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2,396,077 
AUToMATIC TELEPHONE SYSTEM 

James M. Blackhall, Genoa, Ill., assignor to Leich 
Electric Company, Genoa, Ill., a corporation o 
Illinois 

Application september 29, 1943, serial No. 504,246 
(C. 179-22) 70 Claims. 

The present invention relates in general to au 
tomatic telephone systems and more in particul 
lar to new and improved switching apparatus 
and circuits for use in such systems. As indicating generally the type of System and 
apparatus to which the invention relates, refer 
ence may be made to the U. S. patent to Boswau, 
No. 2,307.757, granted January 12, 1943. The in 
vention may be considered as an improvement 
on and further development of the system and 
apparatus disclosed in the Boswau patent. 
The switching apparatus disclosed in the BOS 

wau patent is a special type of what is commonly 
referred to as cross-bar switching apparatus. 
The principal object of the invention is to pro 
duce a new and improved switching apparatus 
of this character. While retaining the essential 
advantages of this type of apparatus, a consider 
able number of improvements are incorporated 
which are valuable from the standpoint of manu 
facture and operation, and which increase the 
flexibility of this type of apparatus and facilitate 
the maintenance thereof. 
The invention and various features thereof will 

be described more fully hereinafter with refer 
ence to the accompanying drawings, in which 

Fig. 1 is a diagrammatic representation of a 
complete cross-bar switching mechanism con 
structed in accordance with the invention, show 

- ing the principal parts of which the mechanism 
is composed; 

Fig. 2 is a partial front view of the above, show 
ing the No. trunk unit and the selection control 
unit, the intervening trunk and test units being 
Omitted 

Fig. 3 is a rear view of the same two units 
shown in Fig. 2; 
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s 

20 

35 

Fig. 4 is a view of the No. trunk unit, as seen 
from the left in Figs. 1 and 2; - - 

Fig. 5 is a vertical section between the first 
and second trunk units, Fig. 1, showing the No. 
trunk unit as seen from the right in Figs. 1 
and 2; 

Fig. 6 is a view of the selection control unit, as 
seen from the right in Fig. 1 or Fig. 2; 

Fig. 7 shows a trunk unit frame and trunk op 
erating magnet; 

Fig. 8 is a top view of a trunk unit frame, with 
the operating magnet removed; . . . . . 

Fig. 9 shows the selection control unit frame, 
with the tens and units selector bar operatin 
magnets and the tens Solenoids; 

Fig. 10 is a top view of the selection control 
unit frame, with the operating. magnets and 
Solenoids removed; 

4) 

4. 

Fig. 11 is a plan or top view of the tens arma 
ture yoke; 

Fig. 12 is a side view of the units armature 
yoke; 

Fig. 13 is a partial plan view of the same; 
Fig. 14 is a plan or top view of the units auxil 

iary armature yoke; 
Fig. 15 is a side view of the same; 
Fig. 16 is a partial side view of the tens arma 

ture yoke, with attached supporting plate; 
Fig. 17 is a schematic view of a portion of the 

bank at the test unit and adjacent trunk unit, 
showing the terminal connections for the line 
bars; 

Fig. 18 is a plan view of one of the line bar 
Supporting plates; 

Fig. 19 is a section on the line 9-9, Fig. 18; 
Fig. 20 is a section on the line 20-20, Fig. 18; 
Fig. 21 is a plan or top view of one of the inter 

mediate trunk elements; 
Fig. 22 is a section on the line 22-22, Fig. 21; 
Fig. 23 is a section through a portion of the 

bank showing the arrangement for retaining an 
intermediate trunk element in assembled posi 
tion on a line bar supporting plate; 

Figs. 24 and 25 are side and edge views, respec 
tively, of one of the tens actuator bars; 

Fig. 26 is a front view of one of the units actu 
ators and associated parts, including the Spring 
clutch; 

Fig. 27 is a section on the line 21-27, Fig. 26; 
Fig. 28 is a section on the line 28-28, Fig. 26; 
Fig. 29 shows the spring clutch and associated 

parts for operating a tens actuator bar; 
Fig. 30 is a section. On the line 30-30, Fig. 29; 
Fig. 31 shows the spring clutch housing as seen 

from the left in Fig. 29; 
Fig. 32 shows the magnetic clutch for operating 

One of the tens selector bars, being a section 
through the tens Solenoid which is part of the 
clutch; y 

Fig. 33 is a section through the lower edge of 
the tens operating armature yoke, showing on a 
larger scale certain parts shown in Fig. 32; 

Fig. 34 is a partial section showing the arrange 
ment for coupling a tens Selector bar to the asso 
ciated core member of the magnetic clutch; 

Figs. 35 and 36 are sectional views showing fur 
ther details of the coupling arrangement; and 
- Fig. 37 is a diagrammatic circuit drawing, 
showing suitable circuits for the switching mech 
anism when used to perform the functions of 
finder switches in an automatic telephone sys 
ten. 
The switching apparatus or mechanism shown 

: 
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in Fig. 1 comprises a base , on which there 
are supported a plurality of trunk units such as 
2, a test unit 3, and a selection control unit 4. 
The test unit 3 and the selection control unit i? 
are common to all the trunk units, of which 
there may be any desired number. Nine trunk 
units are shown in the drawings, numbered from 

to 9, which is the full capacity of the base 
shown. The base need not be fully equipped, 
however, and a smaller number of trunk units 
could be supplied, say six or seven, the rést to 
be added as required. On the other hand, a 
longer base can be provided, having a capacity 
of fifteen or more trunk units in addition to the 
test and selection control units. It will be under 
stood from the foregoing that the trunk units are 
individually removable and replaceable. 
As shown in Fig. 1, the test unit 3 is located 

adjacent the selection control unit 4. The test 
unit may, however, be located at any point to the 
left of the selection control unit. It may, for ex 
ample, be located at the extreme left of the 
Switching mechanism in the position occupied by 
the No. trunk unit. 
The complete Switching mechanism shown in 

Fig. 1 has a capacity of 100 lines and nine trunk 
lines, although the number of trunk lines in vari 
able, as Will be understood from the preceding 
paragraphs. As described herein the switching 
mechanism is arranged for use as a group of 
finder switches, for connecting calling sub 
scribers' lines to idle trunk lines, but it may also 
be used to perform the functions of selector or 
connector Switches. 
There are 300 conductors in the form of bars 

extending lengthwise of the switching mechanism 
through the trunk units and the test unit. Since 
there are three bars per line, two line bars and 
a test bar, the 300 bars constitute i00 sets of bars 
and provide terminal facilities for 100 lines, as 
indicated above. When the switching mecha 
nism is used to perform the functions of finder 
switches it handles the outgoing calls from a 
group of 100 subscribers' lines, which are con 
nected to the line bars in the 100 sets of bars, 
respectively. 
Each trunk unit is individual to an outgoing 

trunk line terminating therein and includes 
switching means for connecting any subscriber's 
line to such trunk line. For this purpose the 
subscribers' lines, are divided into ten sub-groups 
often lines each; and each trunk unit is equipped 
with ten intermediate trunk lines, together with 
circuit closing means whereby the subscribels' 
lines of any sub-group may be connected to the 
intermediate trunk lines and whereby any inter 
mediate trunk line may be connected to the out 

2,898,077 
lines each, or ten sub-groups of six lines each. 
The physical grouping of the sets of bars cor 
responds to the grouping of the lines, and the 
Selector bars and associated equipment corre 
sponding to unused tens and units digits may be 
omitted. Thus, if there are only six sub-groups 
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going trunk line terminating in such trunk unit. . . 
parts beneath. For controlling the Operation. Of the circuit 

closing means in the trunk units two sets of se 
lector bars are provided . There are ten tens se 
lector bars and ten units selector bars, all of 
which extend lengthwise of the Switching mech 
anism and are common to all the trunk units. 
These selector bars are controlled and operated 
from the selection control unit at the end. The 
test unit cooperates in the control of the units 
Selector bars. 

It will be understood, of course, that in the 
case of a small exchange having less than 100 
lines, the switching mechanism need not be fully 
equipped. In a 60-line exchange, for example, 
the switching mechanism requires Only sixty Sets 
of bars, or 180 bars altogether. The subscribers' 
lines may be divided into six sub-groups of ten 

60 

65 

70 

75 

only six tens selector bars are required, where 
as if there are only six lines per sub-group only 
six units selector bars are required. The latter 
arrangement is generally to be preferred since 
it requires only six intermediate trunks instead 
often 
The foregoing will be sufficient to give a gen 

eral idea of the construction of the switching 
mechanism and the functions which it is adapted 
to perform. Further details will be supplied 
hereinafter. 
The first or No. trunk unit shown in Fig. 

1 Will noW be described, he various parts of 
the trunk unit are mounted on a frame the shape 
of Which will be understood from Figs. 2 to 5, in 
clusive, with the aid of Figs. 7 and 8, the latter 
drawings showing two views of the bare frame 
before any of the parts except the trunk Operat 
ing magnet have been assembled thereon. The 
frame is preferably cast from an aluminum alloy, 
and is in three parts, consisting of the frame 
proper and two extensions at the top for support 
ing the trunk operating magnet. The frame 
proper comprises the two vertical side members 
20 and 2 and the horizontal members 23 and 22 
which connect the side members together at the 
top and bottom, respectively. The horizontal 
member 22 at the bottom is in alignment with 
the vertical side members 20 and 2, as can be 
seen in Fig. 8. This figure and Figs. 2 and 3 
show the two foot members 24 and 25 which rest 
on the base . The horizontal member 23 is 
located between the ends of projecting portions 
of the frame which extend to the right in Fig. 2 
and can be seen in Fig. 5. 
The frame extensions referred to are indicated 

by reference numerals 26 and 27, and are re 
ceived in recesses at the top of the frame proper 
where they are held by screws as indicated. The 
trunk operating magnet comprises the core 28, 
the coil or winding 29 and the two pole pieces 30. 
and 3, and is supported on the extensions 26 and 
27 as shown. The two pole pieces may have 
holes drilled therein to receive the core, on which 
they are held by a press fit. The screws 32 and 
33 pass through the extensions 26 and 27, re 
spectively, and are threaded into the ends of the 
core 28. The smaller screws 34 and 35 are 
threaded into the pole pieces and assist in hold 
ing the magnet in position. The magnet assen 
bly, including the two frame extensions, is re 
movable as a unit for repair or to give access to 

The frames of all the trunk units are alike. 
The frame of the test unit is the same as the 
trunk unit frames. 
The selection control unit frame can be Seen 

in Figs. 2, 3 and 6, and also in Figs. 9 and 10. 
Like the trunk unit frame the control unit frame 
consists of a frame proper and two extensions on 
which the operating magnets are mounted. The 
frame proper includes the two vertical members 
40 and 4, which are located at the left as the 
frame is seen in Fig. 2. At the bottom these 
vertical members are connected by the horizontal 
member 42. Projecting to the right from the 
lower ends of the vertical members 40 and 4 
are the foot members 43 and 44, which rest on 
the base . At the top there are corresponding 
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projecting members 45 and 46. The foot mem 
ber 44 and the projecting member 46 in vertical 
alignment therewith, which can be seen clearly 
in the rear view, Fig. 3, are somewhat longer than 
the corresponding parts 43 and 45, Fig. 2, and 
are provided at the ends with rounded offset por 
tions 47 and 48 for receiving the pivot screws for 
the units auxiliary armature yoke, as will be ex 
plained subsequently. The projecting members 

. 45 and 48, are connected by a horizontal shelf 
49, On which the tens Solenoids are mounted, 
Extending between the projecting member 45 and 
the foot member 43 there is a web 50 on which 
the units solenoids are mounted. 
The extensions 5 and 52 are clearly shown 

in the several figures and will require no detailed 
description. They are secured to the frame by 
screws, as indicated, lapped joints being used 
which are similar to the joints used at the trunk 
unit frames. At the top the extensions. 5 and 
52 support the tens operating magnet comprising 
the core 54, the winding 53 and the two pole 
pieces 55 and 56. Below the tens Operating mag 
net is the units operating magnet comprising the 
core 58, the winding 57, and the two pole pieces 
59 and 60. These magnets are mounted the same 
as the trunk operating magnet previously de 
scribed. It will be clear also that the assembled 
extensions and magnets constitute a unit which 
can be removed from the frame for repairs or any 
other purpose. 
The trunk unit frames, test unit frame and 

the selection control unit frame are supported 
close together on the base , as indicated in Fig. 
1, the space allotted to each frame being deter 
mined by the length of the foot members such 
as 24 and 25 of the No. trunk unit. Referring 
to Fig. 2, for example, it will be understood that 
in practice the No. 2 trunk unit is mounted just 
to the right of the No. trunk unit shown, With 
the back of the frame of the No. 2 unit in Con 
tact with the ends of the foot members 24 and 25 
of the No. unit frame. The extensions such as 
27 of the frames are also in contact and are held 
together by a link 6, similar links being used 
between each two adjacent frames. The frames 
of all the units are attached to the base if by 
means of screws, as shown clearly in the several, 
figures of the drawings 2 to 6, inclusive. 

It will be convenient now to explain the Con 
struction of the bank comprising the line and test 
bars, intermediate trunk elements, and outgoing 
trunk elements, these parts constituting the cir 
cuit-closing means for connecting calling sub 
scribers' lines with outgoing trunklines. 
As mentioned previously, there are 100 sets of 

bars, each set comprising two line bars and a test 
bar, or 300 bars in all. There could, of course, be 
four or five conductors per line, but three is the 
usual number and is sufficient to carry out the 
ordinary functions of an automatic telephone 
system. 
Each line or test bar is a continuous metallic 'strip about one-eighth of an inch in width and 

long enough to extend through all the trunk units 
and the test unit. The length will accordingly 
vary with the trunk capacity of the Switch mech 
anism. The bars or strips may be made of any 
suitable material, but preferably are of stainless. 
steel. w 

The line and test bars are supported at the No. 

0 

5 

20 

25 

3 
able plastic such as polystyrene, and its length 
is equal to the width of the trunk unit frame. 
Countersunk holes 62 at one end and 63 at the 
other end are provided for screws by means of 
which it is attached to the vertical side members 
of the frame. The plate 6 f is also provided with 
six rows of tapered rectangular openings such 
as 64, there being ten such openings in each row. 
These Openings are for receiving the line and test 
bars. Beneath each row of openings 64 there is 
a groove 65. The tapered shape of the openings 
64 will be clear from Fig. 20, also Figs. 4 and 5. 

Five plates such as 6 are required, since there 
are 300 line and test bars and each plate ac 
commodates 60 bars. The plate 6 is the top 
plate and is attached to the vertical side members 
20 and 2 of the trunk unit frame by means of 
four ScreWS 67 which pass through the counter 
sunk holes.62 and 63 in the plate and are threaded 
in tapped holes such as 66 in the said side mem 
bers. Two of these screws 67 which pass through 
holes 63 at the right hand end of plate 6 ap 
pear in Fig. 5, but the two screws at the other 
end of the plate are obscured by other parts. It 
will be noted that plate 6 is assembled to the 
frame with the grooved side to the right and with 
the large ends of the tapered openings to the 

30 

35 

left, as the trunk unit is seen in Fig. 2. This is 
apparent from FigS. 4 and 5 which show the 
trunk unit as seen from the left and right, re 
spectively. 
The other four plates are assembled on the 

frame below plate 6, as will be understood from 
Figs. 4 and 5. Only two complete plates are 
shown and parts of two other plates, but it will 
be understood that there are five plates alto 
gether, as is required to take care of the 300 

40 

45 

50 

55 

60 

65 

bars. 
As seen clearly in Fig. 4, for example, the holes 

64 in the five assembled plates such as 8 are 
arranged in horizontal and vertical rows, there 
being 10 holes in each horizontal row and 30 holes 
in each vertical row. The total number of holes 
in the five plates is 300. 
Each of the No. 2, No. 3, etc., trunk units is pro 

vided with five line and test bar supporting plates 
such as plate 6, the same as the No. trunk unit. 
The same is true of the test unit. The 300 holes 
in the plates at the several units are in horizontal. 
and vertical alignment. 

