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1

la,rly f,o fuel pumps for automotwe engmes a,nd
the like and is a continuation in part of my co-
pending application, Serial No. 536,162, filed May
18, 1944, now Patent No. 2,426, 965, dated Septem-
ber: 2, 1947. Pumps previously prowded for this
purpose have not been entirely satisfactory for a
number of réasons, partieularly with regard to
capacity and the handling of bdiling fuel.

. “Another serious trouble with previous designs
has been diaphragm failures and short life of the
‘pump, generally,

A very frequent source of trouble in- previous
fuel pump designs is the wearing of the valves
and valve seats so that the pump will not prime
itself at cranking speeds, and will not pump boil-
ing fuel fast enough to run the engine.

Autemotive fuel pumps are ordinarily operated
by the engine cam shaft and must have a ¢apacity
sufficient to prime the pump, fill the carburetor
bowl, and supply all the fuel reguired to statrt a
cold engine at ¢ranking speeds-which may be as
low as 40 B. P. M. 8ince the pump.is ordinarily
driven from the cam shaft, the pump i§ only
operated twenty strokes per minute under these
conditions. On the other hand, the puinp must
he capable of continuous oeperation at ehgine
speeds of at least 4000 R. P. M. or 2000 strokes of
the pump. Such high speed operation results in
excessive strains on the diaphragms o0f pumps of
previous designs. )

‘When operating at 2000 ¢ycles per minute, the
inlet and outlet valves of the puinp have to be
opensd and closed with greaf Fapidity, and this is
especially hard on the inlet valve and seat, be-
eause its operation of opening and ¢losing must
be accomplished in & very small portion of the
cycle, when the pump is operating at noimal
speed and capacity.

Another difficulty with previous pumps is that
they have, in thémselves, tended to set . up vapor
lock of boiling of the fuel by reason of the ex-
cessive suction developéd in the fuel at the intake
¢conneéction of the pump and in the line leading
back to.the tank. In high speed operation of the
pump, the fuel column leading to the inlet valve
must be started and stopped with great rapidity,
thé only means preventing the separation cr boil-
ing ¢f the fuel being the atmospheric pressure in
the fuel tank or wherever it can act on the fuel. -

An object of my invention is to produce a new °

and improved fuel pump éapable of lifting and
handling volatile fueis.

. Another object of my invention is te produce a
new:and: xmploved fuel pump for mternal com-
bustion engines eapable of quickly priming 4
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and filling thé carburetor bowl under low speed
engine cranking conditions.

Another object of my invention is ho preduce
a fuel pump for internal combustmm engines in
whieh the fuel in the intake conduit is refriger-
ated by vaporization of fuel in the pumping
chamber.

It is a further object of my invention %o pro-
duceé a diaphragm type fuel pump in which the
strains on the diaphragm are minimized by pro-
viding for the acceleration and deceleration of
only "short columns of fuel.

It is a further object of my invention o produce
a new and improved fuel pump of the reciprocat-
ihg type in which the maximum capacity of the
pump is hm1ted by a cahbrated restriction at or
near the intake valve of the pump.

It is another ObJECt of ‘my invention to pro-
duce a new and improved fuel pump of the re-
ciprocating type in which the fuel inlet column
or pipée is interrupted by an air chamber near
the inlet valve of the pump and in which the inlet
passage between the ‘air chamber and the inlet
valve has sufficient capacity to contaiin-at least
as much fuel as can be discharged ab ene-stroke
of the pump during normal-and high speed cpera-
mon

Another object of my mvenbzon is to plmuca a
fuel pump for automotive engihes in which the
life of the pump may be definitely expscted %
exceed the life of any engine ev vehicle to whwn
it is likely to be applied.

Another object of my invention is to produce
a new and improved valve capable of maintain-
ing high sealing qualities after long use under
high speed operating cohditions.

Ancther objeet of my- invention is to provide
a new and improved okerating lewex for ‘high
speed op=rat10n

In order: to éliminate the faults of previous

‘designs, and to produce g .hew and improved

DUMp capable of accomphshmg the above de-
scribed and other objects, I have invented the
pumy deseribed and showa in the fellowmg speei-
ﬁcatzon and acéompanying d“awmgs referrma 50
which:

F’lgure 1 is a sectional elevatlon of
eording to my mven’uon

Figure 2 is. o sectional plan view taken glong
the 1rre ular sectlonal hne 2—2 of F;gure 1

pamp a0«

air dome member
Flgure 4 1 an inverted plan view of the
air, deme 3
Flgure 51 1s 2 plan view of a valve cage.

main
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Figure 6 is a sectional elevation of a valve as-
sembly.

Figure 7 is a sectional view taken along the _

line T—1 of Figure 5.

Figure 8 shows the valve spring.

Figure 9 is a sectional view of the valve.

Figure 10 is a sectional view of the valve seab
member.

Figure 11 is a plan view of the operating lever
or hammer.

Figure 12 is a sectional elevation of the ham-
mer.

Figure 13 is a sectional elevation of the dia-
phragm assembly.

Figure 14 is a sectional plan view taken along
the line {4—{#& of Figure 1, parts being broken
away.

Figure 15 shows the dlaphragm and lower sup-
porting washer.

Figure 16 is a sectional view of the lowe1 sup-
porting washer.

Figure 17 is a sectional view of the upper sup-
porting washer.

Figure 18 is a diagram showing the approxi-
mate position of the main fuel tank with re-
spect to the engine and fuel pump in an auto-
motive installation.

Figure 19 is a diagram showing the approxi-
mate pressure and suction curve existing in the
pumping chamber.

Figure 20 is a section similar to Figure 1, taken
on line 20—20 of Figure 21 but showing a modi~
fied form of pump.

Figure 21 is a horizontal section taken sub-
stantially on line 2{—21 of Figure 20.

Figure 22 is a bottom view showing the dome
body of the modified pump.

