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The invention relates to transformers, and,
more particularly, to means for protecting air-
cooled, air-insulated transformers, from exces-
sive temperatures.

In Patent No. 2,223,530 issued to H. V. Putnam
and assigned to the same assignee as the present
application, protective means is provided for elec-
trical apparatus such as a transformer, the pro-
tective means including a control device respon-
sive to predetermined operating conditions of the
apparatus. More specifically, the control dsvice
operates to actuate an indicating device when the
operating condition of the transformer has at-
tained a predetermined value and operates to
disconnect the transformer from the line when
the operating condition of the transformer has
attained a slightly higher predetermined value.
Such protective device is commonly employed in
oil-cooled transformers.

Where attempts have been made to employ
such protective devices in air-cooled transform-
ers to control ths operation of a cooling fan, it
has been found that the thermal variations en-
countered produced an irregular operation of the
cooling fan. For example, if a transformer is
operating under overload conditions, the ther-
mally responsive means, which is ordinarily a
bimetal element incorporated within the control
device, will operate to move in a predetermined
direction for actuating the fan. The operation
of the fan will impart a cooling effect not only
to the winding of the coils, but also to the ther-
mally respensive dsvice, thereby effecting an ac-
tuation of the bimetal element in the opposite
direction to effect the deenergization of the fan.
Sinee the transformer will not have been suffi-
ciently cooled by the short operation of the fan,
the thermally responsive device will immediately
he actuated once more to its predetermined posi-
tion for again effecting the operation of the fan.
This eycle of operation will, therefore, continue
indefinitely, resulting in the improper operation
of the device thereby reducing the effectiveness
of the forced cooling and increasing the switch-
ing duty on the circuit controlling contact mem-
hers.

An object of the invention is to provide an
air-cooled, ailr-insulated electrical transformer
~+ nrotective means including a control de-
perative in response to predetermined con-
ditions of the transformer for selectively actuat-
ing 2 plurality of safety and indicating devices
disposad for preventing damage to and indicating
cperating conditions of the transformer.

Another object of the invention is to provide
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protective means for air-cooled, air-insulated
electrical transformers, including a control de-
vice operative in response to predetermined con-
ditions of the transformer for actuating a eooling
means upon the occurrence of a predetermined
operating condition of the transformer and
thereafter actuating a signaliing device upon the
occurrence of other predetermined operating
conditions of the transformer.

A further object of the invention is to provide
an air-cooled, air-insulated electrical transform-
er having protective means, including a control
device responsive to operating conditions of the
transformer to control the sequential operation
of a plurality of contactors and therehy. control
the operation of a cooling device and indicating
means associated with the transformer and to
provide for thereafter maintaining the contactors
in operating position independently of the oper-
ation of the control device in response to the
operation of the cooling device.

Other objects of the invention will become
apparent from the following description when
taken in conjunction with the accompanying
drawing, the single figure of which is a view in
side elevation and partly in section and partly
diagrammatic, of apparatus and circuits illus-
trating an embodiment of this invention.

Referring to the drawing, this invention is
illustrated by reference to an air-cecoled, air-
insulated transformer | which is of the general
construction described and claimed in Patent
No. 2,295,415 to 3. R. Monree, issued September
8, 1942, and assigned to the same assighee as
this application. As illustrated, the transfiormer
comprises a easing 2 which may have wire mesh
side walls (not shown) for providing free access
of the surrounding air to contact a core strue-
ture 2 and winding struecture ‘therecn, disposed
within the ecasing. The core structure 3 is pro-
vided with two vertically positionad winding legs
A and § connected by two horizontal yoke por-
tions clamped hetween chsnnel members § at the
top of the structure and betwesn channel mem-
bers 7 at the bottocm of the siructure, respec-
tively, and held in position v bolts 8 for clamp-
ing the channe! members together. A pair of
upper pressure plates or rings § and a pair of
lower support members §8, respectively, are pro~
vided for assisting in holding a high-voltage
winding {1 and a low-voltage winding {2 disposed
internally thereof in their proper nositions about
the winding legs 4 and & of the core structure 1.
The rings 9 and support members I8 are of a
spider construction (not shown) to facilitate pas-
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e ¢f alr therethrouch o and from the wind-
5 {2 and (1.
¢ low-veltegs winding {2