Five plates such as 6 are also carried on the 
frame of the Selection control unit, as can be seen 
from Figs. 2 and 3, where the top plate is indi 
cated at 6'. At the selection control unit the 
plates carry the terminals for the line and test 
bars. The construction of the terminals is shown 
clearly in Fig. 17. The upper terminal, for ex 
ample, comprises two flexible metal strips 69 and 
70, having curved jaws 7 and 72 formed as 
shown. The flat parts of the two strips 69 and 
70 may be spot-welded together. The lower strip 
70 has a tab 73 struck out from the central part 
of the strip and bent down as shown. The ter 
minal is inserted in the tapered hole in plate 6 
from the right, the tab 73 bending up until it has 
passed through the hole, when it snaps down and 
locks the terminal in the hole. The curved jaws 
7 and 72 are tensioned towards each other so 

70 

trunk unit by means of plates of insulating ma- . 
terial One of which is shown in Figs. 18, 19 and 
20, where it is indicated by the reference numeral 
6. The plate 6 is preferably molded of a suit 75 

that they effectively grip the end of the line 
bar 68. 

It will be understood that there are 300 ter 
minals carried on the five plates at the selection 
control unit. These terminals are in alignment 
with the 300 holes in the plates at the test unit 



han 

and with the corresponding holes in the plates at 
the trunk units. 
The line and test bars are inserted in the 

switching mechanism from the left as seen in 
Figs. 1 and 2, or from the right as seen in Figs. 
3 and 17. In the case of the line bar 68, for ex 
ample, the end of the line bar is simply inserted 
in the upper left hand tapered hole 64 in plate 
6, Fig. 4, and is pushed through this hole and 

- the corresponding tapered holes in the plates at 
the other trunk units and the test unit succes 
sively until finally it enters between the curved 
jaws 7 and 72 of the corresponding terminal, as 
shown in Fig. 17. The other bars are inserted in 
the same manner. The bars can be just as read 
ily withdrawn and since they are interchange 
able they need not be replaced in the same posi 
tions. It will be seen that each bar is Supported 
at each trunk unit and at the test unit. 
The subscribers' lines may be connected to the 

line and test bar terminals by means of a 300 
pair cable which is subdivided or formed at the 
end into 30 groups of conductors of 10 conduc 
tors each. The formed end of the cable is se 
cured in a vertical position just outside the fan 
ning strip 74, Fig. 3, and the 30 groups of con 
ductors are passed through the 30 holes such as 
75 in the fanning strip. The ten wires of each 
group are fanned out at the proper intervals for 
attachment to the ten terminals of the corre 
sponding horizontal row. The arrangement foll 
lows the usual practice and will be readily under 
stood. 
The order in which the lines are connected to 

the terminals could logically be explained in con 
nection with Fig. 6, but a considerable part of 
the terminals are covered up in this figure by 
other parts and accordingly Fig. 4 will be used 
for this purpose. Fig. 4 shows the ends of the 
line and test bars rather than the terminals, but 
the terminals merely serve to connect the lines 
to the bars and it is the connections of the lines 
to the bars that We are interested in. 
The 100 lines served by the switching mecha 

nism are divided into 10 sub-groups, the first sub 
group comprising lines if to 0; the second sub 
group comprising lines 2 to 20; the third sub 
group comprising lines 31 to 30, etc. The lines 
of the first sub-group are connected (via the ter 
minals at the Selection control unit) to the bars 
in the first vertical row at the right, Fig. 4; the 
lines of the Second sub-group are connected to 
the bars of the second vertical row; the lines of 
the third sub-group are connected to the bars 
of the third vertical row, etc. 
row the numbering is from top to bottom. Thus 
line is connected to bars 76, 77 and 78, the two 
line conductors being connected to bars 76 and 
77 and the test conductor to bar 8. Line f2 is 
connected to bars 79, 80 and 8, bars 79 and 80 
being the line bars, while bar 8 is the test bar. 
The remaining lines in the first sub-group are 
connected in order to the remaining sets of bars 
in the first vertical row of bars. The lines in the 
other sub-groupS are connected according to the 
same plan. The foregoing describes the pre 
ferred arrangement, but other arrangements could 
be used. s 
The construction and arrangement of the in 

termediate trunks will next be explained. Each 
intermediate trunk consists of three separate and 
individually removable trunk elements, one trunk 
element for each conductor. One of these trunk 
elements is shown in Figs. 21 and 22. It com 
prises a metallic strip 82, preferably of phosphor 
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trunk elements. 
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bronze, having 11 integrally formed contact fin 
gers such as 83 along one edge. The other edge 
is embedded in a bar 86 of molded plastic mate 
rial such as Bakelite or polystyrene. This bar 
also has partially embedded in it a metallic strip 
87 which may be of aluminum or brass or any 
suitable material. The trunk contact 84 with the 
integrally formed trunk terminal 85 is secured 
to one end of bar 86 by means of rivets, as indi 
cated. The trunk contact is directly above the 
last or eleventh contact finger on strip 82. All 
the intermediate trunk elements are the same as 
the one described, except that the trunk terminals 
are made in three different lengths for conven 
ience in connecting the trunk terminals at each 
trunk unit in multiple. 
The intermediate trunk elements are supported 

on the plates such as 6f which support the line 
The trunk elements shown in 

Figs. 21 and 22, for example, assumed to be the 
upper trunk, element in Fig. 5, is assembled to 
plate 6 with the exposed portion of strip 87 in 
groove 65, the strip 87 and groove 65 serving to 
properly locate the trunk element on the plate. 
The cooperation of these parts will be clear from 
Fig. 23, which shows the upper trunk element in 
assembled position on plate 6. There are 5 other 
trunk elements assembled on plate 6 in the same 
manner. The 6 trunk elements are held in posi 
tion against plate 6 f by the two spring clips 88 
and 89. The spring clips 88 can be seen in Figs. 
3, 5 and 23 and is secured to the vertical side mem 
ber 20 of the trunk unit frame by screws 90 and 
9 which are threaded into tapped holes 92 and 
93, Fig. 7. The spring clip 38 has 6 rather stiff 
spring fingers which press the 6 intermediate 
trunk elements firmly against the plate 6. The 
Spring clip 89 can be seen in Fig. 2 and is similar 
to spring clip 88. 
Each of the other five plates such as 6 on the 

No. trunk unit also carries six intermediate 
There are therefore 30 of these 

intermediate trunk elements on the No. trunk 
unit, all supported on the plates such as 6 in the 
manner described. 
The strips such as 82 of these trunk elements 

with their integrally formed contact fingers such 
as 83 are the conductors of the intermediate 
trunks. There are 30 such conductors, or 10 in 
termediate trunks, each having two line conduc 
tors and a test conductor. The first and second 
strips 82, counting from the top down in Fig. 5, 
are the line conductors of the first intermediate 
trunk and the third strip 82 is the test conductor. 
The next three strips are the conductors of the 
second intermediate trunk, the next three strips 
constitute the third intermediate trunk, and so on. 

It will be observed that the ten intermediate 
trunks are arranged in intersecting relation to the 
ten sub-groups of lines. The contact fingers such 
as 83 on the strips such as 82 of the intermedi 
ate trunks are in the same vertical rows as the 
line and test bars of the sub-groups of lines, and 
each contact finger 83 is associated with a par 
ticular line or test bar. These contact fingers 
constitute the circuit closing means whereby the 
ten lines of any sub-group may be connected, re 
spectively, to the ten intermediate trunks. 
Each intermediate trunk may be regarded as 

terminating in the three contact fingers at the 
left, Fig. 5, which are associated with the trunk 
contacts. The first intermediate trunk, for in 
stance, terminates in contact fingers 94, 95 and 96 
which are associated, respectively, with trink con 
tacts 84, 97 and 98. These trunk contacts have 
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integrally formed trunk terminals 85, 00 and 
O, respectively, which are connected in multiple 
with the corresponding trunk terminals of the 
other nine intermeditae trunks. The conductors 
of the outgoing trunk line which is individual to 
the No. trunk unit may be connected to the 
trunk terminals associated with the last inter 
mediate trunk, or at any other point on the mul 
tiple. It will be understood from the foregoing 
that the contactfingers such as 94, 95, 96, etc., in 
which the intermediate trunks terminate, Con 
stitute the circuit-closing means whereby any in 
termediate trunk may be connected to the out 
going trunkline. 
The multiple connections between the trunk 
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terminals are not shown in Fig.5 but may be made 
with bare wire in known manner. The connec 
tions are shown in the circuit drawing, Fig. 37. 
The arrangement of the intermediate trunks 

and trunk terminals at each of the other trunk 
units is the same as described for the No. trunk 
unit. 
The arrangement at the test unit is Somewhat 
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different, in that only the trunk elements asso 
ciated with the test bars are furnished, as indi 
cated in Fig. 17. Furthermore, at each trunk ele 
ment the eleventh contact finger, or the contact 
finger associated with the trunk contact, is bent 
up and permanently soldered to the trunk contact, 
The ten trunk terminals are not multipled to 
gether, but are included in individual test cir 
cuits, as will be explained in connection with the 
circuit drawing, Fig. 37. It will be understood, 
of course, that in the case of the test unit no 
trunks are involved but the same parts are used 
as in the trunk units and the same nomenclature 
has accordingly been used in referring to these 
parts. 
The operating mechanism at the No. trunk 

unit will next be described. This mechanism 
comprises an operating magnet, ten so-called tens 
actuators, each adapted to connect a sub-group 
of ten lines to the ten intermediate trunks, and 
ten units actuators, each adapted to connect an 
intermediate trunk to the outgoing trunk line. 
The connections are established by selectively op 
erating the contact fingers of the intermediate 
trunks. 
The trunk operating magnet comprising wind 

ing 29, core 28, and pole pieces 30 and 3 has al 
ready been described with reference to Flg. 7. 
The magnet armature is indicated at 02 and is 
carried on a pivoted yoke which comprises a hori 
Zontal member 03 and has two integrally formed 
downwardly sloping members 04 and 05, having 
ears 06 and 07, respectively. The pivots for the 
armature yoke are the shoulder Screws fo8 and 
09 which pass through slots in the frame ex 

tensions 26 and 27, respectively, and are threaded 
into tapped holes in the ears 06 and O7, re 
spectively. The two pivot screws have round 
heads which rotate in circular recesses in the 
frame extensions. 
The horizontal member 103 of the operating 

magnet armature yoke carries ten lifting pins 
such as ?o for operating the tens actuators. The 
lifting pins are rigidly secured to the armature 
yoke, having a drive filt in holes in the horizontal 
member 03. The horizontal member 103 also 
has ari integrally formed extension comprising a 
downwardly extending member 20 and a slotted 
horizontal member 2f for operating the lifting 
rod for the units actuators. . 
One of the tens actuators is shown in Figs, 24 
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5 
tangular cross-section, and five molded members 
such as f2, each having six projecting pins such 
as 3. The molded members 2 are slotted 
along one edge to receive the bar f to which 
they are secured by rivets such as 4. The pins 

3 are equally spaced and the spacing is the 
same as the vertical spacing of the contactfingers 
of the intermediate trunks. At the top the tens 
actuator bar if f carries a molded clutch housing 
f5, as can be seen in Fig. 5. The clutch housing 
may be molded on the bar , to which it is 
rigidly attached. 
The tens actuator bar fit is held in position 

at the top by the lifting pin ff0 which passes 
down into the clutch housing ff ). At the bottom 
the bar is vertically slidable in a rectangular 
opening in the plate 6 which is closed by a plate 
i? 7 secured to plate ffs in suitable manner as 
by spot welding.' The plate f f is supported in 
slots which are formed in the foot members 24 
and 25 of the trunk unit frame and is retained in 
the slots by set screws fle and if 9. The bottom 
of bar rests on plate if which supports the 
weight of the complete tens actuator including 
the clutch housing 5.. 

It will be seen from Fig. 5 that the thirty con 
tact fingers which serve to connect the ten inter 
mediate trunks to the ten lines of the first sub 
group rest on the thirty pins such as 3 of the 
tens actuator f. It will be clear, therefore, that 
a longitudinal movement of the tells actuator in 

- an upward direction will be effective to connect 
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the ten lines of the sub-group to the ten inter 
mediate trunks, respectively, by moving the con 
tact fingers into engagement with the associated 
line and test bars, 

It will also be seen from Fig. 5 that the No. 
trunk unit is provided with ten tens actuators al 
together, or nine in addition to the one which has 
been described, These tens actuators are all the 
same and are associated, respectively, with the 
ten sub-groups of lines, 
The remaining trunk units are equipped with 

tens actuators like the No. trunk unit. The 
same is true of the test unit. Although in the 
test unit connections are made only to the test 
bars, the same type of tens actuator may be used. 
One of the units actuators is indicated at 22 in 

Figs, 2 and 5 and is shown in detail in Figs. 26, 27 
and 28. It may be molded of a suitable plastic ma 
terial and comprises a clutch housing 22 having . 
an extension 23 which carries three actuator 
pins 24, 25 and 26. The clutch housing part 
Of the units actuator has a longitudinal bore for 
receiving the units actuator lifting rod 27, and 
contains a spring clutch which will be described 

... presently, 

60 

70 

into a tapped hole in the frame. 
the member 29 of the units actuator guide is 

The units actuator 22, as well as nine similar 
units actuators in the No. trunk unit, is support 
ed by means of a units actuator guide of angu 
lar cross-section comprising the members 28 and 
29 formed from one piece of material and ex 

tending vertically from the top to the bottom of 
5the trunk unit frame. The guide is attached to 

the frame at the top by means of a screw 30, as 
seen in Figs, 2 and 5. The said screw also sup 
ports one end of the tens selector rod guide 34, to 
be presently described. It passes through a hole 
in member 29 of the units actuator guide and 
a hole in the selector rod guide, and is threaded 

At the bottom 

provided with an offset portion 32 having an ear 
and 25. It comprises a metallic bar fff of rec-75 33 which rests against the side of foot member 
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25 of the frame to which it is secured by means 
of a screw 3. 

