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8 Claims. (CL 323—44)

This invention relates to transformers and, more par-
ticularly, to means for protecting air-cooled transformers
from excessive temperatures.

In Patent No. 2,640,101, issued to A. V. Hughes, and
:assigned to the same assignee as the present application,
protective means is provided for electrical apparatus,
such as an air-cooled transformer, the protective means
including a control device operative in response to pre-
«determined conditions of the transformer for actuating
«cooling means upon the occurrence of a predetermined
-operating condition and thereafter actuating a signalling
«device upon the occurrence of other predetermined op-
ierating conditions of the transformer, such as the failure
:0f the cooling means to operate or when the cooling
means is operating inefficiently. More particularly, the
«control device is responsive to both the predetermined
heating effects of current flowing in the windings of the
transformer and the predetermined temperatures of air
currents which pass over the windings of the transformer.
A disadvantage of the above protective means is that it
does not include means for actuating the signalling de-
vice during periods when the cooling means is operat-
ing. This is because the temperatures to which the con-
trol device in the above protective means responds to
-actuate the signalling device during self-cooled operation
are higher than the temperatures to which the control de-
vice responds to actuate the cooling means. In order to
provide suitable means for actuating the signalling device
during periods in which the cooling means is operating,
the means for actuating the signalling device must re-
spond to temperature during the latter periods which are
less than the temperatures to which the control device in
the above protective means responds to actuate the cool-
ing means. This is because the cooling means imparts a
cooling effect not only to the windings of the transformer
but also to any thermally responsive control device in-
cluded in a protective means. It is therefore desirable to
provide protective means for a transformer of the type
described for controlling the operation of the cooling
means and for actuating a signalling device upon the oe-
currence of predetermined operating conditions of the
transformer regardless of whether the ceoling means is
operating.

An object of this invention is to provide a new and
improved air-cooled transformer having protective means
for controlling the operation of the cooling means
associated with the transformer and for indicating pre-
determined operating conditions of the transformer.

Another object of this invention is to provide protec-
tive means for an air-cooled transformer including ther-
mally responsive devices for actuating cooling means in
response to a predetermined operating condition of the
transformer and for actuating signalling means in re-
sponse to other predetermined operating conditions of
the transformer both before and after said cooling means
is actuated. .

Other objects of the invention will, in part, be obvious
. and will, in part, appear hereinafter.
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For a fuller understanding of the nature and objects of
the invention, reference should be had to the following
detailed description taken in connection with the accom-
panying drawing in which the single figure is a view in
side elevation, partly in section and partly diagrammatic,
of circuits and apparatus illustrating one embodiment of
this invention.

Referring to the drawing, this invention is illustrated
by reference to an air-cooled, air-insulated transformer 1
which is of the general construction described and claimed
in Patent No. 2,295,415 to G. R. Monroe, issued Septem-
ber 8, 1942, and assigned to the same assignee as this ap-
plication. As illustrated, the transformer 1 comprises a
casing 2 which may have ventilated openings in the side
walls (not shown) for providing free access of the sur-
rounding air to gontact a core structure 3 and winding
structure thereon, disposed within the casing. The core
structure 3 is provided with two - vertically positioned
winding legs 4 and 5 connected to two horizontal yoke
portions clamped between channel members 6 at the top
of the structure and between channel members 7 at the
bottom of the structure, respectively, and held in posi-
tion by the bolts 8 for clamping the channel members to-
gether. A pair of upper pressure plates or rings 9 and a
pair of lower support members 10, respectively, are pro-
vided for assisting in holding a high-voltage winding 11
and a low-voltage winding 12 disposed internally thereof
in their proper positions about the winding legs 4 and 5
of the core structure 7. The rings 9 and support mem-
bers 10 are of a spider construction (not shown) to facili-
tate passage of air therethrough to and from the windings
12 and 11,

The low-voltage winding 12 comprises a plurality of
cylindrical coils 13 separated by spacers 14 and wound
about a central tube 15, the tube 15 and the coils 13
extending from the lower support members 10 to the up-
per pressure plates 9. The high-voltage winding 11 com-
prises a plurality .of flat or disk-type coils 16 separated
by the spacers 17 of insulating material, such as porce-
lain, the spacers 17 being arranged in vertical «columns
between adjacent coils and the spacers 14 being arranged
in horizontal rows between adjacent coils. The spacers
»‘17 and 14 are spaced about the circumference of the wind-
Ings 11 and 12, respectively, in a manner to provide open-
ings in the windings 11 and 12 radially between the ad-
Jacent coils, the spacers 14 providing openings 74 be-
tween the coils 13 of the winding 12 which extend from
the lower support members 10 to the upper pressure
plates 9 for permitting the free movement of air currents
upwardly between the coils 13. The windings 11 are
positioned between the blocks 18 between the support
members 10 and the lower end of the windings 11 and

-between the pressure rings 9 and the upper end of the

windings 11 to assist in clamping the coils of the wind-
ings 11 firmly in place between the members 9 and 10.

In order to provide for forced cooling of the core and
coil assembly, a fan 19 is disposed at one end of a hous-
ing 20 for operation when the transformer 1 is operating
under a predetermined overload condition. As illus-
trated, the housing 20 is positioned beneath the coil as-
asembly of the transformer 1, the upper horizontal sur-
face of the housing 20 constituting ‘the support members
10 extending below the coil assembly for supporting the
coil assembly as described hereinbefore, the lower hori-
zontal surface of the housing 20 constituting a loweér plate
member 21 for supporting the channel member 7, one
end of the housing 20 terminating in an opening 22 for
receiving the fan 19, the housing 20 being enclosed by
supporting side walls 23. The plate member 10 is formed
with a central opening (not shown) for receiving the
lower ends of the winding legs 4 and 5 of the core struc-
ture 3, as viewed in the drawing, this opening in coopera-
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tion with the sprder construction (not shown) of the plate
10 permitting air currents forced upwardly by operation
of the fan 19 to enter into the region occupied by the coil
assembly for circulation thereabout to cool the coil as-
sembly.

