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7o all whom it may concern;

Be it known that I, Ciarres S. Du BeLLE,
a citizen of the United States, residing at
Williamsport, in the county of Lycomin
and State of Pennsylvania, have invente
certain new and useful Improvements in
Solenoids, of which the following is a speci-
fication.

This invention, for which the present ap-
plication is filed as a division of my appli-
cation Serial Number 500,817, filed Juu: 8,
1909, for improvements in electrically-oper-
ated typewriters, relates to an improved sole-
noid which is shown and described in my
said former application as the motive means
for returning the typewriter - carriage to
starting position, but is adapted for many
other purposes for which solenoids are or
may be used.

The main object of the invention is to pro-
vide a solenoid in which the core or arma-
ture, when attracted inte the coil, will have
a quick or unimpeded movement for the
major portion of its stroke but will be air-
cushioned at the latter part of the stroke

~and brought gently and silently to a full

stop; thereby providing a reliable and effi-
cient means for effecting a quick shift or
movement of the carriage of a typewriter or

¢ other machine and stopping the same accu-

rately and noiselessly, without shock, jar or
vibration, and without tendency to rebound.
A further object is to provide for ventilat-
ing and cooling the solenoid by causing a
circulation of fresh air around the coil at
every inward movement of the armature,
and venting the heated air, thus preventing
the coil from becoming unduly heated and
thereby damaged. _
Other objects are to provide improved

. means for housing and supporting the sole-
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noid, for transmitting motion from the ar-
mature to the carriage or other instrumen-
tality or mechanism operated thereby, and
for conveniently making electrical connec-
tions with the source of electrical supply.
The invention will be hereinafter de-
scribed with reference to the accompanying
drawings, and particularly pointed out in
the claims annexed to this specification.
Tn said drawings: Figure 1 is a plan view
of an apparatus embodying my improve-
‘ig. 2 is a longitudinal vertical sec-
tional elevation thereof. Fig. 8 is an end
view. Fig. 4 ig the opposite end view, Fig.

5 is a cross section through the box support-
ing the electrical connections, which is shown
in Fig. 4. Fig. 6 is a cross-section of the
solenoid on line 6—6 of Fig. 2, the coil and
its casing being diagrammatically indicated.
Fig. 7 is a detail sectional view of the plug
closing one end of the tube containing the
core or armature, showing the air-control-
ling screw and its lock-nut.” Fig. 8 is a cross-
section on line 8—8 of Fig. 7.” Fig. 9 is a
detail sectional view of the air-screw and
lock nut taken on line 9—9 of Fig. 7. Fig.
10 is a detail sectional view of the aforesaid
plug with a modified form of air-controlling
means. [Fig. 11 is a detail view of the head
end of the armature, showing a different
form of plunger-head from that shown in
Fig. 2. ‘

1 denotes an electromagnetic helix or sole-
noid suitably insulated and wound of wire
of suitable gage adapted for connection with
a source of electric supply, either a battery
or power circuit. The coil is wound upon
a spool 2 of insulating material, said spool
being fitted on a sleeve 3 preferably of non-
magnetic metal and having end flanges be-
tween which the spool is confined. Within
the sleeve 3 is a tube 4, also preferably of
non-magnetic metal, which projects through
and beyond one end of the solenoid to pro-
vide a support and guide for the core or
armature as the latter is drawn out by the
movement in one direction of the mecha-
nism to which it is connected, as, for exam-
ple, by the feed movement of a typewriter
carriage under the action of its spring.

As shown the solenoid is contained in and
held by a two-part case 5, from which it is
suitably insulated; said case comprising
semi-circular half-parts bolted together at
their ends by the screw-bolts 6. The tube 4,
which in this preferred embodiment of my
invention is of slightly smaller outside di-
ameter than the inside diameter of the sleeve
3, is secured in and centered by the hub-like
ends of the case. At the end of the case
opposite the projecting portion of the tube,
the respective half-parts of the case are or
may be provided with tapped holes 7 to re-
ceive fastening screws for attachment to
any suitable supporting bracket; while the
far end of the tube 4 is or may be closed by
a plug 8, preferably of non-metallic or insu-
lating material, having similar holes 9 for a
like purpose. This makes an excellent con-
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- struetion for hounsing and supporting the

solenoid and adapting it for attachment to
a typewriter or other machine.

