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This invention relates generally to fuel supply
means and in particular to an electrically oper-
ated pump for supplying liquid fuel to a. heater,
internal combustion engine, or other ligquid fuel
consuming devices.

In the prior art, electrically operated. fuel
pumps of various designs have been constructed
for supplying gasoline or other liquid fuel to
heaters, internal combustion engines and simi-
lar devices. Although such devices have heen
generally satisfactory, the structures have been
larger and more complicated than desirable and
accordingly have been difficult and relatively
expensive to manufacture. Also in such devices
the electrical driving means has been rather
inefficient, requiring heavy current drain. This
is ‘a particularly important feature in pumps
used on automobiles, as the amount of electrical
power available for operating the various elec-
trical accessories thereof is limited by the storage
battery of the vehicle. The inefficiency of prior
pumps has been due to a large extent to the
switching arrangement which normally applies
more power to the actuating device than is actu-
ally required.

Another problem encountered in the design of
fuel pumps is that most pump structures are
inherently adaptable for providing a .constant
rate of fuel flow therefrom. In many fuel con-
suming devices the rate at which fuel is used
depends upon the operating conditions, as, for
example, - in internal combustion engines the
amount of fue] required depends upon the speed
of the engine, and in heating devices the amount
of fuel required depends upon the heat output
thereof. To provide a fuel pump suitable for
such applications the pump must be able to-pro-
vide a steady flow of fuel, free of air bubbles,
with the rate of fuel flow being variable to. meet
the needs of the consuming device.  Also it is
desirable in usual applications that the fuel
pump act as a valve to prevent flow of fuel from
the fuel supply source to the device when the
pump is not. operating.

It is, therefore, an object of the present inven-
tion to provide an improved electrically oper-
ated fuel pump which is of simple construction.

It is another object of this invention to. pro-
vide a fuel pump which is capablé of supplying

fuel to a consuming device at the rate required:

by said device and in a continuous flow free of
air bubbles.
It is a further object of this invention to pro-

vide a fuel pump including means inherent

therein for preventing the flow of fuel from the
fuel source to a consuming device when the
pump is not operating,
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A feature of this invention is the provision of a
solenoid operated diaphragm type pump having
a switch operably connecied to: the diaphragm
and arranged to energize the solenoid during a
short portion of each eycle of the pump to pro-
vide a fast intake stroke, the pump including a
spring acting on the diaphragm to supply. fuel to
a consuming device at the rate required thereby.

A further feature of this invention is the pro-
vision of a solenoid operated pump including an
improved - snap-action switching unit which  is
of simple  construction and prov1des efficient
operation of the pump.

A still further feature of this invention is the
provision of a fuel pump having a fuel cavity
therein which is compietely sealed so that the
pump provides a. continuous ﬂow of fuel free of
air bubbles.

Yet another feature of this invention ‘is the
provision of a diaphragm type pump-in which
members for - sealing the intake and exhaust
openings. of the pump are secured to the dia-
phragm and are effective to seal the openings
when the pump is not operating.

Further objects, features and advantages will
be apparent from a consideration of the follow-
ing description taken in connection with the ac-
companying drawings in which:

Fig. 1 is a cross-sectional view of the pump in
accordance with the invention;

Fig. 2 is a top view of a portion of the pump
showing’ the switch structure; :

Fig. 3 is a perspective view of the sthch
structure of Fig. 2;

Fig. 4 is a cross-sectlonal view of the wvalve
structure of Fig. 1 showing the dlaphragm and
valves in a different position;

Fig. 5 is a cross-sectional view showing a pump
in accordance with the invention having a modi-.
fied switch structure; :

Fig. 6.is a top view of the pump in accordance
with Fig. 5; v

Fig. 7 1s a cross-sectional view along the lines
1—1 of Fig. 5; and

Fig. 8 is a perspective view of the .switch con.
tact member of Fig, 5.

In practicing my invention I provide a solenoid
operated diaphragm type pump in which a cham-
ber of varying volume is formed between the dia-..
phragm and a housing member. The housing
member includes. a valve for allowing entry of
fuel into the chamber and a second valve for
permitting the flow of fuel from the chamber to
a fuel consuming device. A solenoid unit is pro-
vided for actuating the diaphragm to draw fuel
into the chamber and a spring opposes the action
of the solenoid to force fuel through the second
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3
valve out of the chamber. A snap-action switch-
ing mechanism is provided for intermittently con-
necting the solenocid to a source of electrical pow-
er, the switch contacting member being arranged
to move the diaphragm. The solencid unit is ar-
ranged to operate the diaphragm very fast to pro-
vide a fast intake stroke and the spring then
forces the diaphragm against the housing to feed
fuel to the fuel consuming device at the rate re-

quired thereby. Resilient members for sealing

the intake and exhaust openings in the housing
are secured to the diaphragm to prevent flow of
fuel through the pump when the pump is not
operating. The fuel chamber in the housing, the
diaphragm and valves are all sealed so that air
cannot entsr the fuel stream and a continuous
flow of fuel is provided which is free of air bub-
bles.

