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. Carroll R. Alden, Detroit, Mich., assignor to
Ex-~Cell-O Corporation, a corporation of Mich-

Original application October 8, 1932 Serial No.
836,791, Divided and this applicatlon April 9,
1937 Serial No. 135,846

6 Claims.

The present invention relates generally to im-
provements in variable-delivery pumps, and has
particular reference to pumps especially adapted

for use in fuel injection systems and other hy-

s draulic systems.
The present application is a division of my co-
pending application Serial No. 636,791, flled Oc-
tober 8, 1932 (Patent No. 2,087,233).

One object resides in the provision of a novel

10 multiple piston and cylinder pump wherein each
cylinder is flooded during the entire suction stroke
of the piston, thereby preventing cavitation and
the formation of vapor.

Other objects and‘advantages will become ap-

18 parent as the description proceeds.

In the accompanying drawing,

Figure 1 is a plan view of a pump embodymg
the features of my invention.

Fig. 2 is a vertical axial sectional view taken

g0 along line 2—2 of Fig. 1.

Figs. 3, 4, 5 and 6 are transverse vertical sec-
tional views taken respectively along lines 3-—3
to 6—=6 inclusive of Fig. 2.

While the invention is susceptible of various

¢8 modifications and alternative constructions, I
have shown in the drawing and will herein de-
scribe in detail the preferred embodiment, but
it is to be understood that I do not thereby in-
tend to limit the invention to the specific form

80 disclosed, but intend to cover all modifications

and alternative constructions falling within the

spirit and scope of the invention as expressed in
the appended claims.

Referring more particularly to the drawing,

88 the pump, constituting the exemplary embodi-

ment of the invention, is of the variable-flow

metering and distributing type, and is especially

suited for pumping volatile liquids, such as gaso-
line, naphtha and other similar fuels. In its
preferred form, the pump comprises a casing T
which is generally cylindrical in shape, and pe-
ripherally enlarged at one end as indicated at 8.
The enlarged portion 8 is formed adjacent its

free end with a peripheral flange 9. To mount

the casing T in position, a ring 10 notched in its
inner periphery as indicated at 1 to interfit with
the flange 8 is disposed on the enlarged portion
9, and is formed with peripherally spaced ears
12 adapted to be secuired to a suitable support
(not shown).

The casing 7T is formed in the enlarged end
with an axial cylindrical recess 13. Formed in
the other end of the casing T and extending at
their inner ends almost through to the recess
58 13 are a plurality of parallel longitudinal bores

(C1. 103—173)

or pump cylinders, six cylinders {4 to 19 in the
present instance (see Figs. 2 to 4), uniformly
spaced concentrically about the axial center of
the casing. A plurality of radial bores 20 to 25
(see PFig. 5) tapped in their outer ends, are
formed in the enlarged portion of the casing 1,
and open at their inner ends respectively through
ports 26 to 31 to the closed inner ends of the
cylinders 14 to 19. The bores 20 to 25 are adapt-
ed to be connected by means of fittings (shown
in Figs. 2 and 5) respectively to the inlet ends
of a like number of discharge conduits (not
shown). Spring-pressed ball check valves 32 (see
Fig. 2 and 5) in the bores 20 to 25 seated against
the ports 26 to 31 prevent any back flow of fuel
into the cylinders i4 to 19,

The inner end of the enlarged portion 8 of the
casing T is formed externally with a peripheral
notch 33, and in the cylindrical surface of the
latter is formed a peripheral groove 34. A seal
ring 3% fitted in the notch 33 serves to close the
groove 34. Opening through the ring 35 is an

- inlet line or passage 36 leading from a suitable
supply (not shown) of the liquid to be pumped,

A plurality of inlet ports 3T to 42 (see Fig. 4)

formed in the casing 7 open from the groove 34
respectively into the cylinders (4 to 19.

Slidably disposed respectively in the cylinders
14 to 19 are a plurality of pump pistons or plung-
ers 43 to 48. Each pump piston (43 to 48) in its
outward or suction stroke is adapted to uncover
the associated inlet port (37 to 42), and on its
return or pressure stroke to cut-off the inlet port
and force the liquid under pressure in a metered
quantity through the associated outlet port (26
to 31) past the valve 32 into the discharge line.
Tt will be evident that the extent of movement
of each piston on its pressure stroke past its inlet
port determines the volume of liquid metéred in
each discharge.

