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To all whom it may concern.: :

Be it known that I, Tromas F. Crocker,
a citizen of the United States, residing at
Dayton, in the county of Montgomery and
State of Ohio, have invented certain new
and useful Improvements in'Electrical Ap-
paratus, of which the following is a specifi-
cation.

My invention relates to telephone ap-
paratus of the automatic type, and particu-

larly to means for automatically restoring.

line switches and selector switches which
have been accidentally or abnormally op-
erated or which have failed to restore by the
usual means, and is especially designed for
use in combination with apparatus of the
Keith system of telephony, invented by
Alexander E. Keith, but which may be

adapted to telephone apparatus of different

design.

The object of the invention is to provide
such automatic means for restoring abnor-
mally operated line switches, and selector
switches or those regularly operated but
which have failed to restore by the usual
means, which will not only be simple and
cheap in construction, but will be efficient in
use, positive in action and unlikely to get out
of repair, .

With the above primary and other inci-
dental objects in view as will more fully
appear in the specification, the invention
consists of the features of construction, the
means, parts and combinations thereof, and
the mode of operation or their equivalents,
as hereinafter described and set forth in
the claims. .

Thedrawing is a diagrammatic view illus-
trating so much of a telephone system of the
Keith type as is necessary to illustrate the
application of the present invention thereto,
these portions forming the subjec{ matter of
the present invention being grouped in the
lower right side of the diagram and §ep-
arated from the general or Keith apparatus
by a dot and dash line. "

For convenience in following the circuits
indicated in the diagram,sundry parts have
been indicated upon the drawing by name in
addition to the reference characters here-
after ‘employed, and the resistance of the

- several coils has.also been in_dicated on the

PO

drawing. : : »

There are many conditions under which
the line switches and the trunk switches of
an automstic telephone system may be ab-

\
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normally operated, such as groundedﬁlines, :

‘the jarring of the mechanism during normal

operation of the other parts, carelessness of

workmen, gusts of wind and other accidental 60

or unnatural means. Under such abnormal
operation the plunger of the line switch
plunges into the bank terminal as hereafter °
described, but the first!selector switch will

not operate to select a second selector trunk. 65

In many automatic-exchanges several per-
sons are employed whose sole duties are to
manually - restore abnormally operated line
and first selector switches, or as is commonly

termed “off normal” switches. To obviate 7g

such conditions and to provide for the auto-
matic restoration of the abnormally operated
switches is one of the primary objects of the

present invention.

~ In order that the present invention may ¢5

be more readily understood, the character:
istic features of the portions of the Keith
system to which the present invention re-
lates will be briefly described.

Referring to the diagram, the line switch go

illustrated at the upper left portion thereof,
comprises a trip magnet 1 and a release
magnet- 2 arranged at right angles to each
other. Below the release magnet 2 is piv-

oted the release armature 8. This armature g

carries pivotally mounted on its free end a
second armature 4 extending upwardly ad-

Jacent to, and controlled by the trip magnet
1. The trip magnet armature 4 is bent at

right angles at its upper extremity to accom- 9o

modate an adjusting screw &, for the pur-
pose hereafter mentioned. Above the re-
lease magnet there is pivotally supported a
plunger arm 6 to the end of which is piv-

otally secured, and fully insulated there- 95

from, a switch plunger 7 which is adapted,
when released, to plunge into and close any
one of a series of bank terminals, each com-
prising four pairs of switch blades as here-

after mentioned. Near the center of the 100

plunger arm 6 is secured a tension spring 8
the free end of which rests in the adjusting -
screw stirrup 9. By the adjustment of the
screw 5 the tension of the spring 8 may be in-

creased or diminished as required. It is to 105

be noted that the spring affords the power
for tripping the switch plunger ‘7 into the.
bank terminal, and also for withdrawing
the plunger from the bank terminal upon the

operation of the release magnet. There is 110
‘always a downward pull upon. the'stirrup; :
‘and when the trip armature rests in normal
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engagement with the plunger arm Tﬁr) pull
upon the stirvup s transmitted to the plun-
ger arm on the left of its pivotal connection,
tending to move the piunger arm in a coun-
ter clockwise divection. When the trip arm
is disengaged from the plunger srm the
spring is effective in producing a clockwise
tendency and thrusts the plunger 7 intn the
bank terminal. The trip armature 4 is pro-
vided with a tooth or detent 10 which en-

gages the end of the plunger arm tc hold
the arm elevated.