Referring now to the drawings, in Fig. 1 there
is {Itustrated a solenoid operated disphragm: type
pump including a pump. unit {8, a solenoid driv-
ing unit #1, and a switch unit {2. The pump.unit
includes two annular stamped metal housings (3
and {4 with an annular diaphragm {5 positioned
therebetween. The housing member 4 is pro-
vided with openings for two.valve unifs 16 and 7
which are connected to fuel lines connected to a
fuel source and to a consuming device respsc-
tively. The valve units {8 and 17 are of substan-
tially: identical snnular configuration, each in-
cluding a portion {8 having a tubular projection
{8 which is secured in an opening in the housing
member {4 and a portion 29 including a cavity
for a valve. The portions {8 and 20 of eagh valve
are. joined by threaded rings 21, The intake valve
16 includes a dis¢ valve 23 normally held against
an annular projection 28a by a spring 22. The
valve is arranged so that the disc 28 can move
against the pressure of the spring 22 to.allow fuel
to enter through the tubular portion {9 and inte
a-chamber formed hetween the diaphragm {§.and
the housing 4. The valve unit. {1 is of similar
configuration to the valve unit 1§ exeept the
spring 24 normally holds the dise. 28 againsh an
annular projection {8a. Pressure exerted on the
dise 25. by fuel in the chamber causes the spring
24 to he compressed: and permits the flow of fuel
around the disc and from the pump.

For securing the. housing (3 to the solenoid
driving unit {f an annular projecting portion. 27
is provided on the base member 28 of the sole-
noid. Tkis portion extends. through an opening
in the housing 13 and is secured thereto by an
annular member 28. - A spring 28 is positioned
t0 bear against the member 25 and-the diaphragm
{5 to force the diaphragm against the housihg
i4. Rigid disc-like members 3¢ and 21 are se-
cured to. either side-of the diaphragm, the mem-
ber 38 forming a seat for the spring 29, and the
member &f having recesses 32 in which resilient
members 33 are placed to seal the tubular por-
tions 18 of the valves- {8 and IT when the dia-
phragm is positioned against the housing {4, The
diaphragm and rigid members on either  side
thereof have centsr openings into which the end
of a plunger 34 extends, the end 3% of the plunger
having a tubular projection, the edge of which
is spun over to hold the diaphrgam and members
together.

Referring now to the solenoid unit 11, this unit
includes a coil 49 which is wound on a form 4
and is enclosed by a housing composed of a tubu-
lar member 42, base merber 28 and top. plate
43. These members, as well as the plunger 34,
are made of soft iron to provide a. good magnetbic

en

path about the solenoid. The bottom member
28 has an opening therein through which the
plunger 34 operates in a sliding fit. As shown
in Fig. 1, the tubular member 42 has ends which
are spun over to retain the end plates 28 and 43
in position. The top plate 43 has an opening
into which an annular pole piece 44 is positioned.
This pole piece has a conical cavity: 45 therein
which cooperates with the conical end 48 of the
plunger 34 to provide an air gap in the magnetic

‘eircuit about the solenoid. A central opening is

provided in the pole piece to slidingly receive a
bolt 47 which is secured to the plunger 34. A
nen-magnetic washer 48 is positioned at the end
of the plunger to prevent freezing of the plunger
to the pole piece.

The switch unit {2 is adapted to control energi-
zation of the solenoid 48 and includes a resilient
member &% and a fixed member 5§ both of which
are mounted on the top plate 43. of the solenoid
driving unit. The resilient member B0 includes a
body portion §2 and a tongue 53 which are mov-
able with respect to each other. A W-shaped

- roller spring %4 is positioned between the tongue

and the body portion of the resilient member §0
and tends to hold these portions away from each
other. A contact 55 is secured to the body portion
52 and is adapted to engage a fixed contact 58

‘.. supported by the fixed member 5i. For limiting

40

the movement of the contact 53 in the opposite
direction, a stop 57 is secured to.the top plate
43 of the solenoid unit. The plunger 34 of the
solencid is connected to the tongue portion §3

" through bolt 47 and fittings 58 and 58 which are

secured to the bolt by a nut 60. Accordingly,
movement of the tongue portion 53 is caused by
movement of the plunger 34 and diaphrasm {5,
the movement of the tongue causing a snap-

- action movement of the body portion of the spring

59 so that the movable contact 55 will be snapped
from engagement with the. fixed contact 5§ to
engagement with the stop 57 and vice versa.

