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David B. Baker and Raymond E. Peterson, River-
side, Ill,, assignors to International Harvester
Company, a corporation of New Jersey :

Application April 20, 1940, Serial No. 330,749
(Cl. 103—41)

13 Claims.

The present invention relates to an injection
pump for internal combustion engines. More
particularly, it relates to that type of pump in
which the piston has a controlling face regulating
communication of the cylinder with ports in the
wall thereof, and to mechanism for regulating the
position of the piston.

The principal object of the present invention is
to provide an improved unit type of construction
for an injection pump of the piston controlled
port type. )

Another object is to provide an improved regu-

lating means for controlling the piston position
in a pump of said type.
. The above objects, and others which will be
apparent from the detailed description to follow,
are attained by a construction such as shown in
the drawings, in which—

Figure 11is a transverse, vertical section through
a pump incorporating an injection plunger unit
embodying the invention; .

Figure 2 is a section taken on the line 2—2 of

Figure 1; :

Figure 3 is a section taken on the line 3—3 of
Figure 1;

Figure 4 is a section taken on the line 4—4# of
Figure 1; o

Figure 5 is a section taken on the line 8—9 of
Figure 1; o

Figure 6 is a vertical section longitudinally of
the pump casing taken through the center line
of the injection plunger unit. T

Figure 7 is an elevation of the injection plunge
unit removed from the casing. '

The injection plunger unit including the con-
trolling means therefor, as illustrated in the
drawings, may be utilized for single or multiple
cylinder pumps, or for pumps having a single
pressure supplying unit and a plurality of dis-
tributor valves for supplying the fuel charges to a
plurality of eéngine cylinders. Such a pump is
shown in the co-pending application Serial No.
330,750, filed April 12, 1940, which covers the use
of a pump unit of this type in a particular fuel
injection system. Only such parts of the pump
casing and the fuel supply and discharge conduits
as are necessary to adequately show the subject-
matter of this invention are shown. ’

A pump casing 10, which is constructed as a
casting, is provided with a vertical bore Il ex-
tending from the upper end of the casing, and a
vertical bore 12, coaxial with respect to the bhore
11, extending downwardly into the interior of the
casing. A plunger driving shaft 13 is shown as
being mounted at one end in a ball-hearing

assembly 14, diagrammatically illustrated. Said
shaft is provided with an eccentric 15 for driving
the plunger of the injection unit.

A supporting sleeve member 16 is slidably fitted
at its upper end into the upper portion of the bore

" 11, being spaced from said bore beyond the closely
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fitted portion and being formed with a lower end
portion 1T substantially less in diameter than the
bore I1.. Said member is provided with a head
portion {8, which is seated on the top surface of
the casting forming the casing 10. Said upper
portion is provided with a bore 19 substantially
larger in diameter than the internal diameter of
the upper portion of the sleeve, forming thereby
a shoulder 20. s S :

A piston control member 21 is mounted within
the sleeve meémber 16, being provided with an
upper bedring portion 22 journaled-in the upper
portion of the sleeve member and a lower bearing
portion 23 journaled in the lower reduced end
portion 171 of the sleeve member. The outside
diameter of the member 21 is substantially less
than the internal diameter of the sleeve 16 be-
tween the axially spaced bearing portions 22 and
23. Gear teeth 24 are formed on the member 21
intermediate the bearing portions. The sleeve
member i6is cut away at one side, as shown in
Figure 1 and Figure 7, forming an opening {6’ to

provide access to the gear teeth 24 for engage-

ment therewith of a conirol member in the form
of a rack member 25. Said rack member is cylin-
drical and is fitted in a bore 26 extending length-~
wise of the casing 20. The rack member is held
against rotation by a seb. screw 27 threaded into a
bore in the casing and slidably engaging a groove
28 ih the Tack member. Any suitable manual or
governor means, many of which are old in the
prior art, may be utilized for reciprocating the
rack-member 25 for regulating the angular posi-
ion of the piston control member 21.

A cylinder member 29 is suspended within the
control “member 21 out of contact therewith.
Said member is provided with a head portion 39
fitted within the bore 19 and abuftting the shoul-
der 26 of the head portion 18 of the sleeve mem-
ber. It will be noted that clearance has been
shown between the upper end of the control mem-
ber 2! and the lower surface of the head portion
30 to'indicate that the control member 21 isiree
to rotate on its bearings 22 and 23 without any
axial pressure thereon.

