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9 Claims.

This invention relates to pumping devices, and
more particularly to fuel pumps for internal com-
bustion engines of the solid fuel injection type.

It has been heretofore proposed to provide fuel
bumps with suction valves in order to obtain
more accurate metering of intake fuel than is ob-

tained, for example, in pumps wherein the pres- .

sure plunger acts as a slide valve to control the
fuel input and also as the pressure member for
pumping said fuel. The provision of a separate
suction valve in a pump of the latter type mini-
mizes the wear on the plunger. In addition, the
use of a suction valve permits the beginning of
actual pumping to take-place earlier in the cam
stroke. In a pump with a suction port, a portion
of the upstroke is lost while the suction port is
being closed by the plunger, this lost portion be-
ing eliminated in the suction valve pump. How-
ever, these advantages, if realized, in the pro-
posed prior devices, when combined with fuel
pumps, were so offset by attendant disadvantages
and additional costs in production, maintenance
and replacement, as to render the valves im-
practicable. 'The vilves, as proposed, have been
relatively complex and delicate, requiring careful
and accurate machining during production, and
have been so combined with the other pump parts-
as to complicate the structure and assembly of the
Iatter and as to be subjected to considerable wear
during use, limiting the efficient utility - thereof
and requiring frequent replacement,

The above and furthér objects and novel*fea-
tures of the invention will more fully appear from

- the following detailed description when the same
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is read in connection with the accompanying
drawings. It is to be expressly understood, how-
ever, that the drawings are for the purpose of -
illustration only and are not intended as a, defini-
tion of the limits of the invention, reference for
this latter purpose being had primarily to the
appended claims. .

In the drawings, wherein Jike reference char-
acters refer to like parts throughout the several

, views,

Fig. 1is a section view of one¢ form of appara-
tus embodying the present invention, said sec-
tion being taken along the longitudinal axis of
said apparatus; :

Fig. 2 is a sectional view of said apparatus taken

* substantially on line 2—2 of Fig. 1;
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It is, accordingly, an cbject of the bresent in-

vention to provide a fluid pump with a novel prac-
ticable Suction valve mechanism wherein the
above limitations dnd disadvantages of prior de-
vices of this nature are obviated, ‘

Another object is to provide a pump with a
novel suction valve mechanism which is sym-
- metrically and centrally disposed relative to the
other moving parts of said pump. .

A further object is to provide a novel valve
mechanism disposed between and coaxial with
the delivery valve and pressure chamber of a
fuel pump for controlling fuel flow into said
chamber.

Still another. object is to provide a novel .valve
mechanism of the above type which permits di-
rect and continuous fuel flow from the pressure
chamber to the delivery valve. .

A still further object is to provide a tuel pump
with a novel suction valve adapted to have en-
gagement with a plane surface for controlling
the fuel flow into the pressure chamber of said
pump. ) -

Another object is to provide a novel suction
valve in a fluid pump, said valve being compact-
1y constructed, comprising a minimum number of
parts and requiring no eccentrically located fluid
discharge ports or passages through which the
fluid is pumped from the pressure chamber,
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Fig. 3 is an enlarged view of a fragment of Fig.

1, showing in more detail the novel suction valve
-of the present invention; .

Fig. 4 is a view similar to Fig. 1 of another ém-
bodiment of the invention; and :

Fig. 5 is a sectional view with Parts broken .
away taken along line 5—5 of Fig, 4.