comprises a plu-
1'21'71137 of cviindrical coils 12 separated by spacers
{4 and wound akout a2 central tube 5, the tube
% and coils extending from the lower sup-
members {2 to the upper pressure plates 3.
kigh-voltzge winding (i comprises a plu-
v of flat or disk-type coils (& separated hy
spacers {7 of insulating material, such as poree-
lain, the spacers {7 being arranged in vertical
columns hetween adJacent coils and the spacers
{3 being arrangsd in horizontal rows hetween
adjacent coils. The spacers 17 and 14 are spaced
about the circumference of the windings {1 and
i1, respectively, in a manner to provide open-
ings in the windings {f and 12 radially between
the adjacen$ coils, the spacers {§ providing open-
ings ¥4 between the ceils {3 of the winding i2
which e‘(teﬁd irom the lower supvort members
{2 to the upper pressurs plates § for permitting
the free movement of air currents upwardly be-
tween the coils !C The windings {i ars posi-
tioned ketween blocks {% hetween the suppors
members {5 a m <he lower end of the windings
i1 and between the pressure rings 3 and ithe
uppsr ena of the windings |{ to assist in clamp-
ing the coils of the windings |i firmly in placs
between the members § and (2.

In order to provide for forced cocling of theo
core and coll assembly, a fan 1§ is disposed =
one énd of a housing 29 for operation when the
transformer ! is operating under a predetermined
overload condition. As illustrated, the housing
2¢ is positioned beneath the coil assembly of the
trensformer {, the upper horizontal surface of
the housing 20 constituting the support members
1% extending below the coll assembly for sup-
pmtm the coil assembly as deseribed hereinie-

fore, the lowsr horizont al urface of the housing
22 coustituting a Jower plate member 24 for sup-
porting the channel member I, one end of the
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nousing 29 ter munumv in an opening 22 for re-
ceiving the fan i8, the i housing 2§ being enclosed
by supporting si o ’al‘ Z3. The plate mem’oﬂr
i@ is formed with a central opening (not shown

for "Gc°1vmg the lower ends of the winding legs
% and 3 of the core structure 3, as viewed in the

rhfwum,, tnis fmanlng in cooperation with the

spider construction (nct shown) of the plate 3
perim tting air currents forced upwardly by op-
eration of the fan {2 to entar into the region
occupled by the c¢oil assembly for cirenlation
thereabout 1o conl the coil assembly.

In order to « 0l uhp speration ¢f the fan
“, Whm‘q actuation upon the

riined operating con-
¢ Tor cocling the coil
alzo comml th" oyeraw

fiisu“
predetermined
a

o ovar
: The co%to
zeneiral cor.mu i*(‘n of and o

one

19 3
the device described and L,l ed atent No.
2,169,586 to M. G. Leonard, issued Auzust 15, 1939,
and assigned tc the same assignee as this ap-

plication.
A thermally responsive himetal element 28 is
cluged in the centrol device 2§ and comprises
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a part of g circuit which extends from cne ter-
minal of a current transformer 20 disposed in
inductive relation with a conductor 38 of the load
circuit of thz e n%rm i, through the hi-
metal 28, conductor 24, the energizing winding 22
of a relay 33, ar icter &2 to the other ter-

minal of the cu nsformer 8. The hi~
metzl 22 is responsive to beth the pr e' tezmxmd

heating effe(:hs of current indueed windil
current transi Whmn is A meas-
ure of cuu‘”pt flowing in the lﬂ"'l cireuit of the
A mfmme* {, n: thn 11 e ed tempera-
tures of a wwaraly from
the ccil ass 1§ into the
casing 23
The hcamns of
Aow therethre
cuarrent on the “1‘2 ns?