An injection piston, or plunger, 31 is mounted
for reciprocation in the cylinder member 29.
Said plunger is provided with a lower stem exten-
sion 32 which is formed with a head 33. A re-
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tainer 34 seated on the head 33 provides an
aputment for a compression spring 35. The other
end of said spring abuts a shoulder 36 formed at
the reduced end portion IT of the sleeve member
i6. A tappet cup 37, slidably and rotatably
mounted in the bore 12, is adapted to be engaged
by the eccentric {5 for actuating the piston 31
by engagement with the head 33 thereof. It will
be noted that the tappet cup 37 is of larger in-
ternal diameter than the outside diameter of the
reduced end portion IT of the sleeve member.
This permits overlapping of said members and
reduces the overall height of the injection unit,
which is an important consideration in the design
of injection pumps.

The piston 31 is provided, below the lower end
of the cylinder member 29, with a plurality of
driving lugs 38, best shown in Figure 1 and Fig-
ure 5. Said lugs are adapted to reciprocate in
spline-like channels 39 formed at the lower end
of the control member 21. The lugs 38 are fitted
with a minimum clearance in the channels 39 to
reduce any slight angular movement of the piston
relative to the control member to a minimum
while at the same time providing axial move-
ment of said members relative to each other with
a minimum of friction. By this construction,
movement of the rack member 25 oscillates the
piston 31 for controlling the effective injection
stroke as will be hereinafter described.

Referring to Figures 4 and 6, the head portion
390 of the cylinder member 29 is provided with a
pair of diametrically spaced arcuate recesses 40
extending downwardly from the upper face there-
of. Rores 41 extending radially inwardly from
the outer cylindrical wall of said head portion
intersect the recesses 40 and extend into the
cylinder. Cap screws 42 are threaded into the
outer ends of the bores to seal them against fuel
leakage. In the particular construction illus-
trated, it is necessary, in order to form the useful
inside portions of the bores, to bore through from
the outside wall. The heads of the screws 42 are
fitted in recesses 42’ in the flanged portion {8 of
the sleeve §5. It will be noted that the recesses
of the bores 41 are countersunk. This construc-
tion is provided to attain the desired flow char-
acteristics into and out of the cylinder.

The piston 21 has a head portion of a conven-
tional construction such as is utilized for regulat-
ing the discharge quantity of a reciprocating
plunger by utilizing the piston as a valve. An
annular recess 43, formed around the piston and
spaced from the head thereof, communicates
with a vertical channel 44 extending upwardly
from the recess or channel 43 to the top of the
piston. An angularly disposed wall 45 joins the
two channels 43 and 44 at an angle thereto. The
shaps of said curved wall is carefully determined
in order to give the desired control of the quan-
tity of fuel injected during movement of the rack
member 25. Both of the ports 41, when located
in alinement as illustrated, serve as inlet ports
while only the one plate over by the curved wall
£% acts as a by-pass port.

A spacer member 46 of the same outside diam-
eter as the head portion 30 of the cylinder mem-
ber is mounted thereon. Said member is pro-
vided with ports 471 communicating with the
recesses 48 and with a substantially centrally lo-
cated bore 48 communicating with the cylinder.
A valve 49 is mounted in said bore, the head por-
tion 59 of the valve being seated on a co-operat-

. ing seat formed around the upper end of the bore

48. A valve spring 51 abutting the valve and act- °
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ing to hold it in closed position until the desired
pressure is attained in the cylinder, is located
in a closed end bore 52 formed in a second spacer
member 53. Said second spacer member is also
provided with bores, or ports, 54 communicating
with the ports 49 to supply fuel to the recesses 40.

A filter unit 55 having a flange 56 of the same
ocutside diameter as the spacer members, is
mounted on the upper end of the upper spacer
member. As illustrated by the cut-away section
at one side of the filter unit in Figure 6, fuel
passes radially in through the filtering surface
and downwardly through openings 55’, one of
which is shown, into the bores 54.