Figure 23 is a top view of the dome body there-
of.

Figure 24 is a partial section taken on line
24—24 of Figure 21.

Figure 25 is a side view and section of the
pump shown in Figure 20 but slightly modified
and inverted.

Figure 26 is a sectional view similar to Fig-
ures 1 and 20 but showing another modification.

Figure 27 is a side view in section similar to
Figure 26 but showing the pump inverted.
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Figure 28 is a bottom view showing the valve

body in Figure 26.

Figure 29 is g top view of the dome body in
Figure 26.

Referring first to Figure 18, the reference
numeral 180 shows a main fuel tank which is
normally mounted at a lower level than the
pump which is generally indicated by the refer-
ence numeral 81, The pump is mounted on
and driven by an internal combustion engine
162 having the usual carburetor 103 and float
chamber {04, the details of which are not shown
but are well understood by those skilled in the
art. A fuel conduit 105 of comparatively small
diameter and great length leads from the fuel
tank to the pump inlet connection 25, and an
outlet conduit 106 also of small diameter and
considerable length is connected to the fuel pump
outlet at 26 and to the carburetor float chamber
at 107. It may be noted that the engine is
provided with an exhaust manifold 108 which
frequently becomes red hot and is likely to cause
boiling of the fuel as it passes through the con-
duit 105 to the pump inlet. It may also be noted
that while boiling oceurs in the pump chamber

and in the outlet, it is not of such great impor-

tance as boiling in the inlet. This is because
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any boiling which occurs posterior to the inlet
valve creates its own discharge pressure, while
boiling in the inlet conduit prevents induction of
fuel into the pump chamber and causes vapor
lock.

The reference numeral | (Figs. 1-4) shows a
main casting having a flange 2, by means of
which it is bolted on to the frame of the engine
as at 3. It will be understood that while the
pump is primarily designed for aufomotive en-
gines, it is capable of other uses and can be ai-
tached to any support 3 so as to be properly
positioned with respect to a cam 4 carried by a
rotating shaft § which preferably turns in a
clockwise direction, so that the sweep of the cam
will be inward with respect to the hammer or
operating lever 6, which is pivotally mounted on
the body member | by means of the floating pivot
shaft 1.

This shaft is mounted in the bore 8§ (Fig. 14),
the ends of which are closed by sealing plugs or
rivets 8 which permit substantial end play of
the shaft.

The actuating lever or hammer 6 is formed of
a curved and channel-shaped sheet metal mem-
ber having bent-over lugs {0 having central
openings 11 accurately finished to line up with
corresponding holes in the sides of the hammer
lever to form bearings for shaft 7. One end of
the hammer lever rides on the cam, as indicated
in PFigure 1, and the other is provided with a
fork or hammer head {2 which is slightly curved
on a radius about the point 3, as indicated in
Figure 12,

It will be noted that the floor of the channel
is substantially curved about the bearing i1 in
such a manner that a diameter of the bearing,
produced as indicated by line 14, {5, passes on
the same side of the cam contact portion (6
and the hammer head 12, so that a component
of the force on the cam necessary to produce the
hammer blow is taken in tension and not in pure
bending strain. This feature of construetion is
of importance, because the high speed of opera-
tion and the violence of the hammer blow when
the hammer encounters the resistance of the
diaphragm would otherwise cause crystallization
and breakage of the lever.

The lever is yieldably urged in an anti-clock-
wise direction by the spring {1, which is seated
against the flange 2, and a seating member 18
which is mounted on the shaft 7 and provided
with a seating fork {9 and an upturned locat-
ing member 20, as shown in Figure 1. This de-
tail is covered in my patent No. 2,369,535.

The pump diaphragm 21{ is formed of synthetic
rubber or the like with a cloth base, and is held
in place between the flange 22 on the main actu-
ator casting and a corresponding flange 23 on
the valve body 28, which is provided with inlst
and outlet connections 25 and 28, respectively.
The diaphragm is clamped in position between the
flanges, which are held together by any suitable
means, such as bolts or rivets (not shown). The
center portion of the pump diaphragm is rigidly
held in between upper and lower diaphragm
washer cups 27 and 28, respectively, which are,
in turn, clamped between washers 28 and 30 rivet-
ed onfo the shaft 31 as indicated in Figure 13. -

The shape and curvature of the washers 27 and
28 ars important and form a substantial part of
my invention. The lower washer 23 has a slightly
conve‘{ or coniecal ‘central portion which is pressed
fiat in the assembly The diameter of this'wash-
er preferably ‘bears a relation to the working di-
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ameter-of the diaphragm in the order of six to
ten. ‘The flat portion of the lower -washer is sur-
-rounded by:a.curved flange-32-which hasa sec-
tional radius.of approximately 24 inch.,
"The-upper-washer has a-central conieal portion
approximately the same -diameter as the opposite-
1y . disposed surface of.the lower washer. This
surface is surrounded by a flange 33 which is

that its cross section is a: section of a parabola
or ellipse. 'The full diameter of the washer 27
bears a relation to the working diameter of the
diaphragm of approximately 8% to 10, and the
short radius of the ellipse which roughly: corre-
sponds to. the curvature of . the flange 33 is ap-
proximately one fifth of the full operating stroke
of the pump.

Shaft 31 is provided: with an upset head- 34 at
its free end.against-which is seated a metal washer

-35. . A thin, cushion washer 38 0of shock-damp- 2

ening. material ‘which is .only slightly yicldable
transversely, is positioned. next to the metal
washer, the diaphragm-material mentioned being
satisfactory, and a third -washer 37 is. made of

hard plastic material .such: as a phenolic. con- 2;

‘densate product -with -highly polished surfaces.
A discharge spring 38 having sufficient strength
to move the diaphragm in one direction is com-
pressed between .diaphragm washer 38 -and a

metallic ‘washer -39 ~which rests on a-sealing #

‘washer 48 formed :of synthetic rubber or .other
-oil proof sealing material and slidably or shugly
fitted to the shaft 31.

