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9 Claims, 

This invention relates to testing circuits and 
more particularly to circuits for testing tele 
phone Switching units. 

It is an object of the present invention to pro 
vide a simple and efficient testing circuit for 
testing telephone exchange equipment. 
In accordance with one embodiment of the in 

vention as applied to private exchange link and 
trunk units, which, in their operation in con 
nection with the completing of telephone calls, 
automatically place potential on some leads of 
the circuit in the units and operate relays therein 
in predetermined sequences, a circuit is provided 
for checking simultaneously for the presence of 
potential on certain leads in the telephone ex 
change unit and the absence of potential on all 
other leads in the unit. The circuit includes a 
series of differential relays arranged so that a 
Stepper Switch which controls the operations of 
the relays of the unit under test will automati 
cally make one test after another of the unit as 
long as the unit under test operates correctly, 
but which will interrupt the automatic testing 
operation when any of the circuits in the unit 
under test have potential on leads therein which 
should not be present at that stage of the test 
or when they have no potential on them at a 
time during the test when they should have po 
tential on them. 
A better understanding of the invention will be 

had by reference to the accompanying drawing, 
wherein the single figure shows schematically a 
testing apparatus for checking for the presence 
or absence and polarity of potential on leads in 
an automatic telephone switching unit. 

Referring to the drawing, wherein like refer 
ence characters designate similar parts through 
out the several views, a selector switch, desig 
nated generally by the numeral 5, comprises a 
plurality of arcuate banks of contacts 6, 7 and 
8 having brushes 9, 0 and associated there 
with, respectively. The brushes 9, ?o and if are 
mounted upon a common shaft, indicated by dot 
and dash lines at 2, and are actuated by a step 
per magnet 3. 
A start switch 4 is provided for initiating 

testing operations in the testing circuit shown at 
the left hand side of the drawing and designated 
generally by the numeral 5. Upon operation 
of the start switch 4, the testing apparatus 5 
Will test the operation of a telephone switching 
unit, a portion of which is shown, designated 
generally 6. The telephone switching unit has 
been shown diagrammatically and as So shown 
comprises a series of relays 7, 8, 9 and 20, 

(C. 179-15.2) 
which, When connected to other telephone equip 
ment, Will Operate to automatically complete a 
telephone connection. The details of the auto 
matic Switching unit are not necessary to an 
understanding of the present invention, it being 
understood that the leads 2, 22, 23 and 24, ex 
tending from the switching unit 6, are those 
leads which Would either be connected to the Sub 
Scriber's telephone equipment or other parts of 
telephone exchange equipment. Prior to the start 
of the testing operations, these leads may be con 
nected by any suitable means, not shown, but 
illustrated by the dotted lines, to leads 25, 26, 27 
and 28 in the testing apparatus 5. 
The right hand bank of contacts 8 of the step 

per Switch 5 have a series of leads extending 
therefrom, designated by the numerals 29, 30, 3 
and 32. These leads may be connected to leads 
33, 34, 35 and 36 in the switching unit to be tested, 
and upon step by step operation of the brush if 
under control of the stepper magnet 3, the brush 
f will connect ground at 37 to one side of the 
winding of the relays 7, 8, 9 and 20 in auto 
matic Succession. The other side of the Windings 
of the relays 7, 8, 9 and 20 are connected to 
grounded battery and the relays should therefore 
Operate in Succession. -- 

Since it is a function of the relay 7, in its 
intended operation in the switching unit 6, to, 
upon operation, place ground on lead 2 and 
grounded battery on lead 22 over the break con 
tact of relay 8, the arrangement of the testing 
apparatus is such that it will, in the first opera 
tive position of the selector switch, test lead 2 
for ground potential and lead 22 for a grounded 
battery connection. Since relays 8, 9 and 20 
are at this Stage of the operation not supposed 
to be energized, it will check lead 23 and lead 
24 for the absence of either grounded battery or 
ground, respectively, on those leads. In like 
manner, operation of relay 8, which occurs at 
the Second operative position of selector switch 
5, should break the circuit to lead 22 through its 
break contact and place grounded battery on lead 
23, and the relays 9 and 20 are not supposed to 
be operated. Therefore, lead 22 should have no 
potential on it, the lead 23 should be connected 
to grounded battery, the lead 24 should have no 
potential on it and lead 2 should have ground 
on it since relay 7 should remain locked up over 
break contact of relay 9 and its own locking 
contact. In position 3 of the Selector Switch, the 
desired condition is to have grounded battery on 
lead 22, no potential on lead 2, ground on lead 
24, and no potential on lead 23, and while relay 
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9.is operated and relays 7, 8 and 20 are not 