In order to control the operation of the fan 19 which
is disposed for actuation upon the occurrence of a pre-
determined operating condition of the transformer 1 for
cooling the coil assembly thereof and to also control the
operation of the signalling device 24 which may be a
light, bell or other suitable device disposed for actuation
thereafter to indicate predetermined operating condi-
tions of the transformer 1 both during self-cooled and
fan-cooled operation, a first control device 25 and a sec-
ond control device 125 are disposed within the casings
26 and 128, respectively, which are preferably mounted
adjacent to each other atop the coil assembly of the trans-
former 1 on one of the pressure plates 9 and over one of
the splder openings 27 therein. The first thermally re-
sponswe control device 25 and the second thermally re-
sponsive control device 125 are of the general construc-
tion and operate similarly to the device described and
claimed in Patent No. 2,169,586 to M. G. Leonard, issued
August 15, 1939, and assigned to the same assignee as
this application. In gemeral, the first control device 25 is
designed to respond to higher temperatures than the sec-
ond control device 125.

The thermally responsive b1rneta1 elements 28 and 128
are included in the control devices 25 and 125, respec-
tively, and comprise a part of a circuit which extends
from one terminal of a current transformer 29 drsposed
in, relation with a conductor 30 of the load circuit of the
transformer 1 through the bimetal 28, the conductor 31,
the energizing winding 32 of a relay 33, through the con-
ductor 34 and the bimetal 128 to the other terminal of
the current transformer 29. The bimetals 28 and 128 are
responsive to both th e predetermmed heating effects of
current induced in the winding of the current transformer
29 which is a measure of the current flowing in the load
circuit of the transformer 1 and the predetermined tem-
peratures of air currents which move upwardly from the
coil assembly of the transformer 1 info the casings 26
and 126 of the first control device 25 and the second
control device 125, respectively.

The heating of the bimetals 28 and 128 due to the cur-
rent flow therethrough that is proportional to the load
current on the transformer 1 reflects immediately in the
control devices 25 and 125 any change in the loading of
the transformer, which might overheat and endanger the
transformer during self-cooled and fan-cooled ‘operation,
respectively. Thus, the bimetals 28 and 128 are disposed
for movement to predetermined positions to the right
when the low voltage winding 12 has become overheated
by the presence of dangerous overloads on the trans-
former 1 during self-cooled and fan-cooled cperation re-
spectively of the transformer I which cause currents of
Heated air to rise upwardly between the coils 13 into the
casings 26 and 126 of the thermally responsive control
devices 25 and 125, respectively. »

In order to provide for proper operation of the fan 19,
the ener‘gizing‘winding 32 of the relay 33 is included in
the circuit described hereinbefore. The winding 32 is
therefore, responsive to current which is proportional to
the load current of the transformer 1 and is designed and
adapted to be so energized thereby when the load cur-
rent of the transformer 1 reaches a value slightly higher
than the value of the rated full load current of the trans-
former 1 as to actuate the normally open contact mem-
ber 35 thereof to a circuit closing position. When the
contact member 35 is actuated to the circuit closing posi-
tion, a circuit is established which extends from the power
line -conductor 36 through the conductor 37, an auto-
matic-manual selector switch 38, shown as bemg in the
atitomatic position, through the contact miember 35 and
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the conductor 39 to a fixed contact member 40 of the first
control device 25.

In order to control the sequential operation of a plu-
rality of contactors to thereby control the operation of
the fan 19 and the signal device 24 during both self-
cooled and fan-cooled operation of the transformer 1, a
pair of pivotally mounted switch operating members 41
anid 42 are included in the first control device 25 within
the casing 26, and a pair of pivotally mounted switch
operating miembers 141 and 142 are included in the sec-
ond control device 125 within the casing 126.  As the
transformer 1 heats up initially, the lower end of the
member 141 of the second control device 125 is disposed
to be moved by the bimetal 128 upon the occurrence of
a predetermined movement of the bimetal 128 to the
right to effect movement of the free end of the member
141 to the left. A contact member. 143, carried by the
member 141 at the free end thereof, is thereby moved
away from engagement with a cooperatmg fixed -contact
member 140 for opening the circuit which extends from
the power line conductor 48 through the conductor 154,
the contact members 140 and 143, the conductor 152 to
a normally open contact member 150 of the contactor 46
whrcn is’ connected in series circuit relationship with the
energizing wmdlng 122 of the contactor 128. Thus,
whenever the contact members 140 and 143 are disen-
gaged, the energizing winding 122 of the contactor 120
will .be deenergized for reasons which will be explained
beremafter As the transformer 1 heats up still further,
the plvotally mounted switch operating member 142 is
dlsposed to be actuated by a further predetermined move-
ment of the bimetal 128 to the rlght for effecting move-
A
contact niember 168 carried by the pivoted member 142
at the free end  thereof is thereby moved into engage-
ment with a fixed contact member 169. The engage-
ment of contact members 168 and 169 establishes a cir-
cuit extendmg from the conductor 71 at one side of the
energizing winding 58 of the contactor 57 through the
contact membets 169 and 168, through the conductor 156
to.a normally open contact member 123 of the contactor
120 for reasons which will be explained hereinafter.

As prev1ous1y described, the first control device 25 re-
sponds to temperatures which are higher than the tem-
peratures to which the second control device 125 re-
sponds. As the transformer 1 heats up still further, the
‘switch operating member 41 of the first control device 25
is drsposed to be engaged by the bimetal 28 upon the
occurrence of a predetermlned movement of the bimetal
28 to the right to effect movement of the free end of the
member 41 to the left. A contact member 43 carried by
the member 41 at the free end thereof is thereby moved
into engagement with a fixed contact member 49 for es-
tabhshmg a circuit extending from the power line conduc-
tor 36 through the conductor 37, the switch 38, through
the contact member 35 whenever the relay 33 is ener-

‘gized, the conductor 39, the contact members 40 and 43,

the corductor 44, the energizing winding 45 of a con-
tactor 46 and through the conduictor 47 to the power line
conductor 48. The Wmdmg 45 of the contactor 46 is,
therefore, connected across the power line conductors 36
and 48, and is thereby energlzed to srmultaneously eifect
movement of a plurahty of normally open contact mem-
bers 49, 50, 51 and 150 thereof to circuit closing po-
sitions. B R _ . . o
The_movement of the contact members 59 and 51 of
the contactor 46 to circuit closing posmons effects ener-
gization of the fan motor 52 through a circuit extending
from the power line conductor 36 through the conductor
53, the contact member 50, the conductor 54, the fan