Any suitable drive may be provided - for re-

" ciprocating the pistons 43 to 48 in. tlmed,sequence
and in timed relation to the engine.- In the
present instance, this means comprises a drive
shaft 49 extending through and journaled in an
axial bore 50 formed in the casing 1.
of the shaft 49 outside of the recess {3 has fixed
thereon a pinion 51 adapted to be geared to a
suitable power means, such as an englne ‘crank-
shaft (not shown).-

The other or inner end of the shaft 49:is-formed
with a peripheral collar 52 adapted to abut ro-
tatably against the adjacent:end of the casing T,
and beyond the collar is reduced in size and bent
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at an angle to its axis to provide an eccentric
hub §3.

The inner raceway of a ball bearing 54 is se-
cured by means of a nut 55 on the hub 53 against
a peripheral transverse shoulder §6. The outer
raceway of the bearing 54 is seated In the inner
periphery of an annular concentric swash or
wobble plate 57.

Formed in the wobble plate 57 in uniformly
spaced relation about the bearing 54 are a plu-
rality of recesses 58, each of which has an inter-
nal peripheral flange 59 at its outer end. A plu-
rality of bearing plugs 60 are threaded into the
wobble plate 57 at the other ends of the recesses
58, and each plug is formed in its inner end with
a concave or semi-spherical bearing seat 61. The
outer ends of the pistons 43 to 48 extend respec-
tively into the recesses 58 and are formed with
rounded heads 62 in bearing engagement with the
seats 61. Coiled compression springs 63 seated
against the flanges 59 and impinging against the
heads 62 serve to hold the latter continuously
against the seats 61. A cap 64 secured to the end
of the casing T encloses the wobble plate 57 and
associated parts. It will be evident that each of
the pistons 43 to 48 has a universal connection
with the wobble plate 57, and that upon rotation
of the latter the pistons will be reciprocated in
timed sequence.

The volume of delivery may be adjusted by
shifting the shaft 49 axially to vary the point of
cut-off of the inlet ports 37 to 42 by the pistons
43 to 48. Thus, upon adjusting the shaft 49 into
its outermost position, as shown in Fig. 2, the
pump will deliver at maximum, and upon ad-
justing the shaft inwardly the volume of delivery
will be progressively reduced.

A pump of the character thus far described
is subject to the objection, particularly where a
highly volatile fuel such as gasoline is handled,
that on the suction stroke of each of the pistons
43 to 48, a substantial vacuum is induced in the
associated cylinder, with the result that the liq-
uid in the cylinder tends to vaporize, and that
upon uncovering the inlet port the fresh liquid
enters with a decided rush. These conditions
are not conducive to efficient operation of the
pump or of an engine where the liquid is de-
livered for injection. To prevent same, provision
is made to flood each of the cylinders {4 to 18
with fuel during the suction stroke of the associ-
ated piston regardless of whether or not the as-
sociated inlet port has been uncovered. More
particularly, all cylinders whose pistons are on
their suction stroke and preferably also those
whose pistons are on their pressure stroke but
have not cut-off the associated inlet ports are
interconnected for the by-pass of liquid. Since
some one or more of these cylinders are always
in communication with their inlet ports, all of
the connected cylinders will be flooded with
fuel.

The by-pass means comprises a plurality of
passages 65 to 10 (see Figs. 3 and 5)- formed in
the body of the casing T and communicating re-
spectively with the closed inner-ends of the cyl-
inders {4 to 18. The passages 65 to T0 open in
uniformly spaced relation in a common trans-
verse plane to the periphery of the bore 50, each
passage. preferably being located in & common

‘radial plane with its associated punmip cylinder.

