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UNITED STATES

1,550, 155’
PATENT OFFICE

ALAN STEWART FITZ GERALD, OF LONDON, ENGLAND, ASSIGNOR TO GENERAL ELEC-
. TRIC COMPANY, A CORPORATION OF NEW YORK.

THERMALLY-CONTROLLED APPARATUS.

'Application filed Nay 17, 1923. Serial No. 639,626,

To all whom it may concern:

Be it known that 1. ALAN STEWART Firz
Gerarp, a subject of the British Empire,
residing at London, England, have invented
certain new and useful Improvements in
Thermally-Cantrolled Apparatus, of which
the following is a specification.

This 1nvent10n relates to electric thermally
controlled apparatus and systems employing
the same, dnd particularly to thermal re-
sponsive’ relays which are intended to func-
tion after a predetermined lapse of time.

My invention is applicable to various pur-
poses, but is more particularly intended to
provide improved means for operating a re-
lay under conditions involving considerable
intervals of time. of the order of minutes
rather than seconds.

A further object of the invention is to pro-
vide an improved thermal responsive de-

" vice which may be used as a time element

25"

..bellows.

30

switch or relay, or may be used for other
‘purposes as well.

. The design of time lag relays both of the

definite time lag and inverse time lag va-
rieties has in the- past beeni commonly carried
out on lines involving air or oil dashpots,
or trains ot clockwork, - having
_either air vane or eddy-current- escapement
It is found that the design of such relays pre-

. sents no great difficulty when short time lags

‘8

(&)

40
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5
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of the order of five seconds are required, but
that when it is attempted to construct such
a relay for delayed action of considerable
duration the rate of displacement of its mov-
ing parts becomes so small that the element
of friction is very detrimental to consistent
operation, and that unless abnormally heavy
actuating forces are employed the relay is
liable to give capricious operation and even
to fail entlrely due to static friction.

In the present invention the use of fric-
tional elements in determining the duration
of the time lag is entirely avmded and in
place of such we employ a thermo-responsive
device caused to be heated from some suit-
able source, the time Yag being arranged to
depend upon both the rate of lneatmg as well
as'the rate of coohng of thp thermo-respon-
sive device. N

In carrying my. 1nvent10n into effect I

‘may employ such devices as c()mpound strip

‘thermostats or the like, the preferred meth-
od, however, involving the use of a com-
bined thermal and electrical eﬁ'ect the ther-

mal device consisting of a winding or resist-

ance which is heated from an extraneous -

source, and the electrical effect consisting of
differential or other electrical circuits de-
signed to function in a suitable manner, and
bem«r controlled by change in resistance of
the said winding.

In order to provide a definite time lag
thermal responsive relay in accordance with
my invention, I arrange to heat the thermal
element as readily as pOSSIble from some con-
stant supply of energy, and on the same at-
taining any predetermined. temperature rise,
T cause the heating to cease, operation of the
relay being arranged to occur when the tem-
perature rise shall have fallen from the above
to some lesser value suitably determined by
the required conditions.
ambient temperature may be made in any de-
sirable manner, examples being hereinafter
described.

The invention is lllustmted in the accom-
panying drawings in which Figures 1 to 9

show, by way of example and diagrammat-

1callv, several examples ot circuit arrange-
ments for carrying the invention into effect.

For a ready understanding of one of the
underlying prmmples of operation of my
invention, reference is first had to the ar-
rangement shown in Fig. 1, in which a relay

1, having a spring controlled armature 2,

a fixed core 8, and two windings 4 and 5,

60 -

5

70

Compensatlon for

76

80

is employed. The two windings referred to -

are connected in such a way that equivalent

currents flowing in the same direction frorn‘

the source of potential act in opposition.

The windings are connected in two parallel
_circuits. in one of which I have a resistance

6, which is constructed of resistance metal of
the kind commonly employed in the build-
iAg of rheostats and is notable for having
a low or negligible temperature coefficient,
while in the other branch of the circuit we
connect a resistance 7 constructed of an ele-
ment having' a large positive temperature
coefficient.

The relative resistances of 6 and.

90

05

100

7 ~ve so arranged that at ambient tempera- -

ture they are equal-(or in such quantltatlve
relation that the resultant excitation on the
relay is zero if windings 4 and 5 be not of
equlva,lent number of turns).
whole circuit be energized from a source of
A. C. or D. C. power by the closing of the
switch' 8, the relay will not immediately

operaw but current will flow thmugh both

108
- If now the -

!

110
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branches of the circuit. If the magmtude
of this current be so arranged that -appreci-
able heating of both.6 and 7 shall occur, the
current, will diminish in 7, and increase in

6 owing to the resistance of 7 increasing
“while 6 remains unchanged. It is assumed

in this. case that the supply of energy has
constant current characteristics. The relay,

therefore, will initially not be operative y
excited, but afterwards. will receive an op-
erative excitation varying directly with time
after the closing of the operating switch 8.

