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~ UNITED STATES

1,614,285
PATENT OFFICE.

EDWARD B. CRAFT, OF HACKENSACK, NEW JERSEY, AND ALEO KELLER, OF NEW YORK,
N. Y., ASSIGNORS TO WESTHRN ELECTRIC COMPANY, INCORPORATED, OF NEW
.YORK, N. Y., A CORPORATION OF NEW YORK.

TROUBLE-INDICATING SYSTEM,

Application filed November 1, 1924. Serial No. 747,174,

~_ This invention relates to telephone ex-
change systems and more particularly it per-
tains to recording apparatus especially
-adapted -to  telephone systems employing
5 automatic switching apparatus for the es-
tablishment of desired conversational con-
nections. . : : o
In telephone systems where automatic se-
lecting apparatus is employed for establish-

10
to predetermined -impulses transmitted by
a calling subscriber, it is found that the
efficiency of operation of the system may
be materially increased by providing switch-
ing mechanism operative immediately that
the apparatus encounters trouble for indi-
cating and recording the apparatus involved
in ‘establishing the desired connection and
the point to which the call progressed when
20 trouble was encountered. o
The principal object of the invention is,
therefore, to obtain information concern-
ing the apparatus involved in the establish-
ment of a connection and the point to which
‘the call progressed when trouble occured.
A feature of the invention relates to a
‘recording mechanism common to a number
ot switching mechanisms which becomes as-
sociated with the mechanism which has en-
- countered trouble and which operates to re-
- cord in a permanent form information from
© which the apparatus involved in the connec-
tion and the point to which the call pro-
gressed when _trouble occurred may be
" quickly ascertained. ' N
This Invention is in the nature of an im-
_provement on the system shown dnd de-
scribed in Patent No. 1,594,008, issued July
27. 1926, to W. W. Carpenter, and a general
40 reference is hereby made to that patent- for
an understanding of the manner in which
the mechanisms of the present system are
arranged and the details of operation when-
ever such arrangements and details are here-
45 inafter mentioned but are not particularly
illustrated or described.
Tor the purpose of ‘this case it has been
considered suflicient to show only such part
- of the apparatus or mechanism as is neces-
sary for a clear understanding of the pres-
ent invention and to confine the detailed de-
scription to apparatus involved in the re-
cording of information from which the na-
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ture and source of the trouble can be easily

Ing conversational connections in response

ascertained in accordance with the invention.
Referring now to the drawings, Figs. 1
and 2 when taken together end for end with

-Fig.-2 arranged on the right of Fig. 1 shows

the general location of the apparatus for
a complete system to which the invention is
particularly adapted. Figs. 3 to 7, when ar-
ranged in the manner illustrated in Fig. 9
disclose circuits and apparatus involved in

indicating and recording the nature and

source. of trouble. TFig. 3 shows the time
measuring mechanism for controlling thé op-
eration of the relays of the marker. Fig. 4
illustrates a connector for connecting the con-
trol relays of the indicating. mechanism to
the markers. Fig. 5 shows a part of the
trouble indicator. Tig. 6 illustrates a -count-
ing relay distributor for successively associ-

‘ating the trouble indicator with the recorder

which responds in accordande with:the op-

_eration of the indicator for making a perma-

nent record of the nature and source of the

trouble encountered. Tig. 7 illustrates dia-

grammatically the circuits and apparatus
for the recorder. Fig. 8 shows a sample of
the record produced when the apparatus.en-
countered several different kinds of trouble.

General deseription of the system and
appararus. :

Referring now for the moment to Figs. 1
and 2, descriptions will be eiven of the gen-
eral plan of the system. The lines 100 enter
the office and terminate in a number of line
switches, such as switch 101. Outgoing
from these switches are a number of trunks
which extend to district selector switches.

For certain reasons it is desirable that the

district selector switches be divided into a
number of grouns, two of which grouns 106
and 107 are illustrated.” The group 106
comprises a number of - district selector
switches. two of which 108 and 109 are shown
and trunks such as trunks 104 and 105 lead-
ing from the line switches are distributed
among. these district selector switches. Tn
like manner the trunks 102 and 103 extend to
the district selector switches 110 and 111 of
the second group 107. Tt is. of course. obvi-
ous that other similar groups may be pro-
vided. : :

The trunks outgoing from the distriet se-
lector switches lead in different directions.
For example, some of the trunks 123 and
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195-extend -to-office selector switches. The

office selector switches may be arranged in

groups similar to the district selector

_switches, .the selector 127 being of one group
5 _and the selector 128 being of a second group
Gf office selectors. The trunks 132 leading
from the office selectors extend to distant
offices to take cave of interoffice communica-
tions.

Other trunks leading from the district
selector switches, such as the trunks 122 and
124, extend to incoming switches located in
the same central office. }

“These incoming switches are similarly di-
15 -yided into two groups, group 200 compris-

/ing: switches 202 and 203 and the group 201

comprising :the switches 204 and:205. The

trunks outgoing  from the incoming: switches,
such as trunks 212 and 213 lead to the varil-
20 gus connector:switches of the several -groups.

-Only ‘one group of connector switches 214,

~which includes the switches 215-and-216, is

-illustrated -in the -drawing. The -connector

switches have access to the called lines as-217
28 -and 218. )

The -~trunks “which lead from -the line
.switch-tosthe district selectors also-appear in
‘the-sender selector switches 112, which. oper-
~ate~to -extend -these trunks to the -register

30 senders. 'Two of these sendevs 113 and 114
are shown. The sender eonnector may -com-

;prise - plurality of sections ‘115, 1186, -ete.

~which -serve ‘to connect -the senders to the

-outgoing markers 117 and 118. While-only
35 . two -of-the-markers are. illustrated -any- suit-

.alile number may: be- provided for handling

- the required traffic.

