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To all whow it niay concern:

Be it known that I, THEO. N. V1L, of Bos-
ton, in the county of Suffolk and State of Mas-
sachusetts, have invented certain Improve-
ments in Electric Switch-Boards, of which the
following is a specification.

My invention consists in certain improve-
ments in the construction of electrical switch-
boards of the class wherein the intermediate
conductors, whereby any two line-circuits may
be connected together, consist of plates or
strips of metal insulated from one another by
alternating sheets of any suitable non conduct-
ing substance, while the several liné-cireuits
entering theswitch-board each ordinarily ter-
minate at and are represented by much smaller
plates—one for each circuit—theselatter being
secured to the surface of the uppermost or
front non-conducting plate, thus surmounting
the whole. The connections in switch-boards
of this class are made by the insertion of plugs
made in pairs of different lengths; each sepa-
rate pair of plugs being of the precise length
required to make contact with one of the con-
neetion-plates only; or, in the event of a pair
of econnection-plates being used when two lines
are united, one of the plugsis adapted to make
contact with one of the pair, the other simi-
larly making contact with the remaining plate.
All of the pings, when inserted, are, however,
adapted to make eontact with the surmount-
ing or line plate. .

i have, prior to my present invention, ob-
tained Letters Patent of the United States No.
255,056, and bearing date March 14, 1882, de-
scribing such a board, and constituting an im-
provement upon the patent of Francis Blake,
No. 249,574, November 16, 1881, by which the
switch-board of said Francis Blake is adapted
for use in exchanges of 2 much more extensive
character than was originally the case.

The improvement described in my former
patent consisted in the use of very thin - eon-

necting and insulating plates made operative -

by causing a portion only of each plate to pro-
ject into the plug-hole, the plug being pro-
vided also with a corresponding projection ar-
ranged to meet the same and make contact
therewith. By such an arrangement I have
beenenabled to multiply the conneeting-plates
-greatly without impairing the efficieney of the
apparatus. : '

Reference may be made to my former pat-
ent hereinbefore cited, as my present inven-
tion is an improvement thereon.

In my present invention I dispense with the
connection-plates of the former patent and
substitute therefor conducting strips, bars, or
wires, the several strips or wires of one layer
being all connected together at the side of the
switeh-board, or in other convenient place and
way, so that they constitute for electrical pur-
poses a practical equivalent of a complete
plate. The object of this improvement and
modification is to provide a more economical
construction by using a much smaller amount

“of metal; to facilitate construction by using

light strips or wires; to make a more efficient
apparatus by causing the edge of each con-
necting-strip to cross over the edge of the se-
ries of holes in its plane, thus forming a chord
to one of the ares produced by the circumfer-
ence of said hole.

In pursuance of the foregoing objects myin-
vention, concisely stated, consists in a switch-

-ing apparatus composed of a series of sheeis

of non-conducting material superposed one
upon another, the mass being perforated with
as many holes as there are subscribers’ lines.
Interleaved with the said insulating-sheets are
alternating series of conducting strips, bars,
or wires, the consecutive layers being trans-
versely disposed with reference to the layer
immediately adjacent upon either side. The
several strips are so fixed that each one ex-
tends across an arc of the holes it crosses, thus
forming achord to the said are. Hach hole, in
virtue of the numerous ehords it thus contains,
is practically square. The several connect-
ing-plugs are made in pairs to reach through
.the mass and to connect theline-plate with any
desired one or two of the connection-strips;
and, finally, all of the connection-strips upon
the same horizontal plane are connected to-

.gether, so as to constitute an individnal elec-

trical conductor separate from all others and
complete in itself. The several connecting-

conductors thus formed may, by suitable wires
or other continuations, be brought to the sur-
face of the board and combined with manipu-
lating devices, such as the central-station tele-
phones and signaling apparatus.