- . When sufficient time has elapsed so that the
. excitation due to the dlfference between the

‘15

20..

25.

30

35

40

-time . lags.

ampere turns of coils 8 and 4 is of sufficient
magnitude, the armature 2 will be attracted
closing the contact 9, and causing terminals -

10 and 11 to be energlzed ACToSS the source

of potential.
‘Such an arrangement will function as an.
inverse time relay, that is the relay which

‘operates in a period of time inversely pro-

portional to the load on the apparatus.

It will be noticed. that the actual dura-
tion of time for which the relay may be
set is not definitely limited by the design or
construction of the relay, as is the case in
most of the more usual forms of time lag.
relay. By providing particular forms of re-
sistance 7 more particularly described here-
inafter, a given type of relay may be ar-
ranged to operate with short time lags or long:
The arrangement described in
Fig. 1, however, has certain definite,limita-
tlons, one of which is that it is dependent
for its accuracy on its being operated from
a constant voltage or. current and that er-
rors will be introduced in accordance with
such variation in the same which may ocetr.

A further requirement in connection with

rotective and other forms of definite time
ay reélay is that the relay shall at all times

beina position to provide exactly. the speci-

45

50

55

fied time lag. Tt will be seen that, the ar-
rangement. above described will only give
the correct time lag if the actuating. unpulse
occurs when resistances 6 and T afe both-
at ambient temperatures. Should; however, -
the relay be energized and deenergxzed be-
fore the completion of the due period; it
will not e%'xve correct operation should’ it
immediately receive another actuating
ulse, as the resistances 6 and 7 will al v
ave become heated and therefore will
be balanced at the moment when the second
actuating impulse commences. In these cir-
cumstances, therefore, repeated opera,tlon
will cause inaccurate opera,tlon '
" In order to.overcome this latter dliﬁculty,

- my present, invendion’ provides an _arrange-

_ ta.nces 8 a.nd 7 are. now connected as shown 7. commences to cool

- .ment in accordmfige with Fig. 2, in which
-.similar parts are indicated w1th the~same

reference numerals - a,nd certain adetlona]
apparatus is shown. The relay 1 and resis-

un--
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in series with resistance 12, which latter
resistance is arranged tc be short circuited
by the armature 18 when restin
14 of a second relay 15, W}ucﬁ as in all
-other cases, i3 shown for oonvenience of
illustration as-operating downwards. Con-
tact 14 therefore remains closed when the
relay 15 is deenergized and resistance 12 is
‘thus normally short circuited.

Relay 15, which is purely an auxiliary
relay, is exclted across the line in series with
resistances 16 and 17, and is adjusted to
have the followmg characteristic.
connected in circuit with.16 and 17 in series,
it will not operate, but if operated by any
means it ‘will under these conditions remain
‘closed. . If the relay ‘be excited with resist-
ance 16 short circuited and therefore re-
sistance 17 only in-series, it will operate.

The relay 15 resets when its coil is deener-

gized, ‘that is, the armature contacb comes
to rest.on contact 14. - -

_ According to this arrangement T arrange:

for resistance 16 to be short circuited by the
relay 1 when energized to bring the arma-
ture on contact 9. It will be seen on refer-

ring to the diagram, that no part of the

on contact-

70 .

(3

If 1t is -

80

85

90 -

clrcult can receive energy' until the operat- -

ing switch 8 is elosed. On this belng done,

however, the -circuit will be found in the
following form.

Referring first to relay 15 this will be’

95 .

connected 1n series with- resrstances 16 and -

17 and cannot therefore operate. Relay 1,
however, and its accompanying re51stance
circuits will be closed across the line, re-
sistance 12 being short circuited. and under
these conditions, it is arranged to take a
sufliciently heavy current to cause heating
of the resistance 7. This latter is designed

100

106

for this particular requirement to heat very .

rapidly, and may°be arranged: to do this

within a period of the order of 1% of the-

total time lag over which the relay is to

operate Tmmediately following the clos-

Ilq

ing of switch 8, therefore, there will be a-

1apid change: of resistance and a’ corre-
sponding unbalance excitation occurring
due to the windings 4 and 5, which will
cause operation of the armature 2. . This

116

will close contact 9, short circuit -resistance -
16, and cause immediate operation of the _ :

relay 15, whose armature 13, closing on te

its bottom contact 19, will cause resistance’