An embodiment of the present invention is il-
lustrated in the drawings, by way of example, in
the form of a fuel injection pump assembly hav-
ing a novel centrally and symmetrically located
suction operated inlet valve in combination there-
with. In the form shown, said pump. assembly
.comprises a tubular casing ‘5 having laterally
projecting lugs or ears 6 whereby the pump may
be connected to an engine cylinder (not shown).
Mounted in casing 5 intermediate the ends there-
of is a pump cylinder 1, the latter being sup-
ported on an internal shoulder 8 in the casing
and held against rotary movement relative to said
casing by a screw 9 which threadedly engages the .
casing wall and extends into an axially extend-
ing groove 10 in the cylinder wall. A by-pass or
metering port {1 is provided in the wall of cyl-
inder T adjacent the upper end theredsf and con-
nects the interior of said cylinder with a periph-

" eral groove 12 provided in casing §. A plurality
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“port 1.

of fuel inlet passages 13 are also provided in the
upper end of cylinder 1, said passages extending
angularly upward from the outer wall of said cyl-
inder to the upper end thereof and connecting
an annular groove {4 provided in said end with
an annular channel {5 in casing 5. The func-
tions of the above communicating: passages will
appear more fully hereafter.

Slidably extending within cylinder 7 is a pump
plunger or piston 16, which also functions as a
slide valve for controlling the fiow of fuel through
Plunger 6 is provided with an axially
extending passage 17 and a radial bassage (8
which continuously connects the upper end or




-or cut-off groove.

.¢hamber of said (;ylinder.
element, and said washer element in fiuid-tight-

2

pressure chamber of cylinder Tto a helical groove
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18 in the surface of piston 16, which groove co- °

operates with port {1 and constitutes a metering
1f desired, an sdditional heli-
cal groove 20 may be provided in the surface of
piston 6 diametrically opposite groove {9, the
latter having continuous communication with
passage 18 and being adapted to provide a pres-
sure balancing effect on the piston. An addi-

‘tional radial by-pass port . (not shown) may be

arranged diametrically opposite port 11 thus pro-

viding. dual by-pass means in the plunger and .

barrel. :

Means are provided for angularly adjusting
piston 16 to vary the relation between metering
groove 19 and cut-off or by-pass port it and

1v

engagement with each other and relative to said
cylinder, a gland or sleeve nut- 31 -4s preferably -
provided and engages internal threads.in the up-
per end of casing 5. A suitable packing washer
38 may be interposed between the inner end of
member 31 and an external flange on adapter 33
to further insure fluid tightness. 'The upper end
of member 31 terminates in & threaded portion
or nipple 38 having a delivery passage 40 therein,
whereby a conduit (not shown) leading to a fuel
injection nozzle of an engine cylinder may at-

_tached thereto.

10

thereby vary the effective pumping stroke of the

piston. In the form shown, said means com-
prises & -sleeve: 21 loosely surrounding the lower
end of cylinder T in an enlarged portion of casing
5.. Gear tedth 22 are formed on the upper end
of sleeve 21 for cooperation with a rack 23 slid-
ably mounted in casing 5, the movement, of said
rack being limited by any suitable means well-

“known in the art: The lower end of sleeve 2t is

axially slotted as at 25 for slidably receiving a
cross-bar 26 rigidly connected to plunger {6.
Sleeve 21 is held against axial movement relative
to cylinder 1 by an internal shoulder 2{a, which
engages the lower end of said cylinder,
external shoulder which rests on the upper sur-
face of an inwardly extending flange formed on
a ring 21. The latter is positioned against an

and an -

20
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internal shoulder 25a in casing 5 and is held in .

place by any suitable means, such as a snap-ring
28. Accordingly, by reciprocating rack 23, angu-
lar adjustment of sleeve 2{ and, hence, plunger

36

16 may be effected without affecting the recipro- -

cating movement of the latter. ) .
Means are also provided for reciprocating pis-
ton 16 in cylinder 7 without subjecting the former
to any lateral forces or pressures which would
cause unnecessary friction and binding. Said
means in the illustrated embodiment includes tap-
pet cup 29 which is slidably positioned in the
lower end of casing § for engagement with an
enlarged head portion 30a of & member 30 opera-
tively connected to or integrally formed with the
lower end of piston 16. The latter may be moved

-upwardly by & rotating cam or other - suitable
means (not shown) which is adapted to engage