In the drawings which illustrate my inven-
tion and form a part of this specification, Fig-
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ure 1 represents a plan view of the top of the
improved switch - board, showing the line-
plates of varied character, as may be required
in different systems. Fig. 2 is a view of the
bottom of the switch-board. Figs. 8 and 4
are horizontal sections, showing the construc-
tion.. Fig. b is a vertical section taken across
two of the plug-holes, and showing the said
plugs inserted. Figs. 6 and 9 are forms of
connecting-plugs adapted for use in conjune-
tion with my switch-%oard, and Fig. 10 is a
cross-section of the latter form. Fig. 7 shows
the upper end of an inserted plug, represent-

.ing the contact-making and locking device.
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Fig. 8 shows a detail section of a plug-hole
fitted with the form of plug shown in Fig. 9.
Fig. 11 shows the methods I adopt to connect
the line-wires with their respective plates.
Tig. 12 is another detail hole-section, showing
the insertion of still a third form of plug.
Tig. 13 is still another plug-socket section, and
Tig. 14 shows the form of plug adapted for
insertion therein.

It is to be understood that the greater or
less size of the apparatus does not enter into
my invention, and I have purposely magni-
fied some of the viewsin the drawings in order
to facilitate explanation. I provide as many
insulating-plates C as may be necessary for
the proposed capacity of the switch-board, and
perforate them, as shown, with holes equal in
number to the number of circuits which the
board is intended to serve.

In the drawings, B represents the lowest
non - conducting plate, on which the compo-
nent parts of the switeh-board are, as it were,
built up. TUpon it a number of thin metallic
strips, bars, or wires, C, are laid, as indicated
in dotted lines in Fig. 3, and are so placed as
to lap slightly over the edge of each hole in
the row which it crosses. Thus the right-hand
strip C crosses the board, slightly overlapping
the left-hand edge of the holes 4, 8, 12, and 16,
constituting at each hole a chord of the arc
thus formed. The other strips of the same
layer similarly éverlap a small portion of the
other holes, and when all of the strips of the
layer are in place they are metallically united
by a wire or foil connector, D, and the lead-
ing-out wire  is attached to the united series,
which thus forms an electrical equivalent to
the complete sheet or plate described in my
former patent. Over the metal strips so ar-
ranged I now lay a second non-conducting
plate, M, the holes of which correspond ex-
actly and in every way to the holes of the
base-plate B, and upon the plate M a second
geries of conducting crossing strips, C', are
laid, each of which, as in the former series, is
made to overlap the edge of an arc of the hole
through the plates, as shown in full lines in
Fig. 3. This second layer or series, ¢V, I pre-
fer to arrange at right angles to those imme-
diately below, so as to present a point for con-
tact with the connecting-plug separated from
the gtrip below, not only by the thickness of
the intermediate plate, but also by a quarter

of a turn round the circle of the plug-hole.
The strips C’ are, in like manner to the pre-
ceding, united by the wire D, and from them
a wire, n, is led out. A third non-conducting
plate, M, is now laid upon the strips C, and
is in turn provided with the conducting-strips
(?, crossing the holes at right angles to the
strips €/, but parallel to and divided by two
insulating thicknesses from the first set of con-
ductors, C. The several strips C* are, as be-
fore, united together and to the wire n, which
leads out. A fourth non-conducting sheet is
now laid on the pile, and over it the metal
strips C?, which are shown in dotted lines in
Fig. 4, and the method of construction is car-
ried on until the required number of alternat-
ing non-conducting plates and conduecting
strips or wires are incorporated. It is evi-
dent" that either wires or flat metal strips
will serve this purpose, as in either case the
object is to provide a metal surface or line
which shall eut across the edge of the hole and
slightly overhang the same. In some cases,
where the contact with the conducting-point
of the plug is made by impingement, I prefer
the strips or bars; but in other cases, where
contact is made by the hooking of the project-
ing point of the plug under the crossing con-
ductor; the wites may profitably be adopted.
In any case, whether strips or wires are used,
the part  in each hole where the strip or wire
chords the are is the point of contact with the
connecting-plug. After the required number
of layers are set up, the whole, asin my prior
patent, is covered by a non-conducting plate,
T, and this over each hole is surmounted by a
line-plate,7, which,by wires W, passing through
the mass and connecting with the binding-
serews z, is united to the line. Tookingdown
through the perforated line-plates into each
hole , the edges of the several connecting-
strips may be seen, assuming,as they cross the
ares of the hole at right angles to one another,
the form of a square. The entire mass of the
switch-board, when built up, may beheld firmly
together by a series of bolts, which pass
through fromtop to bottom at the four corners,
and between as many of the plug-sockets as
may be found necessary. Inswitch-boards of
this elass it is frequently necessary, for con-
venient manipulation of the board, to splif the
line-plate 7 into two, three, or four segments,
and T have instanced this consiruction in Fig.