Under normal conditions of operation,
when the calling subscriber turns the dial
for the first thlt of the desived number, the
votary line - comnector 1is momentarily
“rounded at the sabscriber’s instrument 11.

This ground impulse provides an energizing
civeuit for the trip magnet exr endlnc from
the supscriber’s instrument, over the xot’u‘_"
line connector 12, through the hridge cut off
swvitch 18, the windings of the trip magnet
{oand through battery to grourd at 14.
The trip ma onet 1 theleupon energizes and
atiracis thc Tarmature 4, \Uthdmwmcr the"
tooth 10 from the end of the n]unfrer arm
6, which in response to the spring tensm:u
moves about its pivet and thrusts the plin-
ger T inte the terminal bank., When the
plunger enters the termin:l bark the two
members of each of the fo'lowing pairs of
contacts are pressed into cvdaoement with
each other; a and Gty b srd 8%, ¢ and ¢t, and
d and & Tt is assumaa for convenience of
explanation that the switch wiper 15, which
is a side switch wiper of the first selector

switch having no other duty than that here-
in described, is in centact with the first bank
contact, and that this coniact corresponds
with the bank terminal shown. When the
plunger 7 plunges into thie hank terminal, 1t
closes a eiveuit through »—»* and energizes
mechanisin not Qh(mn which actuates the
master switeh causing it to move an unocseu-

erminal or contac 1, which operation
no relation o the prnsent case. The
falling of the plunger also closes ¢—a* pro-
viding an energizing civeuit for the bridge
cut off magnet £ 16 which is grounded through
bnitery at 17. The energizing of the bridge

et
prred

ent off magnet attracts the armature thereof
breaking the energizing circuit of the frip
m”n'xa 1 at 13. The closing of the contacts
and

P
enili

£

«* by the pluncrer extends the
scriber’s vertical and rotary line
o to the trunk conductors terminat-
the “first selector switch. _
"clease of the line switch is accom-
{ by the return of the subscriber’s
to the recelver hook which indi-
zetly  momentarily grounds the release
grank 18 at the first <elect0r. As a vesult
the release magnet 2 is momedtarﬂv ener- .
attracting its armature 3 and in turn
ng the trip armature 4 to permit the

tooth 16 to engage over the -end of the
plunger arm 6, When the release magnet 2 de-
magnetizes, the armatures 3 and 4 return to
normal posltlon. withdrawing the plunger
from the bank terminal and 1)eumttn\0" the
pank contacts to dlcengnge Such is the
normal weorking of the Keith ‘~‘)7Ste],11 ghown
in the dvawi Howaever the ph‘nﬁ'e" 7
is liable 1o be {il,n_zu! nto the banic fermi-
pal Ly sowe aceidental means as before men-
tioned, at a time when the subscriber’s in-
strument hus not been eperated, and there-
fore is not restored in the natural manner
by the return of the subscriber's receiver

to the hook, thereby vendering in. line in-"

effective for a succeeding call. Under such
abnormal condition the opewtlon of the
parts iz ag follows: The plunger 7 having
plunged into the bank ter minal duu to some
(llbtmban(-e or uronul‘ulty upon the line,
closes the several switches hefore mentioned
forming the bauk, energizing the bridge cut
off magnet 16 to open the frlp nhwnet civ
cuit at 13, connecting the rotary and v ern('al
connectors with the corresponding trunks
and the release magnet 2-of the line switch
wvith the release trank 18, permitting cur-
rent to pass through the release magnet 2
of the line switch to the tell tale 1e]ay 19,
the resistance of which is approximately
three thousand three hundred ohms, and
thence to ground. operating the tell tale re-
lay 19, but failing to operfxtﬂ the release
mag net 2 because of its low resistance. wind-
ing. This is the regular operation of the

' standard Keith atomatic telephone eqmp-

nent as shown in the drawing, to which the
invention forming the subject matter heveot
is an; Hlied.

