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To all whom it may concern:

UNITED STATES PATENT OFFICE.

CHARLES HOWARD NORTH, OF CLEVELAND, OHIO, ASSIGNOR TO THE NORTH ELECTRIC
COMPANY, OF CLEVELAND, OHIO, A CORPORATION OF OHIO.

AUTOMATIC SWITCH FOR TELEPHONE SYSTEMS,

977,536.

Specification of Letters Patent,

Patented Dec. 6, 1910.

Application filed December 8, 1908, Serial No. 466,572. : ‘

Be it known that I, Crarces H. NorTH, a

" citizen of the United States, residing at
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Cleveland, in the county of Cuyahoga and
State of Ohio, have invented certain new
and useful Improvements in Automatic
Switches for TeFephone Systems, of which
the following is a, specification, reference be-
ing had therein to the accompanying draw-

ng. .

%’Iy invention relates to so-called auto-
matic switches for telephone systems, that
is to say switches employed to effect connec-
tion between different lines or circuits, by
mechanical means electrically controlled.

It has particular reference to such switches

-as are used in telephone systems for selec-

tively connecting a given circuit with any
one of a number of other circuits. The
switches heretofore employed for this pur-
pose are well exemplified in Patents Nos.

815,176 and 815,321, granted to Keith and:

Erickson March 13, 1906.

The object of my invention is to prodace .

a switch which shall be at once simpler and
more efficient”than those heretofore avail-
able, quickness and certainty of movement
being points particularly in mind. - :

In order to attain my object I provide
one or more banks containing the contacts
from which selection is to be effected, mount
the same upon a suitable support, and asso-
ciate therewith a frame cairying a spindle
and wipers, together with operatirig mag-
nets therefor. In order to secure quickness
and certainty of operation, I mount the mag-
net armatures upon knife-edges,and in order
to increase the ease of maintenance and re-

‘pair, as well as decrease the cost of ‘manu-

acture, I make these magnet structures in-
terchangeable units. ‘

Various other points of improvemert will-

sufficiently appear from the detailed descrip-

tion hereinafter and the appended clainis.
My invention is illustrated in the accom-
pai;}_'ing drawings wherein; ] '
Figure 1 is a side view of a switch em-
my invention; Fig. 2 is a rear view

thereof; Fig. 8 is a plan view of the same;

Fig. 4 is a plan view of one electromagnet -
.unit removed from the frame; Fig. 5 is an

end view thereof looking in the direction

- of the arrow in Fig. 4, and showing a.latch

55 unit being the rotary magnet; Figs. 6 and 7.

for the release movement, this particular

1 and bhottom plates 3* and 8 are put in

are detail: figures. of the spindle and its
ratchets removed from the frame; Fig. 8
and Fig. 9 are plan and face views of a
portion of a contact bank, showing the

‘method of inserting and securing the springs

therein. Fig. 10 is a detail view of a modi-
fication for the adjustable pawl stop.
Referring to the drawings, 1 represents a
plate upon which the different parts of the
switch are mounted. Upon the back of this
plate ‘are secured the banks 3 and 4, and
upon the front of it a frame 2 carrying the
spindle 5 with its wipers, the operating mag-
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nets 6 and 7, and the release magnet 8. The .

banks 8 and 4 are alike in their construction
and a brief description of one will suffice for
both. The bank 3, therefore, consists of ten
straight vertical rows of ‘ten pairs of con-
tacts each, held in a body of insulating ma-
terial, and clamped between side plates 32
and 8 each of which is provided with ears -
3¢, through which screws 8¢ are inserted to
secure it’upon the plate 1. The body of in-
sulation 3¢, is preferably built up of layers
or curved strips of a suitable insulating com-

‘position, but it may be molded solid, the

contacts in that case being set in the die
and the composition molded around them.
Where the strips are employed, they are
slotted or grooved to receive the contacts,
which are placed therein as indicdted in
Figs. 8 and 9, and then the successive strips
piled up from the bank. Where the slots
are made exactly the same width as the con-
tacts, however, there is a tendency for the
latter to work loose, and I remedy this by
having the strips molded with the slots from
.003 to .008 of an inch shallower than the
width of the springs. - The contacts being
insulated and the strips piled up, the top

0s1-
tion, the screws 3! are inserted, ,_pas%ind'
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from the top to the bottom plate and tapped - A

into the latter; the bank is placed in an oven
and heated sufficiently to soften the compo-
sition- a little, and then by tightening the .
screws or otherwise forcing the plates 8%
and 3° together, the contacts will be forced
info- the substance of each strip, both above
and below, until the surfaces of the strips

‘meet, thus insuring an absolutely tight grip..