The switch unit {2 and the coil 48 of the sole-

2 noid driving unit are connected in an electri-

60
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cal circuit so that as the movable contact 55 en-
gages the fixed contact 56, current will flow
through the solenoid. As illustrated in Fig. 1,
one lead from the coil 48 is connected through
switch €1 to one terminal of a battery 62, the
other terminal of which is grounded as is con-
ventional in vehicular installations. - The other
lead from the coil is connected to the fixed con-
tact 58. The movable contact is connected
through the body portion 52 of the resilient
member, the bolt 47 and plunger 34 tc the hous~
ing of the pump which is grounded. Therefore,
when switch 61 is closed and the movable con~-
tact B3 engages fixed contact 58, a circuit will
be established from ground through the battery
62, coil 48, switch {2 and back to ground. When
the movable contact 35 is in engagement with
the stop 57, the circuit throusgh the coil is open
as the contact 85 and the stop 57 are both
grounded. ) )

In the operation of the pump, the diaphragm
15 is moved from a closed position as shown. in
Fig. 1 to an open position as shown in Fig. 4.
As the diaphragm moves away from the hous-

- ing 14, low pressure will be created in the cham-
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ber formed bhetween the diaphragm and the
housing which will cause fuel to he drawn from
the fuel source through valve i18. As shown. in
Fig. 4, spring. 22 is. compressed and. disc 23 is

~pushed away from the seat 20a allowing fuel to

be drawn around the disc. . The diaphragm. is
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moved in this opened position by the plunger 34
being drawn into the solenoid I{. The housing
of the coil 40 being made of soft iron provides

a’ good magnetic path around the coil, the path

continuing from the pole piece 44 through the
top plate 43, tubular member 42 and bottom
plate 28, to the plunger 34. This magnetic Aux
through this path, when the coil is energized,
tends to shorten the air gap between the sur-
face 46 of the plunger 34 and the surface 45

of the pole piece 44 causing the plunger to move.

upwardly to thereby move the diaphragm  into
the open position. 'The bolt 47 is made of cop-
per or other non-magnetic material so that the
magnetic air gap between the surfaces 45 and
48 will not be bridged thereby. After the sole-
noid is deenergized the spring 28 which bears
against diaphragm 15 will force the diaphragm
toward the housing .14 causing the fuel in the
chamber therebetween to be under pressure.
This pressure will be exerted against the disc 25
causing the spring 24 to be compressed and thus
permit the fuel to pass through the valve and
to the fuel consuming device.

The tongue 53 of the member 50 is arranged
to move with the diaphragm {5 and when the
diaphragm is adjacent the housing 14 the con-
tact 85 carried by the portion 52 will be in en-
gagement with the contact 56 of the fixed mem-
ber of the switch. It will be seen from Fig. 3
that as the plunger 34 is moved down by ac-
tion of spring 28, the tongue portion 53 will
move down. The body portion 52 of the resil-
ient member 50 cannot move down, however, as
the contact 55 is in engagement with stop 57.
As the tongue moves below the body. portion,
the roller spring 54 will cause the body portion
52 to snap up so that contact 55 engages fixed
contact 56. When the contacts are thus closed,
the solenoid will pull the plunger 36 upwardly
and the tongue 53 will be moved up. The body
portion 52 cannot move up as the fixed con-
tact 56 now acts as g stop. When the tongue
moves above the body portion, the body por-
tion will snap down so that the contact en-
gages the stop 51. The fixed contact and stop
are: arranged so that the connection will be

broken just hefore the diaphragm reaches its.

maximum upward position so that the coil is
deenergized and will not tend to move the di-
aphragm farther thus resulting in inefficient
operation. The spring 29 will then force the
diaphragm downwardly causing the fuel to flow
through the valve 1T as previously described.
As previously stated, the rate at which the fluid
flows from the pump depends on the pressure
in the fuel line -or, in other words, the fuel con-
sumption of the device to which the fuel is be-
ing supplied.  Therefore, the speed at which the
pump operates «depends upon the requirements
of the device and will supply a varying quantity
of fuel at a substantially constant pressure.
The movement of the diaphragm by the sole-
noid is very rapid so that the interval during
which the pump is receiving fuel is very small
causing the supply of fuel from the pump to be
as constant as possible.