Ww

Delivery valve adapter 33 has a cylindrical pas-
sage therein through which the flow of fuel from
cylinder 1 into member 31 and ‘delivery conduit
40 is controlled by the delivery valve 34. The
lower portion 4] of the latter engages the walls
of the passage in said adapter and serves to guide
the valve, said portion being provided with axial
flutes or grooves 42 which permit, the flow of fuel
to an annular groove 43 located adjacent the up-
per end of said valve. The upper, enlarged por- .
tion 44 is adapted to engage a seat formed on
the upper end of adapter 33 to prevent fiuid flow
from groove 43 into ‘member 31. Valve 34 Is
normally held in fluid-tight engagement with
adapter 33 by a spring 45 which engages the up-
per end 44 thereof and is centered within mem-
ber 31 by medns of a tubular member 46 which
may also function as & stop for limiting the open-
ing movement of valve 34,

The fuel inlet or .supply line® comprises inlet
passage 41 which connects & source of fuel (not
shown) to channels 12 and i5 and, hence, pas-
sages 13 thereby filling groove 14. The latter is
connected by a plurality of passages 48 (Fig. 3)
extending inwardly and upwardly through washer
element 36 and communicating with an annular .
groove 49 in the upper face of said element. It
will, of course, be understood that washer 36
may be eliminated, if desired.

Valve 35 controls the fuel flow from groove 49,
the same being normally yieldably seated on the
face. of washer element 36 in order fo prevent
fuel flow from said groove. A chamber 50 is
provided in adapter 33 to receive valve 3§ and
a spring 51 interposed between the upper wall

" of said chamber and said valve to normally ho:d

60

the closed end of tappet cup 29 in a manner well -

understood in the art.- The return or downward
movement of piston 16 is effected by & spring 31
interposed between the internal flange of ring

27 -and a slotted washer 32 which engages the

upper shoulder of head 30a.

bo

The upper end or pressure chamber of cylinder. "

1 may be connected by any suitable means to an
injection nozzle (not shown) of an internal com-
bustion engine cylinder. . The means shown for
this purpose comprise an adapter element 33
which. constitutes a guide and a seat for a de-
livery valve 34 and also
novel suction valve 35, to be more fully described
hereinafter. The seat for said suction valve and
for said adapter element is preferably formed on

. the upper .surface of washer element. 36 which,

in turn, rests on the upper end of cylinder T and

- is provided with a central passage 36a (Fie. 3,

which communicates with & central passage 35a
in valve 35 and directly connects the interior of
adapter element 33 to the upper end or pressure

forms a housing for a .

the latter in engagement with washer 36, Valve
35 is preferably coaxlal with said adapter and
plunger 16 and comprises, as shown, a lower por-
tion that is cylindrical, an upper portion that
is frusto-conical and a shoulder 52 for support-
ing the lower end of spring 51. Chamber 50 is
preferably similarly shaped, but is somewhat
larger than valve 36 to permit movement of sald
valve relative to adapter 33 and to receive spring

1 roo
.

60
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i0

To fix said adapter .

15

In operation, valve 85 controls the flow of fuel
into the pressure chamber of cylinder 7 and, in
turn, is.controlled by the movement of plunger
6. Groove i# is continuously filled with fuel.
from the fuel source and when plunger 16 is on
its down stroke, the suction created in cylinder .
71 permits the fuel pressure from the source to
lift valve 35 against the resistance of spring 51
and produce a fuel flow into the pressure cham-
ber of the pump. It is to be noted that prior to
the creation of stfficient suction to actuate valve
35, delivery valve 34 is seated in fluid-tight en-
gagement with adapter 83. When the pressure
stroke’ begins, valve 35 shuts off any fuel flow
into the pressure chamber and, as the pressure
stroke continues, delivery valve 34 opens {0 allow
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fuel to be pumped through passage 40 to the fuel

injection nozzle in the well-known manner.
The adapter element 83 and suction valve 35,

as well as washer 36, are readily assembled and

need not be specially aligned as the angular posi--

tion of washer 36 relative to the end of eylinder

T and of valve 35 relative to the washer does not. -

affect the fuel flow into the pressure chamber,
It is to be noted that chamber 50 constitutes a
coaxial continuation of the pressure chamber in