In Fig. 8 T have shown each contact 3¢ wit

» small return bend in it at 8%, but with a
straight tail on the outside of the bank. The
bend 8" is for the purpose of preventing
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lougitudinal dssplacement outwardly and to | coiled sprimg is secured at ils iuner end upon

prevent the same inwawrdly. T may adopt
cither of the two expedionts shown in Fig.
8, one on the left hand side, where the con-
tact 1s given o quarter Jurn outside the bank,
the other on the right hand, where it is
given a straight offset or bend on the out-
side, These two methods may be combined
if desired, and it will be observed in Fig. 9
that the offset at 8" affords an opportunity
to increase the insulation between the re-
spective contacts by setting the offset in op-
posite directions in alternate rows and by
setting it oppositely for each pair if de-
sived. ‘The contacts are all placed with
their surfaces vertical and the wipers are
slipped around beneath the rows of contacts
until the desired row is reached, and then
pass up that row. This it will be observed
1s a reversal of the method employed in the
Keith and Erickson switches hereinbefore re-
ferred to. In those and in all of the Strow-
ger switches the movement is up to the row
and then around the row, the contacts being
arranged with their flat surfaces horizontal.
The vertical arrangement, however, I con-
sider to be better, because 1t makes the cou-
tacts self-cleaning, which is an important
point in apparatus of this character.

The frame 2 consists of a finished white
metal or similar casting having a vertical
straight-faced member or body 22, with up-
per and lower attaching arms 2° and 2’ re-
spectively. Carried upon suitable forward
extensions 28, 2" and 2%, are front mounting
plates 2¢, 2' and 2m. These are of course

connected by suitable webs or flangés in cast--

ing so that the whole frame is properly
braced without superfluous meta]l. The
arms 2° have an intermediate horizontal
web.2¢ carrying the upper bearing for the
spindle 5, and an extension 2¢ of this web
carries the vertical and rotary cutoff con-
tact springs 9 and 10 which are actuated by
the spindle as it returns to its zero or.nor-
mal position. A similar web at the bottom,

of the frame carries, the lower bearing for

the spindle,-these bearings being formed in

’ _separate collars or bushings inserted through
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openings molded in the webs of the frame.
The spindle b slides vertically and also
rotates in the bearings 5* and 5. This

“vertical or sliding movement ig produced by

means of a rack 5°, best shown in Figs. I,
6 and 7. This rack does not turn with the
spindle, but has upper and lower collars 5¢
and 5° through which the spindle -passes
and through which it turns, these collars

- lying between fixed collars or sleeves 5% and

60
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5¢ secured upon the spindle in any sunitable
way as by means of the pins 5 The upper
collar 5% carries the rotary ratchet 5%, and
the lower collar 5° oarries the casing 5* with-

in which the coiled spring is carried for ve-,

storing the switch to its zero position, This

the spindle and its outer end to the casing
5" as indicated at 5' in Fig. 1. The casing
carries the pin 5 which slides along the
edge of the frame 2¢ and thereby keeps the
tension of the spring constant for all ver-
tical positions. The rack 5¢ has its teeth
formed in a peculiar way. Instead of each
having one long inclined face and one short
face, as usual with ratchet teeth, they are
formeéd by merely milling out or casting in
the rack a succession of approximately semi-
circular openings. The pawl 7% codperating
with these teeth, and which is shown in én-
gagement therewith in Fig. 6, has not the
usual sharp nose, but instead has a squared

end, with a slight projection 7 adapted to

fit into the curved indentations in the
ratchet. ;
the wear on the parts, and secure & strong
grip or engagement between them. The re-
taining pawl for the vertical ratchet, and
the teeth which cobperate with it are on the
side thereof as shown at 5% in Figs. 6 and 7,
and are of the ordinary conformation.
Codperating with both the rotary and ver-

_tical ratchets is a double detent dog ' 11,

pivoted at 12 and having an upper straight
member 11* engaging the rotary ratchet, a
lower hooked pawl 11 engaging the side
ratchet 5 on the vertical rack, and two

tails 11° and 11¢, the former engaged by the.

end of the armature lever 8 of the release
madgnet 8, and the latter adapted to engage
an

to be.held by a latch 6* pivoted on the

frame 6® of the rotary magnet G (see Fig. 5).