A cover member 57 is provided with an internal
bore of the same diameter as the outside diam-
eter of the spacer members 46 and 54. Said
member is fitted downwardly over the spacer
members with a shoulder 58 abutting the upper
surface of the filter unit flange 56. Above said
shoulder, an inlet compartment 51’ provides for
location of the filter unit. A threaded extension
59 on the cover member extends upwardly
through a cover 59’ mounted on the casing 20
merely for the purpose of protecting the parts
of the pump unit. The extension 59 is formed
with an internal conduit to which fuel is supplied
by means of a suitable fitting, not shown, con-
nected to the extension.

The cover member 57T is provided with a
flange 60 which, as shown in Figure 2, is pro-
vided with four openings 61 in alinement with
four corresponding opeénings 62, as shown in
Figure 4, in the flanged portion I8 of the sleeve
member 6. As shown in Figure 7, the flange
69 is secured to the flanged portion I8 by cap
screws 63, one of which is shown. Said cap
screws hold the two closing parts of the plunger
unit in assembled relation forming thereby a unit
which can be removed as such from the pump
casing. The actual clamping pressure effective
to hold the internal parts of the unit together,
is obtained by studs 64 threaded into the casing
10 and extending upwardly therefrom through
the alined openings 6f and 62. Nuts 65 on the
studs provide means for clamping the fitted parts
of the plunger unit together in assembled rela-
tion on the pump casing.

To provide a fuel discharge means for the
fuel delivered under pressure from the injection
pump past the valve 49, a transverse bore 66 com-~
municates with the bore 52. The other end of
said bore is threaded to receive a cap screw 67
which is utilized to clamp one end of a fuel con-
duit member 68 against a flattened wall portion
of the spacer member 53. This type of connection
is conventionally used where an adequate seal is
required for fluids under very high pressure. The
conduit within the member 68 communicates with
2 bore 69 formed axially through the cap screw
67 from the inner end and terminating on a radial
portion near the head end. As shown best in
Figures 1, 2, and 7, the cover member 57 is cut
away at one side forming an opening 10 to pro-
vide clearance for connecting the conduit mem-
ber 68 to the spacer member 53.

As shown in Figures 3 and 5, a gear tooth is
omitted from the gear teeth 24 formed on the
control member 2{ and the corresponding space on
the rack member 25 is filled in solid forming a
tooth of three times the width of the other teeth.
This construction is utilized for assuring fitting
of the plunger unit into the ecasing with the
desired timing relation between the control mem-
ber and the piston. Otherwise, there would be
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four possible positions of the piston relative -to
its control member due to the use of four driv-
ing lugs, as shown in Figure 5.

The operation of. the parts making up the
pump, as above described, has been explained to a
considerable extent in connection with the de-
scription of the elements. Fuel supplied, usually
under a constant low pressure, to the extension
59 of the cover member 57 passes through the fil-
tering element 55, the vertical bores, or ports, 54
and 47 in the spacer members 53 and 46 to the
recesses 48. From said recesses, fuel is taken
into the cylinder and metered by the angular po-
sition of the piston to discharge one portion of
the fuel taken into the cylinder at high pressure
through the discharge valve 49, and to by-pass
the remainder of the fuel back into the inlet
side of the system.

In the operation of the pump, the angular or
plunger position is controlled by the member 21
as oscillated by the rack member 25. Said mem-
ber being provided with bearing portions spaced
axially a considerable distance, can be mounted
for free rotation without encountering any pos-
sible cocking due to action of the rack against
one side thereof. The driving connection be-
tween the control member and the- piston is
such that a relatively large wearing surface is
provided with the result that wear is reduced
to a minimum.

Due to the reduced diameter of the lower end
of the sleeve member (6, the unit may overlap
the tappet cup 37 permitting the use of a long
bearing surface for said cup without necessitat-

ing an undesirably large vertical dimension of *

the pump unit. By providing the cut-away slot,
or cut-away portion, I8’ in the sleeve member
16, it is possible, because of the smaller diameter
of the lower portion of said member, to remove
the entire structure as a unit without removing
or otherwise disengaging the rack member 25.
This is an important feature which permits the
removal of the plunger injection unit in the
field for service or replacement. As previously
pointed out, the cap screws 63 hold the com-
ponent parts of the unit together while the studs
84 provide means for applying the pressure re-
quired to clamp the parts together for actual
operation.

