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My invention relates to a protective system for
electrical apparatus such as transformers and,
more particularly, to means for selectively un-
loading the apparatus o thereby prevent inter-
rupting the service of the apparatus in supplying
other loads.

Tt is an object of the invention to provide elec-
trical apparatus for supplying electric energy to
a plurality of load circuits and to provide means
responsive to the load output of the apparatus
for interrupting a selected number of circuits
leading from the apparatus.

It is a further object of the invention to provide
a plurality of load circuits each having conduc-
tors supplied from common terminal points on
the apparatus and circuit interrupting means for
disconnecting the conductors of one circuit or
certain of them from the terminal points in re-
sponse to a predetermined flow of energy from
the apparatus through all or some of said ter-
minal points. )
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The invention will be belter understood by ref-

erence to the accompanying drawing, in which

Figure 1 is a diagrammatic view of circuits and
apparatus organized in accordance with one pre-
ferred embodiment of the invention;

Fig. 2 is a simplified diagrammatic view of the
circuits shown in Fig. 1; and o

Fig. 3 is a simplified diagrammatic view of cir-
cuits illustrating another embodiment or applica-
tion of the invention. .

In Figs. 1 and 2 of the drawing, a supply
circuit is represented by conductors t and 2 that
are connected to the primary winding 3 of a
transformer & having a secondary winding 5, the
outer ends of which are connected through con-
ductors 6 and 7 and bimetal load responsive ‘ele-
ments 8 and 8 to junction points (2 and (8,
respectively. :

Conductors {4 and 15 that are connected to the
junction points 12 and i3, respectively, comprise
the two end terminal conductors of one circuit
supplied from the transformer 4. A second out-
put circuit from the transformer is also provided,
comprising conductors {6 and {7, that are con-
nected to junction points 12 and {3 through con-
tact members 18 and 19, respectively, of a circuit
interrupting device, A load circuit conductor 21
is provided connected to a point 22 on the winding
5 intermediate its ends, this conductor being com-
mon to the circuit having conductors (4 and (B
and to the circuit having conductors 15 and 7.

The bimetal elements 8 and 9 constitute ther-
mally actuated load responsive elements for ini-
tiating the operation of the cireuit interrupting
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_engagement with the

device 28 to disconnect circuit conductors 16 and
i1 from the transformer winding 5. The bimetal
elements 8 and 2 are mounted on suitable abut-
ments 23 and 28, respechively, and are provided
with latches 25 adjacent their outer or moving
ends that are adapted to disengage tripping mem-
bers 28 and 27 pivotally mounted on pins 28 and
29, respectively, and hiased by springs 30. The
ends of the actuating members 26 and 21 remote
from the latches 25 are positioned adjacent to an
operating member 31 attached to a latch rod 32
normally biased by a spring 23 to its illustrated
position to engage 2 projection 34 carried by a
switch operating member 35 for maintaining the
switeh operating contact members 35 and 37 in
circuit closing position. Upon digengagement of
the rod 32 with the projection 34, the circuit
interrupting member 29 is actuated through tog-
gle mechanism 33 by a spring 28 to disconnect
Both conductors 6 and 11 from the transformer-
winding 5. 'This may be brought about by heat-
ing either cf the bimetal elements 8 or 9 suffi-
ciently to release its associated latch 2§ from
associated tripping member
25 or 27 so that should the cutput current from
either of the terminal conductors & or T increase
above the desired value for which the equipment
is set to operate, the circuit connection between
the transformer winding § and the circuit con~
ductors 16 and 17 will be simultaneously broken.

The circuit interrupting device 20 and the con-
trol mechanism therefor that is actuated in re-
sponse to the bimetal elements 8 and 9 may cor-
respond to the civeuit breaker disclosed in United
States Patent No. 2,169,586, issued to M. G.
Leonard, August 15, 1039, and assigned to the
same assignee as this application. Such a device
is usually mounted to operate under oil in which
the transformer or like apparatus is immersed,
so that the elements 8 and 9§ are responsive both
to the temperature of the apparatus as a whole
as indicated by the oil temperature and also by
the current flowing in the circuit.