10

cylinder T and. that valves 34 and 35 are con- -

centric with each other and with the line of flow
of fuel under pressure, thereby producing an
extremely compact ‘and sturdy structure. Valve
35 is also centrally and symmetrically located
relative to the fuel passages 48 and groove 49 and,
accordingly, is not subjected to any unbalancing
forces during operation. . o

* Another embodiment of the invention is illus-
trated in Figs. 4 and 5 and comprises a novel
plunger cooperable with the suction valve to
control fuel inlet and thereby produce more effi-
cient fuel flow for the various engine speeds. A
substantial number of the parts. of this second
embodiment are similar to those shown in Figs.
1 to 3 and-accordingly like numerals are utilized
to designate like parts of the two structures.

As shown, cylinder T is provided with a pair of )

radial diametrically opposed inlet ports 53 and
with a pair of diametrically opposed by-pass
ports 54 located further from the cylinder end
than said inlet ports, said by-pass ports com-
municating with annular channel 12 apd said
inlet ports communicating with annular inlet
passage 15. A novel plunger 55 is mounted for
reciprocating movement in cylinder 7 and has an
annular. by-pass groove .56 formed therein.
Groove 56 cooperates with ports 56 to by-pass fuel
from the pressure chamber, being adapted io

overlap said ports during the pumping ‘stroke of-

the plunger for this purpose. It is to be noted
that by providing an annular horizontal by-pass
groove as shown, angular adjustment of the
plunger has no effect on the point at which by-
pass begins during the power or pumping stroke.

A pair of axially extending peripheral passages,

51 are provided in the wall of plunger 55 to con-
nect groove 56 with the pressure chamber. -
In order to vary the point at which effective
pumping of fuel begins during the plunger stroke,
plunger 55 is provided with a pair of grooves each
having at least one helical side 88, said grooves
preferably communicating with passages 57. Pis~

3

control of the point at which effective pumping
begins. Valve 35 acts to prevent turbulence and
to insure a proper fuel flow into the pressure
chamber, particularly during full load engine op-
eration when the fuel inlet ports 49 are closed
almost at the beginning of the upstroke of pis-
ton 55.. If desired, piston 55 may extend above
ports 83 in its bottom dead center position so
that at full load operation, for example, poyts 53
can be kept closed by the piston during the entire
piston stroke. s :

There is thus provided a fuel pump having a
novel suction valve disposed between the delivery
valve and the pump plunger whereby fuel flow
from the pump to the fuel source during the
bower or pumping stroke of the pump plunger

- may be eliminated and g relatively uniform flow

20
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into the pressure chamber is attained during the
suction stroke of the plunger. The valve struc-

‘ture is extremely simple, comprising a minimunt

of moving parts and adapted to be readily actu-
ated by the differential between the pressure of

- the inlet fuel and the pressure in the pressure .

chamber of the pump. The location of the valve
requires a minimum routing of the high pressure,
rapidly moving fuel through tortuous passages,
as'compared to prior known fuel pumps of 8, simi-
lar type. The shapes of the valve and the cham-
ber provided therefor, as well as the washer ele-
ment which preferably cooperates therewith, are
such that these parts can be readily machined
by present production methods in a minimum
number of operations. The assembly of the parts

. can be readily accomplished, requiring no special

alignment operations during assembly or during
operation of the novel apparatus. The interrup-
tion of the fuel flow by the suction valve is accom-
plished by the engagement of two relatively large
plane surfaces which can be readily finished to a
very great accuracy and during operation of the
valve these plane surfaces are subjected to sub-
stantially no wear which would affect their seal.