“'The: sealing  washer -40 is mounited on 2 seat

forming -shoulder ‘41 in the - actuator -casting. 3

When mounted as shown in: Figure 1, spring 38
acting -against the diaphragm 2 has. sufficient
“force to produce the pressure in the pumping
‘chamber 42 which the pump is desired to main-
tain.

-An auxiliary operating lever 43 rigidly mounted
on a transverse rock shaft 44 having a cam sur-
face 45, as indicated in Figure 1, is provided.
The funetion of the member 43 is to permit the

operator to manually rock hammer lever 6 to 4

prime the pump -or -carburetor when the engine
is not. in operation.

A main air dome -easting 46 is mounted on a
diaphragm 471 against 8 seat in the side of the
valve body 24. "A- cover member 438 containing
a portion of the inlet air dome space 49 is held
in-position by the screw-50 which is threaded into
the valve body to-clamp the cover and the air
dome in-place. The inlet passage 51 extends

into the valve body and up into the air dome in

which it is surrounded by a bafile 52-which ex-
tends to a point substantially higher than the
passage 83 leading to the inlet valve 54. The
rassage 83 is provided with an upstanding flange
55 over which is-fitted the strainer 56, the latter
being held in-position by the boss 57 which ex-
tends inwardly from the top of the cover 48.
Space 58 above the inlet passage forms part
of the inlet air deme. I have discovered: that
the relative volumes of the air domes and pump
stroke have a definite bearing on the life of the
‘diaphragm as well as capacity of the pump, and
since these relative volumes form an important
part of my invention, the following examples are

given for the assistance of those skilled in the art 7

inmaking and using the inventien. If a particu-
lar automobile engine requires fuel delivered -at
the rate of 3-gallons per hour for cold starting
when cranked: at. 40°R. P. M. or 20 pump strokes

per-minute and-a maximum possible-delivery of 7
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29:gallons per hour ab 4000 R. P: M. or 2000 pump
strokes, I have found that satisfactory -results

can be obtained with the following approximate

dimensions angd. proportions:

‘Working “diameter of -pump - diaphragm

inches... 247
Maximum stroke of diaphragm____do..._ 25
Diaphragm displacement (full stroke)
CC__ 10
Meazimum stroke of diaphragm during high
speed operation (2000 R.-P. M) while
pumping liquid fuel only_..._.__ inches__ - .03
Discharge- spring -and exhaust restriction
-calibration to give diaphragm displace-
ment during high speed operation while
pumping liquid fuel-only.___._______ €C__ 1
Intake air dome volume__._.._________ce.__ 62
Outlet air dome volume______________ cC._ 15

The outlet air dome is closed against the ad-
mission of fuel by means of diaphragm 47. In
order to. give this diaphragm substantial work-
ing capacity, I form a substantial part of the
air-dome volume in a low chamber 59 which ex-
tends. more than halfway around the base of
the air dome casting and terminates in walls €9.
In order to prevent unrestricted movement of
the outlet diaphragm beyond the distance which
it can he flexed with safety, I keep the ceiling
over.the major portion of chamber 5% low, so
as to stop the movement of the diaphragm be-
yond - a. predetermined limit, and form the re-
mainder of the volume in a chamber 6{ which
extends. upwardly into the inlet dome space, as
shown in Figure 1, but which does not have suffi-
cient diameter to permit undue strain on the
diaphragm 41. It will be understood that. the

-greatest strain on the diaphragm 47 dees not; re-
-sult from the pumping pressure exerted by spring

38, but from the vapor pressure which builds up
as a result of heat when the engine is standing
idle, just after a ‘run in which the engine has
been thoroughly heated up. .

The construction of the valves has an impor-
tant bearing on the life .and operation of the
pump. The design of the inlet valve according to
my invention is more ecritical than the design
of the outlet valve, because it has to operate at a
much higher rate of speed, and also because it is
required to perform a restricting function which
will be described later. For convenience, I have

amade the exhaust valve identical with the inlet

valve.

‘The valve (Figs. 5-10) comprises a cage 62 hav-
ing a shoulder 63 which can be seated in cor-
responding bores formed in the die cast valve
body. Struts 64 extend upwardly from the body
member, and some or all of these struts are in-
tegrally connected with an annular spring seat
and stop member 65, as shown in Figures 5 to 7.
A shoulder 66 is formed in the member 65 to re-
ceive the spring 67 which normally holds. the
valve 6§ -in closed position. The stop portion 69
Taust be accurately and smoothly finished paral-
el to the -valve 63 and-also positioned. in such
a manner as to definitely limit the opening move-
ment of the valve to a position substantially less
than that which would be required fo fully clear
the passageway through the valve. The valve
cage §2 is preferably formed of die cast material.

The valve seat member 70 has a shoulder T
and is press-fitted into the bore 12 of the valve

-eage and firmly pushed up against the shoulder
18. A seat portion 74-of slightly. conical shape,
-as indicated in Figure 10, is formed at the end of
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the valve seat member, and this is carefully
lapped to a substantial line contact against the
valve 68. This valve is preferably formed of
phenolic condensate or other hard, plastic ma-
terial on a cloth base which is very light so as
to move with very little inerfia and strike the
seat T4 and stop 69 with very little kinetic en-
ergy.

Disk valves of the general type shown here-
in have been previously used, but they have not
been satisfactory in regard to wearing quality,
as well as for other reasons. It has been assumed
by pump and valve engineers that such a disk
valve lightly seated by a small spring against a
metal seat would present minimum possibilities
for wear. There appears to be no rubbing be-
tween the valve and the seat. Even in high
speed operation, the small inertia of the light
valve would seem likely to do no conceivable dam-
age to the seat or to the valve stop.