In order «to conmect the markers to the

district frames.there ave. provided a number

40 of frame connectors, one for-each group of
district selector frames. Frame connector

© 119, for sinstance, :serves -to. connect any of

.the markers-to any'of the frames in-the:se-

Jective group-106, while frame connector 120
45 .serves to-connect-any of.the markers-to any

;OZf)"zthe wframes in-the:district selector group

“The outgoing markers are connected to the

strunks -outgoing - from -the - distriet -selector

50 gwitches by -means of district trunk connec-
itors: 121-and 133,-etec.

Likewise, “frame -connectors 129 and -130

10

sare yprovided - for associating the-outgoing:

. markers, respectively, with the office selector
55 . gwitches: .of ;the two corresponding: groups,
-while -trunk commnectors -such as-the trunk
.conmector 131 -are provided for-associating
‘ the outgoing -maikers with- the two-groups
of trunks deading from the office selector
60 . gwitches.
- A-sender :connector ‘device which may com-
prise a plurality of sections 208 and 209
.serves-to connect:the.senders with any one of
-a plurality wof -incoming markers, two of
65 which, 210 -and 1211, are shown. These in-

the same office.

1,614,285

coming markers are associable with frame
connectors 206 -and 207, respectively, with
the groups of incoming selector frames 200
and 201.

A nuniber of final translators 219 and 220
are provided. There may be any number of
these translators depending on the number
of called subscribers’ lines, there being one
pertaining exclusively to a
of the -subscribers’ lines. Any of the final
translators may be associated with the in-
coming markers. -

The final translator 219, for-example, 1s
arranged :to make connection with any .of

the ‘final connector switches of the group:214
and serves to control any.of-these switches

to make a connection to the: called sub-
scribers’ lines. In a similar mannersthe final

different portion-

(S

80

tyranslator 220 is.associable-with the connec- -

tor switches of a different .groupand governs
the -same to -extend connections to -other
called subseribers’ lines.

A trouble indicator 150 is provided .in
common -to all outgoing markers 117 -and
118, ete. and may be-associated ‘with any one
of the markers in case of trouble. -Connect-

“ible with -the - trouble :indicater 150 is ‘Te-

corder 151, which responds-to the operation
of the trouble indicator 150-to vecord: the in-

formation given by:the trouble indicator to

provide a permanent record- of-the nature
and ssource of -the ~trouble. -Similatly, a
trouble indicator 250.is provided: for-the in-
coming markers 210 and :211. ‘Likewise, a
recorder 251 -is associable nvith the trouble
indicator. 250 for recording-the mature and
source -of the-trouble :encountered ‘through
the operation of the incoming matkers 210

and- 211, in & ‘manner similar to that de-

seribed in-connection with the trouble indi-
cator 150.

“Referring now to Figs. L.and 2 a more
detailed  explanation will -be given of the

general arrangement of the switches and eon-

Prol mechanism and the-apparatus involved
in the establishment of-a -desired -conversa-
tional connection. -Assume -that the sub-
seriber of line 100 desires to hold-a conversa-
Hon with a subscriber of line 217: located in
Assume further sthat the
code of the office designation of the local
office is representeéd by a- certain: abbrevia-
tion which in terms of dial impulses is vepre-
sented by three digits. Assume also that the

_numerical designation of line 217 s vepre-

gented by certain -other digits.

The calling subscriber upon removing his
receiver from the switchhook causes the
operation of line switch 101 thereby extend-
ing the line 100 to an idle trunk 104. The
initiation of the call also-causes the opera-
tion of the sender selector 112 to select an
idler sender such as 113 and 114.

The calling subscriber now operates his
dial to send -the series of impulses represent-
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ing the office code which are recorded on the

office registers immediately followed by the
impulses representing the digits of the called
subscriber’s line.- The designations of the
office and the called for subscriber’s line
represented by the operation of the calling
dial are transferred, for example, to sender
113. Following this operation the sender
connector 115 is operated for associating this
sender with any one of a plurality of out-
going markers, such as 117 and 118. Fol-
lowing the operation of the outgoing marker

and the transfer of the designations thereto,

one of the district frame connectors 119 or
120 is selected for extending the connection
to the district frame 108.. Inasmuch as line
100 was extended to the district frame 108
upon the initiation of the call by the sub-
scriber, the connection is now extended over
line 122 to the incoming frame 200.

The next step in the establishment of the

connection is to connect the sender through

the sender connector 208 to an idle incoming

marker for controlling the selective opera-

tion of the incoming selector switches and
the completion of the desired connection.
Before this operation, however, the outgoing
marker has been released and is in readiness
for use in the establishment of other desirved
connections. The designations recorded on
the sender are now transferred to the select-
ed incoming marker, for example 210, in
turn causing the operation of the incoming
frame connectors and the selection of the
proper one of the final translators which
serves the group of called lines containing
the line wanted for this particular call.
When the incoming marker is connected to
the final translator the connector frames re-
spond to the operation of the final trans-
later for operating the vertical row of con-
tacts associated with the line 217 extending
to the called for subscriber. Following this
operation the horizontal row of contacts in
the incoming and connector frames are oper-
ated for establishing the connection through

from the calling subscriber to the called sub-

seriber and in turn releasing any mechanism
which is not required during the conversa-
tional period. :

- An outgoing marker encounters trouble.