There are also provided novel means for con*
trolling the quantity of fuel delivery from the
pump, said means operating to maintain the

-point in the pumping stroke at which pumping ,

ceases constant while varying the point at which
effective pumping ‘begins. To accomplish -this,
novel plunger means are provided.and said means
are adapted to cooperate with inlet fuel ports in
the cylinder and with the suction valve to con- .
trol fuel flow into the pressure chamber, As g

. Tesult of this arrangement for controlling fuel

ton 55 acts as the valve for ports 53 and the lead-

ing edge thereof which determines the point of -

closure of the inlet ports during the power stroke
is constituted by helical sides or metering«edges
58 and upper edge 55z of the piston. By angu-
larly adjusting piston 55 the point: of closure of
the inlet ports 53 can be varied, the angular ad-
justment causing a different part of metering
edges 58 to act as the leading edge for piston 51
in its valve action relative to said ports. It is to
be understood that instead of a pair of by-pass
vorts and a pair of fuel inlet ports a single inlet
and/or a single by-pass port could be utilized.
In operation, angnlar adjustment of piston 55
controls the effective pumping stroke of the
pump and the quantity of fuel delivered thereby
to the engine during each stroke However, in-
stead of controlling the point of by-pass in order
to accomplish this result, the by-pass point is
kept constant while the point of closure of the
fuel inlet is varied, thereby making possible a

55

(i)
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flow from the pump, more economical fuel con-
sumption is realized inn an engine connected ‘with
said pump and adapted to actuate the pump
plunger. It is possible to obtain, for example,
at all speeds and loads, including idling speeds,
a flaw of fuel into the engine eylinder until the
piston in said cylinder reached 2 predetermined
position “in its travel, and to utilize the most
effective portion of the upstroke of the pump- pis-
ton for pumping fuel at all engine speeds and
loads. By providing a suction valve to cooperate
with the pump piston and the inlet port, proper
quantities of fuel can be introduced into the pres-
sure.chamber at high lcads and effective pump-
ing can start almost simultaneously with the be-
ginning of the upstroke of the pump plunger.
Although only two embodiments of the inver- .

tion have been illustrated and described, it is to

be expressly understood that the same is not
limited thereto. For example, it will now be
apparent to those skilled in thg art that washer
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element 3§ might be eliminated and valve 33
caused to seat on the end of cylinder 1, in which
event groove (4 would be located in the end of
said cylinder so as to be overlapped by said valve
in the same manner as groove 49 is in the illus-
trated embodiment. Various other changes may
be made in the design and arrangement of parts
illustiated without departing from the spirit and
scope of the invension. For a definition of the
limits of the invention, reference will be had pri-
marily to the appended claims.
What is claimed is:

1. In g fluid pumping means comprising a cyl-
the latter having a valve-

inder and an adapter,
contyolled discharge passage and a fluid chamber
connected to said passage, the combination there-
with of a valve mechanism comprising a valve
seat secured between said adapter and said cylin-
der, fluid inlet passages communicating with said
chamber through said seat, and a pressure re-

2,348,282

. different points in the piston stroke,

10

13

20

sponsive movable member disposed in said adapter .

chamber and adapted to operatively engage said
seat to control the flow of fluid from said inlet
passages into said chamber, said seat and said
member having central passages therethrough
providing continuous communication between the
intericr of said cylinder and said adapter cham-
ber. ‘
2. In a fuel pump, a cylinder, a pump plunger
mounted for reciprocable movement in said cyl-
inder, an adapter, a disc-like member secured be-
tween said adapter and said cylinder, said mem-

. ber having a passage therethrough connecting the

interior of said adapter to said cylinder and an
annular groove in the face thereof communicat-
ing with the fuel inlet of the pump, and a pres-
sure responsive valve adapted to seat on the
grooved face of said membet to control the fuel
flow from said annular groove into said cylinder.

3. In o fluid pump having a reciprocable pump

" plunger, a pressure chamber centrally disposed in

said pump relative to said plunger, said chamber
having an annular groove concentric with the
axis of said plunger formed in the wall thereof,
said groove communicating continuously with the
fluid inlet of said pump, and & pressure respon-
sive valve disposed in said chamber, said valve
being adapted to engage said groove-containing
wall to control the fluid flow from said groove into

~ said chamber.