Formed in the periphery of the drive shaft 49
is a circumferential groove 71 extending through
approximately 240°, The lead end of the groove
11 is movable into successive -communication

2,108,812

with the passages 65 to 70 upon rotation of the
shaft 49 in a counterclockwise direction as viewed
from the right in Fig, 2. The width of the groove
11 is substantially greater than that of the com-
municating ends of the passages 65 to 10 so
that the rotary valve constituted thereby is un-
affected by axial adjustment of the shaft 48.
The groove 11 has a phase relation to the pistons
43 to 48 such that all of the cylinders except
those in which the pistons at any particular
time are in the effective portions of their pres-
sure strokes are intercommunicating. Thus, as
a given piston reaches a predetermined point in
its inward movement, namely cut-off at full
throttle, the associated cylinder is cut out of
communication with others of the cylinders.

To prevent fuel from leaking along the shaft
49 out of the casing T to the atmosphere, & laby-
rinth groove 12 is formed in the periphery of the
shaft externally of and in spaced relation to the
by-pass groove 11, The groove 12 opens through
a radial duct 13 and an axial bore 14 in the
shaft 49 to the interior of the end cap 64. Fuel
leaking along the pistons 43 to 48 also enters the
end cap 64. A drain conduit 75 connected to the
casing T and opening through a passage 16 in the
latter to the interior of the cap 64 serves to re-
move any fuel collecting therein.

The shaft 49 as a rotatable element constitutes
the drive for the pump, and as a shiftable ele-
ment constitutes the fuel throttle. Thus, axial
adjustment of the shaft 48 is effective to shift
the region of reciprocation of the pistons 43 to
48 collectively relative to the inlet ports 37 to 42,
and thereby to vary the amount of the discharge,
and incidentally the length of the discharge
period and the phase relation of the start of each
period to the pump cycle.

To provide means for adjusting the shaft 48
axially, the inner raceway of & ball bearing 11
is rigidly secured thereon within the recess 13.
Two shifter shoes 18 pivotally mounted in the
arms of a rocking yoke 79 engage the outer race-
way of the bearing 11 at diametrically opposed
points. The yoke 19 is fixed on a rock shaft 80
journaled in the casing T and extending there-
from for external actuation, as for example a
reverse self-locking throttle actuator (not
shown) disclosed in my aforesaid application.

I claim as my invention:

1. A pump comprising, in combination, a cas-
ing, a plurality of pump cylinders formed in said
casing in parallel uniformly peripherally spaced

rotation, a plurality of pistons respectively recip-'

rocable in said cylinders, a plurality of fuel
inlet ports opening respectively to said cylinders
in 8 common transverse plane and adapted to be
covered and uncovered in the reciprocation of
said pistons, a plurality of fuel outlet ports open-
ing from said cylinders, a valve bore in said cas-
ing, a rotary valve in said bore, a plurality of
by-pass passages opening respectively from said
cylinders to said valve bore, and means for recip-
rocating said pistons in uniformly timed sequence
and for driving said valve in timed relation there-
to to interconnect those of said by-pass passages
opening to cylinders wherein the pistons are on
their suction stroke.

2. A pump comprising, in combination, a cas-
ing having a bore, a drive shaft extending slid-
ably and rotatably through said bore, an in-
clined bearing on said shaft at one end of said
casing, a wobble plate rotatably mounted on said
bearing, a plurality of pump cylinders formed in
said one end of said casing in parallel uniformly
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peripherally spaced relation._about said shaft, a
plurality of pistons respecﬁve]y reciprocable in
said cylinders and extending from said cesing,

- the outer ends of said pistons being operatively

10

16

related to said wobble plate, a plurality of fuel
inlet ports opening respectively to said cylinders
in a common transverse plane intermediate the
ends of said cylinders and adapted to be cov-
ered and uncovered in the reciprocation of said
pistons, means for shifting said shaft axially to
adjust the range of reciprocation of said pistons
relative to said inlet ports, a plurality of ouflet
ports opening respectively from the inner ends
of said cylinders, a- plurality of by-pass passages
opening respectively from sald inner ends of said
cylinders to said bore in a common transverse
plane, and a valve groove formed in said shaft
for rotary movement successively into communi-

cation with said by-pass passages in all axial

positions of sald shaft, said groove extending
partially about said shaft and being related in
phase to said wobble plate to interconnect all of
said cylinders in which said pistons are moving
outwardly or said inlet ports are uncovered.

