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2,764,964
FUEL INJECTION PUMP

Wolfgang E. Meyer, State College, Pa., assignor to The
Texas Company, New York, N. Y., a corporation of
Delaware

Application January 26, 1955, Serial No. 484,201
16 Claims. (ClL 123—139)

This invention relates generally to a fuel injection pump
for use in an internal combustion engine and particularly
to a multi-plunger type of injection pump wherein a sin-
gle delivery valve provides fuel to a plurality of outlets.

in my previous application, Serial No. 338,043, filed
February 20, 1953, there is disclosed a fuel injection
pump in which a single reciprocating and rotating plung-
er provides fuel to a plurality of engine cylinders, and
from which the conventional delivery valve has been
eliminated without vacuum formation in the fuel dis-
charge path. The disclosed structure therein has the
plunger itself serving in effect as a delivery valve, and,
upon completion of fuel delivery, permits the high pres-
sure fuel discharge lines to be relieved to sump pressure
and to be maintained at that pressure during the suction
stroke, thereby preventing vaporization of the fuel.

The elimination of the delivery valve reduces the high
pressure fuel volume considerably, thereby reducing the
increase of the injection duration with speed and improv-
ing the uniformity of the fuel delivery from the individu-
al nozzles. This prototype pump is highly effective for
4-cylinder engine operation, for which it was designed,
but construction difficulties arise when used with 6-cyl-
inder engines, especially for high speed operation if de-
livery durations of 60° crankshaft angle are to be pro-
vided. On a single plunger pump, this would leave only
60° before delivery ending for one nozzle to delivery be-
ginning for the next nozzle. Since it is virtually impossi-
ble to design for a 60° duration with much less than 80°
for the entire pumping stroke, only 40° remain for the
return stroke, leading to a difficult cam design and the
need for extremely heavy return springs. The pump dis-
closed herein is an advance over the prototype pump
while incorporating the advantages thereof and making
it suitable for 8-cylinder engine operation.

It is an object of my invention to provide an improved
fuel injection pump for use with a high speed, multi-cyl-
inder internal combustion engine.

Another object of invention is to provide an improved
simple and inexpensive fuel injection pump which is well
suited for multi-cylinder internal combustion engines op-
erating at relatively high speeds.

It is a further object of invention to provide an im-
proved fuel injection pump of compact overall design
and inexpensive manufacture for providing fuel under
pressure to more than one engine cylinder. )

A still further object of invention is to provide an im-
proved fuel injection pump of the aforesaid type in which
the conventional fuel pressure-actuated delivery valve is
eliminated.

A still further object of invention is to provide a fuel
injection pump for a multi-cylinder internal combustion
engine having a single distributing member controlling
the fuel flow from individual pumping chambers.

Still another object of invention is to provide a fuel in-
jection pump of improved design for use -with a multi-
cylinder, high-speed internal combustion engine in which
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vacuum formation leading to fuel vaporization in the
fuel discharge path is prevented.

Another object is to provide an improved fuel injec-
tion pump for the aforesaid use in which the period of
injection may be varied independently of the pumping
stroke and the beginning of injection.

And another object is to provide the aforesaid appa-
ratus in which there is a relatively long time for filling
each pumping chamber.

These and other objects and advantages of the inven-
tion will be apparent from the following description of
the accompanying drawings in which:

Fig. 1 is a longitudinal section view of a pump con-
structed in accordance with my invention for use in a
four cylinder engine showing the start of the pumping
process in the topmost plunger;

Fig. 2 is a partial sectional view taken on line 2—2
of Fig. 1, looking in the direction of the arrows, but with
the indicated pumping process 180° out of phase of Fig. 1;

Fig. 3 shows the lift curves of the individual pumping
plungers for the comstruction disclosed in Fig. 1; and

Fig. 4 is a diagrammatic illustration of an engine cyl-
inder with a fuel system utilizing the disclosed invention.

My improved structure provides pressurized fuel to a
plurality of cylinders by means of a corresponding num-
ber of individual pumping plungers under control of 2
single metering member.