| 1,where the first four line-plates, !, are in one

piece, the second four, 7', are split in half, the
third four into three pieces,and the remainder
into four pieces. The connecting-wires from
each segment are 1aid down through the sub-

‘stance of the board, (holes being previously

drilled for their reception,) and united with
the binding-screws w, ', w*, and «’ at the base
of the board.

There are several forms of plug adapted for
use with my board, and in Figs. 5, 6, 7, 8, 9,
10, and 13 T show some of these.. The plug

shown in Figs. 5, 6, and 7 has a spring-con-
nection at both extremities, the upper one

70

8o

85

90

93

100

105

115

120 -

125

130




I0

i5

20

25

40

sO

6o

65

296,253 3.

serving the double purpose of holding the plug
in place, and of making contact with theline.
plate. The plug P is square in form, and has
acurved contact-spring, s, adapted, npon in-
sertion, to make contact, as shown in Fig. 5,
in the hole A, with the overhanging part of
one of the crossing strips C whieh it reaches,
and with no other. The spring s is of course
prevented from contacting with strips below,
since it is not sufficiently long so to do, while
it eannot makean undesired contact above the
required strip on account of the recess 7, in
which it is embedded at all points, except the
point of contact. From the shoulder down,
the plug P is formed of non-condueting mate-
rial, and may thus be permitted to strike
against the different conducting crossing wires
which it passes in its progress to its seat in
the hole A, and when the plug is in place the
edges of the said wires or strips aid in sup-
porting it. Immediately below the line-plate
! is a recess, I, between the said line-plate and
the highest connecting-strip, the highest non-
conducting plate, T, being cut away to make
such recess, and the small contact and lock-
ing spring ¢ is adapted, as clearly shown in
Fig. 7, to fit therein and to make contact with

the line-plate. The handle of the plug I also.

prefer to form of metal,and its under surface,
resting upon the upper surface of the line-
plate, also aids in maintaining a good electri-
cal connection. The vertical section in Fig. 5
shows the general arrangement of the parts.
Figs. 8, 9, and 10 show another form of con-
necting-plug. The handle H of this plug Pis
preferably of metal,and has a hole, %/, extend-
ing into its substance. By meansof this hole
the plug is adapted to be attached to the end
of a conducting-cord, -as in Fig. 1. In this
way the plug which is to be next used may al-
ways be fitted to the telephone-cord,and when
the plugisinserted the cord may be withdrawn
from it and attached to the next plug. The
mainbody p of the plug is non-conducting, but
a projecting stud, £, and also a proj ecting cam,
¢, are conducting, and are electrically united
by a wire which may run through the sab-
stance of the plug or be let into its surface.
The metal handle is also in electrical contact
with the stud f and cam e, the former being
adapted to make contact with the line-plate,
and the latter with the connecting-strip C*,
To insert properly the plug shown in Fig. 6it
is only necessary to drop the plag squarely
into the hole. 1t will, with a slight pressure,
assume its proper seat at once. The plug last
described is round, and must, on the contrary,
be slid in and then slightly turned,so that the
cam e may bring its thickest part to bear firmly
upon the under side of the crossing wire Ct
" Fig. 12 shows still another form. In this
modification the main body p of the plug will
always be of the same length irrespeective of
the point at which the lower contaeting pro-
jection or cam, ¢, is placed.
In Figs.18and 14, I'show still another modi-
fication of plng-socket and plug. In thisform

the line-plate [ has a recess in its internal
edge, and is preferably formed of two metal
quadrants, I* and ’, placed one over the other,
and insulated from one another by an inter-
vening non-conducting plate,’. The plug has
a handle, P, which, together with the shank P,
may be of suitabie non-conducting material.