. The member 28 of the units actuator guide is 
provided with ten slots such as 35, Fig. 27, for 
receiving the extensions 23 of the ten units actu 
ators. In the case of the units actuator 22, for 
example, it will be seen that the housing 22 is on 
one side of the slotted member 28, while the pins 
such as 24 are On the other side, the extension 
23 lying in the slot (35. The actuator is sup 

ported by engagement of the extension 23 with 
the bottom of the slot 35. This slot is somewhat 
longer than the extension 23 of the actuator, 
which permits an upward movement of the actu 
ator. 
The units actuators are retained in position by 

means of the lifting rod 27, which passes ver 

5 

the tens actuators and a similar upward move 
ment of the lifting rod 2 associated with the 
units actuators. The lifting pins such as O 
move freely in the clutch housings such as 5, 
leaving the associated tens actuators unoperated, 
except for one particular tens actuator where the 
Spring clutch in the associated clutch housing has 
been operated. This particular tens actuator, and 
it may be any one of the ten, is temporarily cou 

10 pled to the associated lifting pin by the spring 

tically through all the units actuators, as seen 
clearly in Figs. 2 and 5. The lifting rod 27 
is longitudinally slidable in bearings in the ex 
tension 2 of the frame and in the foot member 
25 of the frame. In this movement of the lifting 
rod it slides freely in the units actuators, except 
for a particular units actuator where the clutch 
has been operated, as will presently be explained. 
The means for raising the lifting rod 2 come 

prises the extension 20 of the operating magnet 
arnature yoke, already mentioned, together with 
certain other parts which may now be described. 
The extension 20 carries a horizontal part 2 
which is slotted at the rear to receive the lifting 
rod 27. The lifting rod is moved longitudinally 
upward by means of a washer 36 which rests 
On top of the Slotted member 2 and is prevented 
from sliding upward on the lifting rod by a pin 
3. A little higher up on the lifting rod a simi 
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lar pin and washer are provided. The spring . 
38, compressed between the last mentioned 
washer and the extension 27, is the restoring 
spring for the lifting rod. 
The upward movement of lifting rod 2 is ef 

fective to Operate the contact springs 378 and 
383, which with their associated contact springs 
are Suitably mounted at the top of extensions 26 
and 2. 

It will be understood now that the ten units 
actuators are individual, respectively, to the ten 
intermediate trunks and that each units actuator 
is adapted to connect its associated intermediate 
trunk to the outgoing trunk for the No. trunk 
unit. In the case of the units actuator 22, for 
example, which is the second units actuator from 
the top, Fig. 5, the pins 24, 25 and 26 support 
the eleventh or terminal contact fingers of the 
Second intermediate trunk and are adapted to 
move Said contact fingers into engagement with 
the associated trunk contacts when the units ac 
tuator is moved upward by the lifting rod 27. 
Each of the other trunk units is provided with 

ten units actuators, the same as the No. 1 trunk 
unit being described. The test unit, however, has 
no units actuators. As previously explained, 
the eleventh contact finger of each trunk element 
in the test unit is permanently soldered to the as 
sociated trunk contact, so-called, and consequerit 
ly no units actuators are required. 
From the description up to this point it will 

be understood that the No. 1 trunk unit, which is 
representative of the other trunk units and of 
the test unit with the exceptions noted, is pro 
vided with an Operating magnet 29 the energiza 
tion of which is effective through the medium of 
the armature 02 and armature yoke iO3 to pro 
duce a longitudinal upward movement of the ten 
lifting pins such as to which are associated with 
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clutch and is moved longitudinally upward by the 
lifting pin. Likewise the lifting rod 27 moves 
freely upward through all the units actuators ex 
cept in the case of one particular units actuator 
where the spring clutch has been operated. 
Thus it will be seen that the operation of the 

trunk magnet is effective to operate one tens ac 
tuator and one units actuator. . The actuators 
are operated by means of the associated spring. 
clutches whereby they are coupled one to a lift 
ing pin such as O and the other to the lifting 
rod 2. These spring clutches will be described, 
but first it will be desirable to describe the select 
ing bars by means of which the spring clutches 
are selectively operated. 
There are ten tens selecting bars and ten units 

Selecting bars. The tens selecting bars extend 
through and are common to all the trunk units 
and the test unit. The units selecting bars also 
are common to all the trunk units. They extend 
through or rather past the test unit but perform 
no function at the test unit. 
One of the tens selecting bars is indicated at 
0, Figs. 2 and 5, and is also partially shown in 

Figs. 29 and 30. It is a metal bar, of rectangular 
Cross-section, the length of which depends on the 
trunk capacity of the switching mechanism. The 
bar 40 is provided with a plurality of rectangu 
lar openings such as 4, one at each trunk unit 
and One at the test unit. The other nine tens 
Selecting bars are the same as bar f40. While the 
ten tens Selecting bars are all alike where they 
pass through the trunk units and the test unit, 
as stated, there is a difference in the length of 
the bar sections extending between the test unit 
and the selection control unit, which makes five 
of the bars somewhat longer than the other five. 
This is due to the staggered mounting of the mag 
netic clutches which couple the tens selector bars 
to the armature yoke of the common operating 
magnet, as will appear hereinafter. 
The tens selector bars are supported at each 

trunk unit and at the test unit by means of a tens 
Selector bar guide. In the case of the No. 1 
trunk unit the tens selector bar guide is indicated 
at 34, Figs, 2 and 5. At one end the guide 34 is 
Secured to the trunk unit frame by the same screw 
30 that holds the upper end of the units actua 

tor guide, as previously mentioned. At the other 
end the guide 34 is secured to the trunk unit 
frame by means of a screw 42. The guide 34 
may be made of suitable plastic material molded 
or cut in the desired shape, as shown, and is pro 
Vided with ten tapered openings such as 43 for 
receiving the ten tens selector bars. The selector 
bars are freely slidable in these openings. 
One of the units selector bars is indicated at 

44, Figs. 2 and 5, and is also partially shown in 
Figs. 26, 27 and 28. The selector bar 44 is a metal 
bar of rectangular cross-section, and is generally 
similar to the tens Selector bars. It has a plural 
ity of rectangular openings such as 45, one at 
each trunk unit. The other nine units selector 
bars are the same as selector bar 44. 
The units selector. bars are supported at each 

r 
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trunk unit by means of a units selector bar guide. 
In the case of the No. trunk unit the units select 
tor bar guide is indicated at 46, Figs. 2 and 5. 
The guide 46 may be of molded plastic material, 
like the tens selector bar guide 34, and is secured 
to the member 29 of the units actuator guide by 
means of countersunk screws, as indicated in Fig. 
28. The guide 46 is provided with ten tapered 
openings such as 47 for receiving the units Se 
lector bars. The units selector bars are not neces 
sarily supported at the test unit, but a units ac 
tuator guide and selector rod guide may be Sup 
plied at this unit if desired. 

It will be convenient now to describe the Spring 
clutches hereinbefore referred to as being pro 
vided for coupling the units actuators to the lift 
ing rod 27 and for coupling the tens actuators 
to the associated lifting pins such as 0. 
one of the units actuators with its spring clutch 

is shown complete in Figs. 26, 27 and 28. The 
units actuator has already been described. The 
spring clutch comprises a spring having a plural 
ity of coils 50 which are located in a recess 5 
in the clutch housing 22 of the units actuator 
and surround the lifting rod 27. At the lower 
end the spring has a straight section 52, Fig. 28, 
bearing against the inside of the clutch housing, 
and a straight section f 53, bent at right angles to 
section 52, which extends across the opening in 
the clutch housing and bears against the edge 
54 thereof. The straight sections 52 and 53 

serve to anchor the spring and prevent rotation 
of the lower end thereof relative to the clutch 
housing in either direction. The last coil of the 
spring at the top terminates in a straight Sec 
tion 55 which extends outside the clutch housing 
through a slot 56. The section f 55 of the spring 
is long enough so that it extends a short distance 
through the opening f45 in the units selector bar 
44, as shown in Fig. 28. When the selector bar is 
unoperated or in normal position, the spring sec 
tion 155 stands in its dotted line position, Fig. 28. 
When the selector bar is operated, or moved to the 
right in the direction of the arrow, the spring 
section, 55 is moved to the position in which it 
is shown in full lines. This operation tightens 
the coils of the spring around the lifting rod 27. 
It may be mentioned that the selector bar f44 is 
shown in operated position in all three of FigS. 
26, 27 and 28. 
The member 29 of the units actuator guide is 

provided with a plurality of integrally formed 
clutch locking cams, one for each of the units 
actuators. 
with the units actuator 22 is indicated at 57, 
Fig. 2, and is also shown in Figs. 26, 27 and 28. 
The cam 157 extends to the right from member 
29, as seen in Figs. 26 and 28 and its extremity 

is approximately in line with section f 55 of the 
clutch spring when the latter is in operated po 
sition. The location of the cam f 57 vertically 
is such that its lower edge is just above and in 
light contact with the spring section 55 when 
the latter is in its normal or unoperated position, 
as shown by dotted lines in Fig. 28. The de 
scribed relation between the cam 57 and spring 
section 155 will be clear from the drawings. 
When the spring clutch is not operated, that 

is, when the spring section 55 is in its dotted 
line position, the coils 50 ft loosely around the 
lifting rod 27, which is freely slidable through 
the said coils. It will be understood, therefore, 
that if the lifting rod f2 is 
upward by the operation of the trunk operating 
magnet 29 at a time when the selector bar 44 

The clutch locking cam associated. 
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therewith. 
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is in normal position the units actuator 22 will 
not be affected. It should be noted furthermore 
that since in the normal position of the selector 
bar 44 the spring section 55 is directly beneath 
the locking cam 57, the said spring section and 
cam will positively prevent any upward movement 
of the units actuator which might otherwise occur 
due to friction between the lifting rod and the 
clutch housing or between the lifting rod and the 
coils f 50 of the clutch spring. . 

If the lifting rod 27 is moved longitudinally 
upward at a time when the selector bar f is 
in operated position, as shown in Fig. 26, for ex 
ample, the coils 50 of the clutch spring will have 
been tightened on the lifting rod, as previously 
described. The said coils will grip the lifting 
'rod, and the units actuator will move upward 

During this movement of the units 
actuator the spring section 55 slides upward 
in the rectangular opening 45 in the selector bar 
44 to a position near the upper left hand corner 
of this opening, as seen in Fig. 26. The width 
of the opening f45 should be somewhat greater 
than the distance through which the units actu 
ator moves. As regards the adjustment of the Se 
lector bar, Fig. 26 shows that when the selector 
bar is in operated position the rear end of open 
ing 45 is exactly in line with the end of locking 
can 57. The adjustment is not critical, how 
ever. The selector bar may move somewhat far 
ther to the right, in which case the spring section 
55 will merely bend a little after the coils 50 
are fully tightened on the lifting rod. Or the 
selector bar may not fully reach the position in 
which it is shown in Fig. 26, in which case the 
spring section 55 will slide upward along the 
end of can 57 during the upward movement of 

... the units actuator. The lower corner of the can 

40 
is rounded off to facilitate this action. In any 
event after the upward movement of the units 
actuator has taken place the spring section f is 
will be a substantial distance above the lower edge 
of can 57 and when the selector bar 44 is re 
leased the spring section 55 is prevented from 
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restoring, due to its engagement with the end 
of the cam. Thus the calm 57 locks the spring 
clutch in operated position and holds it operated 
after the selector bar has restored to normal po 
sition. 
The units actuator remains operated as long as 

the lifting rod 2 is held operated by the trunk 
- operating magnet. When the magnet is deen 
energized the lifting rod is restored by spring 38 
and the units actuator moves downward along 
With the lifting rod. During this movement the 
spring section 55 slides along the end of the 
locking cam 57 until, as the units actuator be 
comes fully restored, the spring section f 55 clears 
the end of the can and the spring clutch is re 
leased. 
The remaining nine units actuators on the No. 

1 trunk unit with their spring clutches are con 
Structed the same and operate the same as the 
units actuator 22 just described, except that the 
Spring clutches are operated by different selector 
bars. There are ten units selector bars, as pre 
viously mentioned, which operate the spring 

70 

oved longitudinally 

s 

clutches in the ten units actuators, respectively, 
at the No. 1 trunk unit. These selector bars, 
moreover, are common to all the trunk units and 
when any Selector bar is operated to operate the 
Spring clutch in the associated units actuator at 
the No. 1 trunk. unit it simultaneously operates 
the Spring clutches in the corresponding units 
actuators at all the other trunk units, 



The units selector bars such as 44 are restored 
partly by the clutch springs in the units actua 

... tors at idle trunk units and partly by restoring 
springs, such as spring 20, Fig. 2. The number 
of idle trunk units is variable and may equal 
zero, which makes it undesirable to rely entirely 
on the clutch springs for restoring the selector 
bars, 
The normal position of the units selector bars 

is determined by a stop plate 2 if, which is se 
cured to the frame of the No. 1 trunk unit by 
means of screws 22 and 23, being spaced away 
from the frame by tubular spacers 24 and 25. 
The arrangement may be explained in more de 
tail by reference to selector bar 44, which has 
an end portion 26 of reduced width which ex 
tends through a slot in the stop plate 2 ft. The 
spring 20 has one end secured to the end of 26, 
the other end bearing against the stop plate, and 
tends to move the selector bar to the left. Such 
movement is arrested by the engagement of the 
shoulders on the selector bar, formed at the junc 
tion of the Selector bar 44 and its reduced end 
portion 26, with the side of the stop plate. The 
arrangement for restoring each of the other units 
Selector bars is the same as described for selector 
bar 44. 
The adjustment of the parts is such that when 

any units selector bar is in normal position the 
clutch springs at the associated idle units actu 
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ators are under a certain amount of tension. In 
other words, the clutches are partially operated, 
not enough to cause them to grip the lifting rod 
but enough. So that most of the lost motion is 
eliminated. This adjustment provides for a mini 
mun movement of the selector bars in operating 
the spring clutches. 

Figs. 29, 30 and 31 show the details of one of 
the spring clutches for coupling a tens actuator to 
its associated lifting pin, being the particular 
clutch which is associated with the tens actuator 

and lifting pin C. The clutch housing 5 
Secured to the top of the tens actuator has a cen 
tral bore 60 for receiving the lifting pin ?o 
which has a loose fit in the bore 60. This is nec 
essary because the lifting pin does not move ex 
actly in a straight line. The clutch spring in 
cludes a plurality of coils f 6f which surround the 
lifting pin f O and are located in the recess 62 
in the clutch housing. This recess can be seen in 
Fig. 31 which shows the clutch housing as seen 
from the left in Fig. 29. The recess extends 
through the wall of the housing on one side there 
of, as shown in Fig. 30, whereby the spring may 
be inserted in the housing. The lower coil of the 
Spring is anchored in the housing by the straight 
sections 62 and 63, as described in connection 
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actuators are operated by the units selector bars. 
In Figs. 29 and 30 the tens selector bar 40 is 
shown in normal position. With the selector bar 
in this position the spring section 64 lies just 
beneath the locking cam f68 and the coils 6 of 
the clutch spring are loose on the lifting pin 0. 
It follows, therefore, that if the lifting pin O is 
raised by energization of the trunk operating mag 
net while these conditions obtain, the lifting 
pin will move freely upward through the coils of 
the spring clutch and the tens actuator will not 
be moved. It will be noted also that upward 
movemént of the tens actuator is positively pre 
vented by the engagement of spring section 64 
with the end of cam 68. 
When the tens Selector bar 40 is operated it 

moves to the right as seen in Figs. 29 and 30. 
This movement of the selector bar moves the 
spring section 64 to its dotted line position, Fig. 
30, where it clears the cam 68. Also the coils 
6 are tightened around the lifting pin O. Un 

der these conditions, if the lifting pin O is raised 
by the energization of the trunk operating magnet 
the spring clutch will grip the lifting pin and the 
clutch housing if 5 and tens actuator f will be 
carried along. During the upward movement of 
the clutch housing the spring section 64 moves 
upward in the opening 4 in the tens selector bar 
40 and along the side of the locking cam 3, 
being in sliding engagement with the rear-end of 
said opening, or the side of the cam, or both, de 
pending on the adjustment of the selector bar. 
When the Selector bar 40 is released and restored 
to normal position the spring clutch is maintained 
operated by the locking cam f 68 and the tens 
actuator is maintained in operated position. 
When the truck-operating magnet is deenergized 
the lifting pin fo, clutch housing 5 and the 
tens actuator f l move downward to normal posi 
tion, the spring section 64 of the clutch spring 
sliding along the side of can 68. In the normal 
position of the clutch housing the spring section 
f64 clears the end of cam 68 and it restores to 
the position in which it is shown in Fig. 30, which 
releases the spring clutch. 
The ten spring clutches associated with the ten 

tens actuators at the No. trunk unit are op 
erated by the ten tens selector bars, respectively, 
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with the spring clutch in the units actuator 22. . 
The upper coil of the spring terminates in a 
straight section 64, which extends through the 
slot 65 to the outside of the housing 5, where 
it passes through the opening 4 in the tens 
selector bar 40. 
The tens locking plate is a metal stamping of 

angular cross-section and comprises a member 
66 secured to the back of the tens selector bar 

guide 34 by means of countersunk screws such as 
69, Fig. 4, and an integrally formed member 67 
which extends forward over the top of guide 34. 
The member 67 is provided with ten integrally 
formed locking cams such as 68. The arrange 
ment will be clear from FigS. 5 and 29. 
The spring clutches for the tens actuators are 

operated by the tens selector bars, similar to the 
manner in which the spring clutches for the units 
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bars. 

in the manner described. Each tens selector bar 
is common to all the trunk units and the test unit, 
and accordingly when any selector bar operates 
the spring clutch of the associated tens actuator 
at the No. trunk unit it simultaneously operates 
the Spring clutches of the corresponding tens ac 
tuators at all the other trunk units and at the 
test unit, 
The tens selector bars are restored by the clutch 

springs of the spring clutches associated with the 
tens actuators and by restoring springs such as 
27. A stop plate 2 f8 determines the normal posi 
tion of the bars. The arrangement is similar to 
the arrangement for the units selector bars and 
need not be further explained. 
The selection control unit will now be described. 

