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IRA G WILSON, OF BROOKLYN, NEW YORK, ASSIGNOR TO WESTERN ELECTRIC COM-

.. PANY, INCORPORATED, OF NEW YORK, N. Y., A' CORPORATION OF NEW YORK. . .

AUTOMATIC SYSTEM FOR TESTING REPEATERS

Application filed December 30; 1926 Serial No. 157,902.

“This invention relates to automatic test-
ing systems and more particularly to sys-
tems for the automatie testing of repeaters
and amplifiers. G G

T ‘the usual repeater circuits used’ for
telephone ‘transmission; two stations distant
from.one another are-interconnected by  a
‘transmission line, repeaters being inserted in

the lipe at intermediate stations'to amplify -

the speech currents transmitted over the cir-

cuit. These repeaters-are usually of the vac-

uyum" tube type and have associated there-

- with balancing networks which simulate the

impedances of the lines. Abnormal’ eendi-
tions existing in the repeaters or networks
cause reflections on the lines and also pro-
dce, singing.  This singing limits the pos-
sible gain of the repeaters and the quality

_of 'transmission is impaired. - For a more

20 complete deseription of repeater circuits and

‘their _’r"equirgmerits for “pra(lzti»‘c‘al use:. refer-
enice. is. wade to. a paper entitled Telephone

_repeaters. by Bancroft' Gherardi and Frank
- B. Jewett, in the Proceedings of the Ameri-

2 can Institite of Electrical Engineers, No-
vember,  1919. - Various maintenance tests
are made by attendants to insure high qual-
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ity transiission.  The equipment for per-
forming these' tests is usually in'the form
of separate testing sets which require man-.

“ual operation to connect the testing circuits

to, the” repeater. For instance,” the unbal-
anced condition’ of ‘a repeater may be de-
tected by placing a short, circuit across the
network’ of the output, line section thereby
causing the output hybrid. coil ‘to function
as a’ repeating coil.. The operator’s listen-
ing ‘or stpervising' sét is’ connected to- the

repeater through a monitoring winding and

the gain of the repeater is increased step-by-

step until the operator detects singing 1 the-
repeater. ‘The  gain at the singing point.
way be obiserved' from"the reading of the’

potentiometers or other ‘means’ for increas-
g the repeater gain, and the unbalance be-
tween. the transmission lines and' repeater
may then be determined. - Such an arrange-
‘ment is disclosed in W. H. Harden, Patent
No. 1,404,288, dated’ January 24, 1922. In

“atother arrangement. disclosed in C. 8. De-
marest. Patent No. 1,355.898, issued October:

19, 1920, the gsin of -the repeater 1s tested
Ly transmitting oseillations from a source

 nsSociated’ with the testing eircuit to an in-

dicating means either ‘through: the repeater:

&5

or-through an auxiliary path. These tests: -

require considerable time and attention, and
reduce the line operating time because of the
disconnection of: the repeater: from seryice.

An . objeet of the present invention s to-

60

seriodically: test. repeaters for maintenance: -

purposes with-a minimum of manual atten-
tion and- minimum - interruption to normal:

service, R TP T R
--A-more specific object-of the invention is
to automatically perform a series of routine
tests on a-repeater. to-determine the presence
of abnormal:conditions:: o

In-accordance with the embodiment of the
present invention- which: has been- selected:
for ilustration, any ore of a4 number of .re-

peate.r.s may-be selected for testing purposes,
and it found to-be in. use, the test:is auto-

matically “delayed ‘and :the testing equip~
raent waits until.the repeater is idle. “This:

65
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arrangement; consists-of® suitable monitormg .

conductors- automatically . connected: i to an:

amplifier-detector which energizes a relay to
delay testing on the busy repeater. -
The- invention- also ‘comprisés a: combina-

80

tion of apparatus for setting up varions test
conditions to operate signaling’ devices if:

abnormal conditions are présent in the-ap-
paratus under test- and to actuate indicat-

ing: means.: to: dencte the tronble. In-this:
combination; certain groups: of test imped-.

ance networks- are ‘connected in: proper-se-
quence to thé repeater in:place of the trans-
mission” lines ‘and - associated -hetworks. -In
a-particular group of impedances assoeiated

with' the repeater; the values are such:as:to:
producesinging on the.test repeater’if above-

thie maximum lmit of gain-adjustment’ and

the singing: caused: by: this' condition oper-:

ates a signaling-device to indicate the high

gain eondition present in-the repeater. -If:
‘such an abnormal condition is: found; test-

ing:-on - the" selected repeater’ s automati--
ally stopped. and’ an alarm- given: = To-de-

termine 1t the repeater: is operating:below
the prescribed maximum gain limit, anothér

85
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eroup. of impedances: is' automatically ¢on-" -
nected to the repeater which causes singing -

if ‘the repeater is functioning above the pre-

scribed minimum limits, that is, if the opera=-

tion of the repester in-this respect is satis-
factory: - However, if singing: does not: oc-

105

cur under this condition another signaling.
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device is automatically operated to call the
operator’s attention to the low gain condi-
tiocn of the repeater. If the latter abnormal
condition exists, testing is again discon-
tinued automatically. Other routine tests
ave made automatically in a given order to
determine whether the balance between the
line and network of a selected repeater is
within prescribed maximum and minimum
limits of unbalance. The various gain and
unbalance tests are made on a selected re-
peater in sequence and if the repeater is op-
erating within the preseribed limits the
same tests arve automatically applied to suc-
cessively selected repeaters.

The repeater is selected by a selector
switch arrangement which is connected to
a series of relays which operate to discon-
nect either one of the lines or networks from
the repeater and to substitute therefor suit-
able test networks for testing the repeater.
A control relay operates pulsing relays to
transmit pulses to a bank of sequence relays
which, in turn, control the operation of test
selecting relays which are interconnected
thr ouﬂh the test selector switches to energize
the test relays. The test relays connect cer-
tain test networks of predetermined values of
impedances in proper sequence in place nor-
mally connected to the lines and networks of
the repeater under test throuch the discon-

.neet relays associated with the repeater.

A feature of the invention relates to the
determination of abnormal conditions pres-
ent in the repeater, which for normal oper-
ation should function between certain maxi-
mum and minimum gain or unbalance limits,
and indicating to the attendant when the
gain or unbalance is outside the range as
determined by the predetermined limits.

Another feature of the invention relates
to the operation of the routine tests from a
point remote from the repeaters. such as a
central office, whereby a single testing equip-
ment may be utilized to test all the repeaters
Jocated in a given area.

Another feature of the invention relates
to means for automatically indicating to an
attendant that a particular repeater is being
tested so, that this particular repeater will
not be connected in service during the test.

A more detailed des-ription of the inven-
tion follows, and is illustrated in the ac-
companying drawings in which,

Fig. 1 illustrates a repeater to be tested
having associated therewith a number of
rhqconnect relays connected to the repeater
selector @Wltchem

TFig. 2 shows the circuit connections of
control and indicating relays and a series
of test selector switches in the system of the
invention,

Fig. 3 illustrates the sequence relays which
operate the test selecting relays associated
with the test selector switches of Fig. 2,

1,690,213

Fig. 4 shows the circuit connections ot

est 1ehvs and associated test networks to
be connected to the repeater for the vari-
ous tests and

Fig. 5 is a diagram showing the order in
which the various figures of the drawings
should be arranged to illustrate the com-
plete system.

General description.

Referring to the drawings, the automatic
routine technrr of 1'(1])0-1terq in sequence 18
initiated by c]osmg the key 28, for an in-
stant, to energize the stepping magnet 29,
which is normally deenergized, to step the
repeater selector switches 10 to 14 inclusive
and test selector switches 15 to 22 inclusive. to
the positions for testing the first repeater.
These sclector switches are mounted on a
common shaft so that the brushes will al-
ways be on corresponding contacts. When
the routine tests on the first repeater are
completed the switches are automatically ad-
vaneed to apply the same tests to the next
repeater.  For a more complete disclosure
of the tvpe of repeater to which this in-
vention is applicable, reference is made to
W. H. Hlarden. Patent No. 1.404.288, dated
January 24, 1922, Assuming the third re-
peater designated R is selected for testing,
the advancement of the repeater selector
switches to position 3 energizes relay 25
through repeater selector switch 10, to dis-
connect the monitoring conductors 70 from
the monitoring equipment located at the re-
peater station and to connect conductors 70
to switches 13 and 14, Attached to switches
13 and 14 are conduectors 71 and 72 respec-
tively. which are connected to an amplifier
detector AD (sce Fig. 2) having a relay
80 in its output cirenit. TIf the repeater R
is busy. current will be induced in the
monitoring conductors 70 by the voice cur-
rents transmitted over the line and relay 30
will be operated to delay testing on the
busy repeater. When the repeater becomes
idle, relay 30 will release its armature and
control relay 31 will operate. The con-
trol relay 81 is slow operating so that a nor-
mal pause in the conversation being repeated
on the line will not cause this relay to oper-
ate. When relay 31 operates, a 10(]*.]]’1" cir-
cuit is established through the armature of
relay 32. Relay 33 is also operated. A sig-
nal hmp 34 is also illuminated by the opera-
tion of control relay 21 to indicate that a
repeater is belng tested.