;amm iat, elv

in the conirol device 2% in the load-
ing of the transforiner 1 maight overheat
and endanger the tranzfor :nev i the hi-

Thus
mbtal £8 is dispos it o predeter-
mined positions to th e low-volt-
agé winding {2 has becoﬂ"e overheated by the
pxeupnr’e Gf damm'ous o»m’lce' T on the t;anm

i i is of hmm". air o

3 inte the cas-

control

for move

G-

to provide for proper operation of
n 19, the ensr ,.um {i g 3" cf the

re-

e, I Lspom
Lhc lcad
gn\ & and
*hfa load
2 vahr
hn raved full
a3 %0 acuu'vte
62 a cirouib clos-

Ll CO"ltaCt freLnoﬂl 39

ing position. Nhen member 35 is
“cw“te:‘ to me ,AmL 2 position, a circuit

ned
conducior &4
matic-manusal s
in ths autamat c

fror the sower lins
© 37, an auto-

shown &3 Leing

D con membper 35,
and conductor 38 to o iixed contact membeyr 43 of
the contrcl device 25.

In order to control the sequential operation of
3 plurality of contactors to thershy conirel the
operation of the fan 18 and the signal device 24,
a pair of pivotally mounted switch cperating
members 41 and 42 are included in the control
device 25 within the casing 28. The memper 4i
15 disposed to be engaged by the bimetal 23 upon
the occurrence of a predetermined movement of
the bimetal 28 to the right to effect mov rement
of the free end of the member 41 to the left, A
contact member 43 carried by the member 4i
at the free end thereof is thereby moved into
engagement with a cooperating fixed contact
member 40 for establishing a circuit ex ttending
from power line conductor 26 through conductor
31, switch 38, contact member 35, conducior 38,
contact members 40 and 43, conducter 44, the
energizing winding 45 of a contactor 43 and
conductor 47 to the power line conductor 45, The
winding 45 of the contactor 46 is, therefors, con-
nected across the power line conductors 35 and
48 and is thereby energized to simultaneously ef-
fect movement of a plurality of conts ct members
49, 50 and 51 thereof to circuit closing positions,

Movement of the contact membe: rs 85 and §i
to circuit closing positions effects energization
of the fan motor 52 through a circuit extending
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from power line conductor 36 through conductor
53, contact member 50, conductor 54, fan motor
52, conductor 53, contact member 51 and con-
ductor 41, to the power line conductor 48, thus
effecting the energization of the fan motor 52
to operate the fan 9. Movement of the contact
member 48 effects establishment of a holding cir-
cuit for the winding 45 of the contactor 45 which
is disposed to thereafter maintain the energiza-
tion of the fan motor 52. Such holding circuit
extends from the power conductor 238, through
conductor 37, switch 38, contact member 35, con-
ductor 56, contact member 49, energizing wind-
ing 45 of contactor 48 and conductor 47 to the
line conductor 48.

The holding circuit is necessary for the effec-
tive operation of the protective device 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 overheated low- 2

voltage windings 12 to force the air heated by
the windings {2 upwardly into the casing 2¢ for
not only eooling the low-voltage windings 12 hut
for also cooling the thermally responsive bimetal
element 28. It is readily apparent that such a
result is inevitable, for the air actuated by the
fan 19 rises upwardly from the low-voltage wind-
ings 12 into the casing 28 to effect such cooling of
the bimetal element 28. 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 sequence of operations where-
by the free end of the switch operating member
41 tends to move to the right to disengage the

contact members 40 and 43 and interrupt the :

energizing circuit for the energizing winding &5
of the contactor 46. However, since the hold-
ing circuit for the energizing winding 4% has been
established, the contactor 46 is maintained in

its energized circuit closing position to thereafter 4

maintain operation of the energizing circuit for
the fan motor 52 independently of the position of
the bimetal element 28. However, when the load
current on the transformer | is reduced to a
predetermined value which permits safe opera-
tion of the transformer i, the current flow
through the winding 32 of the relay 33 is insuf-
ficient to maintain the relay 33 in a circuit clos-
ing position and the contact member 35 drops to

a circuit interrupting position to interrupt the j

holding circuit for the winding 45 of contactor
46.