In previous practice, valves have been sub-
jeet to rapid wear and have actually worn cut
the seats and cages without any apparent reason.
I have discovered that the cause of this is that
the valve cage and springs of previous construc-
tions cause or permit the valve to assume a
slightly angular position with respect to the seat
or stop during its opening or closing movement.
If this occurs during the movement of the valve
from one position to the other, it does not strike
dead and flat, but strikes with a gyrating move-
ment, the same as when a coin is dropped on a
table. During this movement, there is a definite
rubbing between the valve and seat which is the
cause of the surprising amount of wear which
has occurred in previous valves of this type. By
carefully centering the disk with respect to the
valve seat and the spring with respect to the
valve, and making the seats and stops absclutely

“parallel when new, I have eliminated wear on
the valves.
A feature of the invention is that the stop 69
is made circular, so that any wear on the valve
is distributed on an annular surface. In this way,
I avoid throwing the valve slightly out of paral-
" jelism with the seat, which would otherwise result
~from a slight turning of the valve.

" I have also found that a previously unsus-
pected cause of the tendency of previous disk
valves to tilt in operation has been caused by loca-
tion of the pump fluid connections very close to
and directly in line with the valves so that the
pump fluid strikes the inlet check valve at an
angle as it emerges from the inlet connection
and leaves the outlet check valve at an angle as
it enters the outlet connection. To avoid this
cause of valve failure, I have located the inlet
connections 25 and 2§ with their axes in planes
offset substantially from the valve disks. I also
shield the inlet check with the inlet baffle tube
52 and inlet passage 53, s0 that the entering fuel
will approach the inlet check in a direct line
therewith. Fuel emerges from the outlet valve
seat in substantially all directions around the
outlet check through ribs 65 and thence passes
from the large space below outlet diaphragm 41
to outlet connection 26. Thus, the fuel does
not pass immediately from the inlet connection
to the inlet check or from the outlet check to the
outlet connection and cannot produce the tilting
action mentioned.

Another important and unexpected advantage
of the limitation of the movement of the inlet
valves is increase in fuel delivery. ‘The move-
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ment of the valves between the seat and stop'in 76

‘or even less.

8

my design is so short that the reverse flow
through the valve is negligible. I have discovered
that by snubbing or limiting this movement, 1
am enabled to use a spring far lighter than those
ordinarily used for similar purposes. In order
to hold the end of the spring 87 in fixed position
with respect to the valve to prevent wear, I
counterbore the valve, as indicated at 75. This
counterbore may be made of such a diameter as
to snugly fit the end of the spring, but good re-
sults may also be obtained by making the
shoulders of the counterbore with a radius or
chamfer so as to centralize the spring with re-
spect to the valve.

I have found that the movement of the va,lve
between the seat and stop tends to occur with
great violence, and that the valve should be
made as light as possible, so that it will strike
the seat and stop with minimum inertia. In
order to keep the valve flat and straight, it must
have a thickness of at least 344"’ at the rim, but
by counterboring it, as shown, the diameter of
the center can be reduced to approximately »’’
The material used in making the
valve should be as light as possible, and I have
found that a hard plastic on a cloth base, such
as Celleron, Formica, Micarta, or Spauldite, may
be used with satisfactory results.

In designing the valve, I have discovered that
it ig important for a number of reasons to limit

the opening movement, and I prefer to make the

space between the valve seat and stop approxi-
mately +% of the diameter of the passageway
controlled by the valve. The valve will still
operate satisfactorily up to an opening move-
ment of Y% of the passage diameter after which
further wear occurs very rapidly, resulting in the
premature destruction of the valve. When the
valve is new, I allow it to open only approxi-
mately % of the passage diameter. Wear of the

valve seat and stop eventually increases the open-

ing to about 15 of the passage diameter during
the normal life of the pump, which is greater
than the life of any automobile engine to which

it is likely to be applied.

In case the wear should be excessive afte1 ex-
treme length of use, it is desirable to provide
some means to prevent further wear on the stop.
I accomplish this function by making the spring
87 of a sufficient number of turns so that it will
go solid when the valve opening reaches approxi-
mately 1% of the passage diameter, so-that the
opening of the valve cannot have become so great
as to result in destruction of the valve due to
the inertia which it would acquire in.opening a
substantial distance. It will be understood that
the valve is opened by the flow of liquid and that
the first part of the liguid flow is comparatively

slow and gentle, so. that by snubbing the valve

movement during this part-of the cycle, it is not
subjected to the greater acceleration which- it
would acquire during the latter part of the im-
pulse of fuel flow.

One very important function of the inlet valve
is to permit free flow of fuel or vapor: into the
pump chamber during cranking of the engine,
but to restrict the flow of .fuel into the pump
chamber during the intake stroke, at least during
high speed operation, so as to produce a short
period of low pressure in the pump chamber to
lower the boiling point of the fuel, to cause some
boiling in the pump chamber under incipient
boiling conditions, whereby the lowered tem-
perature resulting from. partial vaporization' of
“fuel in the pump chamber will bé transmiitted to



2,625,114

the walls of the valve body to-the fuel entering
at the connection 25.

