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MOTOR
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poration, Elmira Heights, N. Y., a corporation

of Delaware
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4 Claims.
1

The present invention relates to a reciprocating
electromagnetic motor, and more particularly to
a motor for actuation of fuel pumps and the like.
The motor is here illustrated as incorporated in
the pump structure illustrated and described in
the application of Dickey et al., Serial Number
736,862, filed March 24, 1947, now Patent No.
2,472,067, assigned to the assignee of the present
application, the pump structure per se forming no
part of the present invention.

It is an object of the present invention to pro-
vide a reciprocating electromagnetic motor hav-
Ing control contacts, and efficient and reliable
means for actuating the contacts by a reciprocat-
ing member of the motor. :

It is another object to provide such a device in
which the contacts are opened and closed by a
magnetized member which is pivotally mounted
on an axis perpendicular to the direction of move-
ment of the reciprocating member of the pump,
and the Jatter is provided with a spaced portion
of magnetic material for cooperating therewith
to actuate the contacts.

It is another object to provide such a device
which is arranged to cause a positive closure of
the contacts with adequate pressure, and to pro-
vide a quick clean break of the contacts when
they open,

Further objects and advantages will be appar-
ent from the following description taken in con-
nection with the accompanying drawings, in
which:

Fig. 1 is a vertical substantially mid-sectional
view of a pump structure incorporating a pre-
ferred embodiment of the invention:

Fig. 2 is a detail in perspective, partly broken
away, showing the contact operating mechanism
of Fig. 1;

Fig. 3 is & detall plan view of the contact actuat-
ing mechanism of Fig. 1;

Fig. 4 is a view similar to Fig, 2 showing a mod-
ified form of the magnetic contact controlling
member;

Fig. 5 is a similar view showing a further modi-
fication of the contact controlling mechanism;

Fig. 6 is a detail view similar to Fig. 3 showing
an embodiment of the invention in which the
magnetic contact controlling member is polarized
parallel to its pivotal axis; and

Pig. 7 is a detail view in side elevation, partly
broken away and in section, of the structure
shown in Fig. 6.

In Fig. 1 of the drawing, there is illustrated a
cylinder I of non-magnetic material in which is
slidably mounted a plunger 2 of magnetic mate-
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2
rial such as soft iron. A spring 3 is arranged to
urge the plunger 2 toward the upper end of the
cylinder, its movement in this direction being
preferably limited by an elastic stop member 4.

Means for retracting the plunger 2 against the
action of spring 3 is provided in the form of a
solenoid 5, and means for periodically energizing
the solenoid in order to cause reciprocation of the
plunger are provided comprising a battery 6, one
terminal of which is connected by a lead 7 to one
end of the solenoid winding, while the other end .
of the solenoid winding is connected through -a
lead 8, fixed contact 8, movable contact {{ and
lead {2 to the opposite terminal of the battery.

Means actuated by the movement of the plung-
er are provided for controlling the contacts 9,11
so as to close the contacls at the upper end of
the piston stroke, and open the contacts at the
lower end of said stroke. As here shown, this
means comprises an arcuate member 13 of mag-
netic material which is pivotally mounted adja-
cent the cylinder { on an axis transverse to the
axis of the cylinder as indicated at (4. A bracket
(§ forms the support for the magnetic member
{3 and carries a downwardly extending blade {6
on the free end of which the movable contact ||
is mounted so as to be moved into and out of en-
gagement with the fixed contact 9 as the magnet-
ic member (3 rocks about its pivot 14. Means for
maintaining the member {3 magnetized constant-
ly during the operation of the motor is provided
in the form of a coil {7, one end of which is con-
nected to the battery lead 12, and the other end
is connected through a lead 18 to the opposite
battery lead 1. A manual switch 19 is inserted
in the battery lead T to control the energization
of coil 1T and solenoid 5. :

The plunger 2 is provided with a portion 21
which is separated from the main body of the
plunger by & space or annular gap 22. It will be
understood that this gap may be in the form of
turned-down section of the plunger, or may be an
insert of non-magnetic material, the object be-
ing to provide a space of high magnetic reluc-
tance between the portion 21 of the plunger and
the main body thereof.

The magnetic member i3 is so formed and
mounted that, when it rocks in a counterclock-
wise direction as viewed in Fig. 1, its upper end
23 comes substantially into contact with the ex-
terior surface of the cylinder i, while the contact
{1 is thereby engaged with the fixed contact 9.
On the other hand, when the magnetic member
{8 is rocked in a clockwise direction, its lower end
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24 will similarly approach the surface of the cylin-
der [, while the contacts i1, 9 will be opened.

Means for causing the magnetic member to op-
erate by a snap action and to hold the contacts
closed dring the downstroke: of the plunger is
provided. in-the form of a toggle spring 25 which
is compressed between a fixed bearing 26 and a
projection 27 on the pivoted frame (5.