The function of the selector control unit is to 
selectively operate the tens and units selector 

The tens operating magnet 53 has already been 
described briefly in connection with Fig. 9. This 
magnet has an armature fo Supported on an 
armature yoke comprising a member 7 beneath 
the armature, a member 72 extending parallel 
thereto, and two integrally formed connecting 
members 73 and 74, which have a right angle 
bend formed therein a short distance from the 
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armature 70, as seen in Figs, 2 and 3. The 
armature yoke is also seen in Fig. 11, which shows. 
a top view of the same. The armature yoke is 
supported on the extensions 5 and 52 of the se 
lection control unit frame by means of pivot 
screws f 18 and 79, which are threaded into 
tapped holes in said extensions and have pivots 
formed at their ends which enter holes in the 
ears 75 and 76 with which the armature yoke 
is provided. The extension f 77 of the armature 
yoke is provided for the purpose of operating the 
contact spring 330. When the operating magnet 
53 is energized the armature and arnature yoke 
assembly rotates on the pivot screws fils and f T9, 
the armature 70 moving downward into engage 
ment with pole pieces 55 and 56 and the member 
f72 of the armature moving to the right, as the 
parts are seen in Fig. 2. The armature and arma 
ture yoke assembly restores by gravity, when the 
magnet is deenergized, to a normal position which 
is determined by the stop screw 80. 
The reference character 8 indicates a plate 

of any suitable material such as aluminum, which 
is attached to the members 73 and 74 of the 
armature yoke by means of four screws, as shown. 
On the plate 8f there are mounted ten sets of 
contact springs, as appears clearly in Fig. 6. The 
first set of contact springs can be seen also in 
Fig. 2, and the last set in Fig. 3. 
The armature yoke of the tens operating mag 

net selectively operates the ten tens selector bars . 
These mag-- by means of ten magnetic clutches. 

netic clutches not only have the function of cou 
pling the selector bars to effect the operation 
thereof, but also have the function of operating 
the ten sets of contact springs carried on the 
armature yoke. 
The magnetic clutches referred to above in 

clude the solenoids such as 9 and 92, which are 
the first and Second Solenoids and are associated 
with the first and second tens selector bars, re 
spectively. The Solenoid 9 is associated with 
the first selector bar f40, while the solenoid f 92 
is aSSociated with the Second Selector bar 40'. 
The ten solenoids are mounted in two rows of 
five each on the shelf 49 of the selection control 
unit frame, as shown in Fig. 9. 
The solenoid 92 and associated parts which 

form the complete magnetic clutch for coupling 
the tens Selector bar 40' to the tens operating 
magnet armature yoke will now be described. 
This Solenoid comprises a shell 95 of soft iron, 
Fig. 32, in which there is a spool 82 carrying the 
winding 96. The ends of the winding are con 
nected to terminals' 88 and 89 which are at 
tached to One of the heads of spool. 82. The 
other spool head has a projection 84 which fits 
in an Opening in the bottom of the shell 95. 
This projection properly locates the spool in the 
shell and prevents it from rotating therein. 
The open end of the shell 95 is closed by an iron 
washer 83 which has notches in its edge for the 
terminals 88 and 89. This washer should have 
a press fit in the end of the shell. A bracket 97 
is attached to the bottom of shell 95, by spot 
welding, for example, and is secured to the shelf 
49 of the frame by means of two screws such as 
98, Fig. 2. By this means the solenoid 92 is 

firmly secured to the shelf, 
It will be understood that the four other sole 

noids which are in the same row with solenoid 
92 are the same and are secured to the shelf 49 

in the same manner, with the terminals such as 
88 and 89 to the right, as seen in Figs. 2 and 32. 
The five Solenoids such as 9 in the other row 
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are the same also, but are reversed so that the 
terminals, such as f&8' and 89' appear at the 
left of the selection control unit, as seen in Fig. 2. 
The mounting holes for the screws such as 98 
and 98' of both rows of solenoids are shown in 
Fig. 10, 
The complete clutch including the solenoid 92 

also includes the two cores 85 and 86, Fig. 32, 
which are freely slidable in the bore of spool 82. 
It will be noted in this connection that the open 
ings in the bottom of the shell 95 and in the 
washer 83 which are provided for the cores 85 
and 86, respectively, are slightly larger than the 
bore of the Spool, so that the cores are maintained 
Out of contact with the shell and washer. These 
air gaps in the magnetic circuit should be small 
but are desirable to prevent the cores from stick 
ing to the shell or washer when the solenoid is 
energized, 
The core 85 is detachably secured to the tens 

Selector bar 40' by an arrangement which will 
now be described, reference being made to Figs. 
34, 35 and 36. As shown in these drawings, a 
tubular member 87 is provided, the end of which 
is partially closed by two semi-circular members 
200 and 20. These members may be held inside 
the tubular member 87 by soldering or spot 
welding, for example. They are spaced apart to 
provide a slot 207, Fig 35, and are provided with 
aligned grooves 202 and 203, respectively. The 
Spring 206 projects from a recess in the end of 
the core 85. After the spring has been placed 
in position the assembled tubular member 87 is 
firmly secured to the core in any suitable manner, 
as by crimping the end of said tubular member 
into an annular groove near the end of the core. 
The selector bar 40' is notched near the end to 
form a T-shaped head 204 and also has an ex 
tension 205 for cooperation with the spring 206. 
To assemble the Selector bar to the core the head 
204 is passed into the slot 207, the extension 205 
entering the coils at one end of spring 206. The 
Selector bar and core are moved toward each 
other, compressing the spring 206 until the head 
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204 has passed through slot 207, whereupon the 
core is rotated 90 degrees and the head 204 is al 
lowed to enter the grooves 202 and 203 where it is 
held by spring 206, as shown in Fig. 34. 

All the Selector bars, both tens selector bars and 
units selector bars, have similar detachable on 
nections to their associated cores. These con 
nections are provided to enable the selector bars 
to be removed from the switching mechanism, as 
will appear more fully hereinafter. 

Referring now to Fig. 33, it will be seen that 
the core 86 has attached thereto a rod 208, 
which includes a section 220 of larger diameter, 
and a flanged head 22. The section 220 is lo 
cated in an open slot 222 in the lower edge of the 
horizontal member 72 which forms part of the 
tens operating magnet armature yoke. In order 
to support the rod in slot 222, which is open at the 
bottom, a slotted plate 93 is provided, having 
slots such as 223 which are open at the top. The 
plate 93 is secured to the member 2 of the 
armature yoke by means of two screws 224 and 
225. The details of this arrangement are shown 
in Fig. 16. - 

l'Ile let side of member 72 of the armature 
yoke bears against a cup washer 90, which is pre 
vented from sliding on section 220 of rod 208 by 
means of a split ring 226. Another cup washer 
94 bears against the plate 93. A coiled spring 
22 is compressed between the washer 94 and the 
flange on the head 22 and maintains the parts 
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normally in the position in which they are shown. 
The rod 208 or rather section 220 thereof is slide 
able in the slots 222 and 223. The head 22 of rod 
208 is provided with a bushing 228 of insulating 
material. 
The above description of the magnetic clutch, 

including solenoid 92 and associated parts, ap 
plies also to the other four magnetic clutches the 
solenoids of which are located in the same row 
with solenoid 92. The other five magnetic 
clutches, including the magnetic clutch of which 
solenoid 9 forms a part, , are the same also, 
except that since they are in a different row and 
are farther away from the member 2 on the 
rods corresponding to rod 208 are somewhat 
longer. 
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The ten sets of contact springs which are 
mounted on plate 8 carried by the tens operat 
ing magnet armature yoke are in alignment, re 
spectively, with the ten rods such as 208 of the ten 
magnetic clutches for the tens selector bars, as 
will pe understood from Fig. 6. More in particu 
lar, the parts are so related that the ten operat 
ing rods such as 229 for the ten sets of contact 
springs rest, respectively, against the ten bush 
ings such as 228 in the heads such as 22 of rods 
208. See Fig. 32. 
As regards the adjustment of these sets of con 

tact springs, this may be explained in connection 
with Fig. 32, although the set of contact springs 
associated with rod 208 is only partially shown. 
The working springs 23 and 232 are tensioned 
toward the left but are normally held in the posi 
tion shown by the spring 22, which presses the 
rod 208 toward the right as far as it can go rela 
tive to the armature yoke member 2. The con 
tact Springs being mounted. On the armature yoke, 
they are held in the position shown against their 
own tension, as stated. 
The mechanics of the operation of one of the 

tens Selector bars may now be explained. In the 
case of the selector bar 40", for example, this 
Selector bar is selected for operation by the ener 
gization of the tens solenoid 92, as will be ex 
plained more in detail in connection with the 
circuit diagram, Fig. 37. Upon the energization 
of solenoid 92, the core 85 attached to selector 
rod 40' remains stationary, or substantially so, 
because movement of the selector bar 40' is op 
posed by the associated spring clutches of idle 
trunk units and by the associated restoring spring 
corresponding to spring 27. The restoring 
Spring alone is strong enough to substantially 
prevent movement of the selector bar at this 
time. The core 86, however, is drawn into the 
Solenoid 92 upon the energization thereof, until 
it engages core 85, thus closing the magnetic cir 
cuit except for the small air gaps at the points 
where the cores pass through the shell 95 and 
Washer 83. The movement of core 86 and rod 
208 attached thereto, which slides in slots 222 and 
223, compresses the spring 227 and permits the 
working contact springs 23 and 232 to shift to 
their operated position in which contact spring 
23 engages contact spring 230 while contact 
Spring 232 separates from contact spring 233. 
Spring 227, it may be observed, is a somewhat 
lighter Spring than the restoring spring associ 
ated with the selector bar and besides this the 
Spring 22 is opposed by the working contact 
Springs. 
tion of the solenoid results in the operation of 
core f86, which is brought into engagement with 
core 85 and in the operation of the working con 
tact Springs in the associated set of contact 
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springs. The adjustment of the parts is such 
that at the end of the movement of core 86 the 
head 22 of rod 208 is in engagement or nearly in 
engagement with the washer 94. 
The contact 230-23 controls the tens operat 

ing magnet, which energizes upon the closure of 
the contact. The armature, and armature yoke 
are accordingly operated as previously described, 
the member 2 of the armature yoke moving to 
the right as seen in Figs. 32 and 2. This move 
ment of member 2 has no effect as regards any 
of the tens selector bars except the selector bar 
40'. The magnetic clutches associated with the 

other selector bars are not energized and conse 
quently the cores corresponding to core 86 are 
merely drawn to the right, the cores sliding freely 
in their associated Solenoids. In the case of the 
Selector bar 40', however, the associated Solenoid 
92 is energized and core 86 is magnetically cou 
pled to core 85. When the member 72 moves 
to the right, therefore, the selector bar 40' is 
Operated. More in detail, the washer f34 engages. 
the head 22 of rod 208 and moves the rod to the 
right, carrying the attached core 86 along with 
it. Core 85, being now magnetically coupled to 
core 86, is moved also and operates the attached 
Selector bar 40'. The movement of the cores 85 
and 86 is unopposed magnetically since both 
cores extend outside the solenoid for a substan 
tial distance and their movement does not alter 
the value of the flux in the magnetic circuit. 
When the selector bar 40' has remained oper 

ated as long as required, the circuit of solenoid 92 
is opened and the magnetic clutch becomes deen 
ergized, permitting cores 85 and 86 to separate. 
The Selector bar 40' is accordingly moved to the 
left by the restoring spring to normal position. 
At the same time the spring 227 moves the rod 
208 to the right, restoring the associated set of 
contact Springs to normal position. Contact 
230-23 being thus opened, the tens operating 
magnet 53 is deemergized and the armature and 
armature yoke restore by gravity, as previously 
explained. 
The units Operating magnet, including the 

winding 57 and core 58, has already been de 
Scribed in connection with Fig. 9. The magnet is 
provided with an armature 240, carried on an ar 
nature yoke the details of which are shown in 
FigS. 12 and 13. The armature yoke comprises 
the two parallel members 24 and 242, which are 
connected by the integrally formed members 243 
and 244, the latter members having a right angle 
bend, so that the yoke has generally the shape 
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Thus it will be seen that the energiza 
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of an inverted letter L. as viewed from the end. 
The armature yoke is pivoted on the pivot screws 
245 and 246 which are threaded into tapped 
holes in the frame extensions 5 and 52 and have 
pivots formed at the ends which enter holes 
formed in ears 247 and 248 with which the arma 
ture yoke members 243 and 244 are provided. 
The member 242 of the armature yoke has an 
extension 249, which passes downward between 
the rod 208 associated with tens solenoid 92 and 
the adjacent rod to the left which is associated 
with Solenoid 9. The member 24 of the ar 
mature yoke has an extension 250 for operating 
the contact spring 344. 
The units auxiliary armature yoke is shown in 

detail in Figs. 14 and 15 and is a generally U 
shaped structure comprising the horizontal mem. 
bers 25 and 252 which are connected at one end 
by the integrally formed vertical member 253. 
The members 25 and 252 have stiffening flanges 
254 and 255, as shown. At the ends opposite the 
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member 253 the members 25 and 252 have ears 
256 and 257, respectively, by means of which the 
auxiliary armature yoke is pivotally supported on 
the frame. To this end the pivot Screws 258 and 
259 are provided. These two screws are threaded 
in tapped holes in the offset members 47 and 48 
of the frame and have pivots at the ends which 
pass through holes in the ears 256 and 257. The 
member 25 has a projection 260, which extends 
upward in Fig. 15 and to the left in Fig. 2, and 
which is, so located that it is engaged by the 
depending extension 249, as seen clearly in Fig. 2. 
The auxiliary armature yoke is urged to the 

left, as seen in Fig. 2, by a coil spring 28, shown 
partly in dotted lines, which extends between the 
horizontal member 42 of the frame and the flange 
255. The normal position of the auxiliary ar 
mature yoke is determined by the stop screw 
282, which is threaded into a tapped hole in the 
edge of the shelf 49 on which the Solenoids such 
as 19 f and f 92 are mounted. The stop screw is 
in alignment with the extension 249, which is 
normally held against the head of the stop screw 
by the projection 260 on the member 25 of the 
auxiliary armature yoke. 
The auxiliary armature yoke carries a plate 