The core or armature 10 may be opera-
tively-connected with the mechanism to be
actuated thereby by any appropriate means,
but preferably by a direct gear connection
as hereinafter described, especially when the
solenoid is employed for shifting the car-
ringe of a typewriter or other machine, or
any reciprocatory part.

To provide an air cushion for the core or
armature which will be inactive thereto dur-
ing a part of its inward movement and ac-
tive for the remainder of the stroke, and yet
allow the core to finish its stroke before
coming to a stop, the following construction
is provided: That end of the tube 4 toward
which the core moves when attracted into
the coil is closed by a plug 11, preferably a

“detachable screw-plug, having a longitudi-

nal threaded bore in which is inserted a
screw 12. Said screw has a slit or channel
13 therein for the admission and exit of air
into and from the cushion end of the tube.
A lock-nut 14, having a slit or channel 15 in
communication’ with the air-passage 13 in
the screw 12, is or may be screwed upon the
latter to adapt it to be adjusted and locked
in different positions so as to vary and con-
trol the volume of air admitted into the tube
as the core is drawn out; the screw 12 thus
constituting an adjusting valve for control-
ling the effectiveness of the air cushion, in
order to secure the best results under vary-
ing conditions in practical use. As before

mentioned, the tube 4 is of somewhat smaller

outside diameter than the inside diameter of
the sleeve 3, leaving an air space between
them, which is in communication with the
atmosphere ; and within the solenoid the tube
is provided with a series of apertures or
ports 16 establishing communication be-
tween said air space and the interior of the
tube. Said ports are located a suitable dis-
tance from the closed end of the tube and
properly spaced to render the air eushion
nactive or ineffective during a portion of
the inward movement of the core and active
for the remainder of the stroke; so that,
when the core is attracted into the solenoid,
the air which has filled the tube will be ex-

- pelled through both the screw 12 and the
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several ports 16 until the core reaches the
port’ nearest the screw, whereupon the air
confined in the imperforate portion of the

‘tube is prevented from escaping fast enough

to avoid compression and brings the sole-
noid, and thereby tle carriage or other
mechanism connecied to it, gently and si-
lently to a full stop, without shock or jar.

The form of the air-screw 12 may be
varied, and, instead of providing a passage
in the screw itself and a lock-nut thereon,
as shown in Fig. 7, the plug 17 may be pro-
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vided with an air passage 18 extending at an
angle to and communicating with the thread-
ed opening through the plug in which a
plain serew 19 may be inserted for regulat-
g the admission and escape of air, asshown
in Fig, 10.

The head of the core may be in the form
of any ordinary piston-head, or it may be
air-packed in the same manner that the pis-
tons of pumps are water-packed. In Fig, ¢

-the head of the core is shown provided with

a cupped washer 20, affixed thereto prefer-
ably by a leather disk and screw. The
leather disk or washer serves a two-fold
purpose: first, it is put on just the right size
to keep the cupped packing washer out in
position to catch the air properly; second,
it acts as a bumper and prevents the two
metal parts, the armature and the plug, from
coming in contact; without this the arma-
ture and plug, being charged with electricity
after a few operations, would stick together
and it would require quite a strong pull to
separate them. Thescrew headissunk in the
leather washer or disk. Instead of leather
any other suitable non-magnetic material
may be used. In Fig. 11 the core, made.
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smaller than the bore of the tube, has an en- .

larged head provided with annular grooves
21 for air-packing purposes; it being under-
stood that as the core completes its stroke,

and. the air pressure increases in the air-

pocket at the end of the tube, a certain
amount of air will escape around the edges
and find its way into the grooves 21 and air-
pack the head. Assuming, for example, that
the core of the sclenoid is operatively-con-
nected with a typewriter carriage, then as
the core is slowly drawn out by the inter-
mittent feed movement of the carriage, as
its actuating-spring is released by depres-
sion of the keys, air will be admitted into
the tube 4 through the passage in the screw
12, and also through the ports 16 as they are
successively uncovered by the receding head
of the core; and no air resistance is encoun-
tered, since sufficient air may enter freely
behind the core, and the air in front of the
core may escape through a slot in the tube
hereinafter referred to and also through a
vent hole 22 at the outer end of the tube.
When it is desired to return the carriage,
the solenoid is energized by closing a switch
(not shown) in circuit therewith, whereby
the core or armature is attracted into the coil
and moves back rapidly, expelling the air
both through the screw 12 and the ports 16
until the head of the core passes the last of
the ports, after which the air confined in the
imperforate portion of the tube can escape
only in regulated quantity through the small
passage in the screw 12, thus cushioning
the core while at the same time regulating
the air pressure so as to check its movement.
gently and bring the core, and thereby the
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carriage, quickly and accurately to a full
stop without shoclk, jar or rebound.
The air ports 16 in the tube 4 and the