In the operation of this embodiment.of the in-
vention, starting with the parts in the positions
{llustrated in Fig. 1, closure of the manual switch
18 causes energization of the solenoid: coil 5 and
magnetic coil (1. Energizationr of solenoid 9
causes the plunger 2 to be retracted downward,
compressing the spring 3 until the portion 2{ of
the plunger is moved out of the zone of influence
of the upper end 23 of magnet {3 and. into: the
zone of influence of the lower end 24 thereof.
The attraction of the lawer end of the magnet for
said portion 21 thereupon causes the magnet to
rocki{iv a: clockwise: direction, opening: contacts
{#, @ and thereby deenergizing the: solenoid: 5.
This action takes place- positively and. abruptly
duetothe action of-the toggle:spring 25

The: spring:- 3. is: thereupon. effective: to: raise
the plunger 2 .toward its: upper position,. where
ttie: portion: 21: thereof again.comes into the zone
oft influence-of the upper end:23 of ‘the: magnet.
Thisscauses:the magnet:torock counterclockwise,

closing contacts: {il,: 9. thereby' ggain- energizing .

thewsolenoid §:so: that the: reciprocation of the
plunger:is repeated: as: long as the switch: {8 re-
mains closed: ..

Tt the:embodiment; of themventmn, illustrated
im P, 4, the:magnetic membern-is: in- the: form of
& pernmanent magnet-33:provided with- pole-pieces
84}-and: 35 extending: toward the surface of: the
cylifrder-f;. and shaped: to conform thereto. The
aperation of this: embodiment. of the invention

{wthe: same: as: thrat: first. described- except: that-

the:mmamual: switch: {9:is here called: uponr to: con-
tiol:only: the: solenoid §..

Im:Fie. 5off the drawing; the: contact actuat-
ing:means: is; illustrated: as comprising an elastic

blade: or- plate. 36 pivotally: mounted: at 37 and:

carpying: o its ends. permanent- magnets 38, 39
whichrextend into proximity: with:the: cylinder |
and:.are- arranged: to: be: maved: slternately into
engagementr with: the: cylinder by the: proximity
af: the: spaced: portion: 21 of: the: plunger 2. The
movable: contast {df: is: carried: by the lower end
of:the:blade 36 and is. moved: inbosand-out of en-
gagement: with: the fixed; contact: 9: as: the blade
rocks.om its .pivot 3T.

I Figs. 6 and. 7-of the drawing, bhere ig illus-
trated: an: embodiment;, of: the: invention.in: which
provisions are incorporated: for preventing: the
maeaguetization-of the: plunger 2 by. the: solenoid
from having any effect.on the operation of the
contacts., . Referring: back to. Fig, 1, it will be
noted. that the magnetic circuit of. the solenoid
§ is completed through. the. plunger 2, the lawer
nole. piece. 44, the casing 41. and the upper pole
piece 42, all of which are of magnetic material
as set’ forth more. completely in the disclosure:
of DicKey et al. above referred to. In view of
this. closed magnetic circuit, the portion of the
plunger 2" above the pole piece. 42 is substantially
demagnetized evenn whien the solenoid 5 is ener-
gized so-that there is very little; if any; effect on:
tHe-operation-of the contacts, such effect as may
occeur merely: causing a slight change: in- the
length- of the stroke of the: piston: Im order to
prevent any: interaction of this character, the
structure- shown- in- Figs. 6 and- T is provided: in:
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4
which a permanent magnet 43 is pivotally
mounted as indicated at 44 on an axis transverse
to the axis of the cylinder {, the magnet 43 be-
ing polarized as 1nd1ca,ted in Flg 6, parallel to
its: pivotal: axis:

Pole pieces 45, 46 are attached in any suitable
manner to the poles of the magnet 43 and ex-
tend into proximity to the cylinder {, being ar-
ranged. to substantially conform to the exterior
surface thereof. The pivot 44 of the magnet 43
is connected to rotate with the magnet and its
pole pieces 495, 46, and is extended and bent to
This crank is arranged
to engage an elastic blade 48 which is anchored
at one end-and carries on its free end a movable
contact 91 which normally engages a fixed con-
tact 48. It will:be-understood that contacts 49,
51 correspond to contacts 8, {{ in Fig. 1 of the
drawing, and control the energization of the
solenoid § in the same manner. For this pur-
pose; the: crank 47 is so: arranged that. rocking
of the magnet 43 in a counterclockwise direc-
tion' in Pig. 7 causes the crank' 4T to: open: the
contacts, while rocking of the magnet in. the: op-
posite direction allows the: contacts:to close.

In this embodiment of the invention, when
the plunger 2 approaches its upper position, as
shown in Fig. 7, the portion: 2{: thereof moves: up
and opens the magnetic gap between the pole
pieces 45, 46 of magnet 43 while the- main por-
tion of plunger 2 enters the gap from helow:and
partially closes it. This causes the magnet 43
to:-rock in a clockwise direction: as shown:in Fig,
7, tor further close said gap, whereby the crank
47 permits contacts 49, .51 to close; thus. energiz-
ing solenoid 5. The plunger 2 is thereby re-
tragcted downwardly, moving the: main: portion
of the plunger away from: the: pole pieces 457 48
and bringing the spaced portion: 21: into. the gap
therebetween. The mutual attraction between
the: magnetic material: of the portion. 2t of the
plunger and the pole pieces 45, 45 thereupon
causes the magnet 43 to: rotate in: a counter-
clockwise direction, thus causing the' crank 47
to raise contact 51 out of engagement with con-
tact: 49; deenergizing the solenocid 5 and allow-
ing the spring 3 to return the plunger ? to-its
upper position. The length of the stroke of the
plunger is thus approximately equal to the width
of the pole pieces 45, 46 minus the width of the
space 22.