274, which is attached to the member 25 and 
252 by means of screws, as shown in Fig. 6. On 
the plate 274 there are mounted ten sets of con 
tact springs such as the set 275. 
The units selector bars are selectively oper 

ated by means of magnetic clutches through the 
medium of which any units selector bar may be 
temporarily coupled to the member 253 of the 
auxiliary armature yoke. There are ten of these 
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is selected by the energization of solenoid 262, 
as will be explained more in detail in connection 
with the circuit diagram, Fig. 37. Upon the en 
ergization of solenoid 262, the core 266 is drawn 
in until it engages core 265, the latter core and 
the selector bar 44 remaining stationary or 
Substantially so, due to the effect of the spring 
clutches in the units actuators and the restor 
ing spring 2fO. The rod 268 attached to core 266 
moves to the left with the core and the head 
270 is brought into engagement or very nearly 
into engagement with the washer 272, spring 273 
being compressed during this movement. The 
movement of rod 268 and head 270 permits the 
working contact spring 276-278 to assume their 
alternate positions. 
Contact spring 276 and the contact engaged 

thereby, in its alternate position control the cir 
cuit of the unit operating magnet 57 and this 
magnet is accordingly energized. The energiza 
tion of magnet 57 operates the auxiliary arma 
ture yoke in the manner already described and 
the member 253 thereof, moving to the right as 
seen in Fig. 2, moves the rod 268 and core 266 
to the right also. This is accomplished through 
the engagement of the head 270 of rod 268 by 
washer 272, the latter being in contact with 
member 253. The core 266 is moving to the 
right as described carries along the core 265 to 
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magnetic clutches, one for each of the ten units 
Selector bars, and they include ten units sole 
noids which are mounted on the Web 50 of the 
frame, as shown in Fig. 2. 
units solenoids are actually shown, but it will be 
understood that ten are required. 
The magnetic clutches associated with the 

units selector bars are similar to the magnetic 
clutches associated with the tens selector bars 
and consequently will need only a brief descrip 
tion. The magnetic clutch associated with units 
selector bar f44, for example, comprises the sole 
noid 262, which is mounted on web 50 by means 
of screws 263 and 264, and the two cores 265 and 
266. The selector bar 44 is detachably secured 
to the core 265 by means of a tubular coupling 
member 267. To the core 266 there is secured a 
rod 268 which has a section 269 located in an 
open slot in the edge of member 253 of the aux 
iliary armature yoke and a head 270. The Sec 
tion 269 of rod 268 carries the two cup-shaped 
washers 27 and 272 on opposite sides of member 
253, washer 27 being held on said section 269 
by means of a split ring, as shown in the case of 
washer 90, Fig. 33. The spring 273 is compressed 
between the washer 272 and the head 270 of rod 
268 and holds the rod 268 to the right as far as it 
can go, its movement in this direction being lim 
ited by the engagement of washer 27 with mem 
ber 253. 
The spring 273, in maintaining the rod 268 in 

the above described position, maintains the work 
ing contact springs 276, 277 and 278 of the set 
of contact springs 275 in the position in which 
they are shown. These working contact springs 
are tensioned to the left and assume their alter 
nate positions under their own tension when per 
mitted to do so by movement of rod 268 to the left. 
The operation of the units selector bar 44 

may now be explained briefly. This selector bar 
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which it is now magnetically coupled and the 
selector bar 44 is thus operated. 
When the solenoid 262 is deenergized the mag 

netic coupling between cores 265 and 266 is de 
stroyed and the cores no longer cohere. The 
units selector bar is restored by spring 20. The 
rod 268 is restored by spring 273 and the working 
contact springs 276-278 are returned to normal 
position. The restoration of spring 276 opens 
the circuit of the units operating magnet 57 and 
the magnet deemergizes, whereupon the auxiliary 
armature yoke is restored by spring 28. 
The description of the Switching mechanism, 

insofar as the mechanical construction thereof is 
concerned, is now Substantially complete, and the 
description could continue, with the operation, 
of the Switching mechanism as connected up in a 
telephone system. Before going into the circuit 
operation, however, it will be advantageous to 
explain briefly how the structural design provides 
for the removal of certain parts for the purpose of 
repair or replacement. 
AS regards those parts which are located on the 

Outside of the Switching mechanism, the manner 
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of removal will be sufficiently obvious, so that no 
detailed explanation will be required. It will be 
clear enough, for example, that any trunk oper 
atting magnet assembly can be removed after tak 
ing out the pivot screws for the operating magnet 
armature yoke and the screws which hold the 
frame extensions such as 26 and 27 to the frame, 
also the screws which hold the associated links 
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Such as 6. The operating magnet assembly in the 
Selection control unit may also be removed, after 
taking out the screws which hold the extensions 
5 and 52 to the frame. It is understood, of 
course, that the wiring to the magnets and contact 
springs may be so arranged, as by flexible cables, 
as not to interfere with these Operations. The 
spring assemblies may be removed, if necessary. 
In connection with the removal and replace 

ment of the tens operating magnet armature yoke 
it should be pointed out that the slotted member 
f2 has a tapered lower edge which facilitates 
its insertion between the cup-shaped washers such 

75 as 90 and 94 when the armature yoke is being 
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replaced. The auxiliary armature yoke for opera 
ating the units selector bars is provided with a 
tapered edge for a similar purpose. 
As regards the switch bank, any line or test bar 

may be readily removed by simply pulling it out 
at the left hand end of the Switching mechanism. 
To replace a bar it is pushed in until the end is . 
gripped by the terminal at the Selection control 
unit. The removal of an intermediate trunk ele 
ment, however, is somewhat more complicated 
and will be explained briefly. 

It may be assumed, for example, that it is 
desired to remove the uppermost trunk element 
86 at the No. trunk unit. The multiple con 
ductor of the trunk is first unsolidered at terminal 
85. Spring clips 88 and 89 may next be removed. 
The trunk element may now be disengaged from 
the slot 65 in plate 6 and could be withdrawn 
from the switching mechanism at the rear except 
for the fact that the tens actuators are in the Way. 
This difficulty is provided for by arranging the 
parts so that the tens actuators may be moved 
to the right, Fig. 2, far enough to clear the ends 
of the contact fingers on the trunk element. In 
order to accomplish this the pivot screws 08 
and 09 are turned out far enough. So the heads 
thereof are outside their bearings, and the Set 
screws 8 and 9 are partly unscrewed. This 
done, the operating magnet armature yoke and 
the plate 6 may be moved to the right far 
enough to carry the tens actuators out of the way. 
In this connection it will be noted that the exten 
sions 26 and 27 have slots in which the pivot screws 
08 and O9 can move. It should be noted also 

that the member 2 of the armature yoke, which 
operates the lifting rod 27, has an open slot 
through which the lifting rod extends, whereby 
the lifting rod does not interfere with the de 
scribed movement of the armature yoke to the right. 
The trunk element may now be removed and 

the same trunk element or a new one can be put 
back, after which the other parts which were 
removed or displaced can be reassembled in their 
proper positions. In this manner any trunk ele 
ment can be taken out for repair or adjustment 
Or for replacement by a new trunk element. 
A complete trunk unit can also be taken out if 

it should become necessary for any reason. This 
operation will now be explained briefly. 

It may be a SSumed, for example, that it is de 
sired to remove the No. 7 trunk unit, Fig. 1. First 
the trunk conductors are unsolidered from the 
multiple and the Spring assembly at the top of the 
unit is removed. The line and test bars are now 
Withdrawn far enough. So that the right hand ends 
thereof clear the No. 7 unit. They need not be 
entirely withdrawn. The operating magnet arma 
ture yokes and the auxiliary armature yoke at the 
selection control unit are now taken off, after 
which all the rods such as 208 and 268 with their 
associated cores may be removed. All the cores 
Such as 85 and 265 are then uncoupled from their 
asSociated selector bars. In the case of core f85, 
for example, the core is uncoupled by the inser 
tion of a screwdriver by means of which the core 
is pressed to the left and then rotated ninety 
degrees. The other cores are uncoupled in the 
Same Way. The restoring springs such as 2 O 

- and 2fT are now taken off and the stop plates 2 
and 218 are removed. The selector bars may now 
be withdrawn from the switching mechanism at 
the left, similar to the way in which the line and 
test bars are withdrawn. The selector bars are, 
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however, entirely removed from the switching 
mechanism, 
The foregoing operations having been per 

formed, the No. trunk unit may be lifted out, 
after first removing the screws which attach it to 
the base and the links such as 6 f which secure 
it to the adjacent trunk units. It may be assumed 
the trunk unit is being taken out for repairs, in 
which case it will be replaced after the repairs are 
made, if they can be made quickly. Otherwise a 
new trunk unit may be inserted, or if one is not 
available, the switching mechanism may be re 
assembled without the No. 7 trunk unit. The 
procedure is the same if one or more new trunk 
units are to be added to a switching mechanism 
which was installed without the full equipment 
of trunk units; that is, the line and test bars 
and the selector bars have to be withdrawn to 
permit the removal or insertion of one or more 
trunk units, as the case may be. 

Before reassembling the switching mechanism 
the cores such as 85 and 265 have to be removed. 
This can easily be done in the case of the cores 
such as 265 associated with the units solenoids. 
The cores such as 85 associated with the tens 
Solenoids can usually be pulled through the sole 
noids by means of a screwdriver to which they will 
Stick by residual magnetism. Otherwise a small 
bar magnet can be used, to avoid the necessity 
of taking off the operating magnet assembly. 
The selector bars can now be inserted from the 

right, by pushing them through the solenoids and 
the guides at the trunk units. The spring clutch 
es do not interfere with the movement of the 
Selector bars from right to left, as will be readily 
understood from Figs. 28 and 30. The cores such 
as 85 and 265 may now be inserted in the sole 
noids and coupled to the selector bars. It will be 
unnecessary to further explain how the parts are 
reassembled. w 

The removal or insertion of a trunk unit and 
the dismounting and reassembling of other parts 
Which are necessary does not take very long, but 
requires that the Switching mechanism be tem 
porarily taken out of service while the operations 
are being performed. That is, no calls can be 
handled. It will be understood, therefore, that 
such operations must be carried out at night, 
when service-can be suspended without inconven 
ience to the Subscribers. 

Reference may now be made to Fig. 37, which 
shows suitable circuits for a switching mechanism 
Such as has been described when the same is used 
as a group of finder Switches for connecting call 
ing subscribers' lines to trunk lines. 
AS will be understood from the previous de 

Scription, the Switching mechanism is adapted to 
handle the outgoing calls from a group of 100 
Subscribers' lines, divided into ten sub-groups of 
ten lines each. The drawing Fig. 37 shows four 
Subscribers' lines, comprising lines f and 2 of 
the first Sub-group and lines 2 and 22 of the 
Second sub-group. The sub-station A on line 2 
is also shown. 
The line conductors 300 and 30 of line 2 ex 

tend from Substation A to the exchange, where 
they are provided with the individual line equip 
ment comprising the line relay 307 and the cut 
of relay 306. From the line equipment the line 
conductors 300 and 30 and the test conductor 302 
extend to the finder switching mechanism, where 
they terminate on the line bars 79 and 80 and the 
test bar 8, respectively. These connections serve 
for outgoing calls. Incoming calls to line 12, the 
line of sub-station A, are completed over the so 
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called normal conductors 303, 304, and 305, which 
come from connector switching mechanism. No 
connector switching mechanism is shown, but it 
may be of any suitable type, such as is shown in 
the patent to Boswau, No. 2,307,757, for example. 
The individual line equipment for lines , 2. 

and 22 is also shown and is similar to the individ 
ual line equipment of line f2. 
Two of the tens solenoids of the finder Switch 

ing mechanism are indicated at 9 and 92, while 
two of the units solenoids are indicated at 26 and 
262. The tens operating magnet 53 and the units 
operating magnet 5 are also shown. 
The drawings also show diagrammatically two 

of the intermediate trunks at the No. trunk unit 
and two intermediate trunks at the No. 2 trunk 
unit, with the associated tens and units actuators. 
One of the tens actuators at the No. trunk unit 
is indicated at ff, and a units actuator at 22. 
The trunk operating magnets for No. and No. 2 
trunk units are shown at 29 and 322, respectively. 

Certain equipment at the test unit is also dia 
grammatically shown in the drawings, including 
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the tens actuator 35 and the operating magnet 
320. 

Relays 33 and 332 are the trunk distributor re 
lays for the No. and No. 2 trunk units, respec 
tively. There is a similar relay for each of the 
remaining trunk units. Relay 35 is a common 
relay for re-setting the trunk distributor relays. 
Relays 34 and 342 are the trunk test relays for 

the No. 1 and No. 2 trunk units, respectively. 
Each of the other trunk units is provided with a 
Similar test relay. Associated with the trunk test 
relays there is a start relay 350. r 
The circuits of the units solenoids such as 262 

and the circuits of the trunk test relays such as 
34 are provided with rectifiers such as 316 and 
3f, which have the same functions as the recti 
fiers shown at corresponding points in the previ 
ously mentioned Boswau patent, 
The drawings also show the trunk line com 

prising conductors 370, 37 and 372, and the trunk 
line comprising conductors 373, 374 and 375. 
These trunk lines are outgoing from the No. 
trunk unit and the No. 2 trunk unit, respectively, 
and extend to the next switching stage, which 
may be a selector or connector switching stage, 
depending on the size of the exchange. There is, 
of course, a similar outgoing trunk line for each 
of the other trunk units. 
The next switching stage is not shown, but it 

will be understood that the line conductors of 
each trunk line terminate in a line relay, having 
an associated slow acting release relay, both of 
which are energized in known manner when the 
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trunk line is taken into use by a calling sub 
scriber. The test conductor of each trunkline is 
normally connected to negative battery, which 
constitutes an idle test potential, but when the 
release relay is energized responsive.to the seizure 
of the trunk line, the test conductor is discon 
nected from negative battery and is connected to 
ground. The grounded test conductor then func 
tions as a holding conductor. Circuit arrange 
ments such as the above are well known and are 
described, for instance, in the Boswau patent 
previously referred to. 
The outgoing trunk lines are taken into use by 

calling lines in consecutive order, starting with 
the trunkline outgoing from the No. trunk unit, 
as will be made clear in the circuit explanation 
which follows. It may be mentioned at this 
point, however, that in order to be selectable for 
use on an outgoing call a trunkline not only must 
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be idle, as indicated by a negative potential on the 
test conductor, but it must be awaiting selection, 
as indicated by the energized condition of the 
associated trunk distributor relay such as 33. 
The operations which take place in extending 

an outgoing call from sub-station. A will now be 
explained briefly. 
When the receiver is removed at sub-station A, 

a bridge is closed across the line conductors 300 
and 30 and an energizing circuit is completed for 
the line relay 307 in the usual manner. Upon 
energizing, the line relay 307 connects the cut-Off 
relay 306 to the test conductor 302 at contact 312. 
Resistance 34 at this time is in parallel with the 
cut-off relay. A negative test potential is thus 
applied to the test conductor through the cut-off 
relay 396 and resistance 34 in parallel. 
The line relay 307 also grounds conductor 33 

at contact 3, thereby closing a circuit for the 
tens solenoid 9, which extends from ground 
by way of contact 3, conductor 33, winding 
of solenoid 9 f, contact 324, conductor 326, con 
tact 328, conductor 327, serially related contacts 
corresponding to contact 329 on other tens sole 
noids, contact 329, and contact 325 to negative 
battery. Upon energizing, solenoid 9 effects 
the magnetic coupling of its two cores and oper 
ates the associated set of contact springs, as 
previously described in the case of solenoid 92. 
At front contact 325 negative battery is con- . 
nected direct to the winding of Solenoid 9 f and 
at back contact 325 negative battery is discon 
nected from conductor 327. Contact 325 should 
have a make-before-break adjustment. At Con 
tact 324 the winding of Solenoid f 9 is discon 
nected from conductor 326. The opening of con 
tact 324 and back contact 325 prevents any other 
tens solenoid from operating at this time. 
The energization of the tens solenoid 9 also 

effects the closure of contact 323, thereby clos 
ing a circuit for the tens operating magnet 53. 
Upon energizing, magnet 53 operates the tens 
selector bar 40 by means of the associated mag 
netic clutch including the energized tens sole 
noid 9t, and the selector bar 40 operates the 
associated spring clutches at the trunk units and 
at the test unit. The spring clutches couple the 
tens actuators such as if and 315 to their asso 
ciated lifting pins. 
The tens operating magnet also closes contact 