Referring to Figs. 1 and 2 of the drawings, the pump
disclosed comprises four plungers or pistons for pumping
indicated as Ai, Az, A3, and Ag, arranged in radial bores
in the flange or disc portion of rotor b. The outer, round-
ed ends of the plungers are in contact with the inner race
of a suitable anti-friction bearing C, mounted eccentri-
cally with respect to the rotor B, so-that upon rotation
of the latter, the plungers will reciprocate within these
radial bores in the rotor. Their contact with.the inner
bearing race will be maintained by hydraulic and cen-
trifugal forces, Although an anti-friction bearing inner
race is disclosed as the surface in contact with the plung-
er ends, other combinations of elements are not excluded
so long as an eccentric relationship with respect to the
axis of rotation of the rotor is maintained at the line of
contact.

At the inner end of the plungers, compression will oc-
cur whenever the control land D of the non-rotating me-
tering member or valve E obstructs the jnner end of one
of the radial bores in the rotor flange. The fuel com-
pressed between the individual plunger and the control
land will be discharged through a longitudinal groove or
channel F on the face of the metering member or valve
E which terminates in an annular groove G, from which
the fuel is directed to one of the high pressure fuel out-
let ports or passageways J through a radial distributing
hole H in the shaft extension of rotor B, The number of
cylinders to which fuel is to be provided determines the
number and position of the fuel outlets, ‘

Delivery duration is varied by movement of the meter-
ing member or valve longitudinally, which movement
varies the period during which the compression space of
any one plunger is isolated from the low pressure fuel
in the system. This fuel is supplied at one end of the
metering member or valve E through the inlet ports or
passageways K to the space L, and radial duct M and
longitudinal duct N in the metering member or valve, to
the space O at the other end of the metering member or
valve.. From space O, the fuel flows through groove or
channel Q on the face of the metering. member or valve
to the recessed portion P of the control or metering sec-
tion of the valve, .

The metering member or valve E is positioned longi-
tudinally by rod R which extends to the outside of the
punip casing or housing U, so that the duration of injec-
tion may be varied from outside the pump housing. This
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housing has-a T-shaped cross-section formed by an eccen-
tric.shaped end chamber at Ua for enclosing the pumping
section of the rotor B and a shaft extension, Us, with its
center bore and the fuel inlet and outlet passageways (K
and J) opening thereon, for receiving the shaft portion of
the rotor. Alternatively, the end chamber Ui could be
made concentric with the center bore of the shaft exten-
sion Uz but this would require that the anti-friction bear-
ing C be mounted eccentricaily with respect to the shaft
extension bore in order to effectuate the reciprocation of
the pumping plungers upon rotation of the rotor, the
bearing being disclosed now as mounted concentric with
the end chamber. Provisions are made for keeping the
metering member or valve E in contact with rod R by
spring S in space O, and the metering member or valve' E
from rotating by means of element T, through the spline
connection at Z, with V indicating mating threads between
element T and housing U. Thus, the metering element
or valve E may be moved longitudinally by means of rod
R and rotated by means of the lever forming part of ele-
ment T. ’

Cover plates, W1 and Wa, at the ends of the pump hous-
ing complete the assembly, and for driving the rotor,
there is a spline drive end on hub X. Although the hous-
ing has been indicated as made of one piece, it can be
composed of several sections.

In Fig. 2, the partial section through the flange of rotor
B is shown in the plane of the pumping plungers. The
plunger Ai is in the middle of its pumping stroke, at which
time the metering land D on valve E obstructs the inner
end of the bore in which the plunger A1 operates, so that
fuel is being discharged through groove F located within
the land. The spaces below the three other plungers are
at this time in connection with the low pressure fuel sys-
tem through the recess P of the metering member or vaive
E. If the pump delivery were to be varied, the metering
member or valve E would be shifted longitudinally so
that 2 longer or shorter segment of the land would be
covering the inner end of the bore, as for plunger Ai.

Alse, so long as the lever of element T is not moved, the 4

valve E is prevented from rotating. However, when its
angular relationship to the inner race of the eccentrically
mounted bearing C is changed by movement of the lever,
the timing of injection is changed, which can be done
without changing its duration. As the rotor turns,-suc-
cessive plungers will deliver fuel when the inner ends
of their respective bores are closed off by the land D
on the valve E.