In operation, when the release. mnagnet is
epergized, the lever 8* is thrown over (lo
the right in Fig. 2), the tail 11¢ of the dog
11 is thrown with it and engages the latch
6, being held thereby so that in case the
release magnet is deénergized Dbefore the

By this construction I minimize:
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release switch is fully restored, the dog will -

not be released, and the complete restora-
tion of the switch will not be interfered

with. . The latch 6 is a bell crank pivoted -

at its angle and normally held in latching

119

position by a spring 6° bearing upon its

tail 6%, The armature lever 6¢ of the rotary
magnet is the first to-move when the switch
is actuated, and its first movement, lifting
the tail of the latch, releases the dog 11, and

_permits the pawls 11* and 11* to engage their

respective ratchets and thereby properly
perform every function of holding the spin-
dle in a position to which it may be stopped

and until it is again released.

1156
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The three magnets 6, 7 and 8 are made as

identical and. interchangeable units,

complishing this important end, which not
only greatly reduces the expense of initial
production, but insures accuracy and uni-

formity in the adjustment and working of'
the several magnets, as well as-ease and effi- _

I be--
lieve that I am the first to succeed in ac-.
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ciency in maintenance, since the removal of
a magnet and the substitution of a new one
therefor 1s ‘but the affair of a moment. The
only difference then between the rotary and
vertical units, and the release unit, lies in
the provision -of a differently shaped pawl,
and in the case-of the release unit of no pawl
at all. :

Tt will be observed in Fig. 1 that the bi-
furcated end of the lever 8 is open, serving
to strike against the inclined tail 11° of the
‘detent dog. In Fig. 4 T have shown one
unit detacl%ed, its armature lever being fitted
with a pawl. A description of this unit will
suffice for all the units, and as Fig. 4 is a
plan view only, reference may be had.to any
of the units In the other figures to supple-
ment this illustration. For the purposes of
this description we will assume that I'ig. 4
represents the rotary unit 6. This is mount-
ed on a frame plate 6°, which may be of iron
‘or other suitable metal.

The two magnet cores 6 are secured to
the plate by screws 65 (see Fig. 5), and are
provided with an iron yoke 6", if the frame
plate is of non-magnetic metal. Along one
side of the electromagnets lies an extension
member of the frame, 6, constituting a sup-
This armature is
formed of a plate of soft iron 6!, with an
aluminum bell-crank lever 6 riveted to it.
A long arm 6™ of this lever constitutes the
continuation of a rib formed up in the
aluminum body, and as the lever is beveled
off -at its end, a bifurcation results, as indi-
cated at 67, the two sides of -the lever form-
ing cheek pieces for the reception of the

awl 6° normally held with its point eut
y the spring 69, extending from the tail of
the pawl at 67 to a fixed stud 6. Where the
unit is to be used for release, as indicated at
8 in Fig. 1, the pawl, spring, and stud are

‘omitted. e :
The armature plate 6' is scored across.

near the top, so as to take over the knife-
edge 6°, formed on a tapered plate 6°, se-
cured upon the top of the frame bar 6' by
screws extending through washers and slots

in the taper plate. The inclined edge of this |

plate rests against a shoulder 6! forimed on
the frame plate, and adjustment of the ar-
mature to and from the cores is readily ac-
complished by loosening the screws and slid-
ing theé&)late laterally, this motion being
permitted by the slots, and the plate 6° rest-
ing against the shoulder 6'in all positions,

so that all strain and wear is taken up by

the frame plate. The arrangement of this

shoulder and”the strip are well shown in

Fig. 1, where the magnet 7 is presented in
side elevation. It should be noted that Fig.