330, thereby completing a circuit for the operat 
ing magnet 320 at the test unit. Upon energiz 
ing, magnet 320 lifts the tens actuator 35, there 
by connecting the test conductors of the ten lines 
in the first sub-group to the tens units solenoids, 
respectively. A circuit may now be traced for 
the units solenoid 262, said circuit extending 
from negative battery by way of the cut-off relay 
306 and resistance 34 in parallel, contact 32, 
test conductor 302, test bar 8, contact finger 333, 
soldered end contact finger and terminal (not 
shown), rectifier 3 f6, winding of solenoid 262, 
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contact 335, conductor 33, contact 339, conduc 
tor 338, serially related contacts such as 336 on 
other units solenoids, contact 336, and contact 
340 to ground. The cut-off relay is not ener 
gized over the above circuit, due to the effect of 
the shunt connected resistance 34. 
The solenoid 262 is energized and effects the 

magnetic coupling of its cores and the operation 
of the associated set of contact Springs, as previ 
ously, described. At front contact 336 ground is 
connected to the winding of solenoid 262 and at 
back contact 336 ground is disconnected from 
conductor 338. This operation together with 
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the opening of contact 335 prevents the energiza 
tion of another units Solenoid at this time. Con 
tact 336 should have a make-before-break ad 
justment. At contact 334 a circuit for the units 
operating magnet 5 is completed. 
Upon energizing, magnet 57 operates the units 

selector bar 44 by means of the associated mag 
.netic clutch including the energized solenoid 262, 
and the Selector bar Operates the associated 
spring clutches in the trunk units. Magnet 57 
also closes contact 344, thereby completing a cir 
cuit for the start relay 350. 
Upon energizing, the start relay opens conduc 

tors 327 and 338 at contacts 328 and 339, respec 
tively, in order to hold the energizing circuits 
of the tens and units solenoids open until the 
apparatus is ready to handle another call. The 
start relay also grounds conductor 346, thereby 
completing a circuit for the trunk test relay 34 
over a path which extends from negative battery 
On the test conductor 32 of the trunk line 
370-32 outgoing from the No. trunk unit, 
it being assumed that said trunk line is idle, con 
tact 369 of energized trunk distributor relay 33, 
conductor 364, rectifier 37, contact 366, wind 
ing of test relay 34, contact 362, conductor 349, 
contact 36, contact 360, conductor 346, and con 
tact 345 to ground. The trunk test relay 34 
energizes over the abgve circuit. A similar cir 
cuit is closed for the trunk test relay 342 and 
for other trunk test relays, provided the trunk 
lines with which such test relays are associated 
are in selectable condition. The test relay 342 
and such other test relays accordingly start to 
energize at the same time as test relay 34. The 
test relay 34 is first choice, however, and the 
other test relays all drop back before any of them 
can fully energize, as will be understood from 
the circuit changes produced by the energization 
of test relay 34. At contacts 347 and 367 relay 
34 locks itself to grounded conductor 346 inde 
pendent of the trunk test conductor 372, the con 
nection to which is broken at contact 366. At 
contact 360 the grounded conductor 346 is dis 
connected from conductor 349, and at contact 
362 the winding of relay 34, now connected to 
conductor 346 by way of contact 347, is discon 
nected from conductor 349. The opening of con 
tacts 360 and 362 prevents the complete energiza 
tion of test relay 342 and other test relays. 
At contact 363 test relay 34f closes a circuit 

for the trunk operating magnet 29, which extends 
from ground by way of contact 363, conductor 
377, and winding of magnet 29 to negative bat 
tery. Upon energizing, the magnet 29 raises the 
tens actuator and the units actuator 22, as 
determined by the operated position of selector 
bars 40 and 44. 
The tens actuator connects the ten sub 

scribers' lines in the first sub-group to the ten 
intermediate trunks at the No. trunk unit and 
the units actuator 22 connects the second in 
termediate trunk comprising conductors 380, 38 
and 382 to the outgoing trunk comprising con 
ductors 370, 37 and 372. The calling line of sub 
station A, line 2, is thus extended over the out 
going trunk line to the next switching stage. 
The trunk magnet 29 also prepares a locking 

circuit for itself at contact 378, and at contact 
383 opens the circuit of the trunk distributor 
relay 33. Relay 33 accordingly deenergizes. 
At the next Switching stage the line conductors 

370 and 37 of the outgoing trunk line terminate 
in a line relay, as previously explained, which 
energizes responsive to the connection of the 
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calling line to the trunk line. The associated 
release relay energizes also, disconnecting the 
test conductor 372 from negative battery and 
connecting it to ground. 
The connection of ground to the test conduc 

tor 372, as described in the foregoing, completes 
the locking circuit for the trunk magnet 29, said 
locking circuit including the resistance 379. This 
locking circuit is effective to maintain the mag 
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net 29 energized after the test relay 34 f has de 
energized. W 

The cut-off relay 306 is now energized over a 
circuit which extends from the grounded test 
conductor 372 by way of terminal 390, contact 
finger 39, test conductor 382 of the Second in 
termediate trunk, contact finger 392, test bar 8, 
test conductor 302, contact 32, and winding of 
cut-off relay 306 to negative battery. Relay 306 
disconnects the resistance 34 at back contact 
308 and at front contact 308 locks itself to the 
test conductor 302. 
The cut-off relay 306 also disconnects the line 

relay 307 at contacts 309 and 3 to and the line 
relay accordingly deemergizes, disconnecting 
ground from conductor 33. The latter operation 
opens the circuit of the solenoid 19, which de 
energizes, permitting the operated tens Selector 
bar and the associated set of contacts to restore. 
The circuit of the tens operating magnet 53 is 
thus opened at contact 323 and the magnet de 
energizes, opening the circuit of operating mag 
net 320 at the test unit. This magnet therefore 
deenergizes also, the actuator 35 is restored, and 
the test conductors of the lines of the first Sub 
group are disconnected from the units solenoids. 
The application of ground to the trunk test 

conductor 372 not only completes a circuit for 
the cut-off relay with the above described results 
but also short-circuits the units solenoid 262, 
which deenergizes before it is disconnected from 
test bar 8 by the release of the actuator 35. 
The deenergization of the units solenoid permits 
the operated units selector bar to restore, as well 
as the associated contact set. The circuit of the 
units operating magnet 57 is therefore broken at 
contact 334 and the magnet deenergizes, break 
ing the circuit of the start relay 350. Upon de 
energizing, the start relay breaks the circuit of 
the test relay 34 and this relay deenergizes also. 
The switching mechanism is now ready to han 
dle another call, since the contacts 328 and 339 
on the start relay have been closed. These COn 
tacts are included in the energizing circuits of 
the tens and units Solenoids and are not closed 
until after the solenoids 3 and 262 have deen 
ergized. 
In connection with the foregoing, it will be 

noted that if another line in the first sub-group, 
line ff, for example, has called before the line 
relay 397 has deenergized, the tens solenoid 9 
will be held operated, as well as magnets 53 and 
320. The units solenoid 262 deemergizes, how 
ever, when short-circuited by the grounding of 
test conductor 372, and upon the closure of Con 
tact 339 on the start relay another units Solenoid 
will be energized. If line is calling, as above 
assumed, solenoid 26 is the one which will be 
energized. 
The calling line of sub-station. A has now been 

extended by means of the No. trunk unit to 
the outgoing trunk 370-372 and a holding cir 
cuit has been established over the test conduc 
tor 372 of the trunk line for the trunk operating 
magnet 29 and the cut-off relay 306. The line 
conductors involved in the connection are shown 
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by heavy lines so that the complete circuit 
through the No. trunk unit will be apparent 
upon inspection. The completion of the connec 
tion to the calised line takes place in known man 
ner and need not be explained. When the call 
ing subscriber at sub-station A hangs up his re 
ceiver, the connection is released in known man 
ner and at the next switching stage ground is 
disconnected from the test conductor 372, being 
replaced by negative battery. The cut-Off re 
lay 306 and the trunk operating magnet 29 are 
accordingly deemergized with results which will 
be obvious so far as the cut-off relay is con 
cerned. The deenergization of the trunk mag 
net permits the tens and units actuators to re 
store, thus returning the No. trunk unit to 
normal. . 
When the next call is made it is extended Over 

trunk line 373-375 by the No. 2 trunk unit, it be 
ing assumed that this trunk line is idle and that 
the trunk distributor relay 332 is energized, as 
shown in the drawings. Trunk line 373-375 is 
employed even though the trunk line 370-372 
may now be idle, for the trunk distributor relay 
33 associated with the latter trunk line has been 
deenergized and its contact 369 is open. When 
the trunk operating magnet 322 of the No. 2 
trunk unit is energized, it causes the deemergiza 
tion of the trunk distributor relay 332, and in 
like manner the remaining trunk distributor re 
lays become deemergized as their associated trunk 
lines are taken into use. When the last trunk 
line is taken into use the last trunk distributor 
relay will be deemergized and a circuit will be 
completed in an obvious manner for relay 35. 
Upon energizing, relay 35 completes parallel 
energizing circuits for the trunk distributor re 
lays of all idle trunk lines. These relays accord 
ingly energize and lock up, as shown in the case 
of relays 33 and 332, and open the circuit of re 
lay 35, which deenergizes. The idle trunk lines 
associated with the energized trunk distributor 
relays are made available for use again by the 
closure of the contacts such as 369 and 36. 
The invention having been described, that 

which is believed to be new and for which the pro 
tection of letters patent is desired will be pointed 
Out in the appended claims. 
I clain: - 
1. In a cross-bar switching mechanism, a plu 

rality of trunk units, a test unit, a selection con 
trol unit, sets of line and test bars extending 
through said trunk and test units, a set of trunk 
terminals individual to each trunk unit, means 
including tens and units actuators in each trunk 
unit for connecting the associated trunk termi 
nals to any set of line. and test bars, ten selector 
bars common to said units for selecting tens ac 
tulators, units selector bars common to said units 
for selecting units actuators, tens and units magn 
nets in said control unit for selecting said selec 
tor bars, tens actuators in said test unit also se 
lectable by said tens selector bars for connecting 
groups of test bars to said units magnets, means 
for energizing a tens magnet to select a tens se 
lector bar, a magnet in said control unit Com 
mon to all tens selector bars for operating the 
selected tens bar, a magnet in said test unit com 
mon to all the tens actuators therein for operat 
ing the selected tens actuator in the test unit, 
means for energizing one of the units magnets 
connected by operation of the selected tens ac 
tuator in the test unit, whereby a units selector 
bar is selected, a common magnet in the selector 
control unit for Operating the Selected units se 

10 

5 

20 

25 

lector bar, a trunk magnet in each trunk unit, 
and means for energizing the trunk magnet in 
any trunk unit to operate the tens and units ac 
tuators selected by said tens and units selector 
bars. 

2. In a cross-bar switch, a group of longitudi 
nally movable selecting bars, a group of operat 
ing members associated with said selecting bars, 
respectively, means for coupling any selecting 
bar to the associated operating member, means 
comprising a pivoted armature for simultane 
ously actuating all said operating members and 
a magnet for operating said armature. 

3. In a cross-bar switch, a group of selecting 
bars, a common operating magnet for said bars, 
a pivoted armature for said magnet, an inde 
pendently pivoted operating device adapted to be 
actuated by said armature responsive to ener 
gization of said magnet, and selectively controlled 
means for coupling any said selecting bar to said 
Operating device. - 

4. A selection control unit for operating a row 
of selector bars in a cross-bar switching mecha 
nism, comprising a common operating magnet, 
an armature for said magnet and a pivoted mem 
ber adapted to be actuated thereby, a plurality of 
actuating elements carried by said pivoted mem 
ber and arranged in a row opposite said row of 

30 
Selector bars, and means for coupling any selec 
tor bar to the corresponding actuating element. 

5. A selection control unit for operating the 
tens and units selector bars of a cross-bar switch 
ing mechanism, comprising a group of tens actu 
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atting elements individual to the tens selector bars, 
respectively, means for coupling any tens selector 
bar to the corresponding actuating element, a 
group of units actuating elements individual to 
the units selector bars, respectively, means for 
coupling any units selector. bar to the corre 
Sponding actuating element, a tens operating 
magnet for simultaneously operating all said 
tens actuating elements, and a units operating 
magnet for simultaneously operating all said 
units actuating elements. 

6. In a cross-bar switching mechanism, a plu 
rality of truck units, tens and units selector bars 
common to said trunk units, a common operat 
ing magnet for the tens selecting bars, a common 
Operating magnet for the units selector bars, 
means for selecting a tens selector bar, means 
for energizing the common tens magnet for op 
erating the selected tens bar, means responsive 
to the energization of said magnet for selecting 
a units selector bar, and means for energizing 
the common units magnet to operate the selected 
units selector bar. 

7. In a cross-bar switching mechanism, a plu 
rality of trunk units each having tens and units 
actuators for completing connections, tens and 
units selecting bars common to said trunk units 
for Selecting said actuators for operation, means 
for selecting any tens and any units selecting 
bar, a tens magnet common to all tens selecting 
bars for operating the selected tens bar, a units 
magnet common to all units selecting bars for 
Operating the selected units bar, and a magnet in 
each trunk unit for operating the actuator se 
lected by the operation of the selected tens and 
units selecting bars. 

8. In a cross-bar switching mechanism, a plu 
rality of trunk units, trunks terminating in said 
trunk units, respectively, a plurality of lines com 
monto said trunk units, means in each trunk unit 
for selectively connecting the associated trunk 
line with any one of said lines, tens and units 



selecting bars common to said trunk units for 
controlling the selective operation of Said con 
necting means, a selection control unit, Common 
operating magnets in said control unit for said 
tens and units selecting bars, respectively, and 
means in said control unit for Selecting any tens 
selecting bar and any units selecting bar and for 
causing the same to be operated by the respective 
tens and unitS Operating magnetS. 

9. In a cross-bar switching mechanism, a plus 
rality of trunk units, trunk lines terminating in 
said trunk units, respectively, a group of inter 
mediate trunks in each trunk unit, means in each 
trunk unit for connecting the associated trunk 
line with any of the associated intermediate 
trunks, a plurality of selecting bars common to 
said trunk units for controlling Said connecting 
means, a selection control unit, means in Said 
control unit for selecting any one of said select 
ing bars, and an operating magnet in said con 
trol unit common to all said selecting bars for 
operating the selected selecting bar. 