I¢ will be appreciated that any stray magnetic
flux caused by the energization- of the solenoid 5
will have no effect on the action of the-magnet 43
in controlling contacts 49, 51 since any attrac-
tion- for one of the pole pieces 45, 46 caused by
such flux-would be balanced by a corresponding
repulsion for the other pole piece. Any possible
interaction with the solenoid § is thereby-effec-
tively prevented.

Although certain embodiments of the invention
have been shown and described in detail, it will
be understood that other embodiments are pos-
sible and that changes may be made in the design
and arrangement of the parts without: departing
from the spirit of the invention.

We claim:

1. In an electromagnetic motor; a non-magnetic
cylinder, a plunger of magnetic material slidably
mounted: therein, a spring urging the plunger to-
warc one-end of the cylinder, g solenoid-surround-
ing the cylinder and arranged when energized to
retract the plunger and overcome the spring; and
meens for controlling the energization of the
solenoid’ ineluding & magnet mounted adjacent
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the eylinder with freedom for pivotal movement
on an axis transverse to the axis of the cylinder,
said plunger having a portion so spaced axially
from the main body thereof that during the recip-
rocation of the plunger the spaced portion comes
alternately into and out of the zone of influence
of the poles of the magnet so as to cause the mag-
net to rock akout its pivotal axis; and a pair of
contacts controlled by the rocking motion of the
magnet; in which the magnetic axis of the mag-
net is substantialy parallel to its pivotal axis, and
including further, pole pieces for the magnet hav-
ing portions substantially conforming to the ex-
terior surface of the eylinder.

2. Inan electromagnetic motor, a non-magnetic
cylinder, a plunger of magnetic material slidably
mounted therein, a spring urging the plunger to-
ward one end of the cylinder, g solenoid surroynd-
ing the cylinder and arranged when energized
to retract the plunger and overcome the spring,
and means for controlling the energization of the
solenoid including a magnet mounted adjacent
the cylinder with freedom for pivotal movement
on an axis transverse to the axis of the cylinder,
sald plunger having a portion so spaced axially
from the main body thereof that during the re-
ciprocation of the plunger the spaced portion
comes alternately into and out of the zone of in-
fluence of the poles of the magnet so as to cause
the magnet to rock about its pivotal axis; and a
pair of contacts controlled by the rocking motion
of the magnet; in which the magnetic axis of the
magnet is substantially parallel to its pivotal axis,
and including further, pole pieces for the magnet
having portions substantially conforming to the
exterior surface of the cylinder in which the
spaced portion of the plunger is separated from
the main body portion by a magnetic gap which
is substantially equal in length to the length of
the pole pieces axially of the cylinder less the
length of the stroke of the plunger.

3. In an electromagnetic motor, a cylinder of
non-magnetic material, a plunger of magnetic
material slidably mounted therein, a spring urging
the plunger toward one end of the cylinder, elec-
tromagnetic means for retracting the plunger
against the force of the spring including a solenoid
surrounding the cylinder and plunger, and means
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for periodically energizing the solenoid to cause
reciprocation of the plunger including a perma-
nent magnet pivotally mounted adjacent said end
of the cylinder for rotation on an axis transverse
to the cylinder, and contacts controlled by the
rocking of said magnet about its axis, said plunger
being formed with an annular magnetic gap
which is moved into and out of the flux path of
said magnet by the longitudinal movement of the
plunger; in which the magnet is polarized sub-
stantially in alignment with its pivotal axis, and
including pole pieces for the magnet substantially
conforming to the adjacent surface of the cyinder.
4. Inan electromagnetic motor, a non-magnetic

cylinder, a plunger of magnetic material slidably
mounted therein, a spring urging the plunger
toward one end of the eylinder, a solenoid sur-
rounding the cylinder and arranged when ener-
gized to retract the plunger and overcome the
spring, and means for controlling the energiza-
tion of the solenoid including a magnet mounted
adjacent the cylinder with freedom for pivotal
movement on an axis transverse to the axis of the
cylinder so as to move its poles alternately toward
and away from the cylinder, said plunger having
8 portion so spaced axially from the main body
thereof that during the reciprocation of the
plunger the spaced portion comes alternately into
the zone of influence of one of the poles of the
magnet and out of the zone of influence of the
other pole, and vice versa, 50 as to cause the mag-
nel to rock about its pivotal axis; and a pair of
contacts controlled by the rocking motion of the
magnet.

LELAND C. PARKER.
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