In the establishment of conversational
connections, both the outgoing marker and

the incoming marker functioned normally

and, therefore, completed their control over
the associated mechanism within the prede-
termined interval of time allotted- for
purpose. The markers may, however, find
1t impossible to complete a connection due
either to a fault within the marker itself or
to a fault within the frames, frame or trunk
connectors or the wiring involved in the
progress of establishing a conmection. In
order to illustrate the manner in which the

this

.8

trouble indicator. shown in Figs. 5, 6 and 7
operates, it will next be assumed that the

~outgoing marker encounters trouble at any

one of several of its different stages of opera-
tion. For this purpose it may be assumed

‘that the connection being established is one

which requires the use of both a district and

-an office selector switch.

At the instant the outgoing marker is
seized by a sender through the sender con-
nector, relay 450 operates as described in
W. W. Carpenter Patent No. 1,594,008, is-
sued July 27, 1926, and in W. W. Carpenter
application. Serial No. 703,362, filed April
1, 1924. This relay initiates the operation
of the time measuring device shown in Fig.
3, which counts an intérval of time sufficient
for the marker, if functioning normally, to
control the district and office selector
switches and to release in the regular man-

ner. The time measuring device includes a -

series of counting relays 800, which operate
successively under the control of the con-
stantly driven interrupter 309. These re-

lays apply ground potential at definite

intervals of time to the various conductors
leading to the distributing frame 807, By
strapping conductor 319 to various ones of
these conductors the time interval measured
may be adjusted, as desired, =
As soon following the operation of relay
450 as the interrupter 309 closes, relay 302
is operated in a circuit from ground through
Interruper 309, conductor 320, outer left con-
tact of relay 450, conductor 830, right con-
tact of relay 308, conductor 821, right con-
tact of relay 301 and winding of relay 302
to battery. Relay 802 operates and prepares
a circuit from battery, through its winding,
left winding of relay 301, contact of relay
202, back contact of relay 304, back contact
of relay 308, conductor 822, and thence to
ground af the left front contact of relay 450.
When the interrupter 809 opens its contacts,
its shunt is removed and relay 301 operates
in series with relay 302. On the next closure
of the interrupter grounded conductor 321

.Is extended through the right front contact

of relay 301, right back contact of relay 803,
winding of relay 204 to battery. Relay 804
operates and opens the circuit for relay 302
and relay 302 releases. Relay 304 prepares
a locking' circuit through its own winding
and left winding of relay 303, front contact
of relay 304, thence to the grounded con-
ductor 322, as previously traced. On the
next opening of the interrupter, relay 801
releases and the shunt being removed, relay
303 operates in series with relay 304.

On the next closure of the interrupter
grounded conductor 321 is again extended
to the winding of relay 302. This relay
operates and prepares the circuit for relay
301, which operates the next time the inter-
rupter opens. On the next closure of the
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“interrupter the .grounded conductor ‘821 is
~extended ‘through the -right front contacts
~of relays:301 .and 303 and the right back
_contact of relay 305 to the winding of relay
:806. The operation of relay 306 opens the
“holding cireuit of relays 302 and 304, which
thereupon release. Following this.operation

the interrupter opens and releases relays 301

_and 303 and pemits relay 305 to operate in

series with relay 306. Thus, the counting
relays 300 ave associated in different com-
binations under the control of the inter-

rupter -309. From inspection it will be

found that grounded potential is placed on
the various conductors leading to the dis-
tributor frame 307 at succeeding and definite
With the distributing
frame cross-connected as illustrated, relay

808 is not operated until relays 301, 303

.and ‘305 .are operated simultaneously. The
cireuit for relay 308 may be traced from
battery, through its winding distributing
. 2 o Kl ) o s : o
“frame. 307, middle front contact of relays

> - M
:301, 303 and 303, to the grounded conductor
1322,

Tt the marker encounters trouble immedi- -

“ately the relay 450 operates. the interval of
“time is counted-and relay 811 becomes ener-
gized in a civcuit from battery through the
winding of relay 311, inner right contact of
relay 810, right normal contact of slow-re-
lease relay 814, conductor 323. left contact
of relay 308 -to- grounded conductor 322.
Relay 311 operates slow release 312, which
in turn operates the slow-release relay 313,
which thereby operates the slow-release relay
314.

“VWhen relay 313 operates, it initiates the
operation of the connecting device 400 for
the purpose of connecting the marker to the
trouble indicator. The peg count register
magnet 316 also operates.the ‘Tegister to

-record the occurrence of the trouble.

In case the marker had progressed to a
point where. it was associated either with the
“district or office switches the operation of
certain relays.as described in pending appli-
cation, Serial No. 723,140, filed June 30,
1924, referred to above, would bring about
thie release in the manner explained in the
referred to application. ‘The release of the

“marker would in turn .cause the release of

the operating relays of the time measuring
device.

During the time the trouble indicator is.as-
sociated with the marker certain of the ve-

“lays 501 to 536 inclusive, are operated to re-

cord certain information regarding the .ap-
paratus involved and the point of progress
which has been made up to the time when
trouble was encountered. The manner of ef-
fecting the connection of the indicator relays
with the marker is-fully described herein-
after. Relay 501 is operated in a circuit ex-
tending through the selected marker to the

:1;614;285

sender. Since relay 501 is individual to the
_particular -sender . illustrated, the indicator
operates to record the fact that this particu-
lar sender is the one involved in the establish-
ment of the present connection.
other sender, such as the sender represented
by -another relay, been the one concerned,
relay 502 in the indicator would have been
operated. Relay 501 immediately locks

through its right contact, over conductor 542"

to ground, through key 540.