A contact-spring; s, is attached to the lower

end of the plug at a point corresponding to
the connecting -strip whieh the plug is ar-
ranged for, and a projecting pin, ¢, is formed
at the upper end and is adapted to fit into the
aperturebetween the two line-plate quadrants
I*and . The pin ¢ and spring s are united
through the substance of the plug by a wire,
&, and thus the line-plate may be connected
electrically with the desired connecting-strip.
By this construction I am enabled to arrange

4he line-plates in such a manner that the plug

may be inserted in the hole, but form no con-
nection between theline-plate and connecting-
strip until turned into position, for the plug,
when first inserted, will be so disposed that
the spring s will descend in the angle formed

by the intersecting connection-strips; -while

the pin £ will fall through the slit formed by
the. separation of the line quadrant or seg-
ment from the adjoining quadrant. It is of
course evident that the spring s must be so
placed on the plug as to fall into the angle,
whilé the pin ¢ must correspondingly  be
placed at the same time so as to fall into the
slit between the line -segments. This con-
struction can only be used when the line-plate
is bisected or quartered, as in fhe three lower
rows of sockets in Fig. 1; but when it is de-
sired to make connection the plag is not only
dropped into the hole, but it is also turned
round so thaf the spring sis brought into con-
taet with the connecting-strip, and the pin ¢ is
simunltaneously inserted in the recess between
the two plates I* and 2, with both of which
it makes contact. The entire plug may be of
metal, and the extreme end b may be tapered
and adapted to socket into the hole through
the base-plate B, which may be alittle thicker
than the other plates. If this conformation
be adopted, it is preferable tomake the holes
through the base-plate smaller than in any of

the intermediate plates, as shown in Fig. 11,
The shank p of the plug may be much smaller

than the hole, 50 as to fit when inserted onlyin
the base-plate and the line-plate. The shoul-
der f of the plugrestsuponthe lin e-platel, and
when the plug isinserted it is turned slightly,
so that the npper projection or pin, ¥, locksun-
der the line-plate the same time that the cam
or lower projeetion, e, impinges against the
connecting-strip C below. Obviously, the pins
must be in pairs, and must be of various
lengths, so as to be adapted to make contach
with all the connecting strips or wires. For
example, one pair of plugs must be suffi-
ciently long to make contact with the lowest
strip,a second pair with the next longest, and
80 on,with, however, the exception that if the
form of plugshown in Fig. 12 be adopted the
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plugs will always be of the same length, but
will have their lower contact-pieces located at
a different horizontal plane for each plug or
pair of plugs. It sometimes becomes desirable
to use two of the connecting-strips for each
connection, looping them together through
a “ring-off’’ instrument. - 'When this isdone,
the two plugs of a pair will also differ as to
the position of their lower contact projection,
it being self-evident that one of the projec-
tions must be upon the level of oneof thesaid

connecting - strips, and the other upon the’

level with the second strip.

T do not confine myself to any or all of the
special conformations of plug herein shown
and described, since the essence of my inven-
tion lies in the special character of the con-
necting-strips, in the union of all the strips of
the same layer to constitute a single strip, and
in the combination of the several elements de-
seribed to form aswitch-board.

The wires constituting the common terminal
of each layer of connecting strips or wires are
led up at the side or through the substance of
theswitch-board,and aresoldered or otherwise
fastened to metal studs e. (See Fig.1.) In
order to utilize these terminals for the ordi-
nary operations of a switch-board, I arrange

_along each side of the board a metal bar, m.