+ue tell tale 1‘01‘1\' 19 is grounded through
the switech 15 and ecnuimon hpe 20 lndudlnw

contacts 2i and 22 fo ground at 23. The
tell tale relay 19 upon its operation, closes

the contact 24 causing current to flow
through the first selector reiense magnet 25

which is grounded through bﬂtew at 22,
thence over the common line 27 through the

relay 28 and te ground at 29. The velease
magnet 25 will fful to operate since 1r i
wound to but sixfy ohms resistance while
the relay 28 is of three thonsand three hun-
dred ohms resistance. The energization of
the relay 28 closes the contact 30 by the
incidental attraction of its armature and at
the same time breaks the contact 22. The
opening of the contact 22 however will not
affect the tell tale relay 19 which was pre-
viously grounded through this contact 22 to
0‘1011"1d at 93, but the: ‘tell tale magnet 19 will
continue frounded through the common line
20, the resistance coil 31 of one thousand
three hundred ohms resistance to ground at
82, thereby causing the tell tale magnet to
retain its armature in operated posmon and
the contact 24 closed, but any other-line
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switch of the section which may be plunged
into a termin.d bank will not operate its
corresponding tell tale magnet because - it
also would have to operate through the re-
sistance coil 81 which is of too. great resist-
ance to permit the tell tale relay to attract
Its armuture while said resistance coil is in
the circuit.” This insures the construction
against possible danger of one line switch
being cut off from the telephone action of
another if one subseriber should release his
trunk switeh before the switch 15 shall have
shifted to the succeeding contact, since- the
commen line may be conneéted with but one
5 line switch at a fitne. The resistance coil 81

of the slow acting type is maintained in the.

circuit until a short period after the final
release as hereafter described. Upon the
operation of the relay 28 and the conse.
quent closing of the contact 30 there is
grounded at 28 a circuit passing through
the contact 30, the contact 33, the.relay 34,
the contact 85, thence through the heating

“coil of the thermostatic time. switch 36 in.
25 the same cirenit being of five hundred ohms

resistance, therefore the circuit will be wn-
broken between grounds 23 and’ 87, permit-
ting the current to flow through
- - heating’ the thermostat until the thermo-

> static bar closes the contact 38, thereby short

" circuiting the heat coil .of the thermostatic

. r

time switch, whereupon the entire strength
of current is permitted to act upon the relay
34 causing it to attract its armature to malke
the contact 39 and break the contact’ 33.
‘The contacts 33 and 39 are so constructed
“that the armature will make the contact 39
_before the contact 33 is broken. The. heat
“coil of the thermostatic time switch 36 1S so
- wound and the contact 38 so regulated that
an interval of time of predetermined length

shall elapse between the closing of the cir--
cuit through the heat coil and the short cir- -
cuiting thereof. In practice it has been.

found that an interval of from ten to tweive
seconds will be sufficient, B :

The operation of the time switch 36 and
the relay 34 closes a circuit from ground
and battery 37, through contact 38 excluding
the heat coil of the time switeh, through the
contact 35, the relay magnet 34, contact 39,
" contact 40, through the coil of the slow act-
ing relay 41 and to ground at 49, This
operation thus far has required -a predeter-
~mined interval of time dependent upon the
adjustment of the time switch 36 and con-
tact 38. The relay 41 new operates to close
contact 43 and at the same time break con~
tact 44. The closing of the contact 43 by

62 the operation of the relay 41 closes'a circuit

including the slow acting relay 45 and the
time ewitch, the cirenit passing. from* bat-
tery aud ground 87 through the thermostat
36, contact 38, contact 35 and contact 42 to

<> the relay 45, themce through battery to

said eircuit

' rent,

ground at 46. The relay 45 will not operate

“to attract its armatures however until after

the thermostat cools sufficiently to open the

contact 38, which will require a period of

“approximately six seconds. . Until the opera-

tion of the relay 45, by which several con-
tacts are controlled as hereafter mentioned,
current will flew through the relay 41 which
is grounded at 49, thence through the con-
tact 40, the contact 89, previously closed by
the relay 34, through said relay 34, the con-