Tn order to control the operation of the signal
device 24 another contactor 57 having an ener-
gizing winding 58 is included in the control cir-
cuits for the protective means. When the trans-
former | is initially “set up” 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 estap-
lishing a eircuit extending from line conductor
36 through conductor 37, switch §8, conductor
60, winding 58 of the contactor 57, resistor 84
and conductor 47 to line conductor 48 to there-
by connect the winding 58 across the line con-~
ductors 36 and 48 for energizing the winding 59,
Such energization of the winding B8 effects the
movement of a pair of contact members 62 and
63 of the contactor 57 to circuit interrupting
and circuit closing positions, respectively. Move-
ment of contact member 62 to a circuit inter-
rupting position interrupts a signal circuit ex-
tending from line conductor 3% through conduc-~
tor 64, signal device 24, contact member 62 and

conductor 65 to line conductor 48 to thereby 7
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maintain the signal device 24 in an inoperative
condition until predetermined operating condi-
tions of the transformer | effect the energiza-
tion thereof. Movement of contact member 63
to a cireuit closing position establishes a circuit
extending from line conductor 36 through con-
ductors 53 and 66, contact member 63, conductor
61, winding 58 of the contactor 57, resistor 61
and conductor &7 to line conductor 48 to there-
by maintain the energization of the winding 58
of the contactor 57 until such time when operat-
ing conditions of the transformer i effect de-
energization of the winding 58 for effecting the
energization of the signal device 24 by means
of an operation which will be described herein-
after. )

In order to effect the deenergization of the con-
tactor 57, the pivotally mounted switch operat-
ing member 42 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. A con-
tact member 68 carried by the pivoted member
42 at the free end thereof is thereby moved into
engagement with a fixed contact member 69.
The engagement of contact members 68 and 68
establishes a circuit extending from power line
conductor 3§ through conductors 53 and 66,
contact member 63 normally disposed in the cir-
cuit closing position as described hereinbefore,
conductors 67 and 70, closed contact members 68
and 69, conductor Ti, resistor €1 and conductor
47 to power lne conductor 48, This circuit is
disposed for shunting the normally energized
winding 58 of the contactor 57 to effect the de-
energization of the winding 58, thereby causing
contact members 63 and 62 to drop to circuit in-
terrupting and circuit closing positions, respec-
tively. Movement of contact member 62 to the
circuit-closing position establishes the signal cir-
cuit for energizing the signal device 24, and
movement of the contact member 63 to the cir-
cuit interrupting position interrupts the energiz-
ing circuit for the energizing winding 58 of the
contactor 57 to thereafter maintain the deen-
ergization of the winding 58 and the energiza-
tion of the signal device 24, When it is desired
to deenergize the signal device 24, the switch 58
may be manually actuated to the circuit closing
position as was described hereinbefore.

A brief description of operation of the protec-
tive device will serve to illustrate the advantages
thereof. Assuming that the fransformer load
has increased to a value slightly above the rated
full load value of the apparatus and that the
protective device is properly “set up” for normal
operation, that is, the automatic-manual switch
38 has been manually actuated to the antomatic
position and the start-reset switch 53 has been
manually actuated to a position for energizing
the winding 58 of the contactor 57, the winding
22 of the relay 33 is so energized by a current
flowing therethrough which is proporticnal to the
load current of the transformer | as to actuate

- the contact member 35 to a circuit closing posi-

tion.
As the load on the transformer t increases, air
. _‘}

) into engagement with the contact mem-
her 4%, thereby establishing the energizing circuit

for the winding 48. Such operation efects the
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movement of contact members 4¢, 53 and Advantages of the protzctive means are ap-
for simultansous parent from the descripiion of operation of the

tablishing the Lolding civcuit for the winding device. Tor example, if it be so desired, a trans-
AT and the energizing cirenit for the fan motor be cperated under overload condi-
82, respectively. G tlons for a considerable time without danger of
A5 the fan motor §2 beging overation, the fan overheating the coil assembly. Such operation
18 s rotated thereby for forcing air currents up- is miade possible by means of operation of the
‘.\’ﬁi'd}}' from the hcusing 23 into the Casing 28 of contrel device 23 and the prctegtive circuits as-
the conivol device 25 to therehby effect a cooling sociated thevewith to operate the fan 13 for

of the himetal clement 28 by thermaj action for ¢ e
moving the bimetal 28 away from the member zeessive.  The holding circuit for the winding
41 whéreby thie contact member £3 is actuated to 35 of the contactor €3 is cisposed for maintein-
a circuit inferrupting y The fsn motor ing operation of tiie fan motor 52 indernendently