Routine gain tests.

The operation of control relay 31 alco
starts the pulsing relays 35 and 36 to oper-
ating and releasing thereby sending out a
series of pulses over conductor 37 to the se-
quence relays (see Fig. 3). The first pulse

causes the operation of sequence relays 38’
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and 38, test selecting relay 45, and relay 51
to apply the first’ test to the Iepeatel R. Re-
lays 23 and 26 are energized by the opera-
tion of test selecting relay 45 through its
mner right hand contact and selector switch
11, to disconnect conductors 73 from the
tranqmission line 1 and confluctms T4 from
the associated balanecing network for line 1.
Relays 24 and 27 are also ener gized through

selector 12 and the 1ntexmed1ate right h‘lnd‘

contact of test selecting relay 45, to discon-
nect conductors 75 fro om -the 11 ansmission
line 2 and conductors 76 from the associated
balancing ‘network for line 2. ‘The opera-

tion of relay 45. also energizes test relay 55

(see Fig. 4) through test selector switch 15
and the outer rlght hand contact of relay
45. - The operation of relay 55 places the
test network Z; in cireuit with conductors
73 through conductors 98.  Network Z, is
thus connectcd to'the repeater R in place of
line 1. Test relay 56 is energized through
test selector switch 19 and the:inner left
hand contact of relay 45 to. place a short

‘circuit on conductors 75 of repeater R in

place of line 2. Test relay 57 is operated
through test selector switch 22 and the in-
termediate left hand contact of relay 45 to
place test network N, Z, in circuit with con-
ductors 74 in place of the the normally ‘as-
sociated balancing network for line 1. The
operation of relay 27 leaves conductors 76
open -circuited by the disconnection of the
{mrmally associated balancing network: f01
ine 2

The test networks" Z, and N . substl-
tuted for line 1 and its assocmted balancing
net work are ‘of such: values and’ the condi-
tion set. up ‘for the repeater is such that if
the repeater R 'is operating below the pre-

_seribed  maximum: limit of transmission

gain, no_singing will be produced. How-
ever; if this condition produces singing, due
to 4 gain higher-than the maximum limit,
relay 30 will e energized; thereby operating
signal relay 53 (Qee I'm 2) through the
front contacts of relays 51 and 30 and the
lamp 77 will be illuminated to indicate ‘the
high gain condition of the repeater R. The
operation of signal relay 53 causes the oper-
ation of relay 32 thereby causing the relense

“of control relay 81, 1e1av 32, and the non-

operation -of “the pulsmcr rel'ays 35 and 36
Further testing is automatically  discon-
tinued on the selected repeate1 The opera-
tion of signal relay 53 also closes a circuit
to energize relay 44, thereby ‘removiny
rrrounded battery from the sequence relaw
38 and 88”. The release of thesd relays
causes test selecting relay 45 to deenergize
and the testing condition applied to the re-
peater R will be discontinued by the releas¢
of the test relays 55, 56 and. 57.' At the
same time stepping magnet 29 is energized
through the left-hand armature and contact

3

of signal relay 53 and conductors 139, 136
and 80. The stepping magnet 29, Lowever,
does mot advance the selector switches to
the next terminal until a break key 137 as-
soclated with signal relay 53 is operated to
release the lockmg circuit for this relay.
When the stepping magnet 29 is deenergized
it advances the brushes of the selector
switches to the next terminal and the:first

test is applied to the repeatér connected to

the fourth terminal of the selector switches.

The abnormal repeater may -be removed:
1- by :

from service and the trouble:indicated
the testing equipment rectified.

If the first test is within limits, the next
pulse sent over conductor 87 caunses the oper-
ation of sequence relays 89" and 39 in a
manner similar to the operation of relays
38" and 388, test selecting relay 46 and relay
52." The operatmn of sequence relay 39
opens the circuit for test selecting relay 45
through- the right-hand ar_'mfttme and’ back
contact of 1elay 39’, thereby releasing -all
the relays set up for the pr Uv1ous test: com-
bination. -

The operation of relay 46 energizes Te-
lays 23 and 26 - through repeater selector
switch 11 and the inner right-hand contact
of relay 46, and relays 24 and 27 thr ough re-
peater selector
ate right-hand contact of relay 46, for a pur-
pose similar to that described in connection
with the first test. At the same time test
relay 58 is caused to opemte through test
selector switch 16 and the outer right-hand
coritact of relay 46, to place: the Fest net-
work “Z, on ¢onductors 78. Test relays 56
and 57 are again energized through selector
switches 19 and 22 and the left-hand inner
and intermediate contacts ‘of ‘relay 46 re-
spectively, to set up the same conditions on
conductors 75 and 76 as described heretofore.
The.values of the substituted networks %,
and N,%, are such as to produce singing in
the Iepefttﬂl R, if the repeater is oper ating
above the pleqcuberl minimum limit of wain,

However; if no singing is produced by
the above condltlon. 'nrhc‘ltmg a low gain,
signal relay 54 will be operated through the
front contacts of 1e1aya 52 and 83, thueby
Hghting signal lamp 78. to indieate that the
transmission ¢ain is. below the m'nimum
Timit.  The opelatlon of relay 54 also en-
ergizes relay 32 to automatically ch%contmue
tesuno on the abnormal repeater and all the
Iela_vs set up for the test =ve released
through the energization of rel: ay 44. Step-
ping maono’c 29 is alzo energized  The lock-
ng cireuit. for signal relay 54 may be broken

'by operating break key 138 to rveturn: the

testing equlpment to normal condition and
catise the brushes of the selector switches to
be advanced to the next terminal by de}
energizing magnet 29. The above tests in-
dicate Whether or not the repeater R is op-

switch 12 and ‘the intermedi:
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erating within the prescribed limits of gain.
Routine unbalance tests.

Assuming that the repeater R Is operat-
ing within  the preseribed gain limits, the
next pulse sent over conductor 37 operates
sequence relay 407, which causes the opera-
tion of sequence relay 40, tost selecting relay
47 and relay 51. The opbmtlon of 1ehy 40
opens the cn'cmt for test selecting relay 46
thereby releasing all the test fxnd test se-
lecting relays set up for the )uvmus com-
bination. The operation of relay 47 causes
relays 24 and 27 to operate through'selector
switch 12 and the inner right-hand contact
of relay 47, to disconneet conductors 75
from line 2 and conductors 76 from the net-
work for line 2. Relay 59 is also encrgized
throngh test selector switch 20 and the
outer right-hand contact of relay 47, to con-
nect the test network Z, to the conductors 75
through conductors 104 and the frent con-
tacts of relay 24, in place of line 2. During
this test line 1 remains normal, that is. line
1 and its associated network are connected to
the repeater R with the impedance Z, sub-
stituted for line 2 and the halancing net-
work for line 2 disconnected from the re-
peater through the operation of disconnect
relay 27. The impedance of the test net-
work Z, is of such value and the conditions
set up with respect to the connections to the
repeater R are such that if the balance be-
tween line 1 and its associated network is
above the limit of minimum unbalance,
nothing will happen and the next test is ap-
plicd to repeater R. However, if an un-
balanced condltmn is present, cither in the
hybrid coil associated with line 1 or the bal-
ancing network of line 1, singing will be
produced Current in the momtormw con-
ductors 70, caused by this singing is ‘mmh-
fied and 1'ect1ﬁed by the 'unphﬁer detector
AD to energize relay 30. Signal relay 53
will be energized through the front contacts
of relays 30 and 51, and the lamp 77 will be
luminated, to indicate the unbalance of the
repeater is above the maximum limit. The
operation of relay 53 again discontinues the
fest by operating I‘Qldy 392, causing the re-
lease of all the relays set up for this unbal-
ance test hy operating relay 44 and the se-
lector switches are advanced to the next re-
peater in a manner hereinbefore described.

If the repeater R is within normal oper-
ating limits the next pulse operates sequence
relay 417, which causes the operation of se-
quence relav 41, test selecting relay 48, and
relay 52. This test 1s substantially the same
as the previous test except that test relay 61
is energized through test selector switch 21
and the outer right-hand contact of relay
48, to connect the test network Z, to con-
ductors 75 in place of line 2. The condi-
tions set up by this test will induce ‘singing

1,690,213

in the repeater R if the bhalance between line
1 and its associated network is above the
preseribed minimum Dimit of unbalance.
Non-singing of the repeater causes the oper-
ation of signal relay 54 and lamp 78 will he
Hluminated, to indicate the unblhnceis be-
low the minimum limit. Relay 32 is again
operated to discontinue testing and all the
relays set up for this test ave veleased by the
operation of relay 44, in a manner hereto-
fore described. The testing system is again
returned to normal by the operation of
break key 138 to deener wize relay Hd.