5 shows the unit turned upon its side, with

the top to the left, as indicated by the arrow
in that figure.: : -

The armature, and the bell-crank lever 6%

“ceeding tooth. Fig. 2 shows the adjustable

8

are held against the top of the frame plate
6, by means of helical tension springs 6%,
hooked at one end into eyes 6" attached to
a transverse plate 6¥ carried on the frame
plate, and formed with an opening through
which the lever arm 6° passes. A transverse
sliding plate similar in its movement to that
carrying the knife-edge 6t is provided under
this plate 6*; to adjust the throw up and
down of the lever, as indicated at 6= in Figs.
2 and 4, and at 7 in Fig. 1. T limit the
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throw of the pawls 6° and 77, of the rotary

and vertical magnets respectively, by fitting
slides to the frame member 2%, as indicated
in Figs. 1 and 2. It is particularly impor-
tant ithat the motion of the actuating pawls
be positively limited, in order to avoid any
over - throw, and to positively with - draw
each pawl from its ratchet when its arma-
ture retracts, so that it may fall into the suc-

limiting plate or slide for the vertical pawl,
which. 1s marked 6 in that figure and 7* in
Fig. 1. By loosening the holding screws,
and sliding the plate slightly from side to
side, the e&ges of the opening ¥ in the plate

may be raised or lowered as required.

In operation, when the pawl 1s thrown up
by the acticn of the!magnet, .its nose 7 i«
forced into one of the indentations in the

with it.” As the upper edge of the pawl

comes against the upper end of the opening

 in the limiting plate, its own motion stops,
and because of the peculiar shape of the nose
and of the indentations, the vertical motion
of -the spindle also ceases instantly, thus
obviating -any possible. liability to “over
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-vertical ratchet, so that it carries the spindle

100

throwing,” or moving more than the single

step intended. “As the pawl drops, its lower
edge strikes the lower edge of the opening v,
and it slides out, tensioning its spring 69,
ready to engage the next tooth if the magnet
is again energized. This transverse plate
may be made in two parts, or rather. two

-separate plates for upper and lower stops

of the pawl 7» may be provided, the upper
one presenting its lower edge to ‘the pawl,
and the lower one its upper edge, as:shown
in Fig. 10. These adjusting plates are all
of steel, may be case-hardened, and afford n
means for very accurate adjustment of the
parts’ and of their movements. T consider
that the broad princi_p_le involved .in the use
of these plates 1s original with me, and that’
they form important elements of the switch
structure, hence I shall claim the same .ac-
cordingly. _ S P
In assembling this switch, the frame 2 is
secured to the plate 1 through the medium
of short posts 12, by.screws passing through
the ends of the arms 2* and 2. The length
of ‘these posts is suck that when the screws
are-set up, the spindle 5 is centered with

regard to the curvature of the banks, so
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that its wipers 5* and 5% (see Figs. 1 and 3) ' as identical and interchangeable self-con-

will engage th. contacts in the banks when
thie spindle is 1o *ated by the magnet 6 and
raised by the mugnet 7. In operation the
magnet 6 works first, turning the spindle
unt:l the wipers w and @ come under the
desi *d row of contacts, the spindle being
held 1n position by the nose 11* on the dog
11, engaging the rotary ratchet 5% The
spindle and its wipers are then raised step
by step through the agency of the magnet 7,
until the wipers rest upon the desired con-
tacts in the row selected. The switch is
adapted to be used for any purpose, and in
any circuit, either as a selector or connector.
To restore it to zero, the magnet 8 is ener-
gized, attracting 'its armature and causing
the end of its lever 8° to force over the tail
11° of the dog 11 until the tail 11¢ engages
and is_held by the latch 6* on the rotary
mounting plate. The detents 11* and 11°
are then disengaged from the respective
ratchets b& and 5¢, and the spindle drops of
its own weight until the wipers have cleared
the-ifow with which they were engaged,
after whicli the spring in casing 5" tuins the
spindle back to the zero position in the
drawings. ' ,
For convenience in making connections, I
provide a set of jacks on the lower portion

of the plate 1, as indicated at 15, codperating |

blades 16 being carried on the lower part of
the frame 2. The jack springs 15 are
mounted in an' msulating strip and extend
through to the back of the plate for ready
access in wiring, and the upper ends of the
blades 16 are notched for connection to the
terminal wires of the magnets and the
wipers. .

I am aware that some changes may be

made in matters of detail in this stracture, |

without affecting the design or the essential
features of my invention. I wish it thor-

- oughly understood that all such non-essen-
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tial changes or modifications are contein-

plated by me, if within the scope of the

appended claims.” -~ .
Having thps described my invention, what

~ I claim and desire to ~scure by Letters Pat-

ent of the United Statt., is: o
1. An automatic switch comprising rela-

‘tively fixed :contaets; ‘a relatively movable

selective contact, and a plurality of electro-
magnets having mechanical connection with

and control-of said movable contact, all of -

spid electromagnet structuves -being iden-
tical and i.nt‘erciajngeable; units.
-2. In.an eélectrical switch, a contact bank,

- a cobperating wiper, and a plurality. of €lec--
60-

tromagnets -controlling the!wiper, each- of
said magnets comprising a .pair.of spools, &

frame, an armature and armature lever, and

means at.the end of the lever for attaching

-8 pawl, and all of said magnets be‘ing_'mad‘g

-of magnet. cores and spools wit

tained units. .