)0iing the coll assembly when the load hacomes

s (D (D

b

@

42 continues to . owever, since of the position of the bimetal element 28 to pre-
the holding civeuit for the w 15 veni a2 rapid cycling or hunting of the fan (9
estapiished to meain i cavged by alternating movement of the bimetal
winding 6% of > contantor 44 Lo therehy main- 25, ther reducing the switching duty on the
tain the : C civeulb for the fan motor 52 contact members and increasing the effisiency of
indepe tion of the bimetial ele- the forced air cooling. If the fan (9 f2ils to

ment 2%,

rate, or operating inaficiently, or if the
i 2 8% of the contactor ET1 he-

Ly omeans of fzllure of

re of the pow

decreases

winding 32 of e
0o aciuate the conta
interrupting rositio
circuit for th i
thus causing

w or of the fajlure of the
ains in such condition ndil
s v actualad
ng position. The fan {9 may be
7 ime, if so desived, by manual
tic-manual syitch 38,

device provides for

cireuit for the fan motor
of the fan 18 is discontinued.
for

ing {2
ment of th
msned nesi

ppe - 4
ing the sv

ot associated with the cireuit op-
such actuaiion of the switeh §8.
ifications of the st

and deseril
1

o R0
ber £6
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I claim as my inventicn:
L In electrical apparatus, the combination of
- housing, a transformer core and coil assembly
disposed therein, air cooling means disposed for
peration to effect the cooling of the coil as-
- mbly, a signalling means disposed for operation
ior indicating & pradetermined overload operating
condition of the transformer, a control device dis-
posed to be operated in response to predetermined
temperatures of air currents rising from the coil
50 atsembly and predetermined heating effects of
curvent dowing through the coils of the trans-
former, the contiol device including a thermally
; s ¥ responsive means disposed for movement through
i is disconnectaed, ths 2l device 24 may e two switching positions in response to variations
made inoperative 55 I zald temperatuves and heating effects, a relay
the star disposed to be energized in response to a prede-
cirenit 3 termined flow of current threuzh the coils and to
3 wherebhy the con- te deenergized when the curvent How through
actuated simultane- tha coils decreases %o a valuz helow said prede-
1 of the signal cly termined flow of current, a contact member dis-

tactor 57 {0 offect 1
ing 52 wheresy 4

drop to circuit
positions, respae
rupting the h
angd establish

24 reveals to
the transfor
load should be rer

1
he disconnectsd

hat the
should
ed i

ney

ously &

cuit and e nolding eiv posed to be sciuated to a eircuit closing position
8, respectively. unon the occurrence of a predetermined move-

cessary to operabs the fan (8 ment of the thermally responsive means to one
in an ituation sueh as, for example, of said switching positions, a cooling means con-

operation of U

a5 tactor disposed to be energized to effect the oper-
) . :
. or the in

ation of the cooling means only after the relay

deviee 15, vitch 34 may is energized and said contact member is actuated
be manuali 71 where i en- to circuit closing position, the relay when ener-

Suen actua gized cooperating with said contactor to there-
tion of the switch 38 effects the establis after effect the ensrgization of the cooling means
of a cireuit extending from power line ! independently of movement of the thermally re-
35 throuzh conductor 37, switch 28§, sponsive means and when deenergized cooperat-

13, winding 45 of the contactor 45 and conductor Ing with said contactor to deenergize the cool-
47 to line conductor 48 to thereby energize the ing smeans, another contact member disposed to

vinding 48 for =zifecting the establishment of be actuated upon the occurrence of a further pre-
winding 2 5 ¢
the energizing circuit for the fan motor 52. determined movement of the thermally respon-
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sive means to the other of said switching posi-
tions, a normally energized signalling contactor
disposed for operation in response to the actua-
tion of said another contact member to effect the
operation of the signalling means, said another
contact member being disposed when actuated to
effect the deenergization of the signalling con-
tactor to thereby effect the operation of the sig-
nalling means independently of further move-
ment of the thermally responsive means, and
switch means disposed to be manually actuated
for operation to energize the signalling contactor
to effect the discontinuation of operation of the
signalling means.