If the balance between line 1 and its asso-
ciated network is within the preseribed
limits the next pulse operates sequence relay
492, which causes the operation of sequence
relay 42, test selecting relay 49 and relay 51.
Relay 49/ opens the ciruit for test selecting
relay 48 thereby releasing all the relays ener-
gized in the previous test. The operation
of relay 49 energizes rehys 3 and 26 to dis-
connect conductors 73 from Ime 1 and con-
ductors 74 from Lhe balancing network for
line 1. At the same time test relay 60 is
energized through test selector switch 17 to
conncct the test network Z, to conductors 73
in place of line 1. In this test, line 2 re-
mains normal, that is; line 2 and its asso-
ciated balancing network are connected to
the repeater with the impedance Z; substi-
tuted for line 1 and the network for line 1
disconnected from the repeater. The im-
pedance of network Z; is of such a value
that singing does not occur if the balance
between line 2 and its assocated network is
above the prescribed minimum limit. Now,
if singing occurs indicating an unbalanced
condition above the maximum limit caused
by the hybrid coil associated with line 2 or
the network of line 2, signal relay 53 will be
energized through 1'01‘1\"; 30 and 51 and the
l‘lmp 77 will be illuminated to indicate the
unbalanced condition. The operation of re-
lay 53 again discontinues the test through
the operatlon of relay 32 and releases all
the relays set up for this test by the opera-
tion of relay 44.

Asstming that no abnormal conditions are
present in the repeater R, another pulse is
sent over the conductor 37 to cnergize se-
quence relay 43 which locks up through se-
quence relay 43, operates test selector relay
50 and rel‘ly 52 and releases all the relays
energized in the previous test by opening the
cirenit for test selecting relay 49. Tho oper-
ation of relay 50 energizes relays 23 and 206
and substantially the same conditions are set
up for this test as in the last test except that
relay 62 is energized through test selector
swifch 18 to connect the test networlk Z, to
conductors 73 in place of line 1. This con-
dition will cause singing in the repeater if
the repeater is helow the maximum limit, and
nothing further will happen. If the re-
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“cate the trouble in:the repeater.:
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peater ‘does nat: smg under these conditions,

‘mdmatmg ‘that -the unbalance is above the.
‘maximum limi, signal Telay 54 will be ener-

gized to 1llununa,te the lamp 78 -and indi-
This com-
pletes the series of tests on'the individual
repeater and assuming no abnormal condi-
tions exist in repeater R, ‘the final pulse s

operates relay 44 which restores all the se-.

quence relays:to normal, relay 82 to.cause'the
release of control relay 32 and ‘also-operates
the stepping magnet 29 to advance the selec-
tor switches 10 to’ 22 inclusive to’ the next
re%‘eater to be tested.

his arrangement ‘performs automatlcally
a series of routine tests.on the repeoaters of a
group ‘i -sequence and automatlcally indiz
cates when a repeater:is not operating within
prescribed limits.  'When. abnormal condi-
tions are present in'‘the repeater such aswhen
the gain is above or below the maximum-and

-minimum Jlimit prescribed for the particular

repeater-or unbalances are present in the hy-

brid ‘coils or networks, alarms vwill be given
' indicating the trouble and the abnonnal re-

peater may be removed from- service. - The
testing .equipment is restored to normal by
the ‘attendant operating the break Kkey asso-
ciated - with-either signal relay and the rou-
tine - tests are apphed to the next repeater
Since ‘the ‘tests are made continuously, cir-
cuit equlvalents may- be more closely main-
tained.

Detailed ' dgs'cm'ptz‘on.

iLiet it be.assumed ;that a plurality .of .re-
peaters “are ‘located “at: an ‘intermediate. re-
peater _station between :two  terminal sta-

‘tions and that the repeater testing equip-

ment i located .ot one.of the terminal
stations. It:is also assumed that an auto-
matic routine test:is t6 be:made on-the third
repeater having its disconnect relays 23 to

27 inclusive, connected to the third terminal

of ‘the repeater -selector switches 10 to 14
inclusive. - The operation of key 28 closes
a’ circuit - which ‘is’ normally open,  from
ground; conductor-80, 'winding of magnet

29 togrounded ‘battery. This “eirouit ener-
" gizes stepping magnet 29.° ‘When key 28 is
~released, the deenerglzmmn of ‘relay 29

causes -the advance of the brushes’ of the
repeater selector switches 10 to 14 inclusive
and ‘test selector switches 15 't0-22 ‘inelusive
to the first repeater to be tested. . When the
routine -tests have been applied {o-this ve-

peater and no abnormal condition has been-

located in the first repeater, stepping magnet
29 is automatically enex«u”ed and the test
are applied to the nn\t 1epeate1 If an ab-
normal “condition is encountered in the re-

peater being tested, all tests are automatical-
ly stopped, “and it will be necessary for the
operator-to press the ‘starting tey 28 again
m order ‘that the teets may go om When

-grounded battery

“test.”

the 'fbr,uSh-“S'l is advanced to the third ter-
Iinal of ‘switch- 10 and:.energizing circuit
18 estabhshed for disconnect 1elay 25 from

a

Oround brush 81, ‘terminal - of : sw1tch 10 ‘

conductor - 824 Wmdmo of relay. 25, to

30
The operation of relay :

25 draws up its armatures to disconneet the

station monitoring’ equipment from' -the
monitoring conductors 70 of repeater R and
to connect the amplifier detector ' AD (see
Fig. 2) to- the monitoring -conductors: 70.
One side of this cireuit extends through the
inner ‘armature and front contact of relay
25, -conductor - 83, "terminal- of ' repeater se-
fector “switch 13, brush 84, conductor T1,
to one'input term*nal of amphﬂer detector

AD. The return eircuit is’ completed over

conductor 72, ‘brush 86, third. terminal ‘of
repeater selector switch- 14, conductor 87
and outer armatiire and fr ont contact of re-
lay 25.  If the repeater R is busy, the voice
currents transmitted over the line will induce

corresponding’ currents’ in the monitoring’
condtictors 70 of the repeater, and these cur-

rents “will ‘be transmitted to the amplifier
detector AD which will cause relay 30 -to
operate ‘over conductors 85 connected to-the
output “icireuit -of -the ‘amplifier - ‘defector:

75

80

85

90

When'relay30 is energized it draws up its .

armature and removes cround Afrom the fest
controlling circuit and Lheleby delays test-
ing on a busy n,peatel R Testing on“the
Lepeatel R whicly'is seleeted ‘for test is dis-
continued until the repeater is idle.  This
arrangement -automatically monitors on a

‘repeatel ‘to be tested to determine’ whether

the repeater-is busy or idle.

“When the repeater R becomes idle, 1elay
801y ‘deenergized -and - the test: controlling
circuit is established for the. operation of
relay 31. :This relay is‘of the slow operat-

95

100

105

mg type ‘to prevent ‘the ‘operation* thereof: ‘

duung a ‘patise in the conversation: being
repeated.  The circuit for this relay may be

~traced from ground, armature and back con-
“tactof 1elay 30, zurntme and ‘back contact

of relay 33, Wmdmo of relay 81 to grounded
battery. 'The' oper sation of the coatl ol re-

lay 31 completes a locking' circuit through

its'inner armature and:contact and the arma-
ture and contact of relay 32 to ground.. A

110

115

signal ¢ircuit is also completed from ground,

outer armature  and. contact - of 1elay 31
lamp 34 to grounded Dattery.  The iilumi-

nation of hmp 34 indicates that a repeater-

is being tested so that the repeater attend-
ant will not connect it in service during the
The pulsing circuit is also ebtdbhshed

120

over the middle - armature and contact -of "

“control relay 31 .and velay 33 is enemued

over: condudtor 88 to open-the original ener-
gizing circuit for control lehy 31 whieh is
now locked

from oqound armatare- and contact of re-

lay 52 iiddle: armature-and contact of re-

This circuit may be. traced

125
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lay 31, conductor 88, winding of relay 33
to grounded battery. Relay 83 is also en-
ufrlzed to prepare a partial circuit for the
alarm cireuit to be hereinafter described.

Routine gain tests.