The operation of the relay 501, in addition
to completing a circuit for causing the
illumination of lamp 546 and the establish-
ment of its own locking circuit,.also condi-
tions an energizing circuit for one of a series
of code relays 700. These code relays func-
tion to cause the energization of -selecting
magnets 750 to 754 of a receiving printer
in various combinations whereby a perma-
nent record of the trouble encountered may
be made. The operation of the code relays
700 is, however, dependent upon the energi-
zation of a plurality of counting relays 600,
which operate successively under the control
of an interrupter 713 which is driven only
when the printer is recording the failures in
the operation of the several switches. These
relays apply- ground potential at regilar
intervals of time to the various conductors
extending through the contacts of the relays
of the indicating mechanism 500 to the code
velays 700. The operation of the parts just
referred to will be described more in'detail
hereinafter.

Relay 512 is operated in a circuit from
battery, through its left winding, thence
through the contacts.of the relay 401 indi-
vidual to the particular marker that is in
trouble. To this end relay 403 individual
to the marker is operated in circuit from
‘battery, through the right front contact ot
relay 313, right contact of relay 314, key
394, conductor 325, upper winding of 403,
_right contact of relay 405, lower contact of

relay 404 to ground, through key 540. Relay
403 “locks through its lower winding and
front ' contact, winding of relay 404, to
ground. Relay 403 operates
operation of multi-contact relay 401 in a
civcuit traceable from battery, through the
winding of relay 401; upper contact of relay
403 to ground at the upper contact of relay
404. Relay 401 operates and connects the
various leads .from the trouble indicator
shown in Fig. 5, through to the marker.
When relay 314 operates it opens the cir-
cuit of relay 811, which relay releases, in
turn releasing relay 312, which likewise .re-
leases relay 313, thereby releasing relay 314.
Relays 312, 313 and 314 being slow.to release,
provide an appreciable interval of time for
the apparatus to function. As soon as relay
313 releases, it removes battery from conduc-
“tor 325, causing the release of relay 401 and

Had .an-

and causes the
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the disconnection of the trouble indicator
from the marker. ' : R
Upon the release of relay 818 and while

relay 314 is still operated, relay 310 is oper-

ated in a circuit from battery through its
winding, left contacts of relay 314 and 313
to ground. Relay 310 immediately locks
through its inner left contacts, left contact of
relay 308 to conductor 322. Relay 310 opens
the circuit of relay 811 to prevent a repeti-
tion of the operation. Relay 810 at its outer
left contact closes a circuit to relay 817 and
ground. Since relay 401 is individual to
the particular marker which has encountered
trouble, the operation of relay 512 records
the identity of this particular marker. Had
another marker been involved, such as the
marker represented by relays 402, then relay
511 would -have been operated. Relay 512
locks to the conductor 542. :

Thus, it will be seen that the trouble in-
dicator shown in Fig. 5 may be associated
with any one of the several markers in re-
sponse to the time measuring device associ-

ated with the marker, provided such marker .

has encountered trouble at any of the various
stages of its operation, dependent upon the
particular point at which the trouble o¢-
curred. The indicator will give various
signs of information which are of assist-
ance in determining the nature of the trou-
ble and in locating the exact point in the
system where it occurred. While only the
important items have been taken into ac-
count in the disclosure, it will be evident
that the trouble indicator may be extended
to secure an indication of various other op-

erative conditions in the marker in order to:

enable the tracing of the trouble more mi-
nutely to the exact point of its occurrence.

Inasmuch as the trouble indicator is com-
mon, as shown in Fig. 1, to all the outgoing
markers, it may happen that at the time the
particular marker finds trouble and attempts
to appropriate the indicator, said indicator
is already engaged in a connection with an-
other marker. The circuits are so arranged,

marker is released for service and the record
of the occurrence of trouble therein is lost.
The details of this particular part of the
mechanism have been described quite fully in
the applications referred to above.
Immediately after relay 404 is operated;
a circuit is completed for relay 705 which
constitutes the release relay of the receiving
printer.
the purpose of recording the information
relative to the occurrence of trouble is shown
and. ‘described dn pending application to
Harry Pfannenstiehl, Serial No. 397,908,
filed July 21, 1920. Inasmuch as the printer
mechanism itself does not form a part of
the present invention only, so much of the

‘stopped.

“place.

A printer especially adapted for.

mechanism as is necessary for a clear and
concise understanding of ‘the invention has
been illustrated: A general reference to the
Harry Pfannenstiehl
made for an understanding of the manner in
which the various parts of the present sys-
tem, so far as the printer mechanism and-
circuits are concerned operated, and the de-
tails of operation wherever such arrange-
ments and details are hereinafter mentioned,
but are not particularly illustrated or de.

ERN

application is hereby -
Y0

%

scribed. The circuit for relay 705 may be -
traced from the negative pole of the power -

source 704, winding of magnet 705, con-
ductor 703, middle front contact of magnet

80

404, conductor 431 to the positive pole of -

the power supply 704. The operating wind-
ing of the driving motor 712 is directly con-
nected in-the power circuit 704, when the
switch 702 is closed and under these condi.
tions the motor is recording continuously.
The motor 712 communicates power to a
shaft 710, through a friction rclutch 711,
Mounted on the shaft 710 is a stop arm 709,
which is normally in engagement with a
stop 708. Operatively associated with the
armature of the magnet 705 is a toggle joint

706, -arranged so that upon the energization

q

of this magnet the stop 708 will be moved
out of the path of the arm 709 and since
power is continuously applied to the shaft
701 from the motor 719 through friction
clutch 711, the shaft 710 will rotate until
the arm 709 again engages stop 708.  Also
mounted on the shaft 710 is a cam 718 which
for each revolution opens and cloges contacts
714 and 715, serving to control the energiza-
tion of the counting relays 600. The inter-
rupter 713 is so arranged with respect to
contacts 714 and 715 that the former contact
is closed when the printer shaft 710 is
‘Contact 714 opens before the
selecting mechanism of the printer returns to

100

105

normal and contact 715 opens after this -

mechanism is returned to normal, In this-

way the proper sequence of operation takes’

. “place.
however, that the connection of the trouble
indicator to the marker is prevented and the.