12 to be placed in c1rcu1t The ‘magnitude
of “this resistance 12 is so arranged. that

when this latter condltlon obtains, suffi-

cient current flows in 6 and 7 to enable the
relay to function in accordance with the re- .
lation between these two currents; but is niot -

sufficiently strong to raise the retuftance (& s
to a teroperature very much in excess of the,j -

ambient temperature. _Directly, - therefore,
resistance 12 is placed in' circuit, resistance ,
- After due’ elapse of !
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time the resistance of 7 will again f\pprom-
mate to the resistance 6, it being noted that
6 and 7 are arranged to bflhnce cold as in
Fig. 1, and this hwmo occurred, there will
be no result‘mt L\Clt‘ltl()n due to wmdums
4 and 5, and the armature 2 will rise, open-
ing contact 9.

have been made.
contact 9 is opened, as this will leave relay

15 energized in series with 16 and 17, under.

which condltlon, it has been postuhted the

~ relay 15 will retain its armature 13. There-

15

20

25

30

35

40

45.

50

_power. A
as may have been connected to 10 and 11

fore, immediately following: final ‘deener-
gization of the relay 1, there will be a con-
plete circuit between the positive source of

_power, the terminals 10 and 11, the operat-

ng switch 8 and the negauve source of
Such tripping or other apparatus

will be operated: At no previous ‘stage in
the sequence of operation can this complete
circuit have been made. Should now an
operation occur which is not completed it
will be seen that the error of repeating will
be reduced to a minimum as it has been
postulated that the characteristic of the re-
sistance 7 is such that heating ocours very
rapidly in comparison with. the time of cool-
ing. On a rapid operation, therefore, such
error as may occur will be confined to the

brief heating period. The cooling curve

which determmes the whole, with the ex-
ceptlon of a small percentage, of the time

lag, will remain unaltered at no matter

what temperature the resistance 7 may be
at the instant when the actuating imp: 1lse
is received by the operation of “switch 8

In the practical application of this-embodi- -

ment of the invention, switch 8 may be an
overload, protective: or other form of relay
or electroresponsive device. It will be fur-
ther noted that the terminals 10 and 11 can
only be energized if the switch 8 be held
closed for the whole period of time lag for
which the relay is set, and that, as stated in
discussing the questlon of repetltlon, a re-
peated operation- immediately following

will be unaffected by a previous partially*

_ completed cyele.

55

60

G5

Attention was drawn above in considera-
tion of Fig. 1 to the fact that a definite time
lag can only be obtained by the arrangemdnt
of connections shown therein, if the circuit
be operated at constant current or constant
potential. The same limitation will apply
to a less extent to Fig. 2, and whereas 1t
may in many cases be pos31ble to get satis-
factory operation where the source of energy
is a battery or some other constant supply,
it is possible by employing ‘an arrange-
ment as shown in Fig. 3 to compensate for
such error as may oceur due to variations
in the supply line voltage,

Throughout " this per;od .
howevel armature 13 of relay 15 will have:
remained attracted, and contact 19 will"
This will still obtain when -

In order to achleve this, T provide an ex-/
actly similar circuit with the exception that;

I duplicate resistances 6,7 and 12, and wind- -
ings 4 and 5. Thus, the resistances 6’ and’
T

’

are provided for controlling the wind-
ings 4 and 5. The one winding 4’ is
wound in the opposite sense to the other
winding 4, similarly with the two coils 5
and 5. Tt is to be noted, however, that
only the resistance 12’ is cut out: by the
relay 15. By this arrangement exactly sim-
ilar opelatlon will be arrived at to that ob-
tained in Fig. 2, Whlch it will not ke neces-
sary to describe. again. The characteristics,
however, introduced by the additional re-
sistances and windings are such -as to_com-

8

70

({3

80

pensate for differences i in.the line voltaoe, .
and also for differences in the ‘unblent tem-

perature.

It should be exphmed with reference to
compensation for -variations in line voltage
{Fig. 2), that such errors as occur are due
to the change which necessarily takes place

in the 1es1et'1nce of 7; under what is referred-

to as “cold” condltlons, with change of line
voltage. By the term “cold” condltlon, is
meant a state of affairs in which resistance
12 is in circuit, and. only a small current
flows in the. resistancés 6-~and 7, and in the
relay 1. It is found that the ratio of the two
small currents flowing in 6 and 7 under
“cold” condition are '1pp1e01ab1y altered by
small changes in the line voltage, but that
by the duplicate circuits employed in Fig.
3, this effect which oceurs accordingly in
duplicate, may be eliminated or balanced
out,

With 1egfud to ambient temperature, it

is found in practice that by arranging re-

sistances 7 and 77 .in such physical form that
they may operate over a range of many hun-
dred degrees centigrade, any error due to
ambient temperature cannot be appreciated,
but the compensating feature is present and
may be utilized if the operating range be
less.