2. In electrical apparatus, the combination of
a housing, a transformer core and coil assembly
disposed therein, air cooling means disposed for
operation to effect the cooling of the coil assem-
bly, a signalling means disposed for operation for
indicating a predetermined overload operating
condition of the transformer, a control device dis-
posed to be operated in response to predetermined
temperatures of air currents rising from the coil
assembly and predetermined heating effects of
current fowing throuzgh the coils of the trans-
former, the control device including a thermally
yesponsive means disposed for movement through
two switching positions in response to variations
in said temperatures and heating effects, a relay
disposed to be energized in response to a pre-
determined flow of current through the coils and
to be deenergized when the current flow through
the coils decreases to a value below said prede-
termined flow of current, s contact member dis-
posed to be actuated to & circuit closing position
upon the occurrence of a predetermined move-
ment of the thermally responsive means {0 one
of said switching positions, a cooling means con-
tactor disposed to be energized to effect the oper-
ation of the cooling means only after the relay
is energized and said contact member is actuated
to circuit closing position, the relay when ener-
gized cooperating with said contactor to there-
after effect the energization of the cooling means
independently of movement of the thermally re-
sponsive means and when deenergized cooperat-
ing with said contactor to deenergize the cooling
means, another contact member disposed to be
actuated upon the occurrence of a further pre-
determined movement of the thermally respon-
sive means 1o the other of the switching positions,
a2 normally energized signalling contactor dis-
posed for operation in response to the actuation
of said another contact member to effect the
operation of the signalling means, said another
contact member being disposed when actuated to
effect the deenergization of the signalling con-
tactor to thereby effect the operation of the sig-
nalling means independently of further move-
ment of the thermally responsive means, switch
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means disposed to be manually operated to con-
trol the energization of the cooling means con-
tactor independently of the energization of the
relay and the actuation of said contact member,
and another switch means disposed to be manu-
ally actuated for operation to energize the sig-
nalling contactor to effect the dlscontlnuatlon of
opu ation of the signalling means.

3. In electrical apparatus, the comblnatlon of
a housing, a transformer core and coil assembly
disposed therein, air cooling means disposed:for
operation to effect the cooling of the coil assem-
bly, a signalling means disposed for operation for
indicating a predetermined overload operating
condition of the transformer, a control ‘device
disposed to be operated in response to prede-
termined temperatures of air currents rising from
the coil assembly and predetermined heating
effects of current flowing through the coils, the
control device including a thermally responsive
means disposed for movement through: two
switching positions in response to variations in
said temperatures and heating effects, a relay dis~-
posed to be energized in response to a predeter-
mined flow of current through the coils and to
be deenergized when the current flow through
the coils decreases to a value below said prede-
termined flow of current, a contact member dis-
posed to be actuated to a circuit closing position
upon the occurrence of a predetermined move-
ment of the thermally responsive means to one
of said switching positions, a contactor disposed
to be energized to effect the operation of:the
cooling means only after the relay is energized
and said contact member is actuated to circuit
closing position, the relay when energized-co-
operating with said contactor to thereafter effect
the energization of the cooling means independ-
ently of movement of the thermally responsive
mesns and when deenergized cooperating.with
said contactor to deenergize to cooling means,
another contact member disposed to be actuated
to a circuit closing position upon the occurrence
of a further predetermined movement of the
thermally responsive means to the other of said
switching positions, and a signalling contactor
disposed for operation in response to the actu-
ation of said another contact member to effect
the operation of the signalling means.

ARTHUR V. HUGHES.
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