_motor 52, the conductor 55, .the contact n1emb=-r 51 and

the conductor 47 to the power line conductor 48, thus
effecting the energization of the.fan motor 52 to operate
the fan 19. The movenient. of the, contact membcr 49
effects establishment of a holdm° circuit for the wmdmg
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45 of the contactor 46 which is disposed to thereafter
maintain the energization of the fan motor 52. The
holding circuit extends from the power conductor 36
through the conductor 37, the switch 38, the contact mem-
ber 35, the conductor 56, the contact member 49, the
energizing winding 45 of the contactor 46 and the con-
ductor 47 to the line conductor 48. The movement of
the contact member 159 to a circuit closing position per-
mits energization of contactor 120 whenever the contact
members 140 and 143 of the second control device 125
are engaged through a circuit which extends from the
conductor 36 through the conductor 53, the energizing
winding 122 of the contactor 120, through the contact
member 150, the conductor 152, the contact members
140 and 143, and through the conductor 154 to the power
line conductor 48.

The holding circuit is necessary for the effective opera-
tion of the protective means or system for, as the fan 19
begins operation, air is forced upwardly thereby from the
housing 20 and is circulated about the area occupied by
the heated low voltage windings 12 to force the air heated
by the windings 12 upwardly into the casings 26 and 126
for not only cooling the low voltage windings 12 but for
also cooling the thermally responsive bimetal elements
28 and 128. It is readily apparent that such a result is
inevitable, for the air actuated by the fan 19 rises up-
wardly from the low voltage windings 12 into the casings
26 and 126 to effect such cooling of the bimetal elements
28 and 128, respectively. The thermal action of the
cooler air on the bimetal element 28 tends to cause the
bimetal element 28 to operate to reverse the initial se-
quence of operations whereby the free end of the switch
operating member 41 tends to move to the right to dis-
engage the contact members 49 and 43 and interrupt the
energizing circuit for the energizing winding 45 of the
contactor 46. However, since the holding circuit for the
energizing winding 45 has been established, the contactor
46 is maintained in its energized circuit closing position
to thereafter maintain operation of the energizing circuit
for the fan motor 52 independently of the position of the
bimetal 28. However, when the load current on the trans-
former 1 is reduced to a predetermined value which per-
mits safe operation of the transformer 1, the current flow
through the winding 32 of the relay 33 is insufficient to
maintain the relay 33 in a circuit closing position, and the
contact member 35 of the relay 33 drops to a circuit in-
terrupting position to interrupt the holding circuit for the
winding 45 of the contactor 46.

In similar fashion, after the fan 19 begins operation,
the thermal action of the cooler air on the bimetal ele-
ment 128 after a time delay tends to cause the bimetal
element 128 to operate to reverse the initial sequence of
operations whereby the free end of the switch operating
means 142 tends to move to the right to disengage the
contact members 168 and 169 and the free end of the
switch operating member 141 tends to move to the
right to move the contact member 143 into engagement
with the contact member 140, thus energizing the con-
tactor 120 through the circuit which extends from the
power line conductor 36 through the conductor 53, the
energizing winding 122 of the contactor 120, the con-
tact member 150 of the contactor 46, through the con-
ductor 152, the contact members 143 and 144 and through
the conductor 154 to the power line conductor 48. The
winding 122 of the contactor 120 is, therefore, connected
across the power line conductors 36 and 48, and is
thereby energized to simultaneously effect movement of
the contact members 124 and 123 thereof to circuit clos-
ing positions. The movement of the contact member
124 effects establishment of a holding circuit for the
winding 122 of the contactor 128 which extends from
the power line conductor 48 through the conductor 47,
through the contact member 124 and the contact member
150, through the winding 122 of the contactor 120,
through the conductor 53, and back to the power line
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conductor 36. The movemetit of the contact miember
123 of the contactor 120 to a circuit closing position
has no effect on the operation of the control circuit
so long as the contact members 168 and 169 of the
second control device 125 are disengaged since the con-
tact member 123 is connected in series circuit relation-
ship with the contact members 168 and 169 of the sec-
ond control device 125.

In order to control the operation of the signal device
24, another contactor 57 having an energizing winding
58 is included in the control circuit for the protective
means or system. When the transformer 1 is initially
arranged for operation, the winding 58 is placed in a
normally energized condition by manual actuation of
a start-reset switch 59 to a circuit closing position for
establishing a circuit extending from the line conductor
36 through the conductor 37, the switch 59, the con-
ductor 68, the winding 58 of the contactor 57, the re-
sistor 61 and the conductor 47 to the line conductor 48
to thereby connect the winding 58 across the line con-
ductors 36 and 48 for energizing the winding 58. Such
energization of the winding 58 effects the movement
of a pair of contact members 62 and 63 of the contactor
57 to circuit interrupting and circuit closing positions,
respectively. The movement of the contact member 62
to a circuit interrupting position interrupts a signal cir-
cuit extending from the line conductor 36 through the
conductor 64, the signal device 24, the contact member
62, and the conductor 65 to the line conductor 48 to
thereby maintain the signal device 24 in an inoperative
condition until predetermined operating conditions of
the transformer 1 eifect the energization thereof. The
movement of the contact member 63 to a circuit closing
position establishing a holding circuit extending from the
line conductor 36 through the conductors 53 and 66,
through the contact member 63, the conductor 67, the
winding 58 of the contactor 57, the resistor 61 and the
conductor 47 to the line conductor 48 to thereby main-
tain the energization of the winding 58 of the contactor
57 until such time as the operating conditions of the
transformer 1 effect deenergization of the winding 58 for
effecting the energization of the signal device 24 by means
of an operation which will be described hereinafter.