Figs. 4, 5, 6 and 7 show alrantrements for
prov1d1n<r similar characteristics to Figs. 2
and 3 in slightly different manners. The
cireuit shown in Fig. 4, which is a counter-
part of Fig. 2, emplqu exactly the same
cycle of opermons, but employs two re-
sistances 7 and two resistances 6, and is ar-
ranged to give operation with a relay 1
provided with only one winding. This ar-
rangement, however is not compcnsated for
voltage.

ing a relay having two windings instead of
four, as is the case in Fig. 8, fo retain the
characteristics of the scheme shown in Fig.

3 with reference to ambient temperature and-

variations in voltage.
In this latter case it should be noted that

_y.gs1stance§ 20 are emplq'y_ed which Pelfol,n;

If, however; the connections shown -
-on Flg 5 be employed it is possible, utiliz-

85

90

95
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. a function analogous both to that of re-

sistances 6 and resistances 12, one of the re-

" sistances 7 and its corresponding resistance

20 operate always under “cold” conditions,
and the presence of these latter is purely in
the interest of compensation, as described.
The other resistance 7 is caused to become
heated when ifs corresponding resistance

- 20 is short circuited in a similar manner to

10-
“short circuited in Fig. 2. With the latter
resistance 20 in cireuit, however, a complete -

18

_ in fact follow.

the effect occurring when resistance 12 is

balance bridge arrangement is arrived at.
It should be noted with regard to the
schemes employed in Figs. 4 and 5, that the
resistauce of the relay windings should have

-such relation to the resistances 6, 7, 20, etc.,

as to give the most efficient operation if the
circuit be considered as a form of Wheat-
stone bridge, the principle of which it does

The resistance, therefore, of the winding
49 should be large with regard to 7 and 20.
This winding may be regarded purely as
the resistance measuring coil, performing
the same function as the single winding

- shown in Fig. 4. -

The additional winding 50 is provided

- for the following reason. In the absence of

30

50 it will be observed that the winding 49

- becomes excited due to unbalance. immedi-

35

40°

‘ately the resistance 20 is short circuited.
It is required, however, and arranged for in

‘previous diagrams that there should be a.
- definite heating period, this being controlled

as explaired by the temperature of 7.
The ‘winding 50, therefore, during the
heating period is arranged to provide am-

‘pere turns equal to and opposite to the ex-
' _citation provided in 49 when 20 is short.

circuited and when no heating of 7 has yet
taken place. This counter-excttation, how-

. ever decreases as heating of 7 occurs, and the

. Operation of the relay, therefore, as here-

relay operates when 49 preponderates to the
necessary extent. :

- tofore_ocecurs at a. predetermined tempera-

_ture of 7. )
-Following operation of the relay 1 and.
relay 15, however, the coil 50 -is no longer -

50

- energized and the relay functions as a re-

" ing period as in previous arrangements.

55 ferred form of ‘the invention for a definite.

“latter, however, are i
owing to their simplicity, - -

sistance measuring device during the cool-
The above diagram constitutes the pre-
-time lag relay. - .

' Fig. 6 shows an alternative arrangement,
capable of even greater precision, with

‘sults than

are in- general preferable:

1,550,158 -

In this connection it should be notzfyd tha_ﬁ
the function of relay 15 operating in con-
junction with resistances 16, 17, etc:, is pre-

cisely as previously described. In thiscase, .

however, relay 1 is provided with a balance
beam 21, fixed cores 22 and 23 and windings
24, 25 and 26, the effect of cooling of this
arrangement causing, as- heretofore, de-
crease of the current in 6, and increase of
the current in 7.  This will cause the pull

70

75

due to coil 26 to decrease with regard to the -

pull in - coil 24, causing operation in a
similar manner to that described in Fig. 2
and those following. The arrangement
shown in Fig. 6, however, is compensated
for voltage variation by the provision of an
additional winding 25, operating in series
with 16, 17 and the winding of relay 15, and
an additional resistance 27. . The nature of
the discrepancy set up by a change in line

. voltage has been previously described; and

the effect of winding 25 is to introduce an
effect, most- easily detérmined by experi-
ments, having regard to the thermal char-
acteristics of 7, ‘which is arranged to be
equal and opposite to the discrepant effect.