The construction of the upper portion of the
unit is such that -the cover member 57 may be
cut away to provide for connection of the con-
duit member 68 with the spacer member 53. This
is possible as the seal for low pressure is main-

-tained on the flange 56 of the filter unit and the :

seal for high pressure is maintained between the
lower spacer member and the upper surface of
the piston member. )

It will be understood that applicants have
shown only a preferred embodiment of their
improved plunger unit and adjustment therefor
for fuel injection pumps, and that they claim
as their invention all modifications falling with-
in the scope of the appended claims.

What is claimed is:

1. In injection fuel pump construction and in
combpination a sleeve having a shoulder at one
end thereof and an internal bearing portion, a
piston control member rotatably mounted in said
sleeve, said member having an external bearing
portion journaled in the bearing portion of the
sleeve, said member having gear teeth formed
thereon and said sleeve being provided with an
opening at the side thereof for engagement of a
driving member with said gear teeth, and a cyl-
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inder-depending in the control member in spaced
relation with Trespect thereto, and having a
flanged head portion mounted on the shoulder
of said sleeve. = -

2: In injection fuel pump construction and in
combination a-sleeve having a shoulder at one
end thereof and spaced continuous internal bear-
ing portions, a piston control' member rotatably
mounted in said sleeve,- said member having
spaced: continuous external bearing portions
journaled -in the respective bearing portions of
the sleeve, said member having gear teeth formed
thereon between the bearing portions and said
sleeve having a side portion cut away between the
bearing portions to provide for engagement of a
driving member with said gear teeth, and a cyl-
inder depending in the control member in spaced
relation with respect thereto, and having a
flanged head portion mcunted on the shoulder
of said sleeve.

3. In a fuel injection pump construction and
in combination a sleeve having a shoulder at one
end thereof and spaced continuous bearing por-
tions, a piston control member rotatably mount-
ed: in said sleeve, said member having spaced
bearing portions journaled in the respective bear-
ing portions of the sleeve, said member having a
segment of a gear formed thereon between the
bearing portions and said sleeve having a side
portion cut away to provide for a driving mem-
ber engageable with said gear teeth, the outside
diameter of said gear segment being larger than
the outside diameter of the lower portion of the
sleeve and a cylinder depending in the control
member in spaced relation with respect thereto
and having a flanged head portion seated on the
shoulder of said sleeve, said head portion of the
cylinder being provided with a fuel supply means
extending from the upper surface thereof into
the bore of the cylinder.

4, In a fuel injection pump, a casing structure
having a bore therein, a cylinder mounted in said
bore, the cylinder being substantially smaller in
outside diameter than the diameter of the bore,
said eylinder being secured at its upper end only
to the casing structure, a piston adjustment mem-
ber mounted in the space between the cylinder
and the inner wall of the casing structure, said
member being spaced from the cylinder and being
provided with a bearing portion journaled in the
casing, a piston mounted for rotation and recip-
recation in said ¢ylinder, means for connecting
the piston to the control member for rotation
therewith and for reciprocation relative thereto,
and control means mounted in the casing struc-
ture in engagement with the adjustment member.