‘tact 35 and the thermostat 36, through bat-
tery to ground at 87. The line will also be
‘closed from battery and ground 87 through

contact 35, the contact 43 closed by the slow
relay 41 and through the second: slow acting

relay 45 and battery to ground at 46, but as

the battery at 87 is at one end of said line
and the battery 46 at the opposite end of

the line with the relay 45 between vaid bat-
teries, the said relay 45 will be inoperative

until the thermostat cools suificiently to open

‘the sontact 88 which brings the resistance 36
‘ints the circuit, whereupon the relay 45 will

be enérgized. . The .slow acting relay 45

(operating to attract its several armatures
~opens the contacts 35 and 40 and makes the
ccontact 47. The opening of the contacts 35
‘and 40 breaks the circuit through the relays -
34 and 41, allowing the relay 34 to release
its armature which opens the contact 39 and
‘remakes the contact 33, whereby current will

again flow through the contact 80 which is
grounded at 23 through the.contact 33, the
relay 84, the contact 43 which has not yet
been opened due to the slow action of the
slow relay 41, and thence through the slow
acting relay 45 and battery to ground at 46,
thus maintaining the attraction of the relay
45 for its armatures. The holding of the
contacts by the relay 45 will be short how-

ever, as the current having been interrupted

&
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through the relay 41, by the opening of the ~

contact 40 by the relay 45-as before men-

tioned, the said slow acting relay 41 will

hold its armature a short time after the
current has been so interrupted, continuing
to supply. current to the slow relay 43
through the contact 43 g5 deseribed.  How-
ever when the “slow relay 41 releases its
armature breaking the contact 43, the cur-
rent supply te the second slow relay 45 is
broken, but said slow acting relay will con-
tinue tq attract its armatures maintaining
the contact 47 closed and the contacts 35

110

116 -

120

and' 40 open for a short time after the relay -

41 i demagnetized to break the supply ‘cux-

relay 41 has been ‘demagnetized and the
supply of current to the rel: y 44 broken, but
before the said relay 45 has released its

During this latter period. after the -

125

armatures due to its slow action. the com-
]

_mon line 27 will be grounded through con-
tects 44 and 47 to ground .at 48 thus energiz--
Ing the release magnet 25 of the first selector

130,
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through the contact 24 closed by the tell tale
relay 19 to ground at 26. The energization
of the release magnet 25 closes the contact
49 which grounds the release trunk 18 at 50,
thereby energizing the release magnet 2 of
the line switch which is alse grounded
througlh battery. The release magnet 2
thereupon attracts the armature 3 to elevate
the tooth 10 above the plunger arm prepara-
tory {o returning the plunger arm and
plunger to normal position upon the fall of
the armature 8 at the demuguetization of the

release magnet 2. When the slow acting re--

lay 45, which has held momentarily after its
supply curvent has been broken by the de-
nmagnetization of velay 41, releases its arma-
tures the contact 47 is opened, thereby
bréaking the ground connection of the com-
mon line 27 and selector release magnet 25,
which thereupon becoming demagnetized re-
Jeases its armature breaking the contact 49
and removing the ground connection of the
release trunk 18. This causes the demag-
netization of the release magnet 2, permit-
ting the armature 3 -to fall, restoring the
plunger arm and plunger to normal. This
completes the cycle of operations by which

the abnormally operated plunger is restored

to normal. However in addition to the
autcinatic restoring means as described,
there is provided an automatic alarm which

will give notice of abnormal operations of |

the apparatus in order that the cause of
such abnormal operations, such as grounded
lines, etc., may be removed. During the
period that the contact 38 is closed by the
thermostatic time switch a cirveunit is closed
from the ground 37, the contact 33, relay 34
and contact 39 which energizes the slow
acting relay 52 which is grounded at 53,
When the contact 38 is broken by the cool-
ing of the thermostat as hefore mentioned,
the relay 52 will continue to veceive current
from battery and ground 46 through relay
45, coytact 43, velay 34, contact 39 and
through velay 52 to ground at 33, as long as
the slow acting relay 41 continues to attract
its armature.
slower action than the velsy 45, hence is the
last to operate. |
close the contact 54 and to break the contact
21, and being slow acting retains said con-
tacts in operated j osition a short time after
the release impulse is sent over the line. The
relay 52 serves two purposes. It affords re-
sistance in the common line 20, and by clos-
ing the contact 54 it closes an alarm circuit
from ground 32 through the said contact 54
to an alarm device 35 which may be either a
light, a buzzer or a bell, and thence through
battery to ground at 56, .The alarm 55 gives
notice that a line switch is about to be re-
leased and if it does not release, or if it does
release and the plunger 7 immediately drops
again as it would in the case of a grounded

The 1elay 52 is adjusted to

The relay 52 operates to

1,087,447

line, the release mechanism would complete
a cycle of operations at each operation of
the plunger, thereby causing the alarm 55 fo
give out an intermittent signal.