In order to effect the deenergization of the contactor
57 during the self-cooled operation of the transformer
1, the pivotally mounted switch operating member 42
of the first control device 25 is disposed to be actuated
by a further predetermined movement of the bimetal 28
to the right for effecting movement of the free end of
the member 42 to the left. The contact member 68
carried by the pivoted member 42 at the free end thereof
is thereby moved into engagement with a fixed contact
member 9. The engagement of contact members 68
and €9 establishes a circuit extending from the power
line conductor 36 through the conductors 33 and 66,
the contact member 63 normally disposed in the circuit
closing position as described hereinbefore, the conduc-
tors 67 and 79, the closed contact members 68 and 69,
through the conductor 71, the resistor 61 and the con-
ducter 47 to the power line conductor 48. This circuit
is disposed for shunting the normally energized winding
58 cof the contactor 57 to effect the denergization of the
winding 58, thereby causing the contact members 63 and
62 to drop to circuit interrupting and circuit closing posi-
tions, respectively. The resistor 61 is provided in order
to prevent a short circuit between the power line con-
ductors 36 and 48 whenever the contact members 68
and €9 are engaged. The movement of the contact mem-
ber 62 to the circuit closing position establishes the sig-
nal circuit for energizing the signal device 24, and the
movement of the contact member 63 to the circuit inter-
rupting position interrupts the energizing circuit for the
energizing winding 58 of the contactor 57 to thereafter
maintain the deenergization of the winding 58 and the
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energlzatxon of the s1gnal device 24. When it is desired
to deenergize the signal device 24, the sw1tch 59 may
be manually actuated to the circuit closing posmon as
was described hereinbefore.

In order to effect the deenerglzatlon of the contactor
57 after the fan 19 begins ‘operation, it is Decessary that
the effect of the thermal action of the cooler air on the
bimetal element 128 cause the contact members 140
and 143 of the second control device 125 fo return to a
circuit closing position and the contact members 168
and 169 to return to a circuit interrupting position as
previously described. After the contact members 143
and 143 return to a circuit closing position, the contactor
128 will be energized through a circuit which extends
from the power line conductor 36 through the conductor
53, the energizing winding 122 of the contactor 123, the
contact member 150 of the contactor 46, the conductor
152, the contact members 143 and 148, and through the
conductor 154 to the power line conductor 48. The wind-
ing 122 of the contactor 120 is, therefore, conmected
across the power line conductors 46 and 48 and is thereby
energized to simultaneously effect movement of a pair
of contact members 124 and 123 of the contactor 12§ to
circuit closing positions. The movement of the contact

member 124 to a circuit closing position effects establish-

ment of a holding circuit for the winding 122 of the
contactor 128 which extends from the power conductor
36 through -the conductor 53, the winding 122 of the
contactor 120, the contact member 150 of the contactor
46, through the contact member 124 of the contactor
128, through the conductors 132 and 47 to the power
conductor 48. The contactor 120 remains energized
thereafter independently of the operation of the contact
members 140 and 143 of the second control device 125.
The movement of the contact member 123 of the con-
tactor 120 establishes a closed circuit which extends
from one side of the energizing winding 58 of the con-
tactor 57 through the contact member 123 and the con-
ductor 156 to the fixed contact member 168 of the sec-
ond control device 125.

After the initial effect of the thermal action of the
cooler air on the bimetal 128 has returned the contact
members 140 and 143 to a circuit closing position and
the contact members 168 and 169 of the second control
device to a circuit opening position, a further increase
in the load on the transformer 1 will cause an increase in
the temperature of the air which is heated by the wind-
ings of the transformer % and rises into the casing 12§
of the second control device 125. The thermel action of
the heated air will effect movement of the bimetal ele-
ment 128 to the right to disengage the contact member
143 from engagement with the contact member 149.
Such operation will have no effect on the energization of
the contactor 126 since a holding circuit will have already
been established as previously described. As the trans-
former 1 heats up still further, however, during fan-
cooled operation the pivotally mounted switch operating
member 142 is actuated by a further predetermined
movement of the bimetal 128 to the right for effecting
movement of the free end of the member 142 to- the
left. The contact member 168 carried by the pivoted
member 142 at the free end thereof is thereby moved
into engagement with the fixed contact member 163.
The engagement of the contact members 168 and 169
now establishes a circuit extending from the power line
conductor 36 through the conductors 53 and 66, through
the contact member 63 normally disposed in the circuit
closing position as described hereinbefore, the contact
member 123 of the contactor 129, the conductor 158,
the contact members 168 and 169, the conductors 153
and 71, the resistor 61, and through the conductor 47
to the power line conductor 48. This circuit is disposed
for shunting the normally energized winding 58 during
fan-cooled operation of the transformer 1, thereby caus-
ing contact members 62 and 63 to drop to circuit inter-

8

ruptmg and c1rcu1t closmg positions, respectlvely _____ )
previously descmbed the movement of the contact mem-:
ber 62 to the circuit closing position establishes the signal

_ circuit for energizing the signal device 24, and the move-
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ment of the contact member 63 to the circuit mterrupt—
ing posmon interrupts the energizing circuit for the en-
ergizing winding 58 of the contactor 57 to thereafter
maintain the deenerglzatlon of the winding 58 and the

_energization of the signal device 24.

A brief description of the overall operation of the
protective system. or. means will serve to illustrate the.
advantages thereof. Assuming that the load is connected
to_the transformer 1 initially and gradually increased,
and that the protective means or system is properly ar-
ranged for normal operation, that is, the automatic’
manual switch 38 has been manually actuated to the
automatic position and the start-reset switch 59 has
been manually actuated to a position for energizing the

_winding 58 of the contactor 57. The air heated by the

windings of the transformer i rises into the casings 26
and 126 and by thermal action effects movement of the
bimetal element 128 to the right to cause the switch
operating member 141 to move the contact member
143 away from engagement with the contact” member
149, thereby preventing energization of the contactor
128 until after the fan 19 begins operation and the con-
tact members 140 and 143 have returned to a circuit
closing position. As the transformer heats up further,
the bimetal element 128 will move to a predetermined
position further to the right for engaging the switch;
operating member 142 to move the contact member 163
carried thereby into engagement with the fixed contact
member 169. The engagement of the contact members
168 and 169 will have no effect at this stage of the opera-
tion of the transformer 1 since the contactor 129 is deen-
ergized, and the contact member 423 of the contactor 120,
which is connected in sefies circuit relation with the con-
tact members 69 and 168, will be in a circuit interrupting
position.