The construction of the diaphragm and intake
and exhaust valves of the pump are such that a
completely air tight chamber is formed in the
pump. This prevents entry of air into the fuel
stream delivered from the pump resulting in a

fuel stream having air bubbles therein causing

unsatisfactory operation of the fuel consuming
device. It is readily apparent that any fuel con-
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suming device such:as an internal combustiont
engine or a heater requires a steady flow of fuel
which is free: of -air. Purther, the provision of
the sealing members 33 on the diaphragm assem-
bly prevent unintentional flow of fuel from the
fuel supply source to the fuel consuming device
when the pump is not in operation. This might
be caused when the position of the. vehicle is
such that the fuel tank is higher than the con-
suming device in which case gravity would cause
flow of fuel. Such flow of fuel when the device
is not in operation would result in waste of the
fuel, and is therefore not desired.

In Figs. 5 to 8, inclusive, there ig illustrated
an alternative switching arrangement: for the
fuel pump. The switch assembly shown in these
fisures includes a movable carriage 63 compris-
ing ;a U=shaped bracket 64 which is secured
to the bolt 471 carried by the plunger 34. A
spring member 65 is. mounted .on the U-shaped
bracket, having projections 68 which are posi-.
tioned in notches 67 in the brackat, This struc-
ture is clearly shown in Fig. 8. A movable con-
tact 68 is carried at the. center of the spring
member 65. A bridge structure 69 is supported.
on the top plate 43 of the solenoid driving unit,
the bridge structure including an  insulating:
plate T8 having a fixed contact Ti positioned
thereon. The bridge structure also includes-an
off-set portion 72 which forms a stop for the
movable contact 68. It is-apparent that the op-
eration of the switch mechanism shown in Figs.
5 to 7 is very similar to the switech mechanism
shown in Figs. 1 to 4. When the plunger 34
moves upward, by action of the solenoid, the
contact 66 bearing against contact Tt will cause
the spring member 65 to straighten until it as-
sumes a center position and then flex in the
opposite direction. The contact 6§ will there-
fore snap away from contact 71 to break the
circuit through the solenoid. The . spring 29
(mot shown) will then cause the plunger to be
withdrawn and during this movement contact
66 engaging the stop 712 will cause the spring
65 to first straighten and then snap upwardly
to the postion shown in Fig. 5.in. which the. con-
tact 66 will engage the fixed contact Ti. It is
therefore seen that the spring member 85 will:
snap from a position in which the movable con-
tact 68 engages the fixed contact 71 to a posi-
tion in which the movable contact engages the
stop 712, The connection of the switch to the
solenocid and the operation of the pump in gen-
eral is the same in both modifications. - Accord-
ingly, detailed. description of the operation of
the switching mechanism  illustrated in Figs. 5
to 8 will not be included.

It is, therefore, seen that I have provided a
simplified solenoid operated  diaphragm type
pump which is of relatively simple and inex-
bensive construction and at the same time very
dependable and stable in- operation. The
switching arrangements disclosed and the, sole-
noid drive unit are so constructeéd that the in-
take stroke will be very fast thus permitting
flow of fuel during most of the cyclé. This re-
duces pulsation. in the fuel fiow and provides,
a steady flow, the rate of which depends upon
the requirements of the consuming device. As
previously stated, the diaphragm and .valves are
all ‘completely sealed so that entry of air. into
the. fuel line is completely eliminated and the
fuel flow is entirely free of air bubbles.  The
bump further acts as a valve to prevent flow
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6f fuel therethrough when the pump is not ¢p-
erating.

Although I have described certain preferred
embodiments of my invention, it is apparent
that various modifications and changes can be
made therein without departing from the in-
tended scope of the invention as deéfined in the
appended claims,

I claim:

1. A pump for supplying fuel to a liguld fuel
consuming device includihg in combination a
symmetrically-shaped housing having an an-
nular portion projeeting from one end thereof
and electric solenoid means contained therein,
an axially reciprocating plunger comprising g
part-of the magnetic path of said solenoid means
and slidably supported in said annular portion,
g, second symmetrically-shaped housing having
an axially eentered aperfiure in one end and a
pair of apertures comprising inlet and outlet
openings in the opposite end thereof, said axially
centered aperture being disposed in axial align-
ment about said annular portion and accommo-
dating said plunger, adjustable securing means
coacting with said second housing and said an-
nular portion retaining said housings in assem-
bled relation, said second housing having an air-
tight chamber formed therein accessible through
said inlet and outlet apertures, a flexible dia-
phragm supported in said secong housing, one
side of said diaphragm comprising one of the
walls of said airtight chamber, sealing means
affixed to the side of said diaphragm facing said
inlet and outlet openings, means securing said
diaphragm to said plunger, a-coil spring sup-
ported. between said didphragm and said axially
apertured end of said second housing tending to
force said diaphragm toward said opposite end
of said second housing and thereby discharging
fuel from said chamber through said outlet
opening and causing said sealing means to close
said inlet and outlet openings, an electric con-
tact fixed to said first housing, a movable con-
tact, and @ snap action mounting for said mov-
able eontact, said mounting including a pair of
resilient members and a roller spring interposed
therebetween, one of said resilient members being
secured to said plunger for movement therewith
and the other of said movable members support-
ing- said movable contaect, said resilient mem-
bers being so arranged that said movable cor-
tact is moved into engagement with said fixed
contact when. said diaphragm reaches a position
adjacent said opposite end of said second hous=
ing, to thereby energize said solencid means. so
that said plunger moves said diaphragm away
from said opposite end of said second housing
for drawing fuel through said inlet opening into
said chamber. )

2. A pump for supplying fuel to a liquid fusl
consuming device including in combination a
symmetrically-shaped housing having an an-
nular portion projecting from one end thereof
and electric solenoid means contained therein,
an axially reciprocating plunger comprising a
part of the magnetic path of said solenoid means
slidably supported in said annular portion, a
second symmetrically-shaped housing having an
axially centered aperture in one end and an air-
tight chamber decessible through a pair of aper-

tures comprising inlet and outlet openings formed.

in. the opposite: end: thereof, said axially cen-
tered aperture being disposed in axial alignment
with said annular portion and sccommodating

sald plunger, adjustable securing means coacting:
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with said second housing and said annular por~
tion to hold said housings in assembled rela-
tion, a flexible diaphragm supported within said
second housing with one side forming one wall
of said chamber, means connecting said dia-
phragm to said plunger, a coil spring supported
between said diaphragm and said axially aper-
tured end of said second housing, sealing means
fitted over the side of said diaphragm accessible
to said chiamber and aligned with said iniet and
outlet openings, said coil spring tending to hold
sgid digphragm and said plunger in a fifst posi-
tiofr in which said sealing means close said open-
irigs, said solenoid being operable to cause move-
ment of said plunger and said diaphragm from
said first position to a second position to réla-
tively increase the volume of said chamber, an
electric contact fixed to said first lousing, a mov~
able contact, and a snap action mounting for
said movable contact, said mounting including
a palr of resilierit- members and a roller spring
interposed therebetween, one of said resilient
members being secured to said plunger for move-
ment therewith and the other of said movable
members supporting said movable contact, said
resilient members being so arranged that said
movable contact snaps into engagement with
said fixed contact when said plunger assuries
said first position to thereby energize said sole~
noid, and snaps out of engagement with said
fized contact when said plunger reaches said
second position.

3. A pumyp for supplying fuel to a liquid fuel
consuming device under substantially consiant
pressure including in combination, a diaphragm,
a housing for said diaphragm defihing a fuel
chamber in conjunction with said diaphragm,
said diaphragm being permanently sealed within
said housing for preventing the leakage of fuel
from said chamber, an electiic solenoid for oper-
ating said diaphragm including a stationary
magnetic pole piece having a conieal pole face,
a movable magnhetic plunger having a conical
pole face fitting into saig pole face of said pole
piece, and a magnetic housing having a threaded
annular projecting portion through which said
plunger extends to be guided therehy, said dia-
phragm housing being disposed adjacent said
solenoid housimg and having an apertured end

- surrouniding said annular projecting portion, a

retaining member threaded on said annular
projecting portion and engdging sdid apertured
end of said diaphragm housing for adjustably
securing said diaphragm housing to said sole~
noid housing, said plunger extending into said
diaphragm housing and being connected to said
diaphragm for moving said diaphragm from a
first position wherein said chamber is relatively
small to a second position wherein said chamber
is relatively large for drawing fuel into said
chamber when said solenoid is energized, a coil
spring disposed in said diaphragm housing sur-
rounding said plunger and coacting with said
retaining member and said diaphragm for mov-

- Ing said diaphragm toward said first position for

supplying fuel from said chamber to said con-
suring device under substantially constant pres-
sure when said solenoid is deenergized, and snap-
action contacts on said solenoid housing actu-

. ated by said plunger for energizing said solenoid

when said diaphragm reaches said first position

apnd deenergizing said solenoid when said dia~-

phragm reaches said second position.
STANLEY J. BUDLANE.
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