Fig. 3 shows the lift curves of the individual plungers
“for use in a d-stroke 4-cylinder engine having respective
injection durations of 60° of crankshaft angle. The
metering valve is positioned with respect to the eccentric
contact surface which controls the plunger motions so that
fuel delivery takes place in the middle portion of the
plunger lift, viz., 75-105° as in the case of plunger Aj,
resulting in practically constant plunger velocity during
the delivery stroke. To insure that the injections are
spaced exactly 90° apart, it is necessary only for the
plunger bores to be dimensioned and located accurately.

Thus it can be seen that a plurality of plungers dis-
charge fuel through the same groove in the metering
member or valve, the rotor shaft providing for connection
of the proper fuel outlet to its associated pumping plunger.
The radial hole H in the rotor shaft, which provides this
function should be so proportioned with respect to the
‘fuel outlets § that the connection between the plunger and
_the nozzle remains open for a period slightly exceeding
the period during which the metering member -or valve
closes off the plunger bore.

Referring to Fig. 4, there is disclosed in combination,
an engine cylinder shown at a, provided with a spark
plug b, an exhaust valve c, and an intake valve, not shown.
A pisten d, having the usual connecting rod, is_shown
_in the cylinder. = An jnjector e, is set in the wall of the

cylinder, Fluid fuel for the operation of the engine is
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fed at a selected pressure to the injector from a storage
tank f, by means of a pump represented generally at g,
and in detail in Fig. 1.

Although my improved pump requires as many plungers
as there are engine cylinders, these plungers are of ex-
tremely simple design. They do not require control edges,
and neither their lengths nor their fits in the radial bores
are as critical as in conventional pumps, because of the
longitudinal sealing length available. In an engine with
an even number of cylinders, two opposite plunger bores
lic on the same axis so that for machining, a through-hole
is available. Similarly, the center bore of the rotor in
which the metering valve operates is also designed as a
through-hole, even though one end of this bore is closed
off by a plug Y as a seal against low pressure fuel.

No cam is required since the eccentrically positioned
circular bearing race produces the plunger reciprocation,
and the delivery rates of fuel can be fully controlled by a
choice of plunger diameter and total 1ift. The number of
plungers used does not impose any restrictions on the
duration of injection that can be employed. Although
there is a limit to the number of plungers, it is not diffi-
cult to arrange two rows of them in the rotor and to
equip the metering member or valve with two control
ltands. Thus, with two eccentrically mounted ball bear-
ings used with their centers on opposite sides of the pump
shaft center, complete balance of mechanical and hy-
draulic forces acting on the metering member or valve
is -obtained. In the case of a double row of plungers,
ducts instead of grooves would have to be used to connect
the two metering sections with two annular grooves on
the valve co-operating with two radial distributing holes
in the rotor shaft.

Proper high speed operation is insured by long filling
periods, as reference to the 1ift curves in Fig. 3 will bear
ont. It is to be noted that the fuel volume within the
rotor remains substantially constant at all times, for at
zero delivery, fuel is being transferred between plunger
‘bores by way of recess P as the plungers reciprocate
within the rotor flange. As the recess P is designed for
maximum flow capacity, all compression spaces will re-
main completely filled with fuel at 2ll times. With the
metering member or valve E adjusted for delivery, the
amount of fuel discharged at high pressure through the
groove F is replaced by an equal amount flowing into
recess P through the groove Q.

1f the filling process is incomplete as vnder some con-
ditions of extremely high speed, the fact that delivery
begins 75 or more degrees after the outermost plunger
position provides sufficient time for reabsorption of pre-
cipitated air and vapor, which is another advantage of
the improved type of pump over that disclosed in my
previous application, cited above, wherein delivery begin-
ning takes place very early in the pumping stroke, follow-
ing a very brief filling period.

Obviously many modifications and variations of the
invention as set forth above may be made without de-
parting from the spirit and scope thereof, and therefore,
only such limitations should be imposed as are indicated
in the appended claims.