10. In a cross-bar switching mechanism, a plu 
rality of trunk units, a group of lines common to 
said trunk units, each line comprising a set of 
bars extending through all said trunk units, said 
lines being divided into sub-groups, a group of 
intermediate trunks in each trunk unit, compris 
ing conductors arranged in intersecting rela 
tion with the sub-groups of lines, means in each 
trunk unit for connecting the associated inter 
mediate trunks, respectively, to the lines of any 
sub-group, a group of Selecting bars common to 
said trunk units for controlling said connecting 
means, a selection control unit, means in said con 
trol unit for selecting any one of Said selecting 
bars, and an operating magnet in said control 
unit common to all said selecting bars for oper 
lating the selected Selecting bar. 

11. In a cross-bar switching mechanism, a plu 
rality of trunk units, a test unit, a plurality of 
tens actuators in each trunk unit, a correspond 
ing plurality of tens actuators in said test unit, 
a plurality of tens selector bars common to said 
units, means responsive to the operation of any 
tens bar for selecting the corresponding tens ac 
tuator in each unit, a magnet in each unit for 
operating any selected tens actuator therein, and 
means operated in timed relation to the operation 
of any tens bar for energizing the said magnet 
in the test unit to operate the selected tens actu 
ator in the test unit. 

12. In a cross-bar switching mechanism, a plu 
rality of trunk units each having tens and units 
actuators for completing connections, a test unit 
common to said trunk units and having tens 
actuators, tens selecting bars common to Said 
trunk units and Said test unit, unitS Selecting 
bars common to Said trunk units, tens magnets 
individual to Said tens Selecting oars, respectively, 
a test unit operating magnet for the tens actu 
ators in said test unit, means for energizing any 
tens magnet to operate the associated Selecting 
bar, means responsive to the energization of any 
tens magnet, for energizing said test unit operat 
ing magnet to operate the tens actuator selected 
by the operated tens selecting bar, units magnets 
individual to said units selecting bars, respec 
tively, and means for energizing a units magnet 
over a circuit completed by the operated tens 
actuator in said test unit. 

13. In a bank unit for a CrOSS-bar Switch, a 
rectangular frame, a sheet of insulating mate 
rial supported on said frame, a plurality of metal 
lic strips each having a row of integrally formed 
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contact fingers, and means for supporting Said 
strips in parallel spaced relation. On One side 
of said sheet with corresponding contact fingers 
of said rows in alignment. 

14. In a bank unit for a cross-bar switch, a 
rectangular frame adapted to be mounted in an 
upright position, a sheet of insulating material 
supported on the sides of said frame in a vertical 
plane, a plurality of metallic strips disposed in 
spaced horizontal planes on One side of Said 
sheet, each strip being divided along one edge 
to form a plurality of contact fingers, and means 
for removably securing the undivided edges of 
said strips to said sheet. 

15. In a bank unit for a cross-bar Switch, a 
rectangular open frame, a sheet of insulating 
material extending across between the two sides 
of said frame and secured thereto, a plurality of 
multiple contact devices each comprising a base 
and a plurality of conductively connected contact 
fingers, said contact devices being positioned in 
parallel spaced relation with their respective 
bases resting against one side of said sheet, and 
two retaining devices Secured to the two sides 
of said frame, respectively, said retaining devices 
having resilient members for pressing the ends 
of the bases of said contact devices against said 
sheet. 

16. In a bank unit for a cross-bar Switch, a 
rectangular open frame, a sheet of insulating 
material Secured to the sides of said frame, a 
plurality of bars of insulating material resting 
against one side of said sheet in parallel spaced 
relation, each bar having a series of conductively 
connected contact fingers projecting at right 
angles to Said sheet, said sheet and bars having 
COOperating means whereby displacement of the 
bars on the side of said sheet is prevented, and 
neans Secured to the sides of the frame for hold 
ing said bars against the side of said sheet, 

17. A removable multiple contact device for 
the bank of a cross-bar switch, comprising a bar 
of molded insulating material, and a metallic 
strip having one edge embedded in said bar, the 
other edge of said strip being divided to form a 
plurality of spaced contact fingers. 

18. In a bank unit for a cross-bar switch, a 
removable multiple contact device comprising a 
flexible metallic strip, said strip having a plurality 
of integrally formed contact fingers along one 
edge thereof, a bar of insulating material in 
which the other edge of said strip is embedded, 
and a metallic member secured to one end of 
said bar and insulated from said strip, said mem 
ber including a terminal part extending beyond 
the end of the bar and a contact portion extend 
ing at right angles to the bar parallel to the 
end One of said contact fingers, 

19. In a bank unit for a cross-bar switch, a 
bar of insulating material, said bar having a 
metallic strip embedded in and projecting from 
one edge thereof, said strip having a plurality of 
integrally formed contact fingers, a narrow me 
tallic strip embedded in and projecting from the 
other edge of said bar, a sheet of insulating mate 
rial having a groove in which the projecting por 
tion of said narrow strip is received with the 
asSociated edge of said bar resting against the 
face of said sheet, and means for removably 
Securing Said bar to said sheet. 

20. In a bank unit for a cross-bar switch, a 
flat sheet of insulating material supported in a 
vertical plane, a multiple contact device con 
prising a flexible metallic strip having a row of 
integrally formed contact fingers disposed in a 
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horizontal plane, said device including a bar of 
insulating material secured to the edge of said 
strip opposite said contact fingers, means for 
locating said bar in a predetermined position. On 
the face of said sheet, and means for removably 
Securing said bar in said predetermined position. 

21. In a cross-bar switch, a sheet of insulating 
material having a plurality of rows of openings 
therein, a plurality of rows of metallic conductor 
bars passing through said openings in planes per 
pendicular to said sheet, a plurality of metallic 
strips crossing the bars of said rows, respectively, 
each strip having integrally formed contact fins 
gers extending parallel to the bars of the as 
sociated row, and means for removably securing 
said strips on One side of said sheet. 

22. In a cross-bar switch, a plurality of sheets 
of insulating material supported in parallel 
Spaced vertical planes, said sheets having hor 
izontal rows of openings therein, a plurality of 
rows of metallic conductor bars supported by said 
sheets, each bar passing through corresponding 
Openings in all of said sheets, a plurality of 
metallic strips at each of said sheets crossing the 
bars of said rows, respectively, each strip having 
contactfingers adapted to be individually moved 
into engagement with the bars of the associated 
row, respectively, and means for removably Se 
Curing Said strips to said sheets. 

23. In a cross-bar switch, a plurality of plates 
of insulating material supported in parallel 
Spaced vertical planes, said plates having hor 
izontal rows of openings therein, rows of ter 
minals inserted in the openings at the last of 
Said plates, and a plurality of rows of metallic 
Conductor bars Supported on said plates, each 
bar passing through corresponding openings in 
all said plates except the last and engaging a 
terminal On the last plate. , 

24. In a -cross-bar switch, a plurality of plates 
of insulating material supported in parallel 
Spaced vertical planes, a plurality of rows of ter 
minals supported in a plane parallel to the planes 
of Said plates and in alignment therewith, each 
terminal having means for gripping the end of 
a metallic conductor bar, and said plates having 
rOWS Of tapered Openings through which such 
Conductor bars may be passed to cause their ends 
to be gripped by said terminals, said plates being 
Operative to support said bars. 

25. In a cross-bar Switch, a base, a plurality of 
trunk units mounted vertically on said base, each 
trunk unit including a frame, a plurality of me 
tallic conductor bars extending serially through 
all Said trunk units, and means on each trunk 
unit frame for supporting said bars against 

- lateral displacement while permitting longitu 
dinal sliding movement thereof whereby said 
bars may be withdrawn to permit the removal 
of one of Said trunk units from said base. 

26. In a cross-bar switch, a base, a plurality 
of trunk units supported side by side on said 
base, each trunk unit comprising a frame and 
trunk connecting means supported thereon, a 
plurality of metallic conductor bars extending 
Serially through all said trunk units, supporting 
means for said bars on said frames adapted to 
permit endwise sliding movement of said bars, 
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27. In a cross-bar switching mechanism, a 

base, a plurality of trunk units supported side 
by side on said base, each unit being individually 
removable from the base, metallic line bars ex 
tending serially through all said trunk units, 
said bars constituting terminals of lines, trunks 
terminating in said trunk units, respectively, 
means in each trunk unit for connecting its 
associated trunk with any said line, tens, and 
units selecting bars common to said trunk units 
for controlling said connecting means, said ser 
lecting bars extending lengthwise of said switch 
iing nechanism parallel to said line bars, and 
supporting means for said line bars and selecting 
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bars adapted to permit endwise withdrawal of 
Said bars at one end of said switching mecha 
nism to permit removal of one of said trunk 
unitS. 

28. In a cross-bar switching mechanism, a 
plurality of trunk units supported side by side 
on a base, tens and units selecting bars common 
to said trunk units and extending lengthwise of 
Said Switching mechanism, supporting means at 
Said trunk units for said bars permitting lon 
gitudinal movement thereof, and trunk connect 
ing means at each trunk unit selectively con 
trolled responsive to longitudinal movement of 
Said bars in one direction and adapted to permit 
unlimited longitudinal movement of said bars 
in the other direction, whereby said bars may 
be withdrawn from the switching mecnanism 
Without disturbing said connecting means. 

29. In a cross-bar switching mechanism, a 
plurality of trunk units, each having a plurality 
of contact actuators and a power device for op 
erating the same, selecting bars common to said 
trunk units and supported for longitudinal 
movement thereon, clutches for coupling said 
actuators to said power device, said clutches be 
ing responsive to movement of said selecting 
bars in one direction while permitting free 
movement thereof in the other direction, operat 
ing means for applying a tractive force to any 
Said bar to move the same in the proper direc 
tion to operate the associated clutches, and de 
tachable couplings connecting said bars and said 
operating means, whereby the said bars may be 
uncoupled and withdrawn from the switching 
mechanism by movement in the direction oppo 
Site to that required for operation of said 
clutches. 

30. In a cross-bar switching mechanism, a 
plurality of trunk units supported side by side 
On a base, each trunk unit including a frame, a 
Selector bar guide mounted on each frame, each 
guide having a row of openings therein and the 
Openings in each guide being in alignment with 
the openings in the other guides, and selector 
bars extending lengthwise of said switching 
mechanism through the openings in said guides. 

31. In a cross-bar switch, an actuator rod, a 
plurality of contact actuators spaced apart along 
Said rod, a guide for preventing rotation of said 
contact actautors on said rod, a spring included 
in each contact actuator having a coil surround 
ing said rod, selector bars for causing the spring 
of any selected actuator to grip the said rod, and 

whereby the said bars may be readily withdrawn . 
by movement in one direction and inserted by 
movement in the opposite direction, and a termi 
nal unit supported on said base adjacent the 
last trunk unit and carrying terminals which 
are engaged by the said bars, respectively, when 
the same are fully inserted in the switch. 
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means to move said rod longitudinally to move 
the selected contact actuator. 

32. In an automatic switch of the cross-bar 
type, a plurality of sets of contacts arranged in 
Vertical Superimposed alignment, a slotted guide 
extending parallel to said sets of contacts, a plu 
rality of contact factuators positioned in the 
slots in Said guide and having means for actuat 
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ing said sets of contacts, a rod extending 
through all said actuators on the opposite side of 
said guide from said contact sets, a coil spring in 
each actuator surrounding said rod, means in 
cluding selector bars for causing the coil spring 
in any selected actuator to grip said rod, and 
means for moving said rod longitudinally to 
move the selected actuator in its slot in said 
guide to actuate the associated set of contacts. 

33. In a cross-bar switch, a plurality of con 
tact actuators each having a clutch housing, a 
plurality of rods slidable in said housings, respec 
tively, a spring in each housing having coils sur 
rounding the associated rod, selecting means for 
tightening the coils of any spring whereby any 
selected actuator may be coupled to the rod 
associated therewith, and means for simultane 
ously moving Said rods to operate the selected 
actuator. ' 

34. In a cross-bar switch, a contact actuator, 
an operating rod slidable relative to Said actu 
ator, a Spring for coupling said actuator to said 
rod having coils surrounding said rod, selective 
means in said switch for tightening said coils to 
cause said spring to grip said rod, means for 
moving said rod to Operate Said actuator, and a 
fixed can adapted to cooperate with Said Spring 
while said actuator is in operated position to 
prevent loosening of said coils if said selecting 
means is released. 

35. In an automatic switch, a row of contact 
actuators, a movable member common to said 
actuators, a spring clutch individual to each 
actuator, whereby the same may be coupled to 
said member, and means for selectively operating 
Said clutches. 

36. In an automatic switch, a plurality of con 
tact actuators arranged in a row, a movable 
member common to said actuators, a spring 
clutch individual to each actuator, whereby the 
same may be coupled to said member, means for 
operating one of said clutches, means for moving 
said member to move the actuator associated 
with the operated clutch, and means for main 
taining said last mentioned clutch in operated 
position after the said clutch operating means is 
released. 

37. In an automatic switch, a contact actuator, 
a longitudinally movable rod associated there 
with, means for coupling said actuator to said rod 
comprising a spring having coils surrounding 
said rod, a selecting bar for tightening said coils 
to cause the spring to grip said rod, means for 
moving said rod to thereby move said actuator, 
and means for causing said coils to maintain their 
grip on said rod after the selecting bar is released. 

38. In combination, a contact actuator includ 
ing a clutch housing, a rod slidable in said hous 
ing, a spring in said housing having coils sur 
rounding said rod, said spring having one end 
anchored on the housing and the other end pro 
jecting therefrom, means for moving the said 
projecting end to tighten said coils on Said rod, 
and means for preventing rotation of Said clutch 
housing responsive to the movement of the said 
projecting end. 

39. In combination, a contact actuator includ 
ing a clutch housing, a rod slidable in said hous 
ing, a guide for preventing rotation of said 
actuator on said rod, a spring in Said housing 
having coils surrounding said rod, said Spring. 
having one end anchored on the housing and the 
other end projecting therefrom, and means for 
moving the said projecting end to cause said coils 
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to grip said rod, whereby subsequent movement of 
said rod will operate said actuator. . 

40. In combination, a longitudinally movable 
rod, a plurality of devices adapted to be selec 
tively operated responsive to movement of said 
rod, a spring associated with each device for 
coupling the same to said rod, each spring having 
coils surrounding said rod, selecting means for 
tightening the coils of the spring associated with 
a selected device to cause the said coils to grip 
said rod, means for moving said rod to operate 
the selected device, and a fixed cam associated 
with each device arranged to COOperate with the 
spring thereof to prevent operation of the device 
responsive to movement of said rod in case the 
device has not been selected and to maintain the 
associated spring in gripping relation to said rod 
independent of said selecting means in case the 
device has been selected and Operated. 

41. In a cross-bar switch, a longitudinally 
movable selecting bar, operating means for said 
bar, a magnetic clutch for coupling said bar to 
said operating means, said clutch including a 
solenoid and a movable core, and means for de 
tachably securing said bar to said core. 

42. In a cross-bar switch, a group of longitudi 
nally movable selecting bars, a common Cperating. 
magnet having a pivoted armature yoke, and a 
plurality of magnetic clutches for coupling said 
selecting bars, respectively, to said yoke, each 
clutch comprising a Solenoid, a core removably 
attached to one of said selecting bars, and a sec 
ond core removably attached to said yoke. 