5. In a fuel injection pump, a casing having a
bore therein, a cylinder mounted in said bore,
the cylinder being substantially smaller in out-
side diameter than the diameter of the bore, said
cylinder being secured at its upper portion to the
casing, a piston adjusting member mounted in
the space between the cylinder and the inner
wall of the casing, said member being spaced
from the  cylinder provided with continuous
spaced bearing portions journaled in the casing
at two spaced locations and with a gear interme-
diate the bearing portions, a piston mounted for
in -said cylinder,
means for connecting the piston to the adjust-
ing member for rotation therewith and for recip-
rocation relative thereto, and a control rack
mounted for reciprocation in the casing in en-
gagement with the gear on the adjusting mem-
ber. - i
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6. In a fuel pump, an injection plunger unit
comprising a sleeve having a head portion, a pis-
ton control member rotatably mounted in said
sleeve, a cylinder having a flanged head portion
and depending in the control member in spaced
relation with respect thereto, the head portion
of said sleeve being provided with a recess in
which the flanged head portion of the cylinder
is seated, said head portion being provided with
fuel supply means extending into the bore of the
cylinder, a ported spacer member mounted above
the flanged head portion of the cylinder, said
member being provided with a central bore in
communication with the cylinder and a second
bore in communication with the fuel supply
means of the cylinder, a second ported spacer
member mounted above the first spacer member
said second member having a vertical bore ex-
tending upwardly therein from the lower face in
alinement with the central bore of the first
mentioned member and a second bore in com-
munication with the second bore of the first
mentioned member, said second member being
also formed with a transverse bore communicat-
ing with the vertical bore, a housing member fit-
ted over both the spacer members and secured
rigidly to the sleeve member, said housing hav-
ing a bore for receiving fuel and delivering it to
the second bore of the second spacer member, a
piston mounted for reciprocation in the cylinder,
said piston being formed with a plurality of
driving lugs and said piston control member be-
ing provided with a plurality of interengaging
lugs whereby said piston is mounted for rotation
with the control member and for reciprocation
with respect thereto, and means for securing the
sleeve and the housing member together where-
by all of said elements form a removable unit.
7. In a fuel pump, an injection plunger unit
comprising a sleeve having axially spaced, inter-
nal bearing portions of different diameters, a pis-
ton control member rotatably mounted in said
sleeve, said member having bearing portions
journaled in the respective bearing portions of
the sleeve, said member having gear teeth formed
thereon and said sleeve having a side portion cut
away to provide for a driving member engageable
with said teeth, a cylinder depending in the con-
trol member in spaced relation with respect
thereto and having a flanged head portion
mounted on the said sleeve, said head portion
being provided with a fuel supply recess extend-
ing downwardly from the upper surface thereof,
the head portion of the cylinder being formed
with a bore intersecting the recess and extending
into the bore of the cylinder, a spacer member
mounted above the flanged head portion of the
cylinder, said member being provided with a bore
communicating with the recess and a bore in
communication with the cylinder, said member
being also formed with a fransverse bore com-
municating with the vertical bore and a fuel sup-
ply bere communicating with the fuel supply re-
cess, & housing member fitted over the spacer
member and secured rigidly to the sleeve mem-
ber, said housing member having a bore for re-
ceiving fuel and delivering it to the fuel supply
bore in the spacer member, a piston mounted for
reciprocation in the cylinder, said pisten keing
formed with a spiral cut-off edge for metfering
the amount of fuel delivered, slidable engaging
means on the piston and on the confrol member
whereby said piston is mounted for rotation with
the control member and for reciprocation with
respect thereto, the bottom end of the piston be-
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ing formed with a head, a spring retainer
mounted on said head, and a compression spring
abutting said retainer and the lower end of the
sleeve member whereby all of said elements form
a removable unit.

8. In a fuel pump, an injection plunger unit
comprising a sleeve having a head portion axi-
ally spaced internal bearing portions of different
diameters, a piston control member. rotatably
mounted in said sleeve, said member having
bearing portions journaled in the respective
bearing portions of the sleeve, said member hav-
ing gear teeth formed thereon and said sleeve
having a side portion cut away to provide for
engagement of a control means with said teeth,
a cylinder having a flanged head portion and de-
pending in the control member in spaced relation
with respect thereto, the flange of the head por-
tion of said sleeve being provided with a center-
ing recess in which the flanged head portion of
the cylinder is seated, said head portion being
provided with a fuel supply recess extending
downwardly from the upper surface thereof, the
head portion of the cylinder being formed with a
bore intersecting the recess and extending into
the bore of the cylinder, a spacer member
mounted above the flanged head portion of the
cylinder, said member being provided with a bore
communicating with the recess and a second
bore in communication with the cylinder, a sec-
ond ported spacer member mounted above the
first spacer member, said second member being
formed with a vertical bore and with a trans-
verse bore communicating with the vertical bore,
said member being also provided with a second
bore communicating with the second bore in the
first named spacer member, a flanged housing
member fitted over both the spacer members and
secured rigidly to the flanged portion of the
sleeve member, said housing member having
a bore for receiving fuel, a piston mounted for
reciprocation in the cylinder, slidable engaging
means between the piston and the control mem-
ber, the bottom end of the piston being formed
with a head, a spring retainer mounted on said
head and a compression spring abutting said re-
tainer and the lower end of the sleeve member
whereby all of said elements form a removable
injection unit and a tappet cup in which said
spring extends, said cup extending upwardly
over the lower smaller end portion of the sleeve
member.