Iclaim:

1. A fuel pump for an internal combustion engine com-
prising a bored housing having fuel inlet and outlet pas-

‘sageways leading therefrom, a hollow rotatable member

in said housing having a pumping section, a metering

-member located in said rotatable member for establishing

communication between said fuel inlet and outlet pas-

-sageways in said housing, and means for adjusting the

longitudinal and radial positions of said metering mem-
ber in said rotatable member.

2. In 2 fuel pump for an internal combustion engine,
the combination comprising a housing having an end
chamber section and a shaft section with a cylindrical
bore and with a plurality of fuel inlet and outlet passage-
ways leading therefrom, a hollow rotor member in said
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housing having a pumping section located in said end
chamber section, a drive hub section and a shaft bearing
section located ih said shaft section, said latter two sec-
tions being on either side of said pumping section, a me-
tering member positioned in said rotor member having
means for establishing communication between said plu-
rality of fuel inlet and outlet passageways in said hous-
ing through said pumping section, means for adjusting
the longitudinal position of said metering member in
said rotor member, and means for adjusting the radial
position of said metering member in said rotor mem-
ber, said pumping section including piston means for re-
ciprocation in a radial bore in a flange in said rotor mem-
ber, said end chamber mounting a contact surface in ec-
centric relation with said rotor member against which
said piston means bear.

3. A fuel pump for delivering a predetermined quan-
tity of fuel to an internal combustion engine having a
plurality of cylinders comprising a housing with fuel inlet
and outlet passages, a rotatable member with a center
‘bore located within said housing having a flange portion
thereon comprising a pumping section, said pumping sec-
ing including pumping plungers located in radial bores
in said flange, said housing having an eccentrically spaced
chamber for receiving said flange portion, a non-rotating
metering member, adapted to be spaced in radial and
longitudinal relationship with respect to said rotatable
member for controlling the timing of and said predeter-
mined quantity of fuel, located in said bore of said ro-
tatable member and including grooves connecting said
inlet and outlet passages, said chamber including a bear-
ing surface mounted in eccentric relationship to said ro-
tatable member against which said pumping plungers
within said radial bores in said flange portion contact
so that as said rotatable member completes one revolu-
tion, a complete pumping cycle transpires, and means for
radially and longitudinally adjusting the position of said
metering member in said rotatable member,

4. In a fuel injection pump for an internal combustion
engine in which a single member is employed for meter-
ing and distributing fuel to a plurality of engine cylin-
ders, a hollow housing with a chamber and a cylindrical
bore with inlet and outlet ports leading therefrom, a
hollow rotatable member including a disc portion and a
shaft portion located within said housing, a non-rotating
metering member located in said rotatable member, means
for longitudinally locating said metering member to vary
the quantity of fluid provided to the outlet port, said
metering member having distributing means interconnect-
ing said inlet and outlet ports, said disc portion including
a plurality of diametral extending chambers, and a plu-
rality of pumping pistons located within said chambers,
said disc being located within the housing chamber, and
means mounted within said housing chamber in eccen-
tric relationship to said rotatable member against which
said pumping pistons contact whereby rotation of said
rotatable member causes reciprocation of said pistons
and pumping action occurs between said chambers
through said distributing portions on said metering mem-
ber to complete the communication between said inlet and
outlet ports.

5. In a fuel pump as set forth in claim 4, said meter-
ing member being radially adjustable to regulate the be-
ginning of fuel delivery to said fuel outlets.

6. In a fuel pump for an internal combustion engine
having a plurality of cylinders, a hollow casing with a
cylindrical bore and a housing at one end thereof wherein
a contact surface is mounted eccentrically with respect
to said bore, said casing including inlet and outlet pas-
sages for the provision of fuel to said cylinders, a ro-
tatable member including spaced hub, shaft and disc por-
tions located within said hollow casing, said disc portion
including a plurality of radial chambers, a correspond-
ing number of pumping plungers located within said radial
chambers and contacting the eccentrically mounted con-
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tact surface in the end chamber, a cylindrical non-rotat:
ing metering member, positioned within said rotatable
member, having internal and external communicating pas-
sages; means for longitudinally and radially adjusting said
metering member within said rotatable member to con-
trol -the quantity of fuel delivered to said cylinders and
the beginning of fuel delivery, and means for enclosing
said rotatable member within said casing.

