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7 Claims.

This invention relates to fuel injection pumps. .
for internal combustion engines and more par- -

ticularly internal combustion engines firing par-
tially or wholly by the heat of compression and
it is an object of this invention to provide an

improved device of the type described of simple

mechanical construction and small size which
cshall provide for the control of the fuel to all
cylinders of the engine by a single adjustable

¢ control valve equi-distant from all the pump

cylinders of the device whereby improved meter-
ing and equal distribution of fuel to the various

. cylinders of the engine are obtained without the

necessity .for separate adjustments of fuel de-
livery to the individual engine cylinders. It is
also an object of this invention to provide a fuel
injection pump of such construction that the
time of injection of the fuel in relation to the
position of the pistons of the respective cylinders
may be advanced or retarded for all cylinders si-

its mounting and in which the time at which the
“injection of fuel starts in each engine stroke is
automatically ‘advanced - or retarded as the
amount of fuel injected is increased or decreased
respectively, and it is also an object of this inven-

tion to provide a fuel injection pump which may '

be controlled by a governor of light and sensitive
construction and which is flexible in its adapta-
tion to various conditions of installation.

In the drawings—

Fig. 1 is a top plan view of a fuel maectmn
pump constructed in accordance with this inven-
tion;

Fig. 2 is .a view in side elevation of the fuel

‘ injection pump shown in Pig. 1, parts being

broken away to show other parts more clearly;

Fig. 3 is a view in vertical section taken as on
line 3—3 of Fig. 1;

Fig. 4 is a partial view in horizontal sectxon
taken as on line 4—4 of Fig. 3

Fig. 5 is a fragmentary view in vertlcal sectlon
taken as on line 5—-5 of Fig. 4 and showing one
form of fuel control valve and its seat;

Figz. 6 is a fragmentary view in vertical section
taken as on line 6—B6 of Fig. 4 and showing a
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. multaneously by rotating the pump casing on -
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of the fuel control valve shown in Fig. 7, the valve
being raised from its position in Fig. 7; '

Fig. 10 is a fragmentary view in vertical sec-
tion taken as on line 10—10 of Fig. 11 and show-
ing an injection plunger and its casing of modi-
fied construction;

Fig. 11 is a fragmentary view in horxzontal
section taken as on line li—1ti of Fig. 10;
. Fig. 12 is a fragmentary view in vertical sec-
tion of the structure shown in Fig. 10, taken ag
on line 12—12 of Fig. 13 so as to show other por-
tions -of the structure and with the injection
plunger raised to its uppermost position;
- Fig. 13 is a fragmentary view in horizontal sec-
tion taken as on line i3—I13 of Fig. 12; K

Pigs. 14 and 15 are partial views in vertical sec-
tion of further modifications;

Fig. 16.is a fragmentary view in vertical sec-
tion of the control valve shown in Fig. 15;

Fig. 17 is a fragmentary view in horizontal sec-
tion taken as on line 1T—I7 of Fig. 16;

Fig. 18 is a fragmentary view in vertical section
showing the upper portion. of a fuel injection
plunger of Fig. 15;

Fig. 19 is a partial view in vertical sectlon of

" a further modification;
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Fig. 20 is a fragmentary view in vertical sec-
tion showing the fuel control valve of Fig. 19;
' Fig. 21 is a fragmentary view in vertical sec-

‘tion spowing the upper portion of a fuel injection

plunger of’Pig. 19;

Figs. 22 and 23 are partial vertical sectional
views showing further modifications; and .
Fig. 24 is a fragmentary view, partly in vertical
section showing, detached from the casing, an

" operating cam and cam follower for the fuel in- |
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fuel injection plunger and the bushing or casing

in which it operates;

Fig. 7 is a partial view in vertlca.l section taken _‘

similarly to Fig. 3 of a fuel mjection pump of
modified construction; - .
Fig. 8 is a fragmentary view in hormontal sec-

tion taken as on line 8—=8 of Fig.7;
Pig. 9 is a fragmentary view in vert.ical sectlon

55

jection plunger of modified construction.

As shown in the drawings, referring partic-
ularly to Figures 1 to 6 inclusive, a fuel injection
pump constructed in accordance with this in-
vention comprises a casing consisting ¢f a sub-
stantially cylindrical portion | having a rectan-
gular flange 2 at one end thereof by which it is
secured to a correspondingly shaped flange 3 of a

‘second casmg portion 4. The casing portion | is

also proyvided with an annular flange § which fits
within /an opening 6 of the casing portion 4.
Screws T threaded into openings in the flange 3
secure the casing sections together. The casing
section 1 is provided with a plurality of bores or
cylindrical chambers 8, one for each of the cyl- -
inders of the engine with which the pump is to be

‘used. Each of the constructions shown in the

drawings are arranged:for four of such chambers '
8 placed with thelr axes spaced uniformly in a
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circle about the central axis of the cynndrical
portion { of the casing. The bores 8 vary in
diameter at different portions of their length
and in each bore 8 there is a tubular plunger
follower 10 having one end thereof closed and
which is slidably mounted in that portion of the
bore 8 adjacent the casing portion 4 and held
against turning by a pin 12 which engages in &

slot |14 formed in the side wall of the plunger -

follower. In each bore 8 there is also fifted a
fuel plunger bushing or- cylinder 16 which ex-
tends into the follower 10 and is of greater di-
ameter at one end so as to engage with a shoulder
18 formed in the bore 8. The bushing 16 has a
cylindrical opening or bore of uniform diameter
throughout its length in which is slidably
mounted the fuel plunger or piston 28. The
plunger 28 at one end extends beyond the bush-
ing 16 to'engage the closed end of the follower 10

and it$ projecting end is provided with a spring

seat 22 held in position by a spring wire 24 which
engages in a groove 26 in the plunger. The
spring seat 22 serves as a seat for a spring 28
" “which is confined between the spring seat and a
shoulder formed in the bore 8 and which holds

the end of ‘the plunger 20 in engagement with-

the follower 10.

~ 'To operate the follower 10 and fuel plunger 20
_the lower end of the follower {0 is recessed to
receive a roller 30