3. A pump comprising, in combination, a cas-
ing having a plurality of parallel pump cylinders,
pistons reciprocable respectively in said cylinders,
means for reciprocating said pistons in timed se-
quence, each reciprocation comprising & suction
stroke and a return pressure stroke, inlet ports
opening respectively to said cylinders and adapt-

ed to be uncovered by sald pistons in the course :: i
of said suction strokes, a plurality of discharge

ports opening respectively from said cylinders,

means for simultaneously adjusting the region.

of reciprocation of said pistons in said cylinders

relative to said inlet ports, and a rotary by-pass’

valve automatically operable to connect each cyl-

inder during the suction stroke of the associated

piston with some other of said cylinders which is
in communication at the time with its associated

inlet port.

4. A pump comprising, in combination, a cas--

ing having & plurality of pump cylinders, pis-
tons reciprocable respectively in said cylinders,
means for reciprocating sald pistons in timed se-
quence, each reciprocation comprising a suction
stroke and a return pressure stroke, inlet ports
opening respectively to said cylinders and adapt-
ed to be uncovered by said pistons in the course
of saild suction strokes, a plurality of discharge
ports opening respectively from said cylinders,

- and means automatically operable to connect

each cylinder independently of said inlet ports
during the entire suction stroke of the associated

-3

piston with. some other of said pump cylinders
which is in communication at the time with its
associated inlet port.

5. A pump comprising, in combination, a cas-
ing having a bore, a drive shaft extending rotat-
ably through said bore, an inclined bearing on
said shaft at one end of ;said casing, & wobble plate
rotatably mounted on said bearing, a plurality
of pump cylinders formed in said one end of
said casing in ‘pardllel uniformly peripherally
spaced relation about said shaft, a plurality of
pistons respectively reciprocable in said cylinders

~and extending from said casing, the outer ends

of said pistons being operatively related to said
wobble plate, a plurality of fluid inlet ports open-
ing respectively to said cylinders in a common
transverse plane intermediate the ends of said
cylinders and adapted to be covered and uncov-
ered in the reciprocation of said pistons, & plu-
rality of outlet ports opening respectively from
the inner ends of said cylinders, a plurality of
by-pass passages opening respectively from said
inner ends of said cylinders to said bore in a
common transverse plane, and a valve groove
formed in said shaft for rotary movement suc-
cessively into communication with said ‘by-pass
passages, said groove extending partially about
said shaft and being related in phase to said
wobble plate ‘to- interconnect the cylinders in

“which said’ pistons are moving outwardly.

6. A pun'np comprislng, in combination, & cas-
re, 8. plurality of pump cylinders

formed in sald casing in'parallel uniformly pe-
* ripherally spaced ‘Telation about said bore, a .
_plurality “of - pistons respectiveiy reciprocable in
' “said -cylinders,. & pluranty of inlet ports opening
vrespectively to sald cylinders in' a commion trans-

verse plane- mtermediate the ends of said cylin-
ders and ‘adapted to be covered and uncovered: in

the: reclprocation of said pistons, a plurality -
- of outlét- ports opening -respectively from 'the-

. '_~mner ends of said cylinders, a plurality of by- -
- pass - pessages opening respectively from said
" inner ends of said cylinders to said bore in a com-
mon tran.Werse plane, a valve rotatable in said

bore, and means for reciprocating said pistons
in timed sequence and rotating sald valve in
timed relation thereto, sald valve having a recess
movable successively into communication with
said by-pass passages and being so related in
phase to the reciprocation of sald pistons as fo
interconnect the cylinders in which said pistons

are moving outwardly.:
CARROLL R. ALDEN.
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CERTIFICATE OF CORRECTION.
Patent No. 2,193,612. ) -~ March 12, 1940.
' CARROLL R, ALDEN.

It 1s hereby certified that error appears in the printed specificatio
of the above numbered patent requiring correctionas follows: Pagse 1, sec-
ond colum, line 1L, for "Fig." read --Figs.-~-; ‘page 2, second column,
line 5k, claiml, fof the word "rotation" read --relation--; page 3, first
columh, line 0, claim 3, before "cylinderé" insert --pump--; end that the
said Letters Patent should be read with this correction therein that the
same may conform to the record of the case in the Patent Office.

Signed and sealed this llhth day of May, A. D. 19),0.

Henry.Van Arsdaie,
(Sesal) Acting Commissioner of Patents.