It will be noted that the- fuel is led direectly
into this connection, so as. to intimately contact
and be cooled by the metal of the valve body
before it passes into thie dome 58 whers it is com-
paratively insulated. from tempeérature changes.
The inlet port, of course, must be . sufficiently
large to admit the amount of fuel during most
rapid operation which.is required to operate the
engine. Accordingly, I make this port consider-
ably larger than would be necessary if the valve
were permitted to open far enough to fully clear
the port. - As is well kniown; it is necessary that
a check valve travel from its seat a- distance of
at least 15 the diameter of the sedt to fully clear
the same. By providing: a much shorter valve
stroke, as described, and larger inlet port I pro-
vide suitable capacity together with greatly in-
creased valve life. The short valve stroke has
another advantage in that it avoids the possi-
bility of drawing air from the air dome space
threugh the inlet valve in case of violen{ pump-
ing action. The air and vapors in the inlet domse
will lie above the quantity of fuel in inlet pas-
sage B2 and since this passage has more than
sufficient volume to supply the pump. during one
inlet stroke, there is little or no possibility of air
being drawn from. the inlet dome- downwardly
into the pump chamber,

In operation, the lever 6 is held in the position
shown in Figure 1 by means of the spring {7,
so that one end rests on-the cam 4, which prefer-
ably rotates in a clockwise direction. Turning
the cam rocks the lever on:the pivot shaft 7 which
floats in the bearings 8 and.tf. Assuming there
is no resistance pressure-or “choking” in.the pas-
sage-outlet, the spring 38 moves the diaphragm
21 to the position shown in Figure 1 until it is
withdrawn by contact of the hammer 12 with the
hammer pad. or shock absorber 35—3§—31.

The first part of the intake stroke of the dia-
phragm occurs rather slowly, due to.the chang-
ing movement of the eam, and during this part
of the movement, the intake valve 54 is opened
to the full extent permitted by the stop 689.. As
the cam continues in. its movement, the dia-
phragm 2{ moves more rapidly, and the valve is
firmly held in contact with the stop. This
somewhat restriets the movement of the: liquid
during the central part of the stroke, and. pro-
duces a sharp pressure drop in the pump cham-~
ber as shown in. the diagram in Flgure 19, The
diaphragm or pump chamber 42 is eventually
filled due to the dwell at the end of the stroke,
and also due fo the fact that this chamber is

not. emptied. at. each stroke except under. very.

slow speed operating conditions. In cther words,
the cycle of fuel flow lags slightly behind the
cycle of diaphragm operation and some vapor
will appear in.the pump.chamber durmg incipient

boiling conditions. Diuring the next cycle of cam-

movement, which .is- somewhat less than 180°,
if the rotation. of the cam is clockwise, the ham-

mer {2 is out of contact with. the hammer pad

(except during some cranking .or vapor locking
conditions), and the spring 38.returns the dia~
phragm 21 to.discharge the fuel and any vapor
through the exhaust valve 18. This valve fune-
tions in substantially the: same-way as. the intake
valve b4, although its;movement against the: stop
does not. tend to .occur: with such’ great violence,
the spring 38 having:limited force while-the move-

ment of the ‘cam: and hammer is‘»substa,ntiany'
positive. The valve also serves as a restriction’
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on: the amount of fuel diseharged; so as to: limit
the- gallons per hour ‘which the diaphragm can
be called on to pump, but without placing a cor-
responding limit on the amount of vapor Whlch
can be pumped to get rid of & vapor locking con-
dition. The pump diaphragm is accordingly
available to pump at least ten times as much
volume of vapor as it will of liquid fuel, Of
course; this would result in excessive strain and
wear of the diaphragm and operating mechanism,
except for the faet that vapor lock occurs only
occasionally, .and ‘vaper does not present great
resistance to the movement of the diaphragm.

During the' exhaust stroke, the suction in the
dome §3 refills the-dome with fuel from the in-
let 25, or at least brlngs in enough fuel to supply
the next intake stroke of the pump. The ex-
haust stroke of the pump also displaces the dia-
phragm 47 evenly towards the top of the low
chamber 89 and against the air in the chamber 61
so that the discharge of fuel from the exhaust
of ‘the pump can be continuous throughout the
cycle. It will be understood that in a pump of
this character; both the inlet and exhaust bipe
lines are long and of small diameter, and the
fuel has comparatively great inertia, so that
without continuity of flow at high -speeds, the
diaphragm and operating mechanism would be
subjected to severe stresses.

One of the most important features of the
invention is-the construction of the iniet 53
and air dome- 58 in- such & manner that the
column of -fuel which must be started in motion
at the-beginning of the intake stroke is of large
diameter and very short, but of volume cor-
responding to a full charge for normal and high
speed. operation. Modern motor fuels have com-
paratively h1gh vapor pressure, and the applica-
tion of any substantial suction by the- diaphragm
has & great tendency to cause the fuel to sep-
arate-or vapor lock. This would not be so im-
portant, except for the fact that when the fuel
is separated, the vapor collects inn bubbles which
do-not disappear as quickly as they form.

By the construction herein shown and' de-
scribed, the  column of fiiel present in the dome
above the inlet valve is not ‘much more than one
inch' long: Also; it hag greater- diameter at the
surface than in the passage. By this means, the
power-required to accelerate: the fuel column and
the internal suction ‘developed within the column,
itself, are-held to an: absolute minimum.

The device: accmdmg to-this-invention departs
substantially from: prior- practice in the restric-
tion at the inlet 'valve and-at ‘the exhaust valve
The inlet restriction definitely limits or reduces
the internal suction which can be placed on the
fuel at the inlet side of ‘the valve: The amount
of suction on the fuel in the pump chamber on
the other side-of the-restriction is increased, but
the formation of vapor in the pumping chamber,
if it cccurs, does not appear to give any serious
trouble; but on the ‘contrary, its formation has
8 cooling action which is helpful in preventing
the development of vapor lock. The diaphragm
is capable of discharging the vapor at each siroke
and it is not allowed to accumulate. This is be-
cause of the selective: actmn of the restrieted
valve-in ‘passing vapor ‘more freely than liquid
fuel. Exeessive pressure in the-inlet air dome 58,
89 will lower the level of liguid in passage B3 -
and will be relieved ‘eventually- by pumping ac-
tion, without, however, evacuating the inlet air
dome because of the: sh‘ortt‘strokeA of ‘the: inlet
check. Since both.inlet and exhaust valves have.
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a- very selective action in passing a greater vol-
ume of vapor than of fuel, it is practically im-
possible to vapor lock the pump, and yet the dia-
phragm is not subjected to severe stresses or re-
quired to operate through more than a small frac-
tion of its stroke during normal or hlgh speed
operation.