operated, the testing apparatus 5 will check for 
this condition. In like manner, relay 20 is adapt 
ed to place a ground potential on lead 24 and no 
potential on any of the other leads 2, 22, or 23. 
The testing apparatus 5 will, in the fourth posi 
tion of the selector switches, test for this condi 
tion. 
The description of the testing apparatus per Se 

will be included in a description of the operation 
of the apparatus since it is believed that it will 
be nore clearly understood if the general de-- 
scription of the apparatus and the description of 
the operation thereof are combined. After the 
Switching unit 6 to be tested has been connected. 
to the testing apparatus 5, as indicated by the 
dotted lines, the start key 4 may be closed to 
place ground on the secondary winding S-of four 
differential relays 40, 4, 42 and 43. The other 
side of the Secondary windings of each of these 
relays is connected to grounded battery, as indi 
cated at 48, 49,50 and 5, respectively, resistances 
44 and 47 being connected between the grounded 
batteries 48 and 5 and their respective secondary 
Windings and resistances 45 and 46 being con 
nected between the secondary windings S. of re 
lays 4 and 42 and ground at the key 4. The 
closure of key 4 therefore will initiate the test 
ing operation by. operating relays 49, 41, 42 and 
43, the operation of these relays then connecting 
ground at 52 through the make contacts of the 
relays 40, 4, 42 and 43 and an interrupter con 
tact 53 associated with the stepping electromag 
net 3, through the winding of the electromagnet 
3 to grounded battery at 54. The electromagnet 
3 will cause the brushes 9, to and if to step out 

of their normal position, as shown, into position f. 
When the selector SWitch brushes 9, O and 

step, to their first position, the brush. 9 will com 
40:plete. a circuit from grounded battery at 60, 

thereby short circuiting the secondary winding 
of the relay 42; brush ), in its first position, 
Will place ground on One side of the secondary 
winding of the relay 43 so that in position f of 

453the selector switch, the secondary windings of 
the relays 43 and 42 will be deemergized. How 
ever, if the relay in the unit under test has 
operated as it should, ground at relay it will be 
connected over leads 2 and 25 through the pri 

50 imary winding P of relay. 43 and a resistance 6 . 
to grounded battery at 5 and grounded battery. 
associated with the break contact of relay 8 
will be connected over a make contact of relay 
7, leads 22 and 26, through the primary, wind 

55 3ing P of relay 42 and resistance 62 to ground at 
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key 4. 
In position, of the test, relays 8, 9 and 29 

should not be operated and therefore the 
grounded battery at relay 8 should not be con 
*nected to the primary winding of relay 4 to op 
pose: the Secondary Winding of this relay and in 
like manner ground, at the make contacts of re 
lays i? 9 rand 20 should not be connected to the 
primary. Winding of relay: 46 to energize that 
winding so that it would oppose the secondary 
winding: Therefore, if the unit under test op 
erates satisfactorily in position , the test will 
proceed due to the completion of a circuit from 
ground at 52 through the make contacts of re 
lays 40; ; 4, 42 and 43, interrupter contact 53, 
winding, of electromagnet 3 to grounded bat 
tery at 54, thereby to step the brushes 9, f) and 

into position 2. It should be noted that re 
lay 7 when energized will lock up to ground at 

...relay.9 until relay 9, is operated. 

2,234,272 
In position 2, brush 9 supplies grounded bat 

tery to the secondary winding of relay 4 to short 
circuit that winding and brush ) Supplies 
ground to the secondary winding of relay 43 to 
short circuit that winding. However, relay 43 5 
will not fall back since it will remain energized 
over its primary winding P from ground at re 
lay f due to the fact that relay T is locked up 
over, the circuit from grounded battery at relay 
iT, the right hand make contact of relay 7 to 
ground at the break contact of relay 9. There 
fore, in position 2, relay 43 will be held energized 
unless relay 9 operates, relay 42 Will be held en 
ergized over its secondary winding, relay i? will 
be held energized over its primary Winding from 
grounded battery at make contact of relay 8, 
leads 23 and 27 through primary winding of re 
lay 4 and a resistance 63 to ground at the start 
key 4. Relay 43 will be held energized in po 
sition 2 because relay 9 and relay 20 did not op 
erate to place either of the grounds at their make 
contacts. On one side of the primary Winding of 
relay 40. If, in position 2, of the test, relay 
remains energized over its locking path and re 
lay. 8 is the only relay energized by brush 
connecting ground . to its Winding, the double 
wound relays 4, 42, 42 and 43 will all be ener 
gized and the circuit to the electromagnet 3 will 
again be completed to step the brushes 9, and 
f : and selector switch 5 into position 3. 
When the brushes 9, ?o and arrive in posi 