30

35

40

45

A series of keys or buttons, k, are permanently
attached to the said bar and extended over the
terminal studs ¢, but do not touch them unless
manually pressed thereon. Thebar m is united
by a short wire with a small button-switeh, ,

which may be turned upon either of the two

studs «/ and &%, the former leading to earth
through a telephone-transmitter, T', and re-
ceiver T%, and the latter to earth through a
generator, g. By means of a cord conductor,

E, the plug P is also in electrical connection ’

with the bar m, and when inserted in any other
of the holes thus brings the line-plates [-also
into connection with the same bar, and thus
with the telephones and generator, by which
signals may be sent or telephonic communica-
tions carried on with any line. The plug may

. be attached to the cord B by friction only—an

50

arrangement provided for by the hole in its
handle shown in Fig. 8—and when inserted
in the line-plate hole may be left there, the

~cord end being withdrawn and attached to

35

60

another plug. Signals may also besent to any
line, and eonversation maintained therewith,
if said line is already connected by means of
the plug P with the connecting-stripsC. This
is effected by pressing the key % upon the stud
¢ belonging to the layer of strips C employed,
and turning the button-switch 4 upon the stud
# or &%, as may be desired.

-Tuse the same method of removing the nor-
mal ground of the lines as I employ in my
former patent. A ground-plate, J, is shown

from which a series of springs, j, stretch.
These springs normally press upon the line-
plates and form a ground therefor. A hole is
bored through the edge of the plate, in which
o non-conducting pin, 4, slides easily. This

projects normally for a short distance into the
hole %, and when forced out by the insertion
of a plug automatically removes the ground.
" Having now fully described my invention,
I claim— : v

1. In an electric switch-board, the combina-
tion of the non-conducting separating-plates,
perforated as deseribed, the conducting cross-

ing strips or wires overlapping the edge of the-

holes through the non-conducting plates, all
of the said strips on the same horizontal plane
being united electrically, and the line-plates
resting upon the uppermost non-condueting
plate, as set forth. .

9. A switeh-board consisting of a series of

non-conducting insulating - plates perforated

for the reception of plugs,aseries of conducting
strips or wires interleaved between each two
non-conducting plates, and disposed so as to
overlap an arc of -the holes through the said
non-conducting plates, all the strips of each
layer being electrically united,a series of line-
plates surmounting the whole, and a series of
plug-connectors, each adapted to make con-
tact with the line-plates, and arranged in pairs
with respect to the conducting-strips, so that
each pair of plugs is adapted to presenta con-
tact-point and to make contact with its own
connecting-strip and with no other, substan-
tially as described.

3. The combination of the interleaved non-
conducting perforated plates and conducting
conneeting-strips, thelatter crossing the former
and overlapping the edge of the holes perforat-
ing the same, with the hereinbefore-described
plug - conneetors, consisting of a handle and
shank, a conducting portion adapted to make
contact and interlock with the line-plate, and
a spring projection or cam adapted to make
contact with the connecting-strip and inter-
lock with the overlapping part thereof, where-
by the plug may be inserted and slightly
turned to simultaneously make the required
contact and to lock itself in position, as speci-

-fied.

4. The combination, in a switch-board of
the character hereinbefore described, of the
line - plates provided with line and ground
connections, the conducting connecting-strips,
the several strips of each layer being united,
the interleaved non-conducting plates adapted
to insulate the several layers of conneeting-
strips from one another and from the line-
plates, plug - connectors for connecting any
wire - plate with any connecting - strip, and
means, as indicated, whereby signals may be
sent and conversation maintained over the
main line, either through the line-plates di-
rect or through the connecting-strip and plug-
connector, as and for the purposes described.

5. In a switch-board of the character here-
inbefore described, the combination of the
line-plates and connection stirips or wires in-
sulated in layers by interleaved non-conduct-
ing plates, the line-plates and non-conducting
plates being perforated with plug-holes, and
the connection-strips arranged to cross the
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edge of the said plug-holes, and provided with
extension-wires (one for each layer) leading
to studs at the surface of the board, with asig-
naling bar and keys, the said keys being all
connected with the bar and extending over
the said studs, together with an electrical
generator and a telephone sef, and a switch
for connecting the signaling-bar with either
telephones or generator, as deseribed, where-
10 by upon the pressure of the keys signals may

(1}

be sent to line or conversation maintained

through the connecting-strips, as specified.
Intestimony whereof I have signed my name

to this specification, inthe presence of two

subscribing witnésses, this 17th day of- Janu- 15

ary, 1884.
o THEO. N. VAIL.
‘Witnesses:
THOS. D. LOCKWOOD,
Gro. WILLis PIERCE.