60

The extent of the compensation which .can -

be obtained by this and the other methods
described, is of the order which .makes it
possible to satisfactorily operate such. a re-
lay with an error not exceeding 5% with a
change in voltage of 4 or — 20%. Tt is of

95

course understood that the perfection of the

compensation depends to a large extent on
the precision of the relays and apparatus
involved, but the above figures may be taken
to be commercial results. .. - ...
In the foregoing diagrams I have de-
scribed various ‘methods of carrying into
effect definite time lag action in which a
circuit may be clesed or by a different ar-

100

106

rangement opened at 'a predetermined inter- - .-

val after a controlling switch 8 is actuated. .
According to another modification I show
in Fig. 7 an arrangement such as is fre-"

quently met with in protective devices and-

control diagrams in which the time lag is

arranged to occur subsequent to the opening

of the control switch 8. s o
In Fig. 7, T employ resistances 7 and 20,

and relay 1; otherwise as in previous

grams. " It will be noticéd that relay 1 has

* ‘now the armature 2 and core .3, as bafore,

but has only one winding 4 and one con-
tact closed when 4 is energized. ~~° - .
The operation will now be as follows:

..~ On-closing switch 8 relay 1 will operate
_instantly due to the fact that one of: the
‘which object in view a balanced beam type . ;

" of relay may be employed in place of a
~-plain attracted armature. - This .arrange-
-ment i ca&ablev of even more accurate re--

ose previously deseribed, which

resistances 20 is short circuited, and there
is initial .out of balance current flowing in

through the terminals 10 and 11.

dia--

110
15
120

125

its winding, and will complete the circuit .

In this case, as distinet from the case

shown in Fig. 5, what is deseribed as the.
heating current i$ arranged to he ‘carried

130
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continuously. Switch 8, therefore, will be

closed for an indefinite period, but resist-
ance 7 will, a brief interval after the closing
of 8, have attained a final steady tempera-
ture, and this will be maintained so long as
switch 8 is closed. . Immediately, however,
switch -8 is opened the heavy current suf-
ficierit to maintain 7 at its hot temperature,
coases,” and ‘there flows instéad what has
been previously ‘described as the measuring
current.” Due to the lack of balance be-
tween the. hot resistance 7 and the cold
resistance. 7, however, relay 1 will not open
immediatély 8 is opened but-will continue
to energize 10 and 11 until such time as
the two resistances 7 are sufficiently in bal-
ance to allow the armature 2-to open the
contact-when the relay operating circuit’ is
completely opened, at the same time energy
being cut off from 10 and 11: It is to be

~ noted that this arrangement is compensated

25

as described with regard to Fig: 5, both for
variations in operating - voltage and for
change in ambient temperature should this

_be comparable with the operating tempera-

“‘ture of the hot resistance 7.

30

35

40

In Fig. 8 we show the application of this
thermal principle to. a relay such as is com-
monly described. as a “notching™ relay, this

being the term given to the form of relay.

which is frequently employed in connection

~with auto-reclosing apparatus, and having
the following characteristics: ’

The relay is arranged to close or open

‘its cirenit as may be required, not when the

relay is energized, but only after the relay
has been energized and the circuit broken
a given number of times in succession with-
in a given interval. To achieve this, it is
commoin to employ a time lag element and

.2 notching mechanism such that the con-
"tacts can only be operated when a.given

number of notches have been effected. The
time lag element is introduced on the relay

- being deenergized, 5o that the relay in effect

has a time lag reset characteristic which is

-arranged to release a latch on the notching

- mechanism a given time after the relay

50

65

has ,been ‘deenergized. Operation, there-
fore, of the contacts can only be achieved
if all the notches dre taken before the relay
can reset. - . . . :

In Fig. 8, I show resistances 20 and 7 as
heretofore and a special form of relay hav-
ing windings 28 and 29, a movable contact
30 and a fixed contact 31 the movable con-
tact 80 being mounted on the end of an ar-

. mature 32, which. is pivoted on 33, and ar-
.ranged to be attracted by core 34 when coil

28 1s energized to the necessary extent.

- Armature 82 is restrained by spring 44,
the contacts 80 and 381 being normally
opened therefore unless coil 28 is energized.
The main contact 85, which when bridging
contacts 36 closes a circuit between termi-

nals 10 and 11, is attached to a spindle 87

on which is mounted a ratchet wheel 38. In -

this instance the contacts 35 and .36 are ar-

ranged -to close an entirely. separate circuit -

which is not shown, i. e., they do not ener-
gize the terminals 10 and 11 from the sanie
supply from which the relay draws its op-
erating energy. L
- Two levers 39 and 40

ratchet wheel 88. -

Lever 89 is constructed of such a shape as
to form a latch engaging on the teeth of
wheel 38, when it is permitted to do so by
the projection 45 on the lever 82, which is
arranged so that this only occurs when coil
28 is energized. '

When coil 28 is deenergized, the relative
strength of springs 43 and 44 are so ar-
ranged that latch 39 releases wheel 88.  Thus
the releasing value for 32 is independent
of friction between latch and tooth. '

The lever 40 pivoted at 42, is made inte-
gral with the armature 46 which is attract-
ed by the core 51 when excited by coil 29,
and 1s provided with a pivoted catch 48 ar-
ranged to engage with the teeth of the wheel
38, so that when 29 is energized, wheel 88
moves through one tooth pitch. On coil 29
being deenergized, wheel 38 is constrained
by a spring not shown, to return to its orig-
inal position unless coil 28 is energized, in
which case it will be retained in the position
which it has assumed due‘to the movement
of lever 40. Movement of armature 46 to
the attracted position 1is resisted by
spring 47.