slit 13 in the screw 12 are so proportioned

as to permit a rapid in-stroke of the sliding
core until within the last second of its
travel, whereupon the air cushion becomes
effective to gently check and stop its move-
ment; thus insuring a quick return of the
carriage and stoppage at the desired point
without noise or vibration. The construction
of the solenoid and its housing also provides
for automatic air-cooling or ventilation of
the solenoid by causing a circulation of fresh
air around the coil at every operation; the
air space between the tube 4 and sleeve 3
being in communication with the spaces 23
between the heads of the spool 2 and ends
of the case 5, which spaces 23 are provided
with vent holes 24 preferably at the top
of the case; so that on the outward move-
ment of the core or armature air is drawn
into the tube through the ports 16, being
taken from the holes 24; and on the return
stroke the air is forced out through the ports
16 into the annular space between the tube
and sleeve and passes thence into the spaces
between the solenoid and its case, circulating
around the solenoid and-escaping through
the holes 24; thus causing the heated -and
foul air to pass off and a fresh supply to be
drawn in at each operation, which prevents
the coil from becoming unduly heated and
thereby damaged. While the ports 16 in
Fig. 2 are for convenience shown at the top
side of the tube, in practice such ports are
preferably located in the side of the tube,
so that the air escaping therethrough will
circulate around the tube inside the sleeve
3 and finding its way toward botk ends will
escape through the air space between the
ends of the solenoid and inner walls of the

. case, and thence at the top of the case
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through the holes 24, and also through the
crevice between the adjoined half-parts of
the case if not finished to a ground joint;
and in the latter event additional holes may
be provided if desired along the line of sepa-
ration by forming confronting notches in
the edges of the half-boxings of the case.

For operating the solenoid, any suitable
electrical connection may be employed, in-
cluding a switch to open and close the cir-
cuit through the solenoid; but I prefer the
construction shown in Figs. 3 and 5, where-
in the two binding posts 25 and 26, with
which the terminals of the coil are connected,
are attached to and extend within a box or
cap 27, preferably of rubber, detachably af-
fixed upon the end of the case 5 by a cap-
screw 28. Said cap also carries a binding
post 29, and the wires 30 of a cord 302, lead-
ing front the source of electric supply, are
connected respectively to the binding posts
25 and 29, while the wires 31 of a cord 81%,

8
leading to any suitable switch, are connected
respectively to the binding-posts 26 and 29.
‘This permits a direct attachment by a cord
and plug to any ordinary electric lamp
socket. - .'

To provide a direct positive gear connec-
tion between the core or armature and the
carriage of a typewriter or other machine to
be shifted thereby, a rack 32 is placed in a
longitudinal slot therefor in the core, being
secured thereto by set screws; and through
a short slot 83 in the tube 4 the said rack en-
gages with a pinion 34 on a stub-shaft 35
which is journaled in bracket-bearings there-
for on the case 5 and carries a gear wheel 36
for engagement by a rack (not shown) on the
carriage. This makes a very efficient and
compact construction, the gears being ar-
ranged close to the solenoid; and power can
thus be transmitted directly from the arma-
ture to the carriage operated by the solenoid
when the latter 1s located immediately be-
hind, above or beside the carriage; so that
the transmission mechanism, in conjunction
with the means for supporting the solenoid,
adapts the device for mounting directly
upon a typewriter or other machine in a
compact and practicable manner.

As changes may be made in the details
of construction and arrangement of parts
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without departing from the principle and .

scope of my invention, I do not restrict my-
self to the specific construction herein se-
lected for illustration.

I claim as my invention and desire to se-
cure by Letters Patent:

1. A solenoid having a tube for the recipro-
catory core which is provided with an end
closure and with apertures spaced from
said closure, leaving the tube imperforate
for a part of its length, and a chamber ex-
ternal to said tube communicating with the
atmosphere and with the interior of the tube
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through said apertures, for the purpose de-

scribed. ;

2, A solenoid having a tube for the recip-
rocation of the core or armature and pro-
vided with an air space around said tube
in communication with the atmosphere, said
tube having an’ end closure and provided
with a series of ports spaced at different dis-
tances therefrom, substantially
the purpose described.