In order that the receiving printer will
be in the proper position for recording
numerals the following operations take
Code relay 733 is operated upon- the

energization of relay 404 but before the

opening of contact 714." The circuit of this
" relay 738 is traceable from

lay grounded battery,
winding of relay 733, conductor 7 60, upper
armature and back contact of relay 601, con-

tact 714, to ground at armature 407 of relay
404. - Code relay 733 operates to close cir.

“cuits® extending to the selecting ‘magnets -

750, 751, 753, and 754 of the recerving

“printer, “Accordingly the printer is operated

for causing the operation of the shift mecha.-
nism which places the printer in a position
for printing. numerals. Immediately “that
the interrupter 718 closes contact 715, relay

110

118
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" contact 715,
. armature 407 of relay 404 to ground. Relay
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‘countered. On the next closure of the con-

68

601 is operated in a circuit from grounded-

battery 630, winding of relay 601, lower
back contact of relay 602, conductor 631,
“conductor 760, contact and

601 operates and prepares a circuit from
battery through its winding and the wind-
ing-of relay 602, through the lower front
contact of relay 601 to ground at the arma-

ture 407 of relay 404, The energization of.

relay 602 is effected  upon, the- opening of
contact 715.. Now. relays 601 and 602 are
held energized over-a circuit extending from

‘battery 630, windings of relays 601 and 602

in series, lower contact and armature. of
relay. 601, conductor 760 to ground at-the
armature 407 of relay 404. VWhen the inter-
rupter 713 again closes contact 715, relay

603 is operated over a circuit similar to that
- traced  for. relay

601. and which in turn
causes the energization of relay- 604.
operation. of relays 601 and 602 connects
ground to conductor: 632, which is connected

to the extreme right hand armature of relays

- 511 and- 512 of the indicating. mechanism.

These relays are allotted to the markers 117
and 118 and since but one marker is involved

in the establishment of a-conversational con-.

nection, but one of these relays will be oper-
ated in the case of trouble. Assume, for
example, that marker 117 was involved in

the, connection previously described and has.

encountered trouble. This information will
be recorded through the operation-of relay

511, which conditions a circuit for code relay

795. The circuit for the code relay 725 is
completed upon the energization: of relays
601 and 602, which applies ground to con-
ductor 632 upon the closure of contact 714
Code relay 725 is thereupon operated for

completing energizing circuits for selecting

magnets 750, 751, 752 and 754 of the re-
ceiving. printer.

mechanism of the printer to effect the- re-

cordation of information relative to_the loca-

tion and nature of the trouble encountered
in the marker 117. Had the marker 118

been involved 'in the connection and had

trouble been encountered, relay 512 would
have been operated and in-turn code relay
726 energized. The. energization of this
particular code relay would have caused the

energization of selecting magnets 750, 751,

and. 754, which would cause the setting of
the . selecting mechanism of the printer in
a manner such as to cause the. recordation
of information designating the marker 118
as- the one-in which. trouble has been en-

tacts 714 and 715 by the cam: 713, relays

603. and 604 will be energized in a_manner:

similar to that described 1n connection with
relays 601 and 602. On the operation: of

these-relays and the closure of contact 714.

The .

These selecting magnets:
are .thus operated for setting the selecting.

1,614,385

ground’ is' connected. to conductor: 633, ex-
tending to the right hand armatures of re~
lays 501, and 502. These relays:- designate
the senders; only one of which will be oper-
ated for any given trouble. Several of the:
indicator relays may be operated  simul-

taneously and circuits conditioned threugh:

70

their contacts to the same code: relay but:as:

previously described, ground
operate the counting relays..

is.-applied. to:
Therefore; but:

75

one of the indicator relays of. each. group. -
will be effective to cause the energization of.
the particular code relay. for recording: the .

information in the proper column. Assume:
for the purpose of 1llustration. that the:
sender 1 1s involved.in.the connection: and:
that trouble is encountered.. The conductor:

633 which extends to the extreme right hand-

80

armature of relay 501 being: grounded;. code .

velay 725 is energized for causing:the ener-.8

gization of selecting magnets 750, T51,.752
and 754 of the receiving printer. The select-
ing

1 the numeral 1, which indicates.the par-
ticular sender involved in-the establishment
of the connection.

Now in the case of the district- frames,.

but one of these frames is utilized at a.time,

which malkes it possible to connect-the arma-.

mechanism of the receiving printer:will..
then be set in 2 manner to record in column:

88

86.

tures controlling the code relays to the.same. -
el

conductor which is grounded through the:
contacts of relays 603 and 604, Uponithe.
energization. of the. relay 503 which: is-al--

lotted to the district frame number 1, a.cir-
cult is also completed for causing the ener-

100:

gization of the code relay 795, which records::
information designating the district frame-

number 1 as the one involved in. the estab--

lishment of the connection..
Following the recording operation and for

106+

each rotation of the shaft 710 mechanism .

is operated for causing the relative move-

ment between the platen and the: type car--
bring the next column of the record:

riage to.
in a printing position.
operation is
gtiehl application previously referred to and.

This - particular:

is one which is also well:understood by those:

ckilled in the art: The details of the opera-:

tion have, therefore, been: omitted. Simul- -

taneously with the relative movement - be-

tween the platen and type carriage, ground

is successively connected through the count-
ing relays-to the varlous groups of ‘indicator
relays.