43. In a Cross-bar Switch, a purality of Sole 
noids arranged in a vertical row, a pivoted arma 
ture yoke spanning said row and having a slot 
opposite each solenoid, rods Supported in Said 
slots, respectively, and adapted for longitudinal 
movement by said yoke, and cores for said sole 
noids attached to said rods. 

44. In a cross-bar Switch, a pivoted armature 
yoke, said yoke having a row of open slots along 
the edge opposite the pivots, a row of selecting 
bar operating rods supported in said slots, a pair 
of washers on each rod, the washers of each 
pair being on opposite sides of said yoke, and 
means including a spring on each rod pressing 
the washers of the associated pair, toward each 
other, the slotted edge of said yoke being tapered 
to facilitate insertion of the yoke between said 
washers when the yoke is being replaced after 
removal for repairs or other purpose. 

45. In a cross-bar Switch, a movable selecting 
bar operating member, a selecting bar operating 
rod associated with said member and having two 
positions relative to said member, said rod being 
operable by said member when in the second 
position, a spring normally holding said rod in 
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the first position, a pair of contact springs of 
which the working contact Spring is normally 
held in operated condition against its own ten 
sion by said rod, and means for Supporting said 
contact Springs on said operating member. 

46. In a trunk unit for a cross-bar Switch, a 
frame, a plurality of intermediate trunk elements 
removably supported on said frame, each trunk 
element including a metallic strip having in 
tegrally formed contact fingers projecting hori 
zontally on one side of the frame, the correspond 
ing contact fingers on said trunk elements being 
aligned in vertical rows, a vertical actuating 
member located at the side of each of said rows 
of contactfingers, and means for Supporting Said 
actuating members on said frame adapted to 
permit movement of said members away from the 
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frame far enough to clear the ends of said con 
tact fingers, whereby said intermediate trunk 
elements may be withdrawn from the frame 
through the space between the frame and said 
actuating members. 

47. In a cross-bar switching mechanism, a base, 
a plurality of trunk units supported side by side 
on said base, sets of metallic line bars extending 
serially through said trunk units, a set of trunk 
terminals in each trunk unit, means in each 
trunk unit for connecting its set of trunk termi 
nails to any set of line bars, tens and units select 
ing bars common to said trunk units for control 
ling said connecting means, said selecting bars 
extending lengthwise of the switching mechanism 
parallel to said line bars, a control unit at one 
end of said base, and means in said control unit 
for selectively operating all said selecting bars. 

48. A cross-bar switching mechanism adapted 
to establish a plurality of simultaneous connec 
tions between trunk lines and other lines, com 
prising a base, a plurality of trunk units, each 
having an individual frame removably supported 
on said base, each trunk unit including trunk 
and line connecting means supported on the 
trunk frame, line bars common to Said trunk 
units, selecting bars common to said trunk units 
for controlling said connecting means, the said 
line bars and selecting bars being readily remov 
able to permit removal of any trunk unit from 
said base, and a selection control unit supported 
on said base and provided with all the apparatus 
for operating said selecting bars, whereby after 
a trunk unit has been removed and the line bars 
and selecting bars have been replaced the re 
maining trunk units are operative to establish 
connections as before. 

49. In a switching device for use in a signalling 
system, a switching unit comprising a plurality of 
vertically extending vertically longitudinally in 
dividually movable operating members disposed 
side by side and each adapted to actuate a plural 
ity of vertically aligned contacts, an actuating 
member for each of said operating members, a 
selectively operable clutch for operatively con 
necting each actuating member with its associ 
ated operating member, and a magnet having an 
armature which is adapted upon energization of 
said magnet to displace all such actuating mem 
bers so as to move the operating member which 
may have been operatively connected thereto by 
its associated clutch for the purpose of actuating 
all the vertically aligned contacts which are asso 
ciated with Such operating member. 

50. The unitary structure of a Switching device 
for use in a signalling System comprising a verti 
cally positioned rectangular frame, supporting 
means in said frame for individually removably 
mounting thereon a plurality of vertically super 
posed transversely extending rows of contact fin 
gers forming a series of vertically aligned sets of 
movable contacts which are disposed in transverse 
direction side by side and in parallel with each 
other and project from the plane of said support 
ing means and said frame horizontally substan 
tially at right angles thereto, a vertically disposed 
vertically longitudinally individually movable op 
erating member for each series of sets of vertically 
aligned contacts having means effective upon lon 
gitudinal displacement thereof for moving all 
contacts in all of the sets of contacts associated 
therewith, an actuating member for each of said 
operating members, a selectively operable clutch 
for Operatively connecting each actuating mem 
ber with its associated operating member, and a 
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magnet having an armature which is adapted 
upon energization of said magnet to displace all 
such actuating members so as to move the operat 
ing member which may be operatively connected 
by its clutch with its associated actuating mem 
ber, 

51. The structure defined in claim 50, together 
with separate mounting means for said magnet 
and said armature, and means for removably 
attaching said mounting means on said frame to 
form a unitary structure therewith. r 

52. The structure defined in claim 50, together 
with a device for separately mounting said mag 
net and said armature on said frame, said mount 
ing means being SO constructed and arranged as 
to permit displacement of said armature and said 
actuating members engaged thereby, in a direc 
tion sideways of Said frame, for the purpose of 
moving all of said operating members associated 
with said actuating members sideways out of their 
positions relative to said contact fingers when it 
is desired to gain access to any row of such con 
tact fingers. i. 

53. The structure defined in claim 50, wherein 
each of the transversely extending rows of con 
tact fingers is conductively interconnected and 
wherein one such contactfinger at the end of each 
roW constitutes a movable terminal contact there 
for which is disposed edgewise of said frame, and 
actuating means for Selectively operating said 
terminal contacts in predetermined groups, each 
group consisting of a plurality of such contacts 
corresponding to a like plurality of transverse 
rows of contact fingers associated therewith, said 
actuating means comprising a plurality of verti 
cally superposed actuators extending edgewise of 
said frame, a vertically extending operating men 
ber for all of said actuators, a selectively operable 
clutch for Operatively connecting any one of said 
actuators with said operating member, and 
means for coupling said operating member with 
Said arnature, said last named means being 
adapted to move said operating member respon 
Sive to energization of said magnet for the pur 
pose of moving the actuator which may have been 
operatively connected therewith by its clutch so 
as to displace the terminal contacts of the group 
asSociated with such actuator. . 

54. The structure defined in claim 50, wherein 
each of the transversely extending rows of con 
tact fingers is conductively interconnected and 
wherein one such contactfinger at the end of each 
row constitutes a movable terminal contact there 
for which is disposed edgewise of said frame, 
together with actuating means for selectively op 
erating said terminal contacts in predetermined 
groups, each group consisting of a plurality of 
such contacts corresponding to a like plurality of 
transverse rows of contact fingers associated 
therewith, said actuating means comprising a 
plurality of vertically superposed actuators ex 
tending edgewise of said frame, a vertically ex 
tending Operating member for all of said actua 
tors, a selectively operable clutch for operatively 
Connecting any One of said actuators with said 
operating member, means for coupling said oper 
ating member with said armature, said last 
named means being adapted to move said operat 
ing member responsive to energization of said 
magnet for the purpose of moving the actuator 
which may have been operatively connected 
therewith by its clutch so as to displace the ter 
minal contacts of the group associated with such 
actuator, and stationary terminal means con 



tacted by said movable terminal contacts upon 
displacement thereof by such actuator, 

55. Switching apparatus for use in a signalling 
System comprising a plurality of unitary switch 
ing devices as defined in claim 50, arranged side 
by side, together with a control unit arranged in 
series relationship with said devices and provided 
with means for Selectively operating the clutches 
of all of Said Switching devices. 

56. Switching apparatus for use in a signalling 
System comprising a plurality of unitary switch 
ing devices as defined in claim 50, arranged side 
by side, together with a control unit arranged 
in series relationship with said devices and pro 
vided with means for selectively operating the 
clutches of all of said Switching devices, and con 
tact bars extending through all said switching 
devices, said bars being removably arranged in 
vertically superposed transverse rows in align 
ment With the transverse rows of contact fingers 
in such Switching devices for engagement there 
with responsive to displacement of said contact 
fingers by their associated operating members. 

57. Switching apparatus for use in a signalling 
system comprising a plurality of unitary switch 
ing devices as defined in claim 50, arranged side 
by side, together with a control unit arranged in 
series relationship with said devices and provided 
With means for selectively operating the clutches 
of all of said switching devices, a vertically dis 
posed terminal plate in said control unit, a plu 
rality of vertically Superposed transverse rows of 
terminal prongs in said terminal plate, and con 
tact bars removably engaged by said prongs and 
extending through all said switching devices, said 
bars being arranged in vertically superposed 
transverse rows in alignment with the trans 
verse roWS of contact fingers in Said Switch 
ing devices for engagement therewith responsive 
to displacement of said contact fingers by their 
associated operating members, S. 

58. In a switching device for use in a signalling 
System, a switching unit comprising a plurality 
of vertically superposed actuators each adapted 
to actuate a plurality of contacts forming a group 
in a row of vertically aligned contacts, an oper 
ating shaft common to said actuators, a Selec 
tively operable clutch for operatively connecting 
each actuator with said shaft, and a magnet 
having an armature which is adapted to move 
Said operating shaft upon energization of Said 
magnet so as to displace the actuator which may 
have been operatively connected thereto by its 
asSociated clutch for the purpose of actuating 
the group of contacts associated with Such actua 
tor. 

59. In a switching device for use in a signalling 
system, a Switching unit comprising a plurality 
of vertically extending vertically longitudinally 
individually movable operating members disposed 
side by side and each adapted to actuate all con 
tacts in a vertical row of sets of contacts associ 
ated thereWith, an actuating member for each 
of said operating members, a selectively operable 
clutch for operatively connecting each actuating 
member with its associated operating member, 
a plurality of vertically superposed actuators each 
adapted to actuate a plurality of contacts form 
ing the terminal contacts of a corresponding Set 
in said vertical row of sets of contacts, an oper 
ating shaft common to Said actuators, a Selec 
tively operable clutch for operatively connecting 
each actuator with said shaft, and a magnet 
having an armature Which is adapted upon en 
ergization of Said magnet to displace all of Said 
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actuating members and said operating shaft So 
as to move the operating member which may 
have been operatively connected by its associ 
ated clutch with one of said actuating members 
and to move simultaneously the actuator which 
may have been operatively connected by its asso 
ciated clutch with Said operating shaft. 

60. In a switching System of the coordinate 
or crossbar type, a plurality of individual Switch 
ing units arranged side by side, a plurality of 
vertically superposed rows of bare conductors 
extending through said Switching units, a control 
unit disposed at the end of Said Switching units, 
a terminal plate in said control unit, and verti 
cally superposed rows of terminal prongs for re 
movably engaging the ends of Said bare conduc 
tors. 

61. Switching apparatus of the Crossbar or co 
ordinate type comprising a plurality of individual 
trunk units arranged side by side, each trunk 
unit having a trunk line terminating therein, a 
control unit disposed in serial relation with said 
trunk units, a plurality of line conductors ex 
tending through all of said trunk units in a plu 
rality of Superposed rows each conductor termi 
nating in said control unit, movable trunk con 
tacts in each of Said trunk units for engagement 
With said line conductors, tens actuators in each 
of said trunk units for connecting said mov 
able contacts therein with said line conductors, 
units actuators in each trunk unit for linking 
the conductors of a selected line with the trunk 
line of the corresponding trunk unit, Operating 
means in each of Said trunk units for actuating 
individual tens and units actuators aSSociated 
therewith, coupling means for operatively inter 
connecting the individual tens and units actua 
tors in each trunk unit with the operating means 
therefor, selecting members for actuating said 
coupling means in all of Said trunk units, and 
actuating means in Said Control unit for operat 
ing said selecting members. 

62. The structure defined in claim 61, together 
with selectively operable coupling means coact 
ing with the actuating means in said control unit 
for coupling individual Selecting members there 
With. 

63. The structure defined in claim 61, where 
in the coupling means for operatively intercon 
necting individual tens and units actuators with 
their operating means comprises a movable 
member adapted to be operated by said operat 
ing means, and spring controlled clutch means 
arranged for coaction with certain of said select 
ing members for operatively connecting any se 
lected actuator with said movable member. 

64. The structure defined in claim 61, together 
With Selectively operable coupling means coact 
ing with the actuating means in said control unit 
for coupling individual selecting members there 
with, said coupling means comprising a solenoid 
for each selecting member, a core for said sole 
noid, an Operating magnet adapted to move an 
armature upon energization thereof, and means 
actuated by Said armature to move Said core so 
as to displace the aSSociated selecting member. 

65. The structure defined in claim 61, together 
With selectively operable coupling means coact 
ing with the actuating means in said control unit 
for coupling individual selecting members there 
with, the coupling means for the individual tens 
and units actuators in each trunk unit compris 
ing a movable member adapted to be operated 
by said operating means, spring controlled clutch 
means arranged for coaction with certain of Said 

  



selecting members for operatively connecting 
any selected actuator with said movable mem 
ber, the coupling means coacting with said actu 
ating means in said control unit comprising a 
solenoid for each selecting member, a core for 
said solenoid, an operating magnet adapted to 
move an armature upon energization thereof, and 
means operated by said armature to move said 
core for the purpose of displacing the associated 
Selecting member so as to actuate the coupling 
means of the actuators in said trunk units which 
are associated therewith. 

66. The structure defined in claim 61, together 
with selectively operable coupling means for co 
action with said actuating means in said control 
unit for coupling individual selecting members 
therewith, mechanical clutch means Operable by 
said selecting members constituting the coupling 
means for the actuators in each individual trunk 
unit, and magnetically operable clutch means 

- constituting the coupling means for the selecting 
members in Said control unit. 

67. The structure defined in claim 61, together 
With a member in each of said trunk units for 
holding Said line conductors against lateral dis 
placement therein without interfering with dis 
placement of each conductor in longitudinal di 
rection thereof, and a terminal plate in said con 
trol unit carrying a prong for removably receiv 
ing the end of each line conductor. 

68. In a bank unit for a crossbar switch, a 
rectangular open frame, a sheet of insulating ma 
terial extending across between the two sides of 
said frame, a plurality of multiple contact devices 
each comprising a base and a plurality of con 
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ductively connected contact fingers, said contact 
devices being positioned in parallel spaced rela 
tion with their respective bases resting against 
one side of said sheet, and retaining devices se 
cured to the two sides of said frame, respective 
ly, for holding the bases of said contact devices 
in engagement with Said sheet. 

69. In an automatic Switch of the crossbar 
type, a plurality of sets of contacts arranged in 
vertical Superimposed alignment, a guide extend 
ing parallel to said sets of contacts, a plurality of 
contact actuators arranged for coaction with 
said guide and having means for actuating said 
sets of contacts, a rod extending through all said 
actuators, a Spring in each actuator associated 
with Said rod, means for causing the spring in 
any Selected actuator to grip said rod, and means 
for moving said rod longitudinally to move the 
selected actuator relative to said guide to actus 
ate the associated set of contacts. . 

70. In an automatic Switch of the crossbar 
type, a plurality of groups of vertically extend 
ing contacts, a vertically movable contact actu 
ator for each of said contact groups which is 
adapted upon vertical displacement thereof to 
operate all contacts in the aSSociated group, a 
movable rod associated with each of said actu 
ators, a spring associated with each of Said rods, 
means for causing the spring of any Selected ac 
tuator to grip its associated rod, and means for 
simultaneously moving all said rods to move the 
selected actuator so as to operate the contacts of 
its associated contact group. JAMES M. BLACKHALL. 


