means for detectinginformation about the status of 
predetermined transformer variables,‘ activating means 
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8 
for changing the status of predetermined transfomier 
variables, encoding and transmitting means for trans 
ferring the detected information to a remote monitor 
ing station, the remote monitoring station including 
means for receiving and decoding the detected infor 
mation, means for indicating at the remote monitoring 
station the status of the detected transformer variables, 
and means for sending control signals to said activating 
means from the remote monitoring station. 

7. The transformer monitoring system of claim 6 
wherein the detected predetermined transformer vari 
ables include the position of the contacts of a circuit 
breaker in the transformer and the condition of an 
overload responsive means in the transformer. 

8. The transformer monitoring system of claim 6 
wherein the activated transformer variables include the 
position of circuit breaker contacts in the transformer. 

9. The transformer monitoring system of claim 6 
wherein the detected predetermined transformer vari 
ables include the position of emergency control means 
in the transformer. 

10. The transformer monitoring system of claim 6 
wherein the activated transformer variables include the 
position of emergency control means in the trans 
former. 

11. The transformer monitoring system of claim 6 
wherein the activated transformer variables include the 
condition of overload responsive means in the trans 
former. 

12. The transformer monitoring system of claim 6 
wherein the detected predetermined transformer vari 
ables include the pressure of coolant inside the trans 
former. 

13. The transformer monitoring system of claim 6 
wherein the remote monitoring station includes means 
for identifying the transformer being monitored when 
more than one transformer is included in the system, 
and programmable automatic activating means which 
receives the detected information and controls the acti 
vating signals. 

14. A transformer monitoring system for monitoring 
a plurality of transformers, each of said transformers 
including a circuit breaker assembly having pen and 
closed contact positions, overload responsive means 
having normal and overload conditions, emergency 
control means having normal and overload positions, 
means for detecting information about the position of 
the contacts of the circuit breaker assembly, the condi 
tion of the overload responsive means, the position of 
the emergency control means, and the pressure of cool 
ant in the transformer, means for transferring the de 
tected information to a remotely located monitoring 
station, said monitoring station including means for 
identifying the transformer from which detected infor 
mation is received, means for indicating the detected 
information, programmed means which originates a 
control signal corresponding in a predetermined man 
ner to the detected information, means for transferring 
the control signal to activating means located in a 
transformer, said activating means being constructed to 
change the position of the breaker contacts, the condi 
tion of the overload responsive means, and the position 
of the emergency control means according to the na 
ture of the control signal originated by said pro 
grammed means. 

‘is it‘ ‘it It! I.‘ 
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