tion 3, brush 9 will place grounded battery on the 
secondary winding of relay 42 to again short. 
circuit that winding, brush will place ground 
on the secondary Winding of relay 49 to short 
circuit. that winding, and brush Will place 
ground over lead 34 to the winding of relay. 9 
to energize it. The energization of relay 9. 
breaks the locking ground which held relay. 
energized, thereby removing ground from the pri 
mary winding of relay 43, places ground on one 
side of the primary winding of relay. 40, the other 
side of the winding of which is connected through 
the resistance: 64 to grounded battery at 48. 
Therefore, relay 40 will be operated by the oper 
ation of relay. 9 over the primary winding of re 
lay 40 and relay 42 will be operated by the oper 
ation of relay 9 through energization of the pri 
mary winding of relay 42 from grounded-battery 
at relay, 9 over leads 22 and 26 through resist 
ance 62 to ground at the start key 4. Relays 43 
and 4 should at this time, be energized over 
their secondary windings if relays 7, 8 and 20 
are not energized since - no short circuit Will be 
initiated and the windings of these relays will 
not buck one another. 
Since all of the relays 40, 4, 42 and 43 Will be 

pulled up if the unit under test is operating cor 
rectly, electromagnet 3 will again be energized 
to step its brushes to position 4; in which posi 
tion brush 9 is ineffective. Brush 0 will connect 
ground to one side of the Secondary Winding of 
relay 492 to short circuit, the Secondary winding 
of relay 40 and brush will connect ground to 
operate relay 29. Relay 29 operated will place 
ground on the primary winding of relay 40 to 
energize it. If relays 7, 8 and 9 are not op 
erated at this time, the Secondary Windings of 
relays 4, 42 and 43 will operate these relays and 
the brushes 9, 8 and will therefore step to 
their 5th position. 
The contacts of the bank 7 associated with the 
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brush it in positions 5 to 20, inclusive, are 
strapped together and accordingly When the 
brush.), which is connected to ground, engages 
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the first of these contacts, ground Will be con 
nected to the interrupter contact 53 associated 
with the electromagnet 3 to cause the electro 
magnet to buzz or step its associated brushes 9, 
fe and forward to position 2 without affect 
ing the rest of the circuit. In position 2, the 
brush f will connect ground through a lamp 
to grounded battery at 7 to light the lamp, 
thereby indicating that the Switching unit under 
test in its various operations placed ground or 
battery on the proper leads 2, 22, 23 and 24 or 
had no potential on those leads when no poten 
tial should have been. On them. The Operator 
may then release the start key 4 and in so do 
ing, the left hand pair of contacts of the start 
key 4 will connect ground through brush. O, 
the left hand contacts of key 4, which are nor 
mally closed, through the interrupter contact 53 
of the electromagnet 3 to cause the brushes 9, 
f0 and to step back to normal position, as 
shown, thereby to place the test set in condition 
for another testing operation. 
Although a specific embodiment of the inven 

tion has been described herein before, it Will be 
understood that various modifications thereof 
may be made without departing from the Scope 
of the appended claims. 
What is claimed is: 
1. An apparatus for testing telephone SWitch 

ing units comprising a series of differential re 
lays, a switch for normally energizing the Sec 
ondary windings of said relays, a Selector SWitch 
operable under control of said relays for supply 
ing potential to various parts of the unit under 
test and for selectively supplying potential to 
short circuit the secondary Windings of said dif 
ferential relayS, and a plurality of leads extending 
to the unit under test for energizing the primary 
Windings of said relays in a predetermined Order. 

2. An apparatus for testing telephone switch 
ing units comprising a series of differential re 
layS, a SWitch for normally energizing the Sec 
Ondary windings of said relays, a Selector Switch 
Operable under control of said relays for Supply 
ing potential to various parts of the unit under 
test and for selectively Supplying potential to 
Short circuit the Secondary Windings of said dif 
ferential relays, and a plurality of leads extend 
ing to the unit under test for energizing the pri 
nary windings of Said relays in a predetermined 
Order, said selector Switch and leads from the 
unit under test cooperating to energize only one 
winding of each differential relay when the unit 
under test operates correctly to continue oper 
ation of the testing apparatus. 