As the load on the transformer 1 increases to a valte
slightly above the rated full load value of the apparatus,
the winding 32 of the relay 33 is energized by a ciir-
rent flowing therethrough which is proportional to the
Joad current of the transformer 1 so as to actuate the
contact member 25 of the relay 33 to a circuit closing
position. In addition, as the transformer 1 heats up
still further, the thermal action of the air rising from
the windings of the transformer 1 will effect movement
of the bimetal element 28 of the first control device 25
toward the switch operating member 41 for engagement
therewith to move the contact member 43 into engage-
ment with the contact member 48, thereby establishing
the ‘energizing circuit for the winding 45. Such opera-
tion effects movement of the contact members 49, 50,
5% and 158 to circuit closing positions for simultaneous-
ly establishing the holding circuit for the winding 45, the
energizing circuit for the fan motor 52 and the circuit
extending from the winding 122 of the contactor 120 to
the contact member 143 of the second control device
125, respectively.

As the fan motor 52 begins operation, the fan 19 is
rotated thereby for forcing air currents upwardly from
the housing 29 into the casings 26 and 126 of the first
and second control devices 25 and 125, respectively,
to thereby effect a cooling action of the bimetal ele-
ments 28 and 128, respectively, by thermal action. One
effect of the thermal action is to move the bimetal 28
away from the member 41 whereby the contact member
43 is actuated to a circuit interrupting position. The
fan motor 52 continues to operate the fan 19, how-
ever, since the holding circuit for the winding 45 has
been established to maintain the energization of the wind-
ing 45 of the contactor 46 to thereby maintain the ener-
gizing circuit for thé fan motor 52 independently of the
position of the bimetal ¢lement 28,



2,898,152

9

A second effect of the thermal action of the cooling
air caused by operation of the fan 19 is to move the bi-
metal element 128 of the second control device 125
to thereby return the contact members 168 and 169 to
a circuit interrupting or disengaged position and the con-
tact members 140 and 143 to a circuit closing or en-
gaged position in that order. The return of the contact
members 140 and 143 to 2 circuit closing position ener-
gizes the contactor 120 since the contact member 150
is already in a circuit closing position due to the ener-
gization of the contactor 46. Such operation effects the
movement of the contact members 124 and 123 to cir-
cuit closing positions for simultaneously establishing the
holding circuit for the winding 122 of the contactor 120
and the circuit which extends from one side of the wind-

10

15

ing 58 of the signalling contactor 57 to the fixed con-

tact member 168 of the second control device 125 to
thereby permit the second control device 125 to control
the deenergization of the signalling contactor 57.

If the load on the transformer 1 is further increased
during fan-cooled operation, the thermal action of the
heated air from the windings of the transformer 1 is to
move the bimetal 128 to thereby disengage the contact
members 140 and 143. Such operation has no effect
since a holding circuit has already been established for
the winding 122 of the contactor 120. As the trans-
former 1 heats up still further during fan-cooled opera-
tion, a movement of the bimetal element 128 of the sec-
ond control device 125 to a predetermined position for-
ther to the right engages the switch operating member
142 to move the contact member 168 into ecngagement
with the fixed contact member 169. FEngagement of
the contact members 168 and 169 effects the establish-
ment of the circuit which shunts the normally energized
winding 58 of the contact 57 to effect the deenergization
of the winding 58. The contact members 63 and 62
then drop to circuit interrupting and circuit closing po-
sitions, respectively, for simultaneously interrupting the
holding circuit for the winding 58 and establishing the
circuit disposed for energizing the signalling device 24.

If for any reason the fan 19 fails to operate or is op-
erating inefficiently, the windings of the transformer 1
continue to heat up resulting in a movement of the bi-
metal element 28 of the first control device 25 to a pre-
determined position further to the right for engaging
the switch operating member 42 to move the contact
member 68 carried thereby into engagement with the
fixed contact member 68. Engagement of the contact
members 68 and 69 effects the establishment of a circuit
previously described which shunts the normally ener-
gized winding 58 of the contactor 57 to effect the de-
energization of the winding 58 during substantially self-
cooled operation whereby the contact members 63 and
62 drop to circuit interrupting and circuit closing posi-
tions, respectively, for simultaneously interrupting the
holding circuit for the winding 58 and. establishing the
circuit disposed for energizing the signal device in a
similar manner to that previously described for fan-
cooled operation. .

The signal device 24 which may be energized either
during self-cooled. operation or fan-cooled operation re-
veals to anyone in the vicinity the fact that the trans-
former 1 is overloaded and that the load should be re-
duced or the transformer should be disconnected from
the line and replaced by one having a higher rating. If
the. transformer 1 is disconnected, the signal device 24
may be made inoperative only by manual actuation of
the ‘start-reset switch 59 to the reset position which op-
eration establishes the circuit disposed for energizing the
winding 58 whereby the contact members 62 -and 63 are
actuated simultaneously to effect the inmterruption of the
signal circuit and the establishment of the holding cir-
cuit for the winding 58, respectively.

_ When the load current.on the transformer.1 decreases
to a safe predetermined value, the winding 32 of the
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relay 33 is so deenergized as to actuate the éontact mem-
ber 35 thereof to a circuit interrupting position to in-
terrupt the holding circuit for the winding 45 of the con-
tactor 46, thus causing the contact members 50 and 51
thereof to drop out for interrupting the emergizing cir-
cuit for the fan motor 52 whereby operation of the fan
19 is discontinued.

If it is found necessary to operate the fan 19 in an
emergency situation, such as, for example, in the event
of failure of the operation of the relay 33 or the bimetal
element 28, or the indicating device 24, or the bimetal
element 128, the automatic-manual switch 38 may be
manually actuated to a position where it engages a fixed
contact member 72. Such actuation of the switch 38
effects the establishment of a circuit extending from the
power line conductor 36 through the conductor 37, the
switch 38, the conductor 73, the winding 45 of the con-
tactor 46 and through the conductor 47 to the line con-
ductor 48 to thereby energize the winding 45 for effecting
the establishment of the energizing circuit for the fan
motor 52.