Tmmediately that the recording operation:
for the horizontal operate relay has taken:
which occurs upon the operation: of:
the second set of counting relays following:
the set designated by the numerals 611 and

place,

612, code relay T47 is energized. This re-

Jay-upon closingits-contact causes the ener-:
"gization of selecting magmet: 751 of the: re-
The. selecting : mechanism:

ceiving : printer.

fully described in the Pfannen--

110+
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- 613,

of the receiving printer is thus operated for-

causing the mechanism thereof to. be re-

stored to its unshifted position, for from

this point in the recording operation letters

-are recorded on- the record blank, it being

recalled that the receiving printer upon the
operation of relay 404 was placed in its
shifted position.
so constructed that upon the operation of
the un-shift mechanism the spacing mecha-
nism is rendered ineffective for causing the
relative movement between the platen and
the type carriage. Therefore, no space ap-
pears between the record for the horizontal
operate relay and the RTR relay. When

the last letter of the office designation has

been recorded, the counting relays have pro-
gressed to a point whereby the circuit of
code relay 781 is completed. The operation
of relay 731 causes the energization of cer-
tain ones of the selecting magnets 750 to
754 of the receiving printer so as to cause
the operation of the carriage. return mecha-
nism. The carriage which .may be either
the platen or the type basket is moved un-
der the action of a spring so that upon the
operation of the carriage return mechanism
the carriage is returned to its left hand po-
sition for the beginning of a new line of
printing. The operation of the code relay
731 occurs immediately preceding the opera-
tion of code relay 744, which causes the
operation of the line-feed. mechanism.

. After the record of the apparatus in-
volved in a connection and the point to
which the call progressed when trouble oc-
curred, has been made code relay 744 is
energized over a circuit extending to the
upper- back contact and armature of relay
The .energization of this particular
code relay causes the energization of the se-
lecting magnet 753 of the receiving printer
so that the mechanism of the printer is se-
lected to cause the paper to be advanced to
bring ‘an unprinted area in a printing po-
sition. o : .

All the operations just described are fun-
damentally the same as in many receiving
printers in which a record is made in page

‘Torm and since ‘the receiving printer itself

does not form a part of the present inven-
tion, a detailed description thereof is be-
lieved unnecessary here. v

" Adfter relays 613 and 614 operate, and con-
tact 714 is closed, relay 617 is energized over
an obvious circuit, which includes relay 744
for causing an additional line feed opera-
tion. Relay 617 removes the ground from
conductor 542, whereupon the. indicating
relays 504 to 536 which happen to be ener-
gized are - deenergized. This operation
causes the extinction of the associated lamps

and the opening of the circuits extending to

the code relays 700. . Subsequently with

‘this operation the locking circuit of relay

The receiving printer is.

w

403 is opened., This relay, as well as relays
401, 404, and 405 release, thus restoring the

~system to normal in readiness for connec-
tion when another case of trouble occurs

either with same marker or another marker.

These same operations may be brought out
through the opening of key 540, which has
its contacts connected in the locking circuit
of the specified relays and which may be op-
erated manually to cause the releaese of
the several relays and the restoration of the
system to. normal.

A sample record showing the apparatus

involved in a connection and the point of

progress made-at the time trouble was en-
countered is illustrated in TFig. 8. The
meaning of the various designations appear-

‘ing on the illustrated record will now be

described.

Assume, first, that the sheet upon which &

the record is printed bears a number of
columnar spaces, each of which has a defi-
nite and predetermined position on the sheet
and which bears certain designations repre-

senting the various mechanisms employed-

in the establishment of a conversational
connection. Assume further that the sheet
is arranged in the receiving printer in ‘a
manner to bring the designated columns
in their proper position so that the record
of the apparatus involved in a given con-
nection will appear in the proper column.
In other words, there is a column allotted
to each particular operation of the system
which is'apt to encounter trouble and which
is arranged so that designations will appear
in the proper columns, according to the
point of progress of the call. An examina-
tion of this record shows that column -1 is
allotted to the markers, column 2 to the
senders, column 3 to the district frame, etc.
and with numerical designations in these
columns or other symbolic designations rep-
resenting the apparatus employed in a given
connection the nature and source of the
trouble can be quickly ascertained. Also,

the permanent record of the occurrence of -

trouble makes it possible to compare the
records of other: failures .to determine
whether it is the same apparatus causing
the trouble. , S :

With the thus arranged record sheet prop-
erly inserted in the receiving. printer, a rec-

ord of any -failures occurring in the opera-’

tion of the apparatus will be automatically
recorded. Assumed now for the purpose of
tlustration that a call is desired to be. com-

‘pleted and the office dialed is number 252
BLAcK, and that trouble is encountered in

attempting to establish ‘the ‘desired connec-
tion. The record of the apparatus involved

-will be recorded on the sheet in the columns

designating the respective mechanisms. In
the record shown in Fig. 8; line 1, the circnit
to operate. the horizontal operate relay of
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marker number:2. failed: This fact is’ de=

tected by the absence of ‘a- designation:in the

column allotted - to this particular operation’
or the one labeled “horizontal.” From this-
record it is seen that the connection involved-

marker number 2; sender number 1, district
frame:number 1 and distvict trunk: vertical
number 1 and since the failure occurred in

setting: up  the- conmection at the district
frame no office frame was selected, no desig--

nation. appears in office frame column: The
X designation indicates that all the appa-
ratus up to and including the relay desig-
nated:-at .the top of the column has fune-

tioned properly. The last three letters- B-D
1" represexits-

B appearing In line number
BLAck the office code dialed in-an-arbitrary
code. Had: another marker or sender been

involved in establishing the connection’ just:

described; other designations would: appear

in'the columnar spaces allotted to these par--

ticular mechanisms., For the sake of brevity

a - further detailed deseri

corded will not:be described here, since the
operation was fully discussed in connection
with the operation of the-indicatng mecha-
nism 500 and ‘the code relays 700.