The operation of control relay 31 .estab-
lishes a circuit for the pulsing relays 35 and
36. The circuit for these relays may be
traced from ground, armature and contact
of relay 32, middle armature and contact
of control relay 31, armature and contact of
relay 36, winding of relay 35 to grounded
Lattery. Relay 35 will be energized to draw
ap its right and left hand armatures and
thereby establish an energizing circuit for
pulsing relay 36 from ground, left hand
armature and contact of relay 35, winding
of relay 36 to grounded battery. The oper-
ation of 1'ehy 36 opens the energizing
circuit of relay 35 and the dunergl/,atlon of
relay 85 causes in turn the deenergization of
relay 86, at which time the original circuit
conditions are established and the cycle is
repeated. These relays are of the slow re-
leasing type. Ior each successive operation
of 111&} 35 a pulse will be transmitted over
conductor- 37 to operate the sequence or
counting relays 38 to 43 inclusive. The first
pulse sent over conductor 37 energizes relay
38 over a circuit which may be traced from
ground, right-hand armature and contact
of relay 35, conductor 37, armature and back
contact of relay 38, winding of relay 38,
conductor 89, armature and contact of relay
44 to grounded battery. The operation of
sequence lday 38’ prepares a locking circuit
for itself in series with sequence rel‘w 38.
Relay 38, however, is not energized at this
time since it is shunted at the right-hand
armature ‘uld contact of pulsing 1el¢1y 35.
When relay 35 deenergizes it permits se-
quence relays 38 and 38" to lock up in series
with each other. This locking circuit may
be traced from ground, left- hand armature
fmd contact of uhv 38’ windings of relays

and 38’, conductor 89 armature and con-
t%t of 1'0L1V 4, to mounded battery. Relay
38" establishes a circuit for test selecting
relay 45 from ground, right- hand armature
and back contact of 1clfly 437, right- hand
armature and back contact of ulay 497
right-hand armature and back contact of
1@1'1\' 417, right-hand armature and back con-
tact of relay 40’, right-hand armature and
back contact of 10113 39’ 1‘1ght hand arma-
ture and contact of rel ay 387, conductor 90,
winding of relay 45, to grounded baitexs
When fest selecting 1(‘1ay 15 operates a cir-
cuit is established o encr gize relays 23 and
26, associated with the 1ep(,ate1 R. to dis-
connect conductors 73 from the i incoming line
1 and conductors 74 from the b‘ﬂfmclnnr net-
work for incoming line 1. This cncmt may
be traced from ”'lOu]ld inner right-hand
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armature and contact of relay 45, conductor
91, brush 92, terminal of repeater selector
switch 11, and then over a divided path, one
branch going through the winding of relay
23 to grounded battery, and the other branch
through the winding of relay 26 to grounded
battery. At the same time, a circuit is es-
tahlished to disconnect conductors 75 {rom
outgoing line 2 and conductors 76 from the
balancing network for outgoing line 2. This
circuit may be traced from ground, middle
right-hand armature and contact of relay 45,
conductor 93, brush 94, terminal of selector
switch 12 and then over a divided path, one
branch going through the winding of relay
24 to rrrounded battery, and the other
branch thlough the winding of relay 27 to
grounded battery. The repeater R is now
disconneected from its associated transmis-
sion lines and networks and the first test is
to be made on the repeater.

In Fig. 4 is shown a bank of test networks
having associated therewith test relays for
substxtutmo different values of impedances
for the transmission lines and balancing net-
works of the repeater to be tested. It will
be noted that the test networks Z,, Z,, Z,; and
Z, are individual to line 1, short-circuit con-
nection 100, test networks Z, and Z, are
individual to line 2, and the test network
N, %, 1s individual to the balancing network
im Iime 1. Furthermore, it is to he noted
that a single bank of test networks is pro-
vided and these networks may be multipled
to a large number of repeaters to he tested.

Test I(‘LIV 55 1s energized by the operation
of test se]ectm«r relay 4u to connect thL test
network Z, to conductors 73. The energizing
cireuit for relay 55 may be traced “from
ground, outer right-hand armature and con-
fact of rel: ay 45, conductor 95, brush 96, third
terminal of test selector switch 15, conductor
97, winding of relay 55 to gr ounded battery.
W hon re]ay 55 1s enuffued a cireuit is com-
pleted through its 1lgzht and left hand arma-
tures and contacts to connect the test net-
work Z, to conductors 73, over conductors 98
and the closed armatures and front contacts
of relay 23. Test relay 56 is operated to
‘.U])stliute the short-circuit connection 100
in place of line 2. The energizing circuit
for relay 56 may be traced from gr ound in-
ner left-hand armature and contact of rc].ly
45, conductor 101, brush 102, terminal of test
selector switeh 19, conductor 103, winding
of relay 56 to grounded hattery. When re-
lay 56 opemtcs a short-cireuit is established
for conductors 75 of repeater R over condie-
tors 104 and the closed armatures and front
contacts of relay 24. Test relay 57 is Also
operated to conmect the test network N,
to conductors 74 of the repeater.  An ener-
gizing circuit for relay 57 may be traced
from ¢ ground. middle left-hand armature and
contact of relay 45, conductor 105, brush 106,
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terminal of test selector switch 99, conductor

107, winding of relay 57 to grounded bat-
tery.:: The-operation. of relay b7 establishes

a circuit for the network N, Z, thtrough the

closed armature, .and contacts of relay 57,
conductors108.and the closed armatures and

front. contacts of relay 26.. Relay 51 is also

energized over a circuit, from ground, outer

_-leftshand ‘armature and contact of relay 45,

10

‘36

40

ture ‘and ;contact -and lamp 7

winding of ‘relay 51:to groundsd battery.
The operstion of relay 51 forms: a partial
circuit forithe alarm cireuit to be heremafter
described. . ‘

The. conditions for the first tést are now
set: np for the repeater R, with the test net-
work Z; substituted for line 1 of:the repeater,
the ‘test network N, Z, substituted for the
balancing network ‘of line 1; the: short-cir-
cuit-connection 100 substituted :for line 2 and

‘the balancing ‘network for line 2 discon-
nected from-the: repeater ‘R. The imped-

ances of ithe test networks Z, and N, Z, are

‘of such -values and:the.other connections of

the: circuit are such thdt if the repeater is
below the prescribed maximum lirnit of gain,
no singing will take place and'a second pulse
will: be sent:over:the ‘conductor 37 to” eéner-

gize. sequence relay 39’,‘ for setting’ up the

-next gain test. - ‘

‘Let -us -assume, however, ‘that under the
test .conditions set:up by the operation of

-relay 45 the repeater sings due to the am-

plification being above the maximum: limit
preseribed. The.singing will cause current
to betransmitted over the monitoring: con-
ductors-70..to. the -amplifier’ detector AD,
thereby  energizing ".relay 30 which “draws
up-its armature to place ground.on:conduc-
tor 1109 to operate signal relay 53, over a
eircuit which may be traced from ground,
armature and. front ‘contact of relay 30,
conductor 109; .armature - and “contact of
operated : relay &1, conductor 110, winding

of relay 53,'to grounded battery.  The oper-.
_ation .of ‘relay 158" closes an alarm circuit;

from ground, through its right-hand arma-
Tito- grounded
battery, ithereby indicating :tothe test: at-
tendant that the gain of the repeater R is
above the maximum operating limit. Re-
lay. 53.alse closes a.circuit for the operation

of relays: 32 and 44, from ground, left-hand

armature. .and contact-of relay 53, and then
over :a divided path, ithe branch for relay
32 :including conductor 111 .and winding of
relay: 32 to grounded battery, and the branch
for relay 44 .including conductor 139 and
winding of relay ‘44-to grounded battery.

The operation of .relay 382 discontinnes: the
~test; since -control- relay 31 will be deener-

gized by :the opening of its locking. circuit
through the armature and contact’of relay
32. The operation .of relay 44 removes
grounded ‘battery. froin the sequence relays

" 38:and 38". Relay 38/, mpon deenergization

y.

reledses test. selecting relay 45, thereby caus:

ing the release of:relay :51, test relays 55,
56 and 57, and disconmect relays 23, 24,-26

and 27. At the same time stepping magnet

-29-is energized over ‘a circuit whieh may be
-traced Arom ground, left-hand. armature:and

contact of signal relay 53; conductors 139,

70

136 and- 80, winding of stepping magnet 29, -

to grounded battery. Signal relay 53 still

remains energized due to:the locking. civeuit 75
formed through its right-hand armature and

contact. -After the fest attendant has :in-
formed the repeater.attendant of ‘the abnor-
mal gain condition of repeater' R, a break
key 137, associated with the signal relay 53,
may be-operated -to-disconnect battery from
the rsignal: relay: 53. : Upon the release’ of
signal -relay . 53; -lamp 77 is. extinguished,

relays 82 and 44 are deenergized,; and.the

brushes of the selector: switches 10 to 22
inclusive, are advanced to the next -terminal

when magnet 29 is deenergized. The test-.
‘ing equipment has now: raturned to normal

condition except that the brushes of the re-
peater selector switches 10 to 14 inclusive
and the brushes of the test selector switches
15 to 22 inclusive are: connected::to the re-
peater -associated with: the fourth. terminal
of these switches; to apply-the routine tests
to the fourth repeater. e
“Referring back-now to.a previous condi-
tion and assuming that the first gain test ap-
plied to the repeater R, connected to’ the
third. -terminals of: the" selector switches

found the.repeater operating below the:-pre-

seribed maximum: limit of .gain, and .a .sec-
ond-pulse is sent “over conductor 37 to. en-
ergize sequence relay 39”.. :The energizing
cireuit for relay 39" .may be traced. from
ground, right-hand armature and contact of
relay. 35, conductor 87, armature -and front