3. An apparatus for testing telephone Switch 
ing units comprising a series of differential re 
layS, a SWitch for normally energizing the Sec 
Ondary windings of said relays, a Selector switch 
operable under control of said relays for supply 
ing potential to various parts of the unit under 
test and for selectively Supplying potential to 
Short circuit the secondary Windings of said dif 
ferential relays, and a plurality of leads extend 
ing to the unit under test for energizing the pri 
nary Windings of said relays in a predetermined 
Order, said Selector SWitch and the leads extend 
ing to the unit under test serving to maintain 

O 

5 

only one winding of each differential relay ener 
gized if the unit under test operates correctly. 

4. An apparatus for testing telephone SWitch 
ing units comprising a series of differential re 
lays, a SWitch for normally energizing the sec 
Ondary Windings of Said relays, a Selector Switch 
Operable under control of said relays for supply 

3 
ing potential to various parts of the unit under 
test and for selectively supplying potential to 
short circuit the secondary windings of said dif 
ferential relays, and a plurality of leads extend 
ing to the unit under test for energizing the pri 
mary windings of said relays in a predetermined 
order, said selector switch and the leads extend 
ing to the unit under test serving to maintain 
only one winding of each differential relay ener 
gized if the unit under test operates correctly 
to maintain the energizing circuit of the Selector 
SWitch. 

5. An apparatus for testing telephone Switch 
ing units comprising a series of differential re 
lays, a switch for normally energizing the sec 
ondary windings of said relays, a selector switch 
operable under control of said relays for Supply 
ing potential to various parts of the unit under 
test and for selectively supplying potential to 
short circuit, the Secondary Windings of Said dif 
ferential relays, and a plurality of leads extend 
ing to the unit under test for energizing the pri 
mary windings of said relays in a predetermined 
order, only one winding of each differential relay 
being connected to be energized either by the 
Selector SWitch or by the unit under test if the 
unit under test operates correctly. 

6. An apparatus for testing telephone Switch 
ing units comprising a series of differential re 
lays, a Switch for normally energizing the sec 
Ondary windings of said relays, a Selector Switch 
operable under control of said relays for supply 
ing potential to various parts of the unit under 
test and for selectively supplying potential to 
Short circuit the Secondary Windings of said dif 
ferential relays, and a plurality of leads extend 
ing to the unit under test for energizing the pri 
nary Windings of said relays in a predetermined 
order, said selector Switch being adapted to Sup 
ply potential of a predetermined polarity to the 
secondary windings of said differential relays in 
a predetermined Order and said leads from the 
unit under test being adapted to Supply potential 
of a predetermined polarity to the primary wind 
ings of the differential relays in a predetermined 
Order. X 

7. An apparatus for testing telephone switch 
ing units comprising a series of differential re 
lays, a switch for normally energizing the sec 
ondary windings of said relays, a selector switch 
Operable under control of said relays for Supply 
ing potential to various parts of the unit under 
test, and for selectively supplying potential to 
short circuit the secondary Windings of said dif 
ferential relays, a plurality of leads extending 
to the unit under test for energizing the primary 
windings of said relays in a predetermined order, 
Said selector switch being adapted to supply po 
tential of a predetermined polarity to the sec 
Ondary windings of said differential relays in a 
predetermined order and said leads from the 
unit under test being adapted to Supply potential 
of a predetermined polarity to the primary Wind 
ings of the differential relays in a predetermined 
Order, and a brush. On Said selector Switch for 
controlling the sequence of operation of the vari 
Ous parts of the unit under test for controlling 
the order in which potential is supplied to the 
primary windings of the differential relays. 

8. An apparatus for testing telephone Switch 
ing units for the presence or absence and polarity 
of potential on the leads thereto during the op 
eration thereof comprising means for supplying 
Operating potential to the actuating relays in a 
unit in automatic succession, a plurality of dif 
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4. 
ferential relays having their primary windings 
connected to the leads to be tested, and a Se 
lector switch; for controlling the supply of poten 
tia, to the unit under test and to the Secondary 
Windings of the differential relayS. 

9. An apparatus for testing telephone Switch 
ing units for the presence or absence and polarity 
of potential. On the leads thereto during the Op 
eration thereof comprising means for Supplying 

10 operating potential to the actuating relays in a 

2,234,272. 
unit. in automatic succession, a plurality...of dif 
ferential relays having their primary windings 
'connected to the leads to be tested, a selector 
switch for controlling the supply of potential to 
the unit under test and to the Secondary Wind 
ings of the differential relays, and means:- under 
control of the differential relays for interrupting 
the operation of the selector. SWitch. 

EDWARD. B. MORROW, . 
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