The automatic releasing system as herein
described can be rendered cominon to any
number of line switch trunks. The system
cannot possibly interfere with regular calls
by prematurely restoring the plunger since
the switch 15 will shift to its succeeding po-
sition in the case of a regular call before the
thermostatic time switch 36 shall have oper-
ated to close the contact 38. A release im-
pulse cannot occur simultaneously with the
operation of the plunger 7 because the tell
tale relay 19 remains inoperative and does
not attract its armature to close the contact

70

75

80

24 to cause the grounding of the release

trunk, for a predetermined period of time
prior to the release of the abnormally oper-
ated line switch. The automatic release sys-
tem may be made common to any number of
first selector trunks.

A condenser 57 may be bridged around
the contact 47 to avoid a spark upon the op-
eration of said contact. \

. While the automatic release system here
deseribed is illustrated in connection with
the Keith system of automatic telephony
and is herein described in such connection,
it is to be nnderstood thet it may be applied
‘to other systems, or may be employed for
other anplogous purposes, it is therefore not
limited to the use and application herein
mentioned. :

From the ahove description it will be ap-
parent that therc is thus provided an auto-
matically operating electric system possess-
ing the particular fentures of advantage be-
fore enumerated as desirable, but which ob-
viously is susceptible of modification in its
“orm, connections, detail construction and

85
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arrangement of parts without departing -

from the principle involved or sacrificing
any of its advantages, and it is to be under-
stood that the invention is not limited to the
particular form shown and described, and,
that the means and. mechanism herein de-
scribed represent but one mode ‘of putting
the invention into effect, and the invention
is therefore claimed broadly in any of its
possible forms or modifications within the
scope of the appended claims.

Having thus described my invention I

claim:

1. In an electrical appakatus,.a main eir-
cuit, a switch adapted to close the circuit, 2
switch restoring magnet in said circuit
adapted to open the switch, a relay also in
the circuit affording such resistance as to
normally prevent the operation of the
switch restoring magnet at the closing of
the circuit, and a supplemental circuit
closed by the operation of said relay a slow
.acting member in said circuit adapted. after
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-an interval of time,to short circuit the re-

sistance in the main circuit whereby the re-

 storing magnet will be. permitted to restore

8

" sistance in said
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‘switch restoring

the switch and open the main cireuit.

2. In an electrical apparatus, a main cir-

cuit, a switch adapted to close said cireuit, -

a switch restoring magnet in said circuit, re-
circuit adapted to prevent
the operation of the switch restoring mag-
net, and means including a slow acting
switch energized by the closing of the main
circuit for removing said resistance from

the circuit, to permit the operation of the

switch restoring magnet after the elapse of
an interval of time from the closing of the
main circuit. : ’ S
_ 3. In an electrical apparatus, & main cir-
cuit, a switch adapted to close the cireuit, a
switch restoring magnet in said circuit, a re-
lay energized by the closing of said circuit
by the switch, but normally preventing the
maghet, a supple-
mental circuit closed by the operation of
said relay, a thermostatic switch in said eir-
cuit adapted by its operation to cause the re-
lay of the main circuit to be short circuited,
thereby permitting the - operation of the
magnet, . _
4. In an electrical apparatus, 2 main cir-
cuit, a switch adapted to close the circuit; a
switch restoring magnet in said cireuit, a
second circuit closed by the operation of the
relay of the main circuit, s magnet in said
second circuit adapted upon operation to
close the main circuit in such way as to ener-
gize the restoring magnet, a relay also in
said second circuit affording such resistance
as to prevent the operation of the circuit
closing magnet, a third circuit closed by the
relay of the second circuit, a relay in said
third circuit, and the heat coil of a thermo-

static switch also in ‘said circuit and afford-

ing such resistance that the relay will not
operate until the heat coil is removed from
the circuit, the said thermostatic switch be-
ing adapted to short cireuit the heat coil
after an interval of time from the closing of
the circuit, thereby permitting the opera-
tion of the third circuit relay, which closes
a succeeding circuit, a slow acting relay in
the succeeding circuit which after the elapse

of ah interval of time acts to exclude the ye-.