80

00
05
100 -

105

contact. of :relay .38 svhich is locked .in oper- -

relay 39, winding.of. relay 897, conductor: 82,

“and- armature and- contact of relay 44 to
‘grotinded battery. The energization of se- - .

quence relay 39”.pulls upits right and left-
bhand armatures.

mature and -back . contact. of- relay: 39’
When relay 45 releases, the: circuits -estab-
lished- over "conductors :91,-93,-95, 101 .and
105 are-opened cauging the release of: dis-
connect relays 23,26, 24 and: 27, and test.Te-

lays 55, 56 and 57. . Relay. 51 ig also de-

eirergized by the removal of the ground con-

nection -through the outer left-hand arma-

ture and contact of relay 45. ‘
When relay 89’ is operated an:energizing
eiveudt is prepared for.relay.39 from ground,
left-hand armature and.contact of relay 39’
windings of relay 89-and relay 39’, to.estab-
Lish a' Jocking. cirenit -for these relays: when
pulsing: relay 35 releases.” A.circuit is-also
established for the energization of test se-

ated position, armature and back contact of

110

The circuit for test select-
‘ing relay 45 is opened at the right-hand ar-
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lecting relay 46, from ground, right-hand
armature and back contact of 1'eL1V 43’,

right-hand armature and back contact of re.
lay 42°, right-hand armature and back cou-
tact of relay 41’, right-hand armature and
back contact of relay 407, right-hand arma-
ture and front contact of operated relay 38/,
conductor 112, winding of relay 46 to
erounded battery. When relay 46 operates,
a circuit is completed over its inner 1‘1ghf-
hand armature and contact, conductor 91,
brush 92, and terminal of repeater selector
switch 11, to again energize “disconnect re-

Ll\s 23 and 26 in the same manner as de-

scribed in connection with the first gain test.
A circuit is also completed over-the middle
right-hand armature and contact of relay 46,
conductor 93, brush 94, terminal of repeater

selector switch 12, to energize disconnect
relays 24 and 27 For dis connecting line 2
and ils associnted balancing network from
the repeater R.  Relay 52 is energized over
a cirenit from ground, outer left- hand arma-
ture and contact of 1'e1‘1y 46, winding of re-
lay 52, to grounded baftery. This 1elf1y 18
()I,emtcd to form a partial circuit for the
alarm circuit to be hereinafter described.

The test relay 58 is energized over a cir-
cuit, from ground, outer right-hand arma-
ture and contact of relay 46 conductor 113,
brush 114, terminal of test selector switch
16, conductor 115, winding of relay 58 to
grounded battery. The operation of relay
58 connects the test network Z, to the con-
ductors 73 in place of line 1, over conductors
938, and the armatures and front contacts of
operated relay 23. Relay 56 is again ener-
gized to substitute the short circuit connec-
tion 100 in place of line 2, over a circuit
from ground. inner left-hand armature and
contact of relay 46, conductor 101, brush
102, terminal of test selector switch 19, con-
ductor 103, and winding of relay 56 to
grounded battery The short-circuit con-
nection 100 is connected across the outgoing
conductors 75 of the repeater by the condue-
tors 104. and the armatures and front con-
tacts of operated relay 24. Relay 57 is en-
ergized over a circuit from ground, middle
left-hand armature and contact of relay 46,
conductor 105, brush 106, terminal of test
selector switch 22, conductor 107, and wind-
ing of relay 57 to grounded battery. The
operation of relay 57 closes a circuit through
its armatnres and contacts and connects test
network N, Z, across conductors 74, through
conductors 108, and the armatures and front
contacts of operated relay 26, thereby sub-
stituting the test network N, Z, for the hal-
ancing network for line 1.

The second gain test is now applied to the
repeater R, with the test network Z, con-
nected to the input conductors 73 of the re-
peater, the test network N, Z, substituted
for the balancing network for line 1, the
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short-circuit connection 100 connected across
the output conductors 75 of the repeater, and
the balancing nctwork for line 2 discon-
nected from the vepeater by the operation of
relay 27, 'T'he conditions set up for this test
and the impedances of the test networks are
of such values that singing will be preduced
in dw 1(1)0&10 R if the xcpe.ltel is operat-
above mu preseribed minimum  limit.
If singing is produced indicating that the
w])ouor Is \\lth‘n the m-nsulbed limits of
gain, relay 30 will be mex/e(l due to cur-
rent being transmitted to the amplifier de-
teetor ADD. Signal 1(*1‘\\7 54, with which the
lamp 78 is associated. is pluented from be-
mg energized by the opening, at the arma-
tave and front contact of relay 30, of an
ctherwise completed energizing circuit ex-
tending through the armature and front
contact of 1'01:1y a3, conductor 116, armature
and front contact of relay 52, conductor 117,
and winding of relay 54 to grounded bat-
tery. Under these conditions th(, next pulse
s'unt over conductor 37 will energize sequence
relay 40" to apply the subsequent balance
test to the repeater R.

However, when the conditions set up. in
connection with the second gain test on the
repeater R do not produce singing, indi-
cating that the gain is lower than the mini-
mum lmit, the energizing circuit for signal
relay 54, previously traced, is completed at
the armature and back contact of relay 30.
The operation of signal relay 54 closes a
locking circuit, from ground, through its
right-hand armature and contact, and at the
same time closes a cireuit for the lamp 78,
from ground, right-hand armature and con-

tact of relay oi. smnal lamp 78 to grounded

battery. The illumination of lep 78, indi-
cates to the test attendant that the l'epc'lter
is operating below the minimum gain limit.
Further testing on the repeater R is discon-
tinued by the operation of relay 82, which is
encergized over a circuit from (rround left-
hand armature and contact of 1'eluv .)4 con-
ductor 111, relay 32 to grounded b.xttely.
This relay causes the release of relay 31, due
to the interruption of its locking circuit.
The repeater attendant will be informed as to
the low gain condition of the repeater R, so
that the attendant may vectify the abnormal
condition of the repeater. Relay 44 and
stepping magnet 29 will be energized
through the left-hand armature and contact
of signal relay 54 over circuits similar to
those described in connection with signal
relay 53. The locking circuit for relay 54
may be broken by ()p(,l"ltln“‘ key 138.

Again referring back to the next preced-
ing condition and ¢ assuming that the previous
tosts applied to the 1epelt(=1 R, disclosed no
abnormal conditions in the repeater, the
third pulse sent over the conductor 87 will
energize sequence relay 40’, over a circuit
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which may be traced from ground, right-
hand armature and contaet of relay 35, con-
ductor 37, armature and front contact of Te-
lay 38, arnntmc and front contact ofre-
lay 39, armature and back contaet of relay
40, winding of relay 40’, conductor 89, arma-
ture and contact of relay 44, to grounded
battery.  When relay 40" operates 1t draws
up both its armatures.  An emergizing cir-
cuit is prepared at the left-hand -armature
and contact for sequence relay 40, which,
however, does not operate immediately, due
to  the shunt circuit' established by the
grounded armature of pulsing relay 35. As
soon as relay 35 releases, a locking circuit is
established for sequence relays 40 and 40’
from ground, left-hand arvmature and -con-
tact of relay 40’ windings of relays 40 and
407 in-series, and conductor 89 to grounded
battery through the armature and contact of
relay 44. When the right-hand  armature
of relay 40" moves to its front comtact the
enérgizing circuit for test selecting relay 46
is broken, at the back contact. Test select-
ing relay 46 is thereupon deenergized and
the disconnect relays 23, 24, 26 and 7 ave de-
energized to connect the respective conduc-
tors to the normally connected lines and bal-
ancing networks of the repmte‘ R. At the
same time test relays 56, 57 and 58 are de-
energized. to open’ the circuits for the test
networks. This- completes the gain tests
on the repeater R.

Unbalance tests for line 1.

The operation of sequence: relay 40" es-
tablishes at its right-hand armature and
front contact an energizing circuit. for the
test selecting relay 47. This circuit may be
traced from' ground, right-hand armature
and back contact of Ielay 43, right-hand
armature -and back contact: of lelay 427,
right-hand - armature and back contact of
relay 41’, right-hand armature and front
contact of lelay 40’, -conductor 118, and
winding of relay 47 to grounded battery.
The-operation of relay 47 completes a cir-
cuit from ground, inner right-hand- arma-
ture and’ contact of relay 47, conductor 93,
brush 94, and terminal of selector switch 12

to again energize relavs 24 and 2T. The

GO

e’ mafures of relay 24 Belay 31 18 energized

ener01zat10n of relays 24 and 27 as before
disconnect respectively conductors 75 from
line 2 and conductors 76 from the balancing
network for line 2. Test relay 59 is ener-
gized over a circuit from ground, outer
rmht hand armature and conmct of relay
47, conductor 119, brush 120, third: terminal

of selector sw1tch 20, conductor 121, wind- -

ing of test relay 59, to grounded battery.
Whern the aundtures and contacts ‘of relay
59 are closed the test network Z, is connected
to conductors 75 of the Iepeater R over con-
ductors 104, and the front contacts and ar-

:]ustments

9

over a circuit which may be traced from

ground; left-hand armatuie and contact of

relay 47, conductor 122, and winding of re-
lay 51, to grounded battery, to prepare a
par tial cir LUlt for the signaling, circuit to-be
hereinafter described.