In summary, the protective means, as disclosed provides
automatic control for the cooling means associated with
an air-cooled transformer and for indicating predeter-
mined load conditions of the transformer during substan-
tially self-cooled operation and during the operation of
the cooling means. The first control device 25, in gen-
eral, operates to initiate operation of the fan 19 and to
energize the signal device 24 in the event that the fan 19
fails to operate or is operating inefficiently. The second
contro] device 125, in general, is responsive to tempera-
tures which are less than the temperatures to which the
first control device 25 responds and operates to control
the energization of the signal device 24 after the opera-
tion of the fan 19 has been initiated by the operation
of the first control device 25 and the relay 33. The
relay 33 cooperates with the first control device 25 to
maintain energization of the fan 19 after the fan 19 has
been energized by the first control device 25 until the load
current of the transformer 1 has decreased to a safe pre-
determined value.

The apparatus and circuits embodying the teachings
of this invention have several advantages. For example,
if it is desired, a transformer may be operated under over-
load conditions for a considerable time without danger
of overheating the coil assembly or windings of the trans-
former. Such operation is made possible by means of
the operation of the first control device 25 and the pro-
tective circuits related thereto to operate the fan 19 for
cooling the coil assembly when the load on the transformer
becomes excessive. The holding circuit for the winding
45 of the contactor 46 is disposed for maintaining opera-
tion of the fan motor 52 independently of the position
of the bimetal 28 to prevent a rapid cycling or hunting of
the fan 19 caused by alternating movement of the bimetal
28, thereby reducing the switching duty on the contact
members and .increasing the efficiency of the forced air
cooling. If the fan 19 fails to operate or is operating in-
efficiently, or if the energizing winding 58 of the contact
57 becomes deenergized for any reason, the signal de-
vice 24 is then energized to warn of impending danger to
or of the failure of the apparatus and remains in such con-
dition until the start-reset switch 59 is manually actuated
to a circuit closing position. In particular, the protective
means, as disclosed, has the additional advantage that the
signal device 24 is energized when a dangerous predeter-
mined overload condition results in the transformer after
the fan 19 is energized and is operating normally. The
latter operation of the signalling device 24 is not possible
with conventional protective means of this type which in-

" clude only a single thermally responsive control device

75

since the temperatures at which the second control device
125 respond are less than the temperatures to which the
first control device 25 responds.

In addition, the fan 19 may be turned on at any time
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if so desired by manual actuation of the automatic-
manual switch 38. This feature of the protective system
or means provides for operation of the fan 19 in the event
of failure of the bimetal element 28, the relay 33, or any
part of the circuit in association with the circuit operable
upon stch actuation of the switch 38.

Since numerous changes may be made in the above-
described apparatus and circuits, and different embodi-
ments of the invention may be made without departing
from the spirit thereof, it is intended that all the matter
contained in the foregoing description or shown in the
accompanying drawing shall be interpreted as illustrative
and not in a limiting sense.

I claim as my invention:

1. In an air-cooled transformer provided with a coil
assembly, in combination, cooling means disposed for
operation to effect the cooling of the transformer, first and
second thermally responsive control devices disposed to
be responsive to both the temperature of the air rising
from said coil assembly and to the heating caused by the
current flowing in said coil assembly, said first control
device including first and second contact members ar-
ranged to close at different degrees of loading of said trans-
former, a relay disposed to be energized in response to a
predetermined value of current flow in said coil assembly
and to be deenergized when the current flow decreases to
a value below said predetermined value, first means dis-
posed to be energized to effect the operation of said cgol-
ing means only after said relay is energized and the first
contact member of said first control device is closed, said
relay when energized cooperating with said first means to
thereafter effect the energization of said cooling means
independently of said first conirol device and when de-
energized cooperating with said first means to deenergize
said cooling means, a signalling means disposed for oper-
ation for indicating a predetermined load condition of said
transformer, second means disposed for operation in re-
sponse to the closing of said second contact member of
said first control device to effect operation of said signal-
ling means, said second control device including first and
second contact members arranged to open and close re-
spectively at different degrees of loading of said trans-
former at temperatures less than the temperatures re-
quired for the operation of said first control device and
a contactor disposed to be energized only when the first
contact member of said second control device has closed
after said first means has effected the operation of said
cooling means, said contactor when energized cooperating
with the second contact member of said second control de-
vice to effect operation of said second means and said
signalling means in response to the closing of said second
contact member of said second control device after said
first means has effected the operation of said cooling means
and said first contact member of said second control de-
vice has closed.

2. In an air-cooled transformer provided with a coil
assembly, in combination, cooling means disposed for
operation to effect the cooling of the transformer, first
and second thermally responsive control devices disposed
to be respomsive to both the temperature of the air rising
frem said coil assembly and to the heating caused by the
current flowing in said coil assembly, said first control
device including first and second. contact members ar-
ranged to close at different degrees of loading of said
transformer, a relay disposed to be energized in response
to a predetermined value of current flow in said coil as-
sembly and to be deenergized when the current flow de-
creases to a value below said predetermined value, first
means disposed to be energized to effect the operation
of said cooling means oaly after said relay is energized
and the first contact member of said first control device
is closed, said relay when energized cooperating with said

rst means to thereafter effect the energization of said
cooling means independently of said first control device
and when deenergized cooperating with said first means
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to deenergize said cooling means, a signalling means dis-
posed for operation for indicating a predetermined load:
condition of said transformer, second means disposed for
operation in response to the closing of said second con-
tact member of said first control device to effect operation
of said signalling means, said second control device in-
cluding first and second contact members arranged to
open and close respectively at different degrees of load-
ing of said transformer at temperatures less than the tem-
peratures required for the operation of said first control
device and a contactor disposed to be energized only
when the first contact member of said second control
device has closed after said first means has effected the
operation of said cooling means, said contactor when
energized cooperating with the second contact member
of said second control device to effect operation of said
second means and said signalling means in response to
the closing of said second contact member of said second
control device after said first means has effected the
operation of said cooling means and said first contact
member of said second control device has closed, and
switch means disposed to be manually operated to con-
trol the energization of said first means independently of
the energization of said relay and the actuation of said
first contact member of said first control device and to
effect the operation of said cocling means.