3. In an electrical switch, relatively fixed
contacts, a relatively movable codperating
contact, and a plurality of electromagnets to
¢ontrol said movable contact, all of said
magnets being identical and interchangeable
self-contained units, and each comprising a
frame, a pair of cores carrying spools there-
on, a knife-edge on the frame adjacent to

the ends of-the cores, an armature fulerumed

on the knife-edge and extending across and
in juxtaposition to the cores, and an arma-
ture lever extending forwardly parallel to
the cores and beyond the frame with retract-
ing springs secured to the frame. '

4.-In an clectrical switch bank contacts
and a cobperating movable wiper contact,
with a plarality of controlling magnets
therefor all formed as self-contained iden-
tical and interchangeable units, and each
comprising a frame or return bar with an
end plate for attachment to the switch
frame, a pair ‘of cores and magnet spools
mounted on the end plate with a suitable
connecting yoke, the cores extending paral-
lel to tlre frame, a knife-edge on the frame
adjacent to the free ends of the cores, an ar-
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mature fulcrumed upon said knife-edge, a

lever extending from thie upper end of the
armature along the return bar and having
its end fitted with actuating or controlling
means for the. movable contact, and sprin
means extending between the armature an
frame serving to keep the lever down against
the frame bar, and at the same time to keep
the armature seated on its fulerum.

3. An clectric switch conprising fixed and
movable contacts, a spindle for the latter,
ratchet-devices for the spindle, and a plu-

rality of identical and interchangeable self-

contained actuating and controlling elements
for said ratchets, each comprising the fol-
lowing instrumentalitiés: a separate frame,
a pair of magnet cores and spools thereon,
an adjustable knife-edge, an armature ful-

“cruined on the knife-edge, an armature levei

extending from above the knife-edge to be-

yond the end of the frame, means for attach-

g an actuating pawl to said lever and re-
tracting springs for the armature serving
alsoto hol
‘crum,

- 6. In an electri'calrswitch,'v relatively fixed-

the same in poesition upon.its ful-
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and relatively movable contacts, and a plu- -

rality of electromagnets for producing vari-

able cotrdination between said contacts, said.

electromagnets ‘being’ identical and inter-

changéable -self-contained units, each com- -
.prisingi' the following instrumentalities: a.”

frame having a right angle end piece, a pair
magnetic yoke mounted upon the end piece
amf exténding parallel with the frame, an

a suitable:
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adjustable knife-edge on the forward end of
the frame, an armature: fulerumed on said
knife-edge and extending across and in jux-
ta pomtlou with the ends of the magnet cores,

-an armature lever of greater length than the

frame extending over the top. thereof and

“bifurcated at its end to receive an actuating

pawl, and a pair of helical springs secured
at one end to the frame and at the other end

to the armature above the knife-edge, where-

by the lever is normally maintained in a de-
pressed position, and the armature is kept
upon its fulerum. -

7. In an electrical.switch, relatively fixed
and relatively movable cont*u,ts, and a plu-
rality of actuating electromagnets therefor
conqtltutmg 1dent10 al. and- interchangeable
units, each comprising a core and spool, a
frame, and an armature and 1'etract-ing
springs therefor, and a knife-edge fulcrumed

for’ the qrmature cohslstmg of a tapered
strip of hardened steel with a straight knife-
edge and an inclined back, together with
slots extending -parallel to the back, and
screws in the same securing the strip on the
frame, with its inclined back resting against
a complementary inclined shoulder or flange
formed on the frame, whereby lateral move-
melt of the strip will result in Jongitudinal
adjustment of the armature to and from the
magnet cores; and when set the parts may
be lockéd on the frame; with the back of the
strip against a solid abutment to take np all
shocks of pounding.

In testimony whereof I affix niy 51gnat11re
in presence of two witnesses:

CHARLES HOWARD NORTH.
Witnesses: -
~ Gro. H. Fister,
Epvwarp E. CLeMENT.
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