Tt will be noted that the temperature respon-
sive thermal elements 8 and 9 are connected be-
tween the terminals of the winding 5 and the
junction points 12 and 13, respectively, so as to
be affected by the total cutput currents from the
two ends of the winding § supplying the two cir-
cuits. It will be appreciated that the load de-
vices I, connected between conductors {4 and 21,
are not necessarily of the same current consum-
ing capacity as the devices I, that may be con-
nected between conductors 15 and 21 in the
above-mentioned three-wire circuit and also that
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the load devices I’, connected between conduc-
tors 16 and 21, are not necessarily of the same
current consuming capacity as those that may be
connected between conductors 171 and 21, so that
the current fow through the bimetal elements
8 and 9 are not necessarily alike. When the cur
rent flow from either end of the winding 5 is in-
creased to a poing causing a dangerous overload
on the apparatus, the circuit conductors 16 and
17T will be disconnected from the circuit to de-
crease the load on the apparatus while at the
same time maintaining service on the circuit ren-
resented by conductors {4, 15 and 21. 'The wind-
ing § may, therefore, be used as .the supply source
both for an emergency system which must be
carried without interruption and for supplying
also a second circuit which may be interrupted
without serious consequences.

Another application of the invention is illus-
trated in Fig. 3 in which primary circuit con-
ductors 4§, 42 and 43 are shown as supplying a 3
bhase Y-connected transformer primary wind-
ing &4, The secondary windings 45, 46 and 47
are connected in delta to junction points 48, 48
and 59 comprising the terminal points of the
secondary circuit represented by econductors 5,
52 and 53. As shown, the ‘winding 45 is con-
nected between bimetal element 54 and 55 and be-
tween the contact members 56 and 57 of 2 circuit
Interrupting device which may be similar to that
shown in Fig, 1, so that upon overheating of
elther element 54 or 85, the circuit breaker woulg
operatz to disconnect the winding 45 from the
circuit through switch contact Mmembers 58 and
89. The phase winding 48 ig similarly connected
to the secondary circuit conductors through bj-
metal elementg 58 and 88 and switch contact
members 62 and §2 50
either of the twg bimetal elements connected in
cireuit therewith, the winding 46 will be discon-
nected from the cireuit,

The third winding 47 is connected between bi-
metal elements §4 and 65 and junction points 6§
and 87 which are connected by conductors 68 and
£3 to the Junction point 59 and 49, respectively.

It will be noted that provision ig made to dig-
connect the windings 45 and 46 from the three-
rhase circuit Tepresented by conductors 51, 52
and 53, upon heating of the bimetal elements in

third phase winding 47 ig always connected be-
tween junetion voints 58 and 43, The winding
47 not only is connected as a part of the delty
winding supplying the three-phase
is alsc connected to supply a single phase three-
wire circuit represented by conductors: 72, 73 and
74. The conductors 72 and 73 are connected
to Junction point 88 and 67, réspectively, by
switch contact members 75 and 18, which are
jommtly operated in Tesponse to the thermal action
of the himetal elements 64 or 8% in the same man-
21 as the cireyit interrupting device 20 illus-
trated in Fig, 1. The third conductor T4 of the
i e phase circuit ig Connected to a point 1
¢ ends of winding 27 so that the
* thase circuit represented by conductors
., 18 and 74 is similar to that illustrated in Migs,
1 2 by conductors {6, 17 and 21,

In the application of the invention illustratedq
in Wiz, 3 in which one phase winding 47 carries
hoth a part of the three-phase load and g single
vhase load, tha circuit interrupting device hav-
ing contacts 75 and T8 would be adjusted to oper-
ate o disconnect g single phase circuit from the
system whenever the combined load on the two
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‘excessive voltage on
might result if simultaneous disconnection of
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circuits would endanger the apparatus if al-
lowed to persist, This circuit interrupter will
not, however, disconnect the bolyphase load. The
bolyphase circuit is brotected by circuit inter-
rupting devices associated with windings 45 and
43, respectively, to interrupt the connections of
these windings from the three-phase circuit
should the bimetg] elements connecteq in circuit
therewith become overheated. It will he noted
that both in the single-phage circuit shown in
Fig. 3 and in the circuits shown in Figs. 1 and 2,
the single-phage circuits always operate with g
stable neutra] thereby avoiding the danger of
one side of the system as

the terminal conductors of
provided for.

While the applications of the invention have
been illustrated particularly with reference to

the circuit were not

20 transformers ag the apparatus to be bprotected,

it will be evident that the arrangement of the
load responsive elements and the circuit inter-
rupting devices fllustrated and described may be
applied to the protection of the windings of gen-

25 erators or other sources of electrical energy. It

will also be apparent that the load responsive ele-
ments may be therma] relays in which the ther-
mally-responsive element is heated by current
flowing from current transformers, or by other

30 heaters responsive to the maximum bermissible

35

loads, or the load responsive
current actuated devices,

Variouys modifications in the circuits and ap-
paratus shown to illustrate embodiments of the
invention will gecur to those skilled in the art
and I do not wish to be limited otherwise than
by the scope of the appended claims,

Iclaim as my invention:

1. In a protective system

elements may ke

for electrical appara-

40 tus having a phase winding for supplying electric

G
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energy to load devices, a load circuit comprising
two conductors conductively connected to oppo-
site ends of said phase winding and a conductor
conductively connected to a point on said wind-

“ ing intermediate its ends, a secongd load circuit

comprising two conductors also conductively con-
nected to opposite ends of said winding and the
conductor of the first hamed circuit ccnnected to
a point on said winding
circuit interrupter for disconnecting the two first
named conductors of one of said circuits from
said winding, and means responsive both to the
temperature of the apparatus as a whole angd also
to the current in both of said circuits for operat-
ing said circuit interrupting device,

2. In a protective system for electrical appara-
tus immersed in g cooling andg insulating liquig
and having a phasge winding for supplying electric

a boint on saig winding
intermediate its ends, a second load circuit com-
isi also conductively con-
of said winding ang the
conductor of the first named circuit connected to

cooling liquid and responsive both to the tem-
berature of the apparatus as a whole and to the
current flowing through both conductors cen-
nected to one end of said phase winding for op~
erating said circuit interrupter ang additional
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thermal means 2lso immersed in said cooling
liquid and responsive to the current flowing
through both conductors connected to the other
end of said phase winding for operating said
circuit interrupter.

3. In a protective system for electrical appara-
tus, in combination, a plurality of apparatus
windings connected in delta for supplying energy
to a polyphase electric circuit comprising phase
conductors connected to the points of common
connection between the windings, a second cir-
cuit comprising a pair of conductors connected
to the opposite ends of one of the delta connected
phase windings and a conductor connected to a
point on said winding intermediate its ends, a cir-
cuit interrupter for disconnecting said pair of
conductors of said second circuit from the op-
posite ends of ‘said phase winding, and means
responsive pboth to the temperature of the ap-
paratus as a whole and also to the current in
said phase winding resulting both from power
flow in said polyphase circuit and in. said sec-
ond circuit for operating said circuit interrupter.

4, In a protective system for electrical appara-
tus, in combination, a plurality of apparatus
windings immersed in a cooling and insulating
liquid and connected in delta for supplying en-
ergy to & polyphase electric circuit comprising
phase conductors connected to the points of com-~
mon connection between the windings, a second
circuit comprising & pair of conductors connected
to the opposite ends of one of the delta connected
phase windings and a conductor connected to a
point on said winding intermediate its ends, a
circuit interrupter for disconnecting the pair of
conductors of said second circuit from the op-
posite ends of said phase winding, thermal means
immersed in said cooling and insulating liquid
so as to be responsive to the temperature of the
apparatus as a whole and also connected in cir-
cuit to be responsive to current flow from one
end of szid phase winding to the conductors of
both the polyphase circuit and the second cir-
cuit for operating said circuit interrupter, and
thermal means immersed in said cooling and
insulating liquid so as to be responsive to the
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temperature of the apparatus as a whole and
also connected in circuit to be responsive to cur-
rent flow from the other end of said phase wind-~
ing to the conductors of both the polyphase cir-
cuit and the second circuit for operating said
circuit interrupter.

5. In a protective system for electrical appara-
tus, in combination, three apparatus windings-
immersed in a cooling and insulating liquid and
connected in delts relation for supplying energy
to a polyphase electric circuit comprising phase
conductors connected to the points of common
connection between the windings, a circuit in-
terrupter associated with each of two of said
windings for disconnecting the opposite ends of
the winding from the points of common connec-
tion to adjacent windings and thermal means
immersed in said cooling and insulating liquid
so as to be responsive to the temperature of the
apparatus as a whole and also connected in cir-
cuit to be responsive to current flow from either
end of said winding for operating said circuit in-~
terrupter, a second circuit comprising a pair of
conductors connected to the opposite ends of the
third one of the delta connected phase windings,
and a conductor connected to & point on said
winding intermediate its ends, a circuit inter-
rupter for disconnecting said psir of conductors
of said second circuit from the opposite ends of
sald phase winding, thermal means immersed in
said cooling and insulating liquid so as to be re-
sponsive to the temperature of the apparatus as
a whole and also connected in circuit to be re-
sponsive to current flow from one end of said
phase winding to the conductors of both the poly-
phase and the second circuit for operating said
circuit interrupter, and thermal means immersed
in said cooling and insulating liguid so as to be
responsive to the temperature of the apparatus
as a whole and also connected in circuit fo be
responsive to current flow from the other end of
said phase winding to the conductors of both the
polyphase and the second circuit for cperating
said circuit interrupter.

ARTHUR M. LOCKIE.