3. In an air-cooled transformer provided with a coil
assembly, in combination, cooling means disposed for
operation to effect the cooling of the transformer, first
and second thermally responsive control devices disposed
to be responsive to both the temperature of the air rising
from said coil assembly and to the heating caused by the
current flowing in said coil assembly, said first control de-
vice including first and second contact members arranged
to close at different degrees of loading of said trans-
former, a relay disposed to be energized in response to
a predetermined value of current flow in said coil assem-
bly and to be deenergized when the current flow decreases
to a value below said predetermined value, first means
disposed to be encrgized to effect the operation of said
cooling means only after said relay is energized and the
first contact member of said first control device is closed,
said relay when energized cooperating with said first
means to thereafter effect the energization of said cool-
ing means independently of said first control device and
when deenergized cooperating with said first means to
deenergize said cooling means, a signalling means dis-
posed for operation for indicating a predetermined load
condition of said transformer, a normally energized sig-
nalling contactor disposed for operation in response to
tie actuation of said second contact member of said first
control device to effect the operation of the signalling
means, said second contact member of said first contro}
device being disposed when actuated to effect the de-
energization of said signalling contactor to thereby effect
the operation of said signalling means independently of
said first control device, said second control device in-
cluding first and second contact members arranged to
open and close respectively at different degrees of loading
of said transformer at temperatures less than the tem-
peratures required for the operation of said first control
device and a contactor disposed to be emergized only
when the first contact member of said second control de-
vice has closed after said first means has effected the
operation of said cooling means, said contactor when
energized cooperating with the second contact member.
of said second control device to effect operation of said
second means and said signalling means in response to
the closing of said second contact member of said second
control device after said first means has effected the oper-
ation of said cooling means and said first contact mem-~
ber of said second control device has closed.

4. In an air-cooled . transformer provided with a coil
assembly, in combination, cooling means disposed for.
operation to effect the cooling of the transformer, first and
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second thermally responsive control devices disposed to
be responsive to both the temperature of the air rising
from said coil assembly and to the heating caused by
the current flowing in said coil assembly, said first con-
trol device including first and second contact members
arranged to close. at different degrees of loading of said
transformer, a relay disposed to be energized in response
to a predetermined value of current flow in said coil as-
sembly and to be deenergized when the current flow de-
creases to a value below said predetermined value, first
means disposed to be energized to effect the operation of
said cooling means only after said relay is energized and
the first contact member of said first control device is
closed, said relay when energized cooperating with said
first means to thereafter effect the energization of said
cooling means independently of said first control device
and when deenergized cooperating with said first means to
deenergize said cooling means, a signalling means dis-
posed for operation for indicating a predetermined load
condition of said transformer, a normally energized sig-
nalling contactor disposed for operation in response to
the actuation of said second contact member of said first
control device to effect the operation of the signalling
means, said second contact member of said first control
device being disposed when actuated to effect the de-
energization of said signalling contactor to thereby effect
the operation of said signalling means independently of
said first control device, said second control device in-
cluding first and second contact members arranged to
open and close respectively at different degrees of load-
ing of said transformer at temperatures less than the
temperatures required for the operation of said first
control device and a contactor disposed to be energized
only when the first contact member of said second con-
trol device has closed after said first means has effected
the operation of said cooling means, said contactor when
energized cooperating with the second contact member
of said second control device to effect operation of said
second means and said signalling means in response to
the closing of said second contact member of said second
control device after said first means has effected the
operation of said cooling means and said first contact
member of said second control device has closed, and
switch means disposed to be manually actuated for oper-
ation to energize the signalling contactor to effect the
discontinuation of operation of the signalling means.

5. In an air-cooled transformer provided with coil
assembly, in combination, cooling means disposed for
operation to effect the cooling of the transformer, first
and second thermally responsive control devices disposed
to be responsive to both the temperature of the air rising
from said coil assembly and to the heating caused by the
current flowing in said coil assembly, said first control
device including first and second contact members ar-
ranged to close at different degrees of loading of said
transformer, a relay disposed to be energized in response
to a predetermined value of current flow in said coil
assembly and to be deenergized when the current flow
decreases to a value below said predetermined value, first
means disposed to be energized to effect the operation of
said cooling means only after said relay is energized and
the first contact member of said first control device is
closed, said relay when energized cooperating with said
first means to thereafter effect the energization of said
cooling means independently of said first control device
and when deenergized cooperating with said first means
to deenergize said cooling means, a signalling means
disposed for operation for indicating a predetermined
load condition of said transformer, second means dis-
posed for operation in response to the closing of said
second contact member of said first confrol responsive
device to effect operation of said signalling means, said
second control device including first and second contact
members arranged to open and close respectively at dif-
ferent degrees of loading of said transformer at tem-
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peratures less than the temperatures required for the
operation of said first control device and a contactor
disposed to be energized only when the first contact
member of said second control device has closed after
said first means has effected the operation of said cooling
means, said contactor when energized cooperating with
the second contact member of said second control device
to effect operation of said second means and said sig-
nalling means in response to the closing of said second
contact member of said second control device after said
first means has effected the operation of said cooling
means and said first contact member of said second con-
trol device has closed, and switch means disposed to
be manually operated to control the energization of said
first means to effect the operation of said cooling means
independently of said relay and the actuation of said
first contact member of said first control device.