The operation of the complete arrange-
ment is as follows: On the closing of switch
8, winding 29 becomes energized, attracting
46 and causing heating of one of the resist-
ances 7 followed by the energization of
winding 28, causing operation of armature
32 and lever 89, due to the unbalancing ef-
fect. If switch 8 is now opened, lever 40
will recede, but lever 89 will continue to en-
gage with a tooth on wheel 38. Assuming
that switch 8 is not reclosed, one of the re-
sistances 7 (the hot one) slowly cooling,
will cause the circuit comprised by the cir-
cuit resistances 7 and 20—to become more
and more balanced, causing in consequence
the current in 28 to be correspondingly re-
duced.. In due course, therefore, 28 will no

longer retain the armature 32 causing the -
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- are pivoted respec- -
tively at 41 and 42 the former being con-
strained by spring 43, to move towards the
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contacts 30 and 31 to open, at the same time v

constraining lever 39 to release 88. If on

the other hand, switch 8 had been closed a
second time before the release of 38 after
the manner described, a second operation
of 40 would have occurred, causing another
tooth of 38 to be engaged. _

It will be seen therefore that in aceord-
ance with the setting of the notching mecha-
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nism, a number of consecutive operations of

- switch 8 will finally cause the contacts 36

‘10

15

20

to be closed by the bridge piece 35, provid-
ing- that there does not elapse after each

opening of 8 an interval of time greater than.

that necessary for the resistance circuit to
become balanced and the coil 28 to be de-
energized, in which case 38 always returns
to the starting position owing to the action
of its return-to-normal spring.

. In all the previous didgrams I have shown
various methods of providing definite time
lag effects; in connection with protective
circuits however it is commonly required to
provide a time lag inversely proportional

to the magnitude of a current, overload, etc.,

and in Fig. 8 I show after what manner this
may be achieved. 'In this case it is assumed

that a source of operating energy is avail-"
able for operating the mechanism of the re-".

lay distinct from the current according to

- the magnitude of which I wish to control

30

40

45

50

55

60

the time lag. . _
In Fig. 9 I employ resistances 7, 16, 17,
20, ete., as in Fig. 5, and relays 1 and 1.

Relay 1 is provided with windings4 and 5.
having functions precisely as specified here-"

inbefore. Relay 15 is also provided with a
winding exactly as described in Fig. 5. Re-
lay 15, however, is provided with an addi-
tional stationary contact 52 and a movable

contact 53, mechanically coupled to .or

mounted on its armature, and arranged to

‘open circuit when relay 15 is operated.
relay 1 is now pivoted.
© centrally, but has the same contacts as in'the -

The armature 2 of

previous diagrams. The magnetizing ef-

fect due to 4 and 5 is arranged to provide:
exactly the same operation as in Fig. 2 and -

onwards. In Fig. 9, however, contacts of
Fig. 1 will be shown upside down as com-

ture 2 is now moving in the opposite direc-

tion when attracted hy the core 3. “On the:

opposite side of the fulerum on which the
armature 2 pivots, we provide an additional
core 54 excited by a winding 55. To the

right of the diagram I show three conduc-.

tors 56 representing for the sake of example,

a three-phase circuit. On one of these con-.
“ductors I show a current transformer 57,

whose secondary is arranged to excite the
winding 55. R ' .
Core 54, therefore, will attract the aria-
ture 2, with a force depending on the
strength of the current flowing in the three-

phase circuit 56. It is.to be noted that the

spring or other restraining effect which

‘though not shown is understood to control

2, is arranged to constrain 2, to' assume the
position shown on the diagram, and it will

- be seen that the effect of core 54 is to assist

13

such action. If, therefore, the whole dia-

gram be considered to operate as a definite -
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time lag relay, entirely as described with re-

gard to diagram 5, it will be recalled that.

during the cooling period the contact on the

end of 2 will be closed on the upper fixed

contact and during this- period, the force
due to the restraint of 4 and 5, will be slowly
decreasing.. When this resultant force.no
longer cxceeds the resetting effort of the
spring or -controlling means, the armature

moves downwards closing ‘on’ to its bottom

contact, and completing the circuit to 10 and
11, It will be clearly comprehended, there-