7. A fuel pump comprising a hollow casing member-
having fuel inlets and outlets leading from a cylindrical
bore and an end chamber eccentrically located and means
for enclosing said hollow casing member, a hollow rotor
located within said hollow casing member and having'a
disc portion comprising a pumping section located be-
tween the driving hub and shaft portions of said rotor,
said disc portion having a plurality of radia] chambers,
pumping plungers within said chambers, a contact sur-
face located within said end chamber mounted in eccen-
tric relationship to said rotor, the external ends of said
plungers projecting against said contact surface, a non-
rotating metering member located within said rotor and
adapted to be positioned longitudinally and radially,
means for adjusting said metering member in longitudi-
nal and radial relationship, said metering member having
grooves on the external surface and ducts interior thereof
to provide communication passageways between said fuel
inlets and outlets through said pumping section.

8. A fuel pump for an internal combustion engine
having a plurality of combustion chambers comprising
a casing having a cylindrical bore and an end chamber
having a contact surface and a plurality of open passage-
ways communicating with said bore, a hollow rotatable
member comprising hub, disc and shaft portions respec-
tively, positioned within said casing, the hub portion
being adapted to receive power for rotating said rotat-
able member, said disc including a plurality of pumping
chambers, plungers located within each of said chambers
and in contact with said surface mounted within said end
chamber in eccentric relationship to said rotatable mem-
ber, a perforated, non-rotating metering member located
within said hollow rotatable member and adapted to be
positioned in radial and longitudinal relationship with
respect to said pumping chambers, channels on the ex-
terior of said metering member defining a metering land
and establishing communication between said open pas-
sageways through said pumping chambers, said pumping
plungers and said metering member forming a constant
volume intake and discharge system in constant commu-
nication with the fuel inlet port during movement of said
rotatable member, and closure means for enclosing said
rotatable member and said metering member within said
casing.

9. A fuel pump for a multi-cylinder, infernal combus-
tion engine comprising a plurality of pumping plungers
and a single metering member whereby each cylinder is
provided fuel from one of said pumping plungers includ-
ing a housing with a central bore and an end chamber
whereby a T-shaped housing cross section results, said
housing having radial inlets and outlets leading from said
bore, said end chamber having a bearing surface mounted
in eccentric relationship to said central bore, a hollow
rotatable member having a drive portion, a flange portion
and a shaft portion located within said housing, said lat-
ter two portions being positioned in said end chamber
and central bore respectively, said shaft portion having
a radial duct leading from a central bore in said rotatable
member, said flange portion comprising the pumping sec-
tion and including radial bores in communication with
said central bore of said rotatable member, pumping
plungers in each of said radial bores, the outer ends of
said pumping plungers being in contact with said bearing
surface, and a non-rotating metering member positioned
in said central bore of said rotatable member, means for
longitudinally and radially positioning said metering
member, said metering member including grooves and
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ducts to complete communication between said radial
inlets and-outlets through said pumping section.

10. A fuel pump assembly for a multl-cyhnder inter-
nal combustion engine wherein each cylinder is supplied
by an individual pumping element and a smgle metering

element controls the fuel flow comprising a casing having.

a central bore with inlet-and outlet-passages leading there-
from and an end chamber, means for enclosing said. cas-
ing, a hollow roter with- a central bore and a hole leading
therefrom having a hub portion, a flange portion and a
shaft portion positioned within said casing, said shaft
portion and said flange portion being positioned within
said bore and said end chamber respectively, said end
chamber having an eccentric bearing surface with respect
-to said central bore and rotor, said flange portion having
radial bores in communication with: said central bore,
pumping plungers located within said radial bores with
their outer eads in contact with said bearing surface, a
grooved and perforated metering element positioned
within said rotor and establishing communication between
said radial bores comprising the pumping section and
said inlet and outlet passages, and means for adjusting
the start and the duration of fuel m]ectxon

11. A fuel pump assembly comprising a housing hav-
ing inlet and outlet passageways, a hollow rotor posi-
tioned within said housing having a pumping secfion and
means for establishing communication with the outlet
passageway, a non-rotating metering element adapted to
be longitudinally and radially positioned located within
said rotor and having means for establishing communica-
ficn between said inlet and outlet passageways through
said pumping section, and means for longitudinally and
radially adjusting the position of said metering element.