The repeater R is now in condition for
the third routine test- or first unbalance
test in which line 1 and its associated net-
work are normally connected to the repeater
R, test network Z; is substituted for line 2,

-and the associated network for line 2 1s dis-

connected from the repeater. The imped-
ance of the test network Z; is so chosen that,
if the Balance between the line and network
of the repeater is below the prescribed max-
imum limit of unbalance, singing will not
take place and no current will be induced
ini the monitoring conductor 70 to energize
the relay 30.. The next pulse sent over con-
ductor 37 will therefore energize sequence
relay 417, to initiate the fourth routine test
on tlie ve pcater R.

However, if singing is produced in the
repeater, indicating that the unbalance is
above the maximum limit, relay 30 will be
cnergized over conductors 71 and 72 in a
manner hereinbeforé deseribed and an ener-
gizing circuit will be completed for signal-
ing 1ehy 53. + This circuit may be traced
hom ground, armature and: front contact of
re.ay 50 conductor 109, armature and ‘con-
tact of opnlated relay 51 conductor 110, and
winding of signaling relay 53 to glounded
battuy The opemtlon of relay 53 again
Lights the signal lamp 77 and at-the same
tite discontinues further testing on the re-
peater by operating relay 32. The repeater
attendant will again be informed of the high
unbalance of the repeater and the repeater
may be disconnected from service for ad-
Rehy 44 is again énergized, in a
nanner hereinbefore de“cubed to return the
operated sequence relays to normal position
thereby releasing the relays set up for the
preVlous test.
gized to advance the hrushes of the selector
switches to the next terminal when the mag-
net is deenergized. Signal relay 53 which
still remains energize’d‘,»ch‘i‘e toits Jocking cir-
cuit, may be reledsed by operating key 137.
Upon the operation of key 137 stépping
magnet 29 1s released and advarces the
brushes to the next terminal.

But returtiing once wiore to' a prévious
condition and assuming that the third: test
applied for the. repeater R indicates that the
repeater is operating within tlie prescribed
limits of unbalance, the next pulse operates
relay 41, over a circuit which may be traced
from~ ground; - right-harid armature and
contdet - of. pulsing’ relay 35, conductor 37,
srmature and front contact of sequerice relay
28, armature and front contdct of sequence
velny” 89, dvmatidie and font dontdet o

e

@teppma magnet 29 is ener- .
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sequence relay 40, armature and hack contact
of relay 41, winding of sequence relay 417,
and conductor b.)/ to grounded battely
thwlwh the armature and contact of re-
lay H

When sequence relay 41’ operates, the cir-
cuit for test selecting relay 47 is opened
at, the right-hand armature and hack contact
of relay 417, thereby deencrgizing ali the
relays set up for the previous fest. A cireuit
1s also 1:011110(1 through the ri tmt hand arma-
ture and fmnt contact of relay 41’ for the
energization of test selecting relay 48, This
circuit may be traced from 01‘01111(1 rlght-
land armature and back contact of 1o lay
43, right- hdﬂd armature and back contact

of rel ay 427, Lwht ham‘ armature and front
contact oi relay 4i’. conductor 123, and
\\'mdmtr of 10111\ 48 to grounded lmtte} v. A

circuit is also preparved “for the operation of
sequence relay 41 from ground. left-hand
armature and contact of relay 41’, windings
of reiay 41 and 41" in scries, "conductor
89, armature and contact of relay 44 to
grounded battery, but relay 41 does not op-
erate until the short cireuit is removed hy
the deenergization of pulsing relay 35. At
the operaticn of relay 41 a Iockln(r circuit
for itself and sequence relay 417 in series ig
formed. When test selecting relay 48 oper-
ates a circuit is completed from ground, in-
ner right-hand armature and contact of re-
lay 48, conductor 93, brush 94. and terminal
of repeater selector switch 12, to operate
disconnect relass 24 and 27, thxebv discon-
neeting conductors 75 from line 2, “and con-
ductors 76 from the associated balancing net-
work for line 2. A cireuit is also completed
for the energization of test relay 61, from
ground, outel right-hand armature and con-
.ut of rel: 40, conductor 124, brush 125,
terminal of ((‘\t selector switch 21, condue-
tor 126, winding of relay 61, to grounded
hattery. Test 1(1“\’ 61 wm],lotoc a circuit
through both its armatures and contacts, to
connect the test network Z . across conductors

75, over conductors 104 and the front con-
tacts and armatures of relay 24.  Relay 52

is also energized over a cirenit from ar ound,
left-hand armature and contact of relay 48,
conductor 127. and winding of relay 52 to
grounded battery.  The operation of relay
52 again forms a partial cireuit for the op-
eration of signal relay 54 hereinafter to be de-
seribed.

The fourth routie test is now appiied to
the 1'0])0:1{(31' R and the conditions of the re-
peater are as follows: Line 1 and its asso-
clated Iml"mnw network are normally con-
neeted to the repeater, with the test network
Z, substituted for hne 2 and the associated
l,dl-mmna network for line 2 disconnected
from the repeater.  This test is also an un-
balance test to determine if the unbalance
of the repeater is below the minimum limit,
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it being often (1(‘811‘211)]L to determine if the
actual value of balance has ch inged from a
value indicated by a previous tlest, even
though the test indicates the balance condi-
tion to be satisfactory, to determine the mar-
gin of safety. If the balance between line 1
and its 1«()(1‘11(,(] network is above the pre-
scribed minimum Himits, singing will be pro-
duced and relay 30 will be ener m/ed Ly the
induced currents in mom((nm;,r conductors
70 passing to the amplifier detector AD.
When 1(1&}' 20 is en("‘fn/ed it draws up its
armature to the front contact, and no signal
will Le given. The next pulse sent over con-
ductor 37 will onclm/o scquence relay 427,
to get up the fifth test for balance of line 2,
IIowever if the Imuth test condition ap-
plied to the repeater R does not produce
singing in the repeater, a signaling circuit
will be formed from «vround armature and
hack contact of relay uO., armature and front
contact of relay 33, conductor 116, arma-
ture and contact of operated relay 52, con-
ductor 117, winding oi signal relay .)1 to
groundes] battery. “The opemtxon of rel ay
.»L again forms a locking circuit through its
rigr ht-hand armature and contact and h«rlns
the signal lamp 78, to indicate that “the
unlnlance of the lepeftter R is below the
minimum limit. The test will again be dis-
continued through the closing of a cirenit
for relay 32 fmm ground, left-hand arna-
ture and contact of xel‘ly 54, conductor 111,
and winding of relay 32 to groun(led hattery.
Control 1'eL1y 31 is again released through
the removal of the ground conncction of
relay 82. When the swn'ﬂ lamp 78 lights
the test attendant will no(lfy the xep('ntv
attendant of the low unbalance in the re-
peater R and the trouble may be remedied.
Upon the operation of signal relay 54, relay
44 is energized to release the o) serated sc-
quence 1el‘wf~ arnd cause the IL]("I\C of
selecting relay 48, thereby disconnecting the
fest connections set up for the previous et
Stepping magnet 29 is again energized to
prepare the advance of the selector hrushes to
the next position. The locking circuit {or
signal relay 54 may be broken ln opet .L(IHL'
l\q 138 whereupon stepping magnet 29 i
deenergized and the brushes of the ,vlc({m‘
switches are advanced to the next terminal.

Unbalance

Onee again going back to a previous con-
dition, let us assunie that the fourth rontine
test (1])})110(1 to the repeater R determines
that the repeater is operating within the
normal limits of unbalance and that accord-
ingly another puise has been sent over con-
dmtox 87 to energize sequence relay 42" as
stated. The energizing circuit for relay 42°

may be traced From ground, right-hand
armature and contact of relay 35, conductor
37, armature and front contact of relay 38,

tests for line 2.
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armature and front contact of relay - 39,

" armature and front contact of relay- 40,
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armature and front contact of relay 41,
armature and back contact of relay 42, wind-
ing of relay 42/, conductor 89, and arma-
ture and contact of relay 44 to grounded
battery. The operation ot sequence relay 42
prepares a circuit for itself in-series with
sequence relay 42 ‘through its left-hand
armature and contact. Relay 42, however,
is not energized until relay 85 releases. - At
the same time the energizing circuit for test
selecting’ relay 48 is opened at the right-
hand armature and back contact of relay 427

whereupon all the relays set up for the pre- .