9. In a removahle fuel injection plunger unit
the combination of two housing members, one
of said members having an end portion of re-
duced diameter, means for clamping said mem-
bers together, a cylinder mounted within the
member having the end portion of reduced diam-
eter and extending therein: in spaced relation
thereto, a piston mounted for reciprocation and
rotation in said cylinder and extending down-
wardly through the housing member, a piston
control member mounted for rotation between
the cylinder and the housing member, said con-
trol member having a gear formed thereon of a
diameter larger than the reduced diameter end
portion of the housing member and said mem-
ber being cut away to provide an opening for en-
gagement of control means with said gear.

10. A removable fuel injection plunger unit
comprising two housing members, che of said
members having an end portion of reduced di-
ameter, means for clamping said members to-
gether, a flanged cylinder mounted within the
members and depending downwardly in the
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member having the reduced diameter end por-
tion in spaced relation thereto, a piston mount-
ed for reciprocation and rotation in said cylin-
der and extending downwardly through the
housing member, a piston control member
mounted for rotation in said housing member
between the cylinder and the member, said con-
trol member having a gear formed thereon of a
diameter larger than the reduced diameter end
portion of the housing member and said hous-
ing member being cut away to provide for en-
gagement of control means with said gear, con-
necting means between said member and the pis-
ton providing for relative reciprocation and an-
gular rotation together, means for delivering fuel
to the upper housing member, and means with-
in the other housing member for delivering
fuel to and from the cylinder.

11. A removable fuel injection plunger unit
comprising an upper housing member, a lower
housing member having a lower end portion of
reduced diameter, means for clamping said mem-
bers together, a flanged cylinder mounted in the
lower member and depending downwardly there-
in in spaced relation thereto, a piston mounted
for reciprocation and rotation in said cylinder
and extending downwardly through the housing
member, a piston control member mounted for
rotation in the lower housing member between
the cylinder and the housing member, said con-
trol member having a gear formed thereon of a
diameter larger than the reduced diameter end
portion of the housing member and said hous-
ing member being cut away to provide for en-
gagement of control means with said gear, con-
necting means between said member and the pis-
ton providing for relative reciprocation and an-
gular rotation together, means for delivering fuel
to the upper housing member, and means within
the said upper housing member for delivering
fuel to and from the cylinder,
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12, In a removable fuel injection plunger unit,
the combination of two housing members, one of
said members having an end portion of reduced
diameter, means for clamping said members to-
gether, a cylinder mounted within the member
having the end portion of reduced diameter, said
cylinder having a head portion fitted in the
member and a portion of smaller diameter ex-
tending therein in spaced relation thereto, a pis-
ton mounted for reciprocation and rotation in
said cylinder and extending downwardly through
the housing member, a piston control member
mounted for rotation in the housing member and
spaced from the cylinder, said control member
having a gear segment formed thereon of a diam-
eter larger than the reduced end portion of the
housing member, said member being cut away
adjacent the segment to provide for engagement
of conftrol means with said gear.

13. In a removable fuel injection plunger unit,
the combination of two housing members, one of
said members having a uniform diameter bore
therein and an end portion beyond the bore of
reduced diameter, means for clamping said mem-
bers together, a cylinder mounted within the
member having the end portion of reduced di-
ameter and extending therein in spaced relation
thereto, a piston mounted for reciprocation and
rotation in said cylinder and extending down-
wardly through the housing member, a piston
control member mounted for rotation between
the cylinder and the housing member, said con-
trol member having a gear segment formed
thereon of a diameter smaller than the internal
diameter of the housing member and larger than
the outside diameter of the reduced end portion
of the housing member, said member being cut
away adjacent the segment to provide for en-
gagement of control means with said gear.

DAVID B. BAKER.
RAYMOND E, PETERSON,