3. A solenoid having a tube for the recip-
rocation of the core or armature and pro-
vided with an air space around said tube in
communication with the atmosphere, said
tube having an end closure provided with
a restricted air passage, and the tube being
provided with an air port or ports spaced
from said closure and for establishing com-
munication with said air space.

4. A solenoid having a central tube pro-
vided with a. closure at one end and with
perforations spaced therefrom, a sleeve en-
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circling said tube and providing therebe-
tween an air space in' communication with
the atmosphere and adapted to communicate
with the interior of the tube through said
perforations, and a core or armature work-
ing in and whose head fits said tube,

5. In combination with a solenoid having
a reciprocating core, a tube of non-magnetic
material in which said core is fitted, said
tube having a series of perforations therein
communicating with an air-space around the
tube a closure for the end of the tube spaced
from said. perforations to provide an air-
cushion, said closure consisting of a plug
having an opening therethrough and an
extertorly threaded bolt screwed into said
opening and slitted longitudinally to pro-
vide an air passage, together with a lock-
nut on said threaded bolt having a trans-
verse slit or air-passage in communication
with the slit in said bolt whereby the latter
may be adjusted and locked in different po-
sitions for regulating the admission of air,

6. In combination with the solenoid hav-
ing a piston-like reciprocating core, a tube
of non-magnetic metal in which said core
slides, said tube being imperforate for a
considerable portion of its length near one
end only and provided beyond said imper-
forate portion with spaced perforations and
an adjustable air-sorew at the end thereof
farthest from said perforation for control-
ling the admission of air behind the piston,
said air-screw being spaced from said per-
forations by said imperforate portion of the
tube. '

7. A solenoid having a non-magnetic tube
in which works the, core or armature, said
tube provided with an end closure to fur-
nish an air cushion for the inward stroke
of the core, and air passages around the tube.
communicating with the atmosphere and

with air ports in said tube, whereby a cir:*

culation of fresh air for cooling the coil is
effected at every reciprocation of the core;

8. A solenoid having a case inclosing it
and a central non-magnetic tube in which
works the core or armature, said tube being
provided with an end closure to establish
an air cushion on the return stroke of the
core, there being an air space between said
tube and the spool on which the coil is
wound, spaces communicating therewith be-
tween the solenoid and interior of the ease,
said spaces having vent openings to the at-
mosphere, and air ports in the tube'€hr es-
tablishing communication between its in-
terior -and the air space surrounding it,

1,105,449

whereby a circulation of fresh air is effected
around the solenoid at every operation of
its core.

9. A solenoid having a central non-mag-
netic tube supporting the core or armature
and_extending beyond one end of the sole-
noid and a two-part case inclosing the
solenoid and comprising half-boxes and
fastenings therefor, that end of the case op-
posite the projecting portion of the tube be-
ing provided with means for attachment to
a supporting bracket, and the outer end of
the projecting portion of the tube being
provided with means for a like purpose.

10. A solenoid having a tube inclosed
thereby and projecting beyond one end
thereof and there provided with a longitu-
dinal slot, and a core or armature movable
in said tube and provided with a longitu-
dinal -rack accessible through the slot in the
projecting portion of the tube. .

11. A solenoid having a tube inclosed
thereby and projecting beyond one end
thereof, a case inclosing the solenoid, a core
or armature working in said tube, a longi-
tudinal rack on the core, and power-trans-
mission gearing comprising a stub-shaft
journaled in bearings therefor on one end
of the case and having a pinion meshing
with said rack through a slot in said tube,

12. A solenoid having a central non-mag-
netic tube for the core or armature project-
ing beyond an end of the solenoid, and a
two-part case inclosing the solenoid compris-
ing half-boxes and fastenings therefor, said
case having hub-like ends holding, center-
ing and securing the said tube.

13. In combination, a solenoid having an
internal casing, and a core having an ex-
ternal casing, said core casing having end
closures and fitting within said solenoid
casing so as to provide an air space there-
between, and a series of air ports spaced at
intervals along the wall of said core-casing.

14. In combination, a solenoid, a core, a
casing for said core closed at both ends and
smaller than the bore of the solenoid, an
adjustable valve at one end of the casing,
the latter having an air port at its other
end and a series of air ports therein between
its ends opening into the air space between
the solenaid and the core. '

In testimony whereof I affix my
in presence of two witnesses.

: CHARLES S. DU BELLE.,
Witnesses:
F. E. Braprry,
A. H. Broomrrrrp,

signature,
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