4. In g fuel pump, a cylinder, a pump plunger
reciprocably mounted therein, an adapter, a
washer-like valve seat disposed between. said
adapter and said cylinder, said seat having pas-

sages therein communicating with the fuel input’

line of said pump, said adapter, valve seat and
cylinder constituting a fuel pressure chamber,
and a pressure responsive annular valve member
centrally disposed relative to an extension of the
cylinder, axis and adapted to engage said
seat to control the fuel flow from said passages.

5. In g fuel injection pump, a pressure cham-
per comprising a cylinder having an inlet _port

and a by-pass port, and a piston reciprocating.

in said cylinder, said piston being adapted to con-
nect each of said ports to the pressure chamber
at different points in the piston stroke, a fuel
inlet passage communicating with said pressure
chamber, and a valve operable in accordance with
the pressure in said ‘chamber for controlling the
fuel flow from said. passage into the chamber.
6. In a fuel injection. pump, & pressure cham-
ber comprising a cylinder ‘having an inlet port
and a by-pass port, a piston reciprocable in sald

valve -
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chamber at
| the point of
communication between the pressure chamber
and the inlet port being determined by the an-
gular position of said piston relative to said cylin-
der, and the point of communication between the
pressure chamber and the by-pass port being un-
affected by ansgular adjustment of said piston,
means for angularly adjusting the piston rela-
tive to the cylinder, a fuel inlet passage com-
municating with said pressure chamber, and a-
valve for controlling the fuel flow from said pas-
sage into said chamber, said valve being operable
in accordance with the pressure in said chamber.

7. In fuel injection apparatus for internal com-
bustion engines, a cylinder having port means
for directing fuel to.and from a pressure cham-
ber, a plung'er‘reciprocable in said cylinder for
varying the volume of said chamber and adapted,
during the pumping stroke thereof, to cut off com-
munication between said port means and said
chamber at a point dependent upon the relative
angular positions of said plunger and cylinder
and to thereafter establish. communication be-
tween said port means and chamber, means for
angularly adjusting said plunger relative to said
cylinder, means including a fuel passage forrcon-
necting said chamber to a source of fuel, and
valve means in said chamber operable in accord-
ance with pressure in the latter for controlling
communication between said chamber and said
passage. - .

8. In fuel injection apparatus for internal com-

each of sald ports to the pressure

" pustion engines, a cylinder having port means for

directing fuel to and from a pressure chamber, a
plunger reciprocable in said cylinder for varying
the volume of said chamber and adapted, during
the pumping stroke thereof, to cut off communi-
cation between said port means and said chamber
at a point dependent upon the ‘relative angular
positions of said plunger -and cylinder and to
thereafter establish communication between said
port means and chamber ata predetermined fixed
point of the plunger pumping stroke, means for
angularly adjusting said plunger relative to said
cylinder, means including a fuel passage for con-
necting said chamber to a source of fuel, and valve
mesns in said chamber operable in accordance

 with the pressure in the latter for controlling

&0
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communication between said chamber and said
passage. ‘.

9. In fuel injection apparatus, a delivery valve
adapter, a cylinder having port means for con- .
veying fuel to and from a pressure chamber
formed in said cylinder and adapter, a plunger
reciprocable in said cylinder for varying the vol-
ume of said chamber and adapted, during the
pumping stroke thereof, to cut off communication

 between: said port means and said chamber at a

60

point dependent upon the relative angular posi-
tions ‘of said plunger and cylinder and to there-
after establish communication between said port
means and chamber at a predetermined fixed

* point of the plunger pumping stroke, means for

angularly adjusting said plunger relative t6 said
cylinder, a disc-like element secured between said

. adapter and said cylinder, said element having a

70

passage therethrough connecting the interior of .
said adapter to said cylinder and a second pas-
sage therethrough connecting said chamber to a
source, and -an annular valve member operable

. in accordance with the pressure in said chamber

cylinder, said piston being adapted to connect 78

for controlling flow through said .second passage

_into said chamber.

" ALBERT T. BREMSER,