sistance from the second ecircuit mentioned
permitting the second cireunit magnet to op-
erate to exclude the resistance from the main
circuit enabling the restoring magnet to re-
tract the switch. ‘

5. In an electrical apparatus, a main cir-
cuit, a switch adapted to close said circuit,

A switch restoring magnet in said circuit, re-

./sistance in said cireuit normally preventing

7 the operation
means including a slow acting electrically

65

of the restoring magnet, and

controlled member for automatically remov-
ing the resistance from the circuit after the

elapse of an interval of fime; Afroni5th§, clos-
‘ing of the circunit whereby the restoring

magnet will be enabled to retract the switeh
substantially as specified. =~ '

6.-In an electrical apparatus, 4 main cir-
cuit, a switch adapted to close said circuit,

70

a switch restoring magnet in said circuit re.

sistance in -the circuit normally preventing -

the -operation of the restoring magnet, a
slow acting electrically controlled memi_)er
energized through the closing of said circuit

-adapted by its operation to exclude the re-
sistance from the restoring magnet. circuit’

whereby the said magnet will operate to re-
tract the switch, and a second slow acting

electrically controlled member operating .

subsequent to the operation of the last men-
tioned slow acting member, to open the cir-
cuit to demagnetize the restoring magnet.
7. In an electrical apparatus, a main cir-
cuit, a switch adapted to close said circuit, a
Switch restoring magnet, a relay in the cir-
cuit with the magnet affording such resist-
ance as to normally prevent the operation
of the magnet, a second circuit, &-niagnet
therein adapted to close an operating cirenit
through the restoring magnet, a relay also
in said second’ cireunit affording such resist-
ance as to normally prevent the operation of

said circuit closing magnet, a third ecircuit

‘closed by the operation of the second circuit

relay, a relay in said circuit and an elec-
trically controlled slow acting member af-
fording such resistance as to prevent the
operation of the relay until after the opera-
tion of said slow acting member, whereupon
the third circuit relay operates to remove
the resistance from the second circuit en-
abling the cireuit closing magnet to operate
to close an energizing circuit through the
restoring  magnet, and means to automati-
cally break said circuit. . .

8. In an electrical apparatus, a2 main cir-
cuit, a switch adapted to close said cireuit,
a switch restoring magnet, resistance in the
circuit normally preventing the operation of
the magnet, a second cirenit having a mag-
net therein adapted upon operation to close
an energizing cireuit through the switch re-
storing magnet, resistance in said circuit
normally preventing the operation of seid
magnet, and a slow acting electrically con-
trolled member energized through the clos-
ing of the switch, and adapted by its opera-
tion to cause an energizing current to flow
through the circuit closing magnet of the
second circuit, which in turn will cause an
energizing circuit to flow through the switch
restoring magnet, and means for automati-
cally breaking the said circuit afier an in-
terval of time. ’

9. In an electrical apparatus, 2 main cir-
cuit, a switch ‘therein a switch
magnet, a slow acting electrically controlled
member energized by the closing of the main

restoring -
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circuit switch adapted to close an energiz-
ing circuit through the switch restoring
magnet after the elapse of an interval of
time from the closing of the switch, and
means to automatically break said circuit.
10. In an electrical apparatus, a main cir-
cuit, a switch therein, a slow acting electri-
cally controlled restoring member energized
by the closing of said main circuit switch
adapted to open said switch after the lapse
of an interval of time from the- closing

1,087,447 B

thereof, said restoring member being dein-
ergized through the opening of said main
circuit, substantially as specified.

In festimony whercof, I have hLereunto
set my hand this 11th day of September
1911, '

THOMAS F. CROCKER.

- Witnesses:
Hazry ¥. Novaw,
F. L. WALKER.

o

Copies of this patent may be obtained for five cents each, by addressing the “ Commissioner of Patents,
Washington, D. ¢.” )
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