“fore, that if the effect of coil 55 isto assistthe

controlling means; it. will due to this fact,
shorten the period:of time lag, and by suit-
ably désigning the winding 55, the actual

duration of:the time lag may be made in--
.versely proportional to the strength of the

current 56. . - o

It is to be noted, however, that the excita-
tion due to ¢oil 55 :should not interfere with
the heating period, as in the event of & very
heavy current in coil 55 it might preclude
the armature 2 lifting off the bottom contact

“in order to.stop the heating when the resist-

ance-7 has attained -a_certain temperature.
" For this réason, therefore, .I have shown
the contacts 53 and 52 mounted on the relay

15, which :aré arranged to short circuit the
current transformer 57 during the heating
‘ period, only energizing the coil 55 on the
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commencement of the cooling period. Tt is -
to-be noted, therefore, that even should the-

current in the load circuit 56 be excessively

_high,due to a severe short circuit, the arma-

ture -2 will carry -out its normal heating

“eycle, which in practice would be of the

order of a fraction of a second, and that
immediately on the operation of relay 15
it would due to the very high excitation of

v : L -.coil ‘55 immediately return to the bottom
pared with previous diagrams, for the sake
of convenience, as the extremity of afma-.

'bdii‘tacb.,:-;This gives the arrangement the
clisracteristic of a definite minimum' time

- lag since no matter how heavy may be the
~current in the-load circuit, the heating cycle
- must, be carried out following by instanta-
“neous operation of the relay 15 and the re-
turh movement of contact 2. - -

. With regard to the resisjances 7 referred
to throughout the specification, I have found

mounted in vacuo or in a noble gas after trie
manner of incandescent lamps. - I find, how-
ever, the operation in vacuo to be superior to
that in gas with reference to the-desirability
of a definite time lag relay giving exactly
the same time lag in the event of several

consecutive operations being made. It has
been noted in the case of gas-filled bulbs

that after three or four operations a slight
error is introduced which 1s due to the heat-
ing of the .gas surrounding the tungsten
wire. : : : .

It is not essential that the resistance which
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-excellent_results’ for time lags up to half- -
.minute to be' given by tungsten wiras
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K

“varies with the - temperature should have a

positive temperature coeflicient as materials

“such as boron with a negative temperature

coefficient may also be used with correspond-
ing modification of the balancing circuits.
I prefer however to use the posmve temper-

ature coefficient of a metal such as tungsten

~ ‘because this metal is readily obtainable in

the form of wire with the same characteris-
tic properties in different batches. -More-
over its high melting point permits of a wide

- range of temperature variation being used.

The tungsten resistance ericlosed inan evacu-
ated bulb may be operated at'a temperature
such that the life of the device will be much
beyond the thousand hours average aimed
at in lamp manufacture. In order to slow

down the rate of cooling the resistance may .

be shrouded by a cup. or other suitable form
of heat storage arrangement.
"What T clalm as new and desire to secure

* by Letters Patent of the United States, is,—
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1.. A time element circuit controlling de-
vice comprising a movable controlling mem-
ber capable of two- movements, thermal re-
sponsive means sutbject to different tempera-
ture conditions, means whereby the control-
ling member is given one of its movements
a time interval ‘after the thermal means is
sub]ected to one temperature conditlon and
is given the other of its two movements a

time interval after said means is subjected -

to a different temperature condition, and
switch mechanism and connections whereby
the cireuit controlled by the device is ener-
gized only after the said controlling mem-

ber has performed each of its. two move-

ments.
2. A tlme element circuit controlhnrr de-

" vice comprising a-movable controlling mem-

ber capable of two movements, thermal re-

‘sponsive means for giving the .controlling

member one of its two movements a time in-
terval after the thermal means is subjected
to a predetermined heating effect and for
giving the controlling member the other of
its two movements a time interval after a
predetermined reduction in the heating of
said thermal means, means controlled .by
said  controlling' member - and cooperating

- with said thermal means for reducing the

60

5

heating thereof, and switch mechanism and
connections Wheleby the circuit controlled
by the device is énergized only after the
said controlling member has performed each
of its two movements.

3. A tlme element GII'CUlt controlhntr de- -

vice comprising thermal. responsive means
having a controlling member operable be-
tween . two positions responsively to prede-
termined variations in the temperature of
said means, means for eléctrically heating
said thermal responsive means to operate
said member from the first of said positions
to the second of sald positions, means con-

&

trolled by said member for controlling the
said electrical heating means to effect " the
return  of said controlluw member fo the
first position, and switch mechanism and
connections whereby the cireult controlled
by the device is energized only after the
said controlling member has been operatec
to said second p051t1on and returned to said
first position.