Record number 2 shows that marker num--
ber 2 failed to release when used in connec--

tion with sender number 1 on a call to 9258

BL.Ue, whose trunks are located on = dis--
trict frame. This particular trouble is indi--

cated by the appearance of the numerals and
the XUs; indicating that the conversational

connection has been correctly set:up but the- omb 1 ;
 tem -of switching: apparatus- for “extending”

marker: failed to release.

Record number 8 shovs that the translator”

check circuit of-marker number 2 in -con-

nection: with sender number 1 failed to fiane- -

tion- properly. - This- fact is shown by the
appearance of all ‘the code

of the marker failed to release:

Records 4:and 5 show that' the markger
number 1 failed to reléase when used in con-
nection: with sender number 1 on two- sue-

cessive calls to 252 BLAck, whose trunks-ave

located on office frame number 1.

Thie previous description was with refer--

ence to trouble encountered in the:outzoing
marker of the system: Had the cail pro-
oressed sufficiently farto involve an incom-
ing marker, such as, for example, 210 of Fig.
2. and if the trouble cceurred at this point

inthe connection: trouble indicator 250 -and’

recorder 251 would be associated in a man-
ner similar to that described in-connection
with trouble in the outgoing marker. The
apparatus associated with the: incoming
markers is identical to that. common to the
outgoing markers: Therefore, a similar rec-
ord would be made of trouble encountered in
this particular part of the system.

Tt will also be’ obvious that‘ther'trouble-

tion of the manner-
in" which the various: designafions are ie--

letters which’
shows that the unselected.office code reiays:

1,614/988°

indicating meclianisms may serve 1 coftiec--
tion with the markersswhetherthe call’being”
handled-is a localionie or ong involving inter:-
office trunks:: For the puipose of brevity; it
is-considered: nnnecessary to deseribe’ the 10
operation’ineident to ‘the-establishiment ot ant*
interoffice: connection® and the occurrence of-
trouble- therein; butt the: functions: of® thie-
marker and® the - assoeiated  apparabis: i
handling ‘sueh connection: are- fundamentally 18
the same. _ : :

What' is -claimed-is: :

1. In' combination; a* plurality: o’ selees-
tively operable switches' for establishingrva-
‘jous connections; means-operatéd- it aeco
ance with- failures in'thie operation: of ‘said:
switches, circuit’ connections -conttolled by
said means, a page’ récording “miechanism?
for recording information’ giving ‘a desig:"
nation of the switches involved’in a connec- -85+
tion, and- means to -successively associaté:
groups of said’ cireuit ‘connections withthe’
recording mechanism so that thesamegroup:
will’ invariably ‘causethe oecurrerce of- ‘thien
vecord in the'same position: C

9. The combination' in- a~ teléphone sys~:
tem oftswitching ‘apparatuse for extending”
connections; a'switch controlling mechanisin’
for governing-the operation of’ said-appa+
ratus; a recording ‘device;. and -means for: 957
associating said device with said- mechanism!
and for operating said’dévice to-produce a-
permanent: record giving: information’of the
diffevent; degrees-of progress-made by such
mechanism. :

3. The* combination in 'a* telephone: sys=

00%

160

conneetions, aswitch:controlling: mechanismi:
for governing thie’ operation- ol said- appa~
rvatus, a control device; mréans for: conmiecting”
enid device' with -said’ niechanism: if" said
mechanism- fails to funetion properly, and-
means résponsive’ to the: operation- oft:the-
control- device: for producing a* permanent”
record giving information® of ‘the: différent: 110
degrees of progress made by such mecha--
nism. , ‘ SRS

4 Thie combination: in* a- telephone: sys«
tem’ ofiswitching apparatus-for extenting:
conmnections, a:switch controlling mechanism : 115
for-governing: the- operation of: said “appa~
ratus, a control device;: means: for” cornec
ing said device with: said mechanisn when'-
an. unstandard: condition: is - encoutitered
by said: miechanism; and:means: responsiver

105°

120+

to- the operation; of:the control: device: for

recording-information in different. colimnir”
spaces designating the particalar ‘mechianism:’
‘nvolved in a conmection:and the pointioft -
progress: of ‘such conneetion.. S 2w
5. A switching system comprising:a plis:
rality of sclectively operative ~apparatus:
for establishing predetermined: connections;:
gwiteh controlling: mechanisig:-for *govern--
ing the operation of said apparatus;-a:con-
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trol device, means operated when said me-
chanism fails to function properly for con-
necting said device to said switching mecha-
nism, said control device operiting in -ac-
cordance with the failures of said mecha-
nism to proceed with the connection, and
means responsive to said control device for
recording in a permanent form information
of the progress and the apparatus involved
in the connection.

6. The combination in a telephone sys-
tem of switching apparatus for extending
connections, a switch controlling mechanism
for governing the operation of said appa-
ratus, a control device, means responsive
to the failure of said mechanism to fune-
tion properly to connect said control device
to said mechanism, a recording mechanism,
and means controlled by said device for
effecting the operation of said recording

mechanism to record information concern.

ing the apparatus involved and the point
of progress made at the time of failure of
the apparatus. :

7. The combination in a telephone Sys-
tem of selective switches for extending con-
nections, a controlling mechanism associable
with said switches for governing their oper-
ations, a device operated in accordance with
various degrees of progress of the connec-
tions, switching means for associating said
device with said mechanism in response to
the occurrence of trouble in said mechanism,
a recording printer, relay means controlled
by said devices for governing the opera-
tion. of said recording printer to record
information concerning the operation of the
switches involved and the point of progress
made when the trouble was encountered, and
periodically operated means for successively
causing the operation of said relay means
in accordance with the operation of said
device. ‘

8. The combination in a telephone system
of selective switches for extending connec-
tions, a controlling mechanism associable

with said switches for governing their oper- -

ations, a device operated in accordance with
various degrees of progress of the connec-
tions, switching means for associating said
device with said mechanism upon the occur-
rence of trouble in said mechanism, a record-
ing printer, normally ineffective, means re-
sponsive to said switching means for releas-
ing said printer, a plurality of relays con-
trolled by said device, and means associated
with said printer and controlled by said
relays for selectively operating said printer
to record information relative to the nature
and source of the trouble encountered in
the operation of said switches.