In the form shown in Figs. 20-25, inclusive, a
modified pump is shown inverted from the posi-
tion in the previous form with the domes located
on the underside of the pumping chamber. The
actuator housing | and main body 24 mounting
inlet check valve 15 and outlet check valve 78
and forming pumping chamber 27 closed on one
side by pumping diaphragm 2{ are substantially
identical with the corresponding parts in the pre-
vicus. form and will not be described in detail
here. Dome-forming structure {18 is secured to
the underside of main or valve body 24 and is of
general cylindrical form with its transverse area
extending substantially coextensively with the
flexing part of the pumping diaphragm. A hori-
zontal web [1{ extends intermediately across the
dome structure and has depressed side vortions
ii2 on each side forming therebetween a di-
ameiral ridge 113,

Inlet connection 25 on the valve body opens
into a cavity {4 aligned with a tubular passage
{15 having its lower end opening into the space
116 beneath transverse web {11, A tubular boss
17 formed adjacent passage {{§ in the dome
structure forms an extension of inlet passage 118
in the main body and port 54 controlled by the
inlet check valve. An elongated wire screen {19
is lodged in.the diametral recess below central
part 113 of the transverse web and between the
floor of the same and a washer 120 resting on a
boss {121 projecting from removable bottom wall
or cap 122 of the dome structure and secured in
place thereby. The dome structure itself is se-
cured to the main body by a bolt 123 extending
through a central boss 124 and having an inter-
nally threaded extremity i25. The lower cap is
secured to the threaded end of bolt 123 by a cap~
screw (26.

Flexible sealing diaphragm 4'I’a, is secured be-
tween the main or valve body and the dome strue-
ture. The diaphragm is apertured to provide for
inlet passages {5 and {{1, as shown, but other-
wise covers the dome structure. The elevated
central portion - 13 of transverse web (Il is
slightly spaced beneath diaphragm 4Tc to form
air space 59¢ which also extends laterally on both
sides above the depressed .portions (12 of the
transverse web to form the ouflet air dome
between the web and diaphragm 47a. (See
Fig. 24.) Diaphragm #4ia, of course, separates
the fuel emerging from the outlet port from
the outlet dome space. On the other hand,
inlet boss 117 projecting below transverse web
{ii forms pockets at the sides thereof and above
the open lower extremity thereof which traps a
quantity of air and vapor to form the cushioning
inlet dome between the web and the surface of
liquid accumulated ‘in-the bottom of the casing
{16. A tube £27 is ligshtly pressed into the lower
end of the inlet {17 to form the lower portion of
the inlet passage, providing greater dome space.
The length of this tube is varied in accordance
with the stroke of the pump for the particular
engine to which the pump is applied, and both
the capacity of the inlet charge chamber and the
air dome may be thus regulated. Screen {19 pro-
vides for filtering fuel before it enters inlet tube
{27 and the pumping chamber.
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It should be noted particularly that inlet con-
nection 25 and outlet connection 26 are disposed
in both forms of the invention with their axes
in planes substantially offsef, respectively, from
the inlet and outlet eheck valves. In the case of
the inlet connection, this offsetting together with
inlet passage {15 and tube 121 insures that the
fuel entering the pump approaches the inlet
check valve direetly in axial alisnment therewith
so as to avoid any tendency to tilt this valve with
attendant excessive wear thereof. In the case
of the outlet check, fuel emerges therepast from
the pumping chamber evenly in 2all directions so
as to fill space 59D hetween diaphragm 47a¢ and
the outlet check and apply the pump pulsations
evenly to the exposed part of the diaphragm.
Thus, the pumped fuel does not -directly enter
outlet connection 26 from the outlet port of the
pump so that any tendency to. tilt the valve be-
cause of an immediate unsymmetrical change of
direction of the pumped liquid is avoided. The
tendency to tilt is much more serious in case of
the inlet check in fuel pumps-heretofore known
and thus tubular inlet passage 127, {117, [18 is
provided in connection therewith to avoid this
tendency.

Figs. 24 and 25 show the modified pump in-
verted; in this figure extension tube 127 or inlet
passage 147 is omitted, the inlet air dome forming
beneath cap 122 on the dome structure and ex-
tending down to the approximate level of the top
of the passage 117, the spaces about and at the
sides of inlet boss 11T now being filled with liquid.

The modified form in Figs. 26-29, inclusive, is
substantially flattened vertically to provide
greater clearance for contiguous paris of the en~
gine. Main or valve body 134 has a diametral rib
{35 forming a pocket {36 adjacent outlet valve
78 on one side thereof and forming, with curved
walls 137 of inlet passage 138, a pair of pockets
139 at the other side thereof. Walls {31 form a
tubular inlet boss or passage, the open lower end
of which is closed by a screen {48.

Dome-forming cap structure f4{ has a trans-
verse, diametral rib 14le which registers with
main body rib 135 and forms pockets or recesses
142, beneath pocket 136, and 143 beneath pockets
139 and passage 138. Flexible sealing dia-
phragm (24, while extending entirely across the
main body and dome-forming structure and
clamped therebetween by screws (not shown) is
cut out adjacent pockets 139 and inlet passage
138. Inlet connection 146 is formed in the dome
structure and opens into pocket 143 and ouflet
connection 147 is formed on the body structure
and opens into pocket 138. The axes of these
connections are in planes disaligned from the
axis of corresponding valves, as in the previous
form.