4. A time element cn‘cult controlling. de-
vice comprising thermal responsive means
having a circuit controlling member oper-
able to one position when the temperature
of said means is at one value and to a sec-
ond position when the temperature of said
means is at another value, electroresponsive
means controlled by said member in said
second . position and.cooperating with said
thermal responsive means. for' controlling
the heating thereof to return said member

to said one position,.and connections where-

by the said circuit controlling member is ve-
quired to move to said second position and
then return to said one position under the
control of said electroresponsive means prior
to energization of the circuit controlled by
the device.
" 5. A time element circuit contr(ﬂ ing de-
vice comprising thermal responsive nieans
having a ‘circuit controlling member oper-
able with a time delay to and from a circuit
controlling position -responsively t8 varia
tions in the temperature of said means, an
auxiliary switch “cooperating with said
member to jointly control a circuit, means
whereby said auxiliary switeh is opela,ted
to control the circuit, a time interval after
the operation of said member from said cir-
cuit controlling position, and means for con-
trolling the temperature of said thermal
responsive means to return said member to
said circuit controlling position a time in-
terval after the operation of said auxiliary
switch.

6. A time element circuit controlling de-
vice comprising thermal current responsive

means having a circuit controlling member

operable with a time delay to and from a
circutt closing position responsively to pre-
determined variations in the energizing cur-
rent thereof, an auxiliary switch connected
in series with said member to jointly con-
trol a circuit, mears whereby said switch is
) closed a time interval after the operation of
said member from said circuit closing posi-
tion, and eonnections for controlling the en-
ergizing current of said thermal responsive
rmeans to return said member to said circuit
closing position a time interval after the
closure of said auxiliary switch. -

7. A time element circuit controlling de-
vice comprising electrically heated thermal
Tresponsive means having a circuit control-
ling member operable from a circuit con-
trolhng position to another position respon-

7 .
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sively to a predébe‘fnﬁned heating effect, an

electroresponsive switch . cooperating with
said member to jointly control a circuit, and
connections whereby said. electroresponsive

switch is operated to the circuit controlling-

position upon the operation of said ‘mem-
ber to said other position and the heating
of said thermal responsive means is con-
trolled to return said member to the circuit
controlling position a time interval after
the operation of said switch.

8. A time element circuit controlling de-

_vice comprising a movable switch member

biased to a circuit closing position, electri/
cally heated thermal responsive means for

operating said member from said circuit.

closing position to a-second position a time
interval after the application of a prede-
termined heating effect to said means, an
electromagnetic switch connected to be con-
trolled by said member and arranged to be
operated to a circuit closing position upon
the operation of said member to said second
position, connections whereby the heating
current of said thermal responsive means is

- decreased upon the operation of said electro-

30
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magnetic switch to said circuit closing posi-
tion to permit said movable switch member

to return to the circuit closing position, and

connections whereby the circuit controlled
by the device is energized only when said
switch member - and said electromagnetic
switch are in their respective circuit closing
positions. '

9. A time element thermal responsive de-

. vice comprising a pair of circuit controlling

40

members each operable between two posi-
tions and biased to one of said .positions,
electrically heated thermal responsive means
for operating the first of said members from
the biased position to its other position re-

sponsively to the heating effect of a prede-
termined current, electroresponsive means .

controlled by said first member in said other

1,650,185

position for operating said sp(*,onf'i ‘member 45
from the biased position to its other posi-
tion and for maintaining the same therein,

and means controlled by said second mem-

Jber for reducing the heating current of said

thérmal responsive means to permit said first

~member t0 return to the biased position a

time interval after the operation of said sec-
ond member to its other position, and con- .
nections whereby the circuit controlled by
the device is energized when the first of said
members is in its biased position and the see- -
ond of said members is 11 its other position.

10. The combination in a time element
switch of a switch member, electroresponsive
means for controlling the said switch mem-
ber, a resistor having an appreciable temper-
ature coeflicient, a multiple connected resis-
tor having a materially lower temperature
coeflicient, the said resistors connected in a
circuit to be heated responsively to the cur-
rent therein and arranged to control the said
electroresponsive means responsively to the
difference in the resistanmce of the said re-
sistors due to heating thereof, auxiliary
switch mechanism controlled by the’said
switch member, and a resistor in the circuit
of the said multiple connected resistors un-
der the control of the said auxiliary switch
mechanism for controlling the “heating of~.
said multiple connected resistors.

11. A time element switch as specified in
claim 10, characterized by the fact that an
additional set of multiple connected differ-
ent thermal coeflicient resistors are provided
and connected in multiple relation with the
multiple connected resistors specified in
claim 10, so as to compensate for changes in
ambient temperature and operating current
or potential. o

In witness whereof, I have hereunto set 85
my hand this seventh day of May, 1923.

ATAN STEWART FITZ GERALD.
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