9. The combination in a telephone system
of selective switches for extending connec-
tions, a controlling mechanism associable
with said switches for governing their oper-

k=

ations, a device operated in accordance with
various degrees of progress of the connec-
tlons, switching means for associating said
device with sald mechanism in response to
the occurrence of trouble in said mechanism,
a recording printer, normally ineffective,
means. responsive to said switching means
for releasing said printer, a plurality of
relays controlled by said device, and means
associated with said printer and controlled
by said relays for selectively operating said
printer to record in designed columnar
spaces information giving the apparatus
involved in a connection and the point of

‘progress made at the time trouble was en-

countered.

- 10. The combination in a telephone sys-
tem of selective switches for extending con-
nections, a controlling mechanism associable
with said switches for governing their oper-
ation, a device including a plurality of
relays operated in accordance with the vari-
ous degrees of progress of the connection,
switching means for associating said relays
with said mechanism in response to the
occurrence of trouble therein, ‘a plurality
of code relays controlled by the relays of
said device for setting up predetermined
circuits, means for successively completing
the circuits extending to said code relays
as determined by the relays of said device,
and_means operated by said code relays for
producing a permanent record of informa-
tion giving the apparatus involved and the
point of progress made at the time trouble
was encountered.

11. The combination in a telephone sys-
tem of selective switches for extending con-
nections, a controlling mechanism associable
with said switches for controlling the same,
a-device for producing a permanent record
showing the different degrees of progress
made by said mechanism comprising relay
means operated in accordance with switches
involved and the nature of the trouble en-
countered, and a -receiving printer ‘selec-
tively operated depending upon the opera-
tion of said relays to record in different col-
umns information giving the switches in-
volved and the point at which the connection
had progressed when trouble occurred.

12. The combination in a telephone Sys-
tem of selective switches for extending con-
nections, a controlling mechanism associable
with said switches for controliing the same,
a device for producing a permanent record
showing different degrees of progress made
in the establishment of a connection by said
mechanism comprising relay means operated
in accordance with the switches involved
and the nature of the trouble encountered, a
plurality of electro-magnetic devices oper-
ated successively in accordance with said
relay means, and a receiving printer ren-
dered effective as determined by said electro-
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magnetic devices for recording in different
columns information from which the switch-
es involved and the point at which the con-
nection had progressed when trouble oc-
curred. can be quickly deduced.

18. The combination in a telephone sys-
tem of selective switches for extending con-
nections, a controlling mechanism associable
with said switches for controlling the same,
a device for producing a permanent record
showing different degrees of progress made
in the establishment of a connection by said
mechanism comprising relay means operat-
ed in accordance with the switches involved
and the nature of the trouble encountered,
a plurality of electro-magnetic devices con-
ditioned for operation by said relay means,
successively operated means for completing
the operation of said electro-magnetic de-
vices, and a receiving printer rendered ef-
fective as determined by said electro-mag-
netic devices for recording in different col-
unms information from which the switches
involved and the point at which the con-
nection had progressed when trouble oc-
curred can be quickly deduced.

14. The combination in a telephone sys-
tem of selective switches for extending con-
nections, a controlling mechanism associable
with said switches for controlling the same,
a device for producing a permanent record
showing different degrees of progress made
in the establishment of a connection by said
mechanism comprising relay means operated
in accordance with the switches involved
and the nature of the trouble encountered,
a plurality of electro-magnetic devices con-
ditioned for operation by said relay means,
a series of counting relays for completing
the operation of said electro-magnetic de-

vices, and a receiving printer rendered effec-

tive as determined by said electro-magnetic
devices for recording in different columns
information from which the switches in-
volved and the point to which the connec-
tion had progressed when trouble occurred
can be quickly deduced.

15. The combination in a telephone sys-

1,814,288

tem of selective switches for extending coii-

nections, a controlling mechanism associable
with said switches for controlling the same,
a device for producing a permanent record
showing the different degrees of progress
made in the establishment of a connection
by said mechanism comprising relay means
operated in accordance with the switches
involved and the nature of the trouble en-
countered, a plurality of electro-magnetic
devices conditioned for operation by said
relay means, a sevies of counting relays for
completing the operation of said electro-
magnetic devices a receiving printer ren-
dered effective as determined by said electro-
magnetic devices for recording in different
columns information from which the
gwitches involved and the point at which the
connection had progressed when trouble oc-

curred can be quickly deduced, and means.

effective when said counting relays have
progressed to a certain point for causing the
operation of said printer to bring an un-
printed area in a printing position.

16. In a telephone system, a machine
switching exchange including automatic
switches for extending connections, -a per-
manent record producing device common to
said switches, and means to operate said de-
vice to record the nature and location of
trouble in response to the failure of any of
said switches to function properly.

17. In a telephone system, a. machine
switching exchange including automatic
switches and associated apparatus for ex-
tending connections, a permanent record
producing device common to said switches
and apparatus, and means to operate said
device to record the nature and location of
trouble in response to the failure of any
of said switches or apparatus to function
properly.

In witness whereof, we hereunto sub-
scribe our names this 28th day of October,
A. D, 1924. '

EDWARD B. CRAFT.
LEO KELLER.

50

65

60

85

70

Y5

80

85

.90