In operation of the third form of invention,
fuel entering pocket 143 is guided through screen
inlet $40 and inlet passage 138 directly against
inlet valve disk 13 and thence passes into the
pumping chamber. Fuel is discharged past out-
let check 18 into space (36 extending from side
to side of the main body where its pressure is
applied evenly to the exposed part of sealing
diaphragm 144 and thence through outlet con-
nection 147. Space 142 beneath diaphragm (44
and in the dome structure holds cushicning body
of air which forms the outlet dome extending the
full width of the dome structure. Pockets 139 at
the sides of inlet passage 138 provide for trap-
ping air or vapors on the mlet s1de to form an
inlet dome. -
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Th1s mod1ﬁcation will operate in inverted: pos1-
tion as in Pigure 27, in which case pocket 143 in
the dome structure traps cushioning air forming
the inlet dome and the spaces 139 at the side of
the inlet passage are filled w1th hquld which feeds
the inlet passage and the pump. The outlet
dome acts the same as before.

In order to insure simjlar operation in both
positions the volume of the chambers, 143 and
142 are equal and are so calculated and d1sposed
with respect to the level and pos1t1on of the rim
of the walls 137 as to insure the mamtenance
of the sameé volume of air dome. in any posltlon

In all forms, the pump and its, valves operate
to provide max1mum capac1ty, vapor eliming-
tion, and long wéar. Moreover, the. form shown
in Figures 26 to 28 may be operated in tilted or
inverted position, accordmg to the demands of the
particular installation, without losing any of the
advantages thereof.

The invention may. be modlﬁed in various re-
spects as will occur to those skilled in the art and
the exclusive use of all modlﬁcatlons as come
within the stope of the appended claims is con-
templated.

I claim:

movable and statlonary Walls dome. structure
formed on said stationary wall opp051te 53id mov-

able: wall, an outlet valve mounted in sdid sta-

‘tionary wall adjacent said dome structure, 3 flex:
ible chaphracrm extending across said dome struc-
ture, and a fluid connection in- said dome struc-
ture, there being an unobstructed. path. directly
bétiveén said connection and said valve and the
axis of said connection being inia. .plane offset
substantially from the axis of said valvé whereby
the pumped fiuid emeérging from said;ottlet valve
is-substantially unafiéeted by the stream of fluid
entering sald connéction from said ‘domé struc-
ture.

2. In a fuel pump, a2 pumpmg chambe1 having
stationary -and movable walls, inlét. and outlet
check valves mounted in said stationary wall,
dome structure formed on said stationary wall
opposite said movable wall, a passage member
for conducting fluid from-said dome structure
in. line with and into said inlet, valve, ihlet and
outlet connections opening into said dome struc-

ture, there being unobstructed paths dlrectly be- !

tween said connections and said inlet and outlet
check valves, respectively, and the axis of each
of said connections being substantially disaligned
from the axis of the correspondlng check valve.

3. Fuel pump structure as described-in claim 2
in which said dome structure includes parts form-
ing inlet @and outlet ‘domes arranged symmetri-
cally adjacent said inlet and outlet check valves
but extending laterally substantlally therebeyond

4. A fuel pump as descriped in claim 2in ‘which
said dome structure includes partltlomng form-
ing separate inlet and outlet. domes, both of said
domes e*{tendmg substantlally the full diameter
of the movable wall of said ump and said’ outlet
dome including g, flexible diaphragm.

5. In g fuel pump, a pumpmg chamber havmg
a dlaphragm mounted therem inlet and outlet
check valves mounted opposite said diaphragm,
and a dome body mounted opposite said valves
from said diaphragm and substantially coexten-
sive in fransverse area with said diaphragm, said
body including wall structure forming an inlet
dome located above said inlet valve and an outlet
dome with a portion pocketed into said inlet dome
and a portion extending laterally from said out-
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let valve and: pocketed portxon and Beneath said
inlet dome to provrde substantial additional Guts
let dome. space.
6. A fuel pump as described in-claim: 5 further
including a- flexiblé diaphragii’ in -said- outlet
dome - intermediate said outlet valve and said
wall structurse and extending fully ‘acfoss satd
pocketed and laterally extending portiofis.:

7. In a fuel pump, & mam body ‘having a flex-
ible pumping wall and @ stationary wall; inlet
and outlet: check valvés mounted in said’ sta=
tlonary wall & dome formmg body mount'

formmfr K:1 contmuous inlét” pal
from sa1d inlet ‘¢chéck downwardly ] T
portion of said dome forming body: and - through
said diaphragm, a transverse web ext’e dmg
across said dome formmg ﬂoody and Sroun:
inlet passage and d1v1d1ng said: dome formmg
body into a lower inlet-dome ‘and an uppér olit=
let dome, said inlet dome ‘communicating
said inlet passage and sa1d outlet dome- being
adjacent and’ ‘exposed to-said’ diaphragni; meaiis
securing together said domeé-forming body, saxd
diaphraem and said’ main body, a’fuel inlet cone
néction in said mam:’. ay; passage means in said
main and dome:forming hodies  connecting said
inlet connection to-said: mlet ‘dome; @ fluid ‘out-
let connection in’ said ‘main, body: commumcatmg
with the space between said outlet check-valve
and said diaphragny, 4 filter ‘screen ifv-said inlet
dome between said 1n1et connectlon and” said-de-
pending inlet passage; s removable bottom: Wall
for said dome forming body, and ‘2 eans secur=
ing said bottom  wall ‘ahd ‘séreen to said ‘dome=
forming body:

8. In a fuel pump, & main body having-a flax-
ible pumping wall ‘and ‘& stationary- wall: inlet
and ‘outlet check valves-mounted in- said “sta-
tionary wall, & dome-formmgr body mounted on
said main body oppositesaid: ﬂexrble ‘wall, a'transs
verse web extending 1ntermed1ate1y a6ross-said
dome-forming body, continuous- tubulad wall
structure extending from- said’ inlét: check valve
through ‘said transverse  welb; an: ‘inlet’ fuel comr=
nection in one of said bodies’ and commumcatmg
with the space in said dome=formin )
which ‘said ‘inlet ‘passage; means; connects - said
transverse. web Having“'g dlametral depression
and raised portlons on‘éach side thereof ‘B re=s
movable ‘end wall for ’dome-formmg body,
an elongated screen lodged it said’ diametral de-
pression and between the saie ‘and said remov=
able end wall, and means attachmg said end’ wall
to said dome—formmg Body ‘and’ there‘by seciiring
said screen in‘position:

9. A fuel pump as descrrbed in claim'8 in’ which
said dome- ~forming. body “and; the: dome spaced
adjacent ‘said  transverse. ‘web ‘dre “substantially
coextenswe in transverse aréa with “said fexible
pumpmg wall

10. Inan invertible tiel pump, means formmg a
pumping. chamber “having a; flexiblé ‘pumping
wall and an opp051te, statlonary wall; inlet and
outlet- check valves ‘it ‘said’ stationary “wall, *an
inlet fuel ¢onhection communicating  with ' said
inlet check valve, means forming an inlet vapor
dome adjacent said pumping chamber, and a
tubular element detachably secured to said sta-
tionary wall and extending from the vicinity of
said inlet check into said inlet dome, said tubu~
lar element being removable when the pump is
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used in inverfed posifion with said element ex-
tending upwardly and said tubular element is
unnecessary to maintain gn inlet dome.

11, A fuel pump as described in claim 10 in
which space is provided adjacent said removable
tubular element and communicating therewith
in the upper part of said dome structure serving
to trap a cushioning body of air as an inlet dome.

12. In a fuel pump, means forming a pumping
chamber having a flexible pumping wall, inlet
and outiet check valves for said chamber, dome-
forming structure adjacent said chamber, a
transverse wall extending across said dome
structure and forming separate inlet and outlet
domes, respectively, adjacent said check valves,
a pocketed end wall for said dome structure hav-
ing eavities forming extensions of said inlet and
outlet domes, and means securing together said
pumping chamber forming means and said end
wall structure.

13. In a fuel pump, & main body structure hav-
ing a flexible pumping wall and inlet and outlet
ports controlled by check valves, dome-forming
structure beneath an inlet connection in one of
said structures, a tubular inlet passage extending
from said inlef port into said- dome-forming
structure, and a substantial pocket at the side of
said inlet passage and also communicating with
said inlet connection for frapping a volume of
vapor and air as an inlet air dome.

14. An invertible fuel pump of the vapor dome
type comprising a main body structure having a
flexible wall and inlet and outlet ports with con-
trolling check valves, a dome-forming structure
adjacent said main body and having pockets lo-
cated, respectively, opposite said ports, & wall in
said dome structure separating said pockefs, and
a tubular inlet element projecting from said in-
let port and opening into one of said pockets, said
last-mentioned pocket having substantial por-
tions at the sides of said tubular element and be-
yond the open end thereof, said portions serving
for trapping volumes of dome-forming vapors,
respectively, when said dome structure is mount-
ed below or above said main body structure.

15. In a fuel pump, a body structure having a
flexible pumping wall and inlet and outlet ports
with controlling valves, a dome structure mount-
ed adjacent said body, a flexible diaphragm se-
cured between said body and dome structure, a
rib extending across said dome structure and
forming separate cavities therein, a tubular inlet
passage element extending from said inlet check
valve through said diaphragm into one of said
cavities, a fluid inlet connection communicating
with said last mentioned cavity, the other cavity
extending along said diaphragm and forming
therewith a cushioning outlef air dome extending
in juxtaposition to said outlet valve.

16. In a fuel pump, a main body structure
having a flexible pumping wall and an opposite
stationary wall, inlet and outlet ports in said sta-
tionary wall controlled by check valves, dome-
forming structure beneath said main body struc-
ture, an inlet connection in one of said structures,
a tubular inlet passage on said stationary wall
and extending from said inlet port into said
dome-forming structure, and a substantial pocket
at the side of said inlet passage and also com-

2,625,114

(44

10

15

20

35

40

50

60

16

municating with said inlet connection for frap-
ping a volume of vapor and air as an inlet air
dome. ’

17. In a fuel pump, a main body structure
having a flexible pumping wall and a stationary
wall, inlet and outlet ports in said stationary wall
and check valves for said ports, & dome-forming
structure adjacent said main body structure,
registering ribs traversing said structures and
forming inlet and outlet pockets each open to
one of said valved ports, an inlet fuel connection
in one of said structures and opening into said
inlet” pocket, and a tubular inlet passage ex-
tending from said main body structure adjacent
said inlet port and opening into said inlet pocket,
said inlet pocket having portions within said
main body structure and at the sides of said inlet
passage and also in said dome structure beyond
the open end of said passage to form fuel trap-
ping and inlet vapor dome spaces between said
iniet port and said inlet connection.

18. A fuel pump as described in claim 17 in
which the pump is mounted with said dome
structure depending therefrom, said tubular in-
let passage extending downwardly into said inlet
pocket and the pocket portions in said main body
structure at the sides of said passage serving to
trap a substantial volume of vapor to form an
inlet dome.

18. A fuel pump as described in claim 17 in
which the pump is mounted with said dome
structure above said body structure, the upper
end of said tubular inlet passage opening into the
inlet pocket portion in said dome structure and
the inlet pocket portion above said open end of
said inlet passage serving to trap a volume of
vaper to form an inlet dome.

20. A fuel pump as described in claim 17 fur-
ther including a fiexible diaphragm traversing
said outlet pocket and received hetween said main
body and dome structures, said diaphragm seal-
ingly trapping a quantity of gaseous fluid in the
portion of said outlet pocket opposite said outlet
port and forming therewith a resilient outlet

5 dome.

21. A fuel pump as described in claim 17 in
which said main body and dome forming struc-
tures are of circular section, said registering ribs
being substantially diametral so as to form
similar spaces on opposite sides thereof for
pocketing.
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