vious test are deenergized. A cireuit is.also
completed for the energization of test select-
ing relay 49, from ground, right-hand arma-
ture and back contact of relay 437, right-
hand armature and fiont contact of relay
42/, conductor 128, and winding of test
selecting: relay 49, to grounded battery.
When test selecting relay 49 operates a cir-
cuit is closed for' the energization of dis-
connect relays 23 and 26, from ground, inner
right-hand- armature and contact of relay
49: conductor ‘91, brush 92, terminal ~of
repeater selector switch 11, and then over the
divided path to the windings of relays 23
and 26 to grounded battery. The operation
of these relays disconnects conductors 73
from line 1 and: conductors 74 from. the asgo-
ciated network for line I. -A.cireuit is also

closed: for the energization: of test relay 60,.

from ground, outer right-hand armature and
contact of test selecting relay 49, conductor

129, brush 130, terminal-of selector switch

17, conductor' 131, and! winding of relay 60
to grounded battery. Upon energization
relay 60 draws up its armatures to conmnect
test network Z, to conductors 73 by way of
conductors 98 and the: front contascts: and
armatures of operatedirelay 23. Relay 51 is
energized through: the operation of test
selecting relay 49 over a circuit which  may
be ‘traced from: ground, left-hand arma-
ture and contact of relay 49, conductor 122,
and winding of relay 51 to grounded battery.
The operation of relay 51 prepares:a partial

“circuit for the-energization: of signal: relay

which will be hereinafter describedl:
The circuit connections for the fifth
routine test on the repeater R are now set
up and the conditions of thetest are-as
follows: The test network Z; is connected
across the conductors 78 in: place of line 1;
the balancing' network for line 1 is. discon-
nected. from the repeater; and line 2" and
its associated balancing network are ‘con-
nected to the repeater R’ in:the usual: way.
If the unbalance in  the repeater is below
the prescribed maximum limit, the next test
will be-applied to: the repeater.

However, if the unbslance in: the repeater

53

11

R is above tlie prescribed maximum limit,

65

singing willl take: place in- the repeater, .

“whereupon current in the monitoring con-

ductors 70 will- be transmitted to-the am-
plifier detector  AD' over' conductors 71 and
2. Relay 30: will be energized and draw up
its armature, closing a circuit through its
front contact for the energization of relay
53 from ground, conductor 109, armature and
contact of operated relay 51, conductor 110,
and winding of relay 53 to grounded bat-
tery. The operation of relay 53 again lights
the signal lamp- 77, and also stops the test
by completing an energizing circuit for relay
32 through its left-hand armature and con-
tact, which in turn removes the ground con-
nection from-the control relay 81 The test
attendant again informs the repeater  at-
tendant that the unbalance condition of the

repeater is above the maximum limit, and

the repeater attendant will disconnect the
repeater from service, to locate the unbalance
and remedy the defect.  Operation of signal
relay 53 again releases all the relays as here-
inbefore described: - Key 187 may be. oper-
ated to release the locking circuit for relay
58 and deenergized magnet 29 to advance the
selector brushes to the next terminal.

If the repeater Ri.is operating below the
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prescribed maximum- limit of unbalance, the:

conditions-set up with the fifth test will' not
produce singing and the next pulse will oper-
ate sequence relay 48" over a circuit from
ground, right-hand armature and:contact of
relay 85, conductor 37, each of the armatures
and front contacts ofrthe preceding operated
sequence relays; the armature:and: back con-
tact of sequemnce relay: 43; winding of relay

95

100-

43’ conductor 89 and armature and contact -

of relay 44, to: grounded: battery. The oper-
ation of relay 43’ forms a locking circuit for
itself in series’ witly the winding of relay 43
througly its:left-hand armature and contact.
The - energizing- circuit for test relay 49 is
opened: by the-operation: of the right-hand
armature of relay 43/ and all the relays set
up-for the previous test combination are:de-
energized: ‘At the same time test selecting
relay 50 is energized over a circuit from
ground, right-hand ‘armature. and front con-
tact of relay 43, conductor 132 and winding
of relay 50, to grounded -battery.  The oper-
ation of relay 50 again closes a circuit for
disconnect  relays 23 and 26 from ground,
inner right-hand: armature and- contact of
relay 50, conductor 91, brush 92, terminal of
repeater selector switch 11, and then over
a divided path: to the windings of relays 23
and 26:to-grounded battery. The operation
of these: relays disconnect conductors 73
from line 1 and conductors 74 from the bal-
ance -network for line 1.  Test relay 62 is
energized over a cireuit from: ground, outer
right-hand: armature and contact of relay. 50,

105

110

115

120

125




10

,.
atd

20

ol

4l)

15

oy

B

@
=

(0

12

conductor 133, brush 134, terminal of test
selector switch 18, conductor 135 and wind-
ing of relay 62 to grounded battery. When
relay 62 is encrgized the test network Z, is
connected across conductors 73 by way of
conductors 98 and the front contacts and
armatures of relay 23. Relay 52 is also en-
ergized over a circuit which may be traced
from ground, left-hand armature and contact
of relay #0, conductor 127 and winding of
relay 52 to grounded battery. The opera-
tion of this relay prepares a partial circuit
for the energization of signaling relay 54.

This is the last test to be applied to the
repeater R and the conditions set up for this
test are as follows: The test network Z; is
substituted for line 1; the associated balanc-
ing network for line 1 is disconnected from
the repeater: and line 2 and its associated
balancing network are connected to the re-
peater in the usual manner. The value of
the impedance of the test network Z; and the
other circuit connections are so chosen as to
cause singing in the repeater R if the re-
peater is operating below the minimum un-
balance limit. When singing occurs, relay
30 is energized, and no signal is given. The
next pulse sent over conductor 37 energizes
relay 44, to remove the battery and ground
connection from all the sequence relays pre-
viously set up and they return to normal
condition. The deenergization of relay 43
releases relay 50, thereby releasing all the
relays set up in the previous test combina-
tion. At the same time a pulse will be sent
over conductor 136 and conductor 80 to en-
ergize stepping magnet 29 which advances
the Lrushes of selector switches 10 to 14 in-
clusive and the test selector switches 15 to
92 inclusive to the mext terminal of each
switch when it deenergizes, preparatory to
testing the next repeater. Relay 32 is also
energized by the last pulse over conductors
139 and 111. When relay 32 operates, relay
31 is released. thereby discontinuing the
sending of further impulses, and then when
pulsing relay 35 is deenergized stepping
magnet 29 is released to advance the brushes
to the next terminal.

However, if the unbalance of the repeater
is below the minimum limit under the con-
ditions deseribed in connection with the last
test. the repeater will not sing and an en-
ergizing cireuit for signal relay 54 will he
formed from ground, armature and back
contact of relav 30, armature and front con-
tact of relay 33, conductor 116, armature and
contact of operated relay 52, conductor 117
and winding of relay 54 to grounded bat-
tery. Relay 54 will again cause the illumi-
nafion of signal lamp 78 and the discontinu-
ation of the test through the operation of re-
lay 82. Lamp 78 gives a visual indication
that the unbalance of the repeater R is be-
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low the preseribed minimum limit.  The ab-
normal repeater may he removed for the ad-
justment of the unbalance. Signal relay Ht
again is released by operating key 138.

This completes the routine tests on the re-
peater R and the stepping of the brushes to
the succeeding terminals of the switches inl-
tiates the same cycle of tests for the next re-
peater.

While the above specific deseription re-
lates to a particular embodiment and oper-
ation of the routine testing of repeaters it
is apparent that various modifications may
he made in the festing system and other
routine tests may be applied to repeaters and
amplifiers withm the scope of this inven-
tion and is only to Le limited by the ap-
pended claims.

What is claimed is:

. In a systemn for automatically testing
repeaters, testing equipment, means for con-
necting said equipment to a repeater to be
tested. and means under the control of said
equipment and automatically responsive to
an abnormal condition in the repeater under
test. for indicating said condition.

9. In a system for automatically festing
repeaters, a plurality of repeaters, testing
equipment, switching means for associating
said repeaters individually with said test-
ing equipment and means under the con-
trol of said switching means and automat-
ically responsive to the operation thereof for
selecting said repeaters for test in sequence.

3. In a system for automatically testing
repeaters, testing equipment comprising a
plurality of elements, different ones of said
clements heing used for different types of
tests, and means for automatically connect-
ing said elements to a repeater in a given
order for testing the gain and impedance
unhalance of the repeafer.

4. In a system for automatically testing
repeaters, a repeater which is to operate be-
tween predetermined maximum and mini-
mum limits of gain, testing equipment,
means for connecting said equipment to the
repeater to he tested, and means under the
control of said testing equipment and auto-
matically responsive to a gain condition in
said repeater ontside said limits for causing
an indication thereof.

5. In a system for antomatically festing
repeaters. a repeater in which the allowable
unbalance for satisfactory operation is be-
{ween certain predetermined values, means
for testing the unbalance of said repeater.
and indicating means under the control of
caid testing means and automatically re-
sponsive to an unbalanced condition in suid
repeater outside the range of said prede-
termined values. '

6. In a system for automatically testing
repeaters, testing equipment comprising a
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plurality of testing elements, dlﬁerent ones

of said elements being adapted for applying s

different types of tests.to a repeater to be
tested; a switching means; and means under
‘the control .of said switching means and
automatically responsive to the operation

thereof for connecting the proper elements

to said repeater to be tested and applylno*
a  plurality of dlﬁelent tests thereto in
sequence.