12. A fuel pump combination for a multi-cylinder
engine, comprising a casing defining a chamber at cne
end and an extension leading therefrom, said extension
kaving a cylindrical bore with open passageways leading
therefrom, a contact surface mounted in said chamber in
eccentric relationship with the axis of rotation of said
cylindrical bore, a rotor with a central bore having a hub
portion for a driving connection, a disc section with
radial bores in communication with said central bore,
and a shaft portion having an open hole leading from
said central bore, a perforated non-rotating fuel metering
element having grocves on ifs surface located within said
bore and adapted to be positicned radially and longitu-
dinally within said rotor whereby respectively the begin-
ning and the amount of fuel injection is varied, and means
for the longitudinal and radial positioning of said meter-
ing element.

13. A fuel pump for a multi-cylinder internal combus-
tion engine comprising a housing defining a chamber and
a shaft extension therefrom, said shaft extension having

" open passageways leading into said housing and compris-
ing fuel inlets and outlets, a rotor with a center bore hav-
ing a flange comprising the pumping section, a shaft with
a hole leading from said center bore and a drive hub and
positioned within seid casing in open communication with
the fuel inlets at one end thereof, closure means for the
opposite end of said rotor, said pumping section compris-
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ing radial bores in said ﬁange open to said center bore
and. pumping plungers seated in said bores, a surface in
said.chamber having an eccentric relationship with respect
to said rotor, the outer ends of said pumping plungers
being. in contact with said surface, a non-rotating meier-
ing. member located. in the center bore of said rotor and
in open communication with said fuel inlets at one end
through internal ducts, grooves on the surface of said
metering member in open communication with said radial
bores and said fuel outlets through the shaft hole and

defining a wmetering land therebetween, said metering
member being longitudinally positioned in said rotor to

define a space with said closure means, said ducts and
grocves leading to and from said space, and means for the
longltudmal and radial positioning of said metering mem-
ber in said rotor.

14. In a fuel pump as set forth in claim 13, said last-
mentioned means being separate for each type of posi-
tioning. )

15. In combination with an infernal combustion engine,
a fuel pump therefore comprising a T-shaped casing de-
fining 'a chamber.and a bored shaft extension with fuel
inlet and outlet passageways leading from the center bore
of -said extension, a rotatable member with a central bore
having hub, flange, and shaft portions positioned within
said casing sp that the latter two pf‘raions are housed
within said Phamber and shaft extension respectively, said
flange - portion camprxsmf‘ a pumping section mcludmg
radial bore opening on said central bore and pummm
piston seated in said radial bore, means for effecting recip-
rocation of said plStOd upon. rofation of said rotor, said
shafL hav;ng dismbutmo means for communicating with
the fuel outlet passageway Lpon rotation of said rotatable
membel comprising a distribution hole leading frem said
central bore and being of such length that the fuel iniet
passageway is open to the end thereof, closure means for
the opposite end of said rotatable member, a grooved and
perforated metering member positioned within said ro-
tatable. member having ducts open to said fuel inlet pas-
sageway and _grooves defining a metering section between
said. pulmpm,g section and said distributing means including
a metering land whereby low pressure inlet fuel is sep-
arated from_high pressure outlet fuel delivered by said
pumping section, and means for varying the initiation and
duration of fuel injection independently of each other.

16. Inthe fuel pump as set forth in claim 15, said means
for eﬁectmg reciprocation .of said piston comprising a
contact surfice mounted in said chamber eccentrically to
the axis of rotation through said shaft extension, and said
Iast-mentioned means in ¢laim 15 comprising means for
the radial and longitudinal positioning of said metering
memDe1 within said rotatable member whereby the reia-
tive pesmon of said metering land with respect to said
radial bore is changed.
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