6. In an air-cooled transformer provided with a coil
assembly, in combination, cooling means disposed for
operation to effect the cooling of the transformer, first
and second thermally responsive control devices disposed
to be responsive to both the temperature of the air rising
from said coil assembly and to the heating caused by
the current flowing in said coil assembly, said first con-
trol device including first and second contact members
arranged to close at different degrees of loading of said
transformer, a relay disposed to be energized in response
to a predetermined value of current flow in said coil
assembly and to be deenergized when the current flow
decreases to a value below said predetermined value,
a cooling means contactor disposed to be energized to
effect the operation of said cooling means only after said
relay is energized and the first contact member of said
first control device is closed, said relay when energized
cooperating with said first means to thereafter effect the
energization of said cooling means independently of said
first control device and when deenergized cooperating
with said first means to deenergize said cooling means,
a signalling means disposed for operation for indicating
a predetermined load condition of said transformer, sec-
ond means disposed for operation in response to the
closing of said second contact member of said first con-
trol responsive device to effect operation of said signal-
ling means, said second control device including first and
second contact members arranged to open and close
respectively at different degrees of loading of said trans-
former at temperatures less than the temperatures re-
quired for the operation of said first control device and
a contactor disposed to be energized only when the first
contact member of said second control device has closed
after said first means has effected the operation of said
cooling means, said contactor when energized cooperat-
ing with the second contact member of said second con-
trol device to effect operation of said second means and
said signalling means in response to the closing of said
second contact member of said second control device
after said first means has effected the operation of said
cooling means and said first contact member of said
second control device has closed.

7. In electrical apparatus, the combination of a hous-
ing, a transformer core and coil assembly disposed there-
in, air-cooling means disposed for operation to effect the
cooling of the coil assembly, a signalling means disposed
for operation for indicating a predetermined load operat-
ing condition of the transformer, a first and a second
control device each disposed to be operated in response
to predetermined temperatures of air currents rising from
the coil assembly and predetermined heating effects of
current flowing through the coils of the transformer, each
of said control devices including a thermally responsive
means disposed for movement through two switching
positions in response to variations in said temperatures
and heating effects, the thermal responsive means of
said second control device being arranged to respond to
lower temperatures than the thermal responsive means
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of said first conirol device, a relay disposed to be en-
ergized in response to a predetermined flow of current
through the coils and to be deenergized when the cur-
rent flow through the coils decreases below said pre-
determined flow of current, a first contact member of
said first control device disposed to be actuated to a cir-
cuit closing position upon the occurrence of a predeter-
mined movement of the thermally responsive means of
said first control device to one of said switching posi-
tions, a first contactor disposed to be energized to effect
the operation of the cooling means only after said relay
is energized and said first contact member is actuated to
circuit closing position, the relay when energized coop-
erating with said contactor to thereafter effect the en-
ergization of said cooling means independently of the
movement of the thermally responsive means of the first
control device and when deenergized cooperating with
said contactor to deenergize said cooling means, a second
contact member of said first control device disposed to
bé actuated to a circuit closing position upon the occur-
rence of a further predetermined movement of the ther-
mally responsive means of said first control device to
thé other of said sw1tch1ng pos1tlons, a signalling con-
tactor disposed for opetation in response to actuation of
said second contact member of said first control device

to effect thé operation of the signalling means, a first

contact member of said second control device disposed
to be actuated to a circuit opening position upon the
occurrénce of a predetermined movement of the ther-
mally reésponsive means of said second control device
to one of said switching positions, a second . contact
member of said second control device disposed to be
actuated to a circuit closing position upon the occur-
rénce of a further predetermined movement of the ther-
mally responsive means of said second control dev1ce,
dnd a second contactor disposed to be deenergized in
response to actuation of the first contact member of said

second control dev1ce, said signalling contactor disposed.

for operation in response to actmation of said second
contact member of said sécond control device after said
first contact member of said second control device has
been actuated first t6 a circuit opening position and re-
turned to a circuit closing position following the energiza-
tion of said first contactor to effect the operation of said
cooling means.

8. In électrical apparatus, the combination of a hous-
ing, a transformeér core and coil assembly disposed there-
in, axr-coohng means disposed for operatlon to éffect the
coolirig of the coil assembly, a signalling means disposed
for operation for indicating a prédetermined load operat-
ing condition of the transformer, a first and a second
control device each disposed to be operated in response
to predetermmed temperatures of air currents rising from
the coil assembly and predetermined heating effects of
current flowing through the coils of the transformer, each
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of said control devices including a thermally respousive
means dlsposed for movement through two switching
positions in- response to variations in said temperatures
and heating effects, the thermal responsive means of said
second control device being arranged to respond to lower
temperatures than the thermal responsive means of said
first control device, a relay disposed to be energized in
response to a predetermined flow of current through the
coils and to be deenergized wheii the current flow through
the coils decreases below said predetermined flow of cur-
rent, a first contact member of said first control device
disposed to be actuated to a circuit closing position upon
the occurrence of a predetermined movement of the
thermally responsive means of said first control device
to one of said switching positions, a first contactor dis-
posed to be energized to effect the operation of the cool-
ing means only after said relay is energized and said first
contact member is actuated to circuit closing position,
the relay when the energized cooperating with said con-
tactor 16 thereafter effect the energization of said cooling
means mdependéntly of the movement of the thermally
résponisive means of the first control device and when
deenergized cooperating with said contactor to deenergize
said cooling means, a second contact member of said first
control device disposed to be actuated to a circuit closing
position upox the occurrence of a further prédetermined
movemeiit of the thermally responsive means of said first
control device to the other of said sw1tchmg positions,
a signalling contactor disposed for operation in response
t6 actuation of said second contact member of said first
coiitrol device to effect the operation of the signalling
feans, a first contact member of said second comtrol
device disposed to be actuated to a circuit opening posi-

_ tion upon the occurrence of a predetermined movement
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of the thermally responsive means of said second control
device to one of said switching. positions, a second con-
tact member of said second control device disposed to
be actuated to a circuit closing position upon the occur-
rence of a further predetermined movement of the ther-
mally responsive means of said second control dewce,
and a second contdctor disposed to be deenergized in
response to actuation of the first contact member of said
second control device, said signalling contactor disposed
for operation in response to actnation of said second con-
tact member of said second control device after said first
contact member of said second control device has been
actuated first to a circuit opening position and réturned
to a circuit closing position following the energization of
said first contactor to effect the operation of said cooling
means, and switch means disposed to be manually ac-
tuated for operation to cause said signalling contactor to
effect the discontinuation of cperation of said signalling
means.
No references cited.