7.In a syétem for. automatlcally testlng(

a.. repeater, testing e ulpment comprising
momtormg means. and: test -control means,
means for automatically connecting’ said
monltormu means to sal(l7 re eater to deter-
mine . if said repeater ds' d le, and means
under the control of sald mbonitoring means
to- establish an energizing circuit %or said

test - control means, said: test control means

being - inoperative if said repeater is 1dle

~only for an interval corresponding to a nor-
1mal pause in the transmission being repeated

8. In a system for automatically testing
a repeater, a repeater having assocmtea
therewith a transmission line, means auto-
matically disconnecting said repeater from
said tramsmission line, means to connect.an
Impedance of predetermined value to said
repeater in place of said fransmission line,
and 51gna11ng means operated by said re-
paater if said repeater Is i an abnormal

- condition.
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29 In-a system for autmnatmally testlncr
repeaters, means for selecting a re eater
for test, means controlled by the selected
repeater if busy to delay the test until said
repeateris idle, means operative when the
selected Tepeater is idle to perform a given
test of said repeater; and 1nd1cat1ng means
operative when said test determines said re-
peater to be in an abnormal condition.

10. In a system for automatically test-

ing repeaters, means for selecting a repeater
for test, means controlled by the repeater if
busy to delay the test until said repeater is
idle, control means operative when the se-
lected repeater is idle to set up a given test-
ing condition on" said repeater, signaling
means operated by said repeater ‘when said
given testing condition determines an abnor-
mal condition, and means operated by said
signaling means to release said control
means when an abnormal condition is dis-
covered to discontinue testmor on- said re-
peater.

11. In a system for automatlcally testing
repeaters, means for selecting a repeater for
test, meams controlled by the repeater 1f
busy to delay the test until said repeater is
idle; control means 0perat1ve when said re-
peater is idle to set up a given testing con-
/dition on- said ‘repeater, 1nd1cat1ng ‘means

- Oper; ated by said repeater when said' given

testing condition produces an abnormal con-

dition in the repeater means to disconnect

said given testing condition from said re-
peatex and means operatlve to automatlcally ,
~apply ‘the same test to another repeater.
12. In a system for automatlcally testing

repeaters, switching means for selecting each
of a group. of repeaters in séqueice, “anid

'test control means for setting up proper test—

i %r conditions. for the selected repeater if
dle,

szud repéater is idle only f01 an interval of

duration corresponding.:to a normal patise
in transmission through sa1d selected Te-

peater.

13. In a system for automatically testmof‘
repeatérs, a contr ol element, switching means

under the control of said element and aito-
matlcally responsive to the opération ther éof

for selecting each of a group of repeaters in’

sequence, testm«r equipment comprising a
plurality of test. selecting. devices, and test
control means controlled by said switching
means and résponsive to the operation tl1e1 "6
of to connect said test selectmg dev1ces to
the selected repeater, and to energize theiit
in sequience o apply various test condltlons
to said selected repeater:

14. In a systemn for autématically testin
repeaters, switching means for selecting eacﬁ
of a group of 1epeaters in sequence, mieans
operated by the selected repeater’ to delay
testing if the repeater is busy, test selecting
devmes, and fest. control means opela,tlve

when said selected repeater is 1dle torenergize .
said test “selecting devices in sequence to -

apply various test cond1t1ons to sa1d selected
repeater ‘

“15. In a system f01 automatmally te:
repeaters, a control element switching means
under the control of said element and auto-
matically 1espon31ve to the operation ther eof
for. selectmg each of a‘group of 1epeatels n
sequefice, testing equlpmenﬁ1 comprising test
selecting devmes and test networks having
pmdetmmmed values of impedances, test
control means under the control of said con-
trol element. and autom‘ltlcally Tresponsive
to the operation thereof to energize said test
selecting devices to automatlcally connect

different groups of said test networks to said-

selected repeater in a given order, and means
under the control of the connected networks

thereof,

16. In a system for automatlcally testing
repeaters, a plumhty of repeaters, transnns-
sion lines and line balancing networks asso-
ciated with each repéater,.a “eontrol element,
switching means under the: ccontrol of sald
element and automatically responsive to the

said contr ol means béing' 1noperat1ve if
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prising a plurality of test networks, means
automatically responsive to the selection of
a given repeater to disconnect said repeater
from one of said lines and its balancing net-
works, and to substitute one of said test net-
works for the transmission line disconnected
from the repeater, and means under the con-
trol of the substituted network and auto-
matically responsive to an unbalance condi-
tion in said repeater to give an indication
thereof.

17. In a system for testing repeaters, a
plurality of vepeaters, transmission lines and
networks associated with each repeater,
switching means for automatically selecting
each of said repeaters in sequence, test se-
lecting devices, control means for energizing
said devices to disconnect said repeater from
one of said transmission lines, means oper-
ated by said devices to substitute an imped-
ance of a predetermined value in place of
said disconnected line, means operated to dis-
connect said repeater from the network as-
sociated with the line having the substitute
impedance, and means operated by said re-
peater to indicate the unbalance between the
other transmission line and its associated net-
work.

18. In a system for automatically testing
the gain of a repeater, a repeater which is
to operate between maximum and minimum
limits of gain, switching means for auto-
matically selecting said repeater, test select-
ing relays, a control relay operative when
said repeater is idle to energize said test
selecting relays, test networks, means to sub-
stitute one of said test networks for the in-
coming line of said repeater, means to sub-
stitute another test network for the balanc-
ing network of said incoming line, means to
short-circuit the outgoing line of said re-
peater, the test condition set up being such
that if said repeater is above the prede-
termined maximum limit of gain singing
will take place, and means operated by said
singing condition to indicate that the gain
is higher than the predetermined maximum
limit.

19. In a system for automatically testing
repeaters, a repeater having an incoming
line, an outgoing line and balancing net-
works for each of said lines, disconnecting
means associated with said repeater and each
of said lines and networks, means for auto-
matically selecting a repeater for test, con-
trol means energized when said repeater be-
comes idle, pulsing means energized by said
control means to operate a series of sequence
relays, testing selecting relays operated by
said sequence relays, test networks individ-
ual to said incoming line, test networks
individual to said outgoing line, a test net
work individual to one of said balanc-
ing networks, and means operated by said
test selecting relays to successively connect
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said test networks in place of the respective
lines and one of said balancing networks.

20. In a system for automatically testing
repeaters, a repeater having an Incoming
line, an outgoing line, balancing networks
for cach of said lines, disconnecting means
associated with said repeater and each of
said lines and networks, means for auto-
matically selecting a repeater for test, con-
trol means energized when said repeater be-
comes idle, pulsing means energized by said
control means to operate a series of sequence
relays, testing selecting relays operated by
said sequence relays, test networks individual
to said incoming line, test networks indivi-
dual to said outgoing line, a test network in-
dividual to one of said balancing networks,
means to connect certain of said test net-
works to said repeater through said discon-
necting means, and means operated by said
repeater to indicate an abnormal condition
when said test networks are connected to the
repeater.

21. In a system for automatically testing
repeaters, a repeater having associated there-
with transmission lines and networks,
switching means automatically selecting said
repeater to be tested, means operated by said
switching means to disconnect the transmis-
sion lines and networks from said repeater,
control means. pulsing means energized by
said control means, progressively operated
means energized by said pulsing means, test
selecting means operated by said progres-
sively operated means, a plurality of differ-
ent test networks, relays associated with said
test networks, switching means connecting
eaid test selecting means to said relays, and
circuit connections substituting certain of
said test networks for said transmission lines
and one of said networks.

22. In a system for automatically testing
repeaters, a repeater having associated there-
with transmission lines and networks,
switching means automatically selecting said
repeater to be tested, means operated by said
switching means to disconnect the transmis-
sion lines and networks from said repeater,
means to institute a series of tests of said
repeater, test selecting relays operated by
satd means, a plurality of test networks of
different values, a relay associated with each
of said networks, and switching means indi-
vidual to said relays, certain of said switch-
ing means being selected by said test select-
ing means to energize said relays and con-
nect said test networks with said repeater.

28. In a system for automatically testing
repeaters, switching means to automatically
select a repeater for test, means operated by
said gwitching means to connect a monitor-
ing winding of said selected repeater to said
switching means, and monitoring means au-
tomatically operated by said repeater to de-
lay testing if said repeater is busy.
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24. In a system for automatically testing
repeaters, switching means automatically se-
lecting a repeater for test, testing equipment,
means for connecting said testing equipment
5 to the selected 1epeate1, a control relay for
controlling the testing of said selected re-
peater, and a visual “indicator operatively

connected to said control relay to automati-
cally indicate to an operator. when the re-
peater is being tested.

In witness Whereof I hereunto subscribe
riy name this 29th day of December A. D.,

1926.
: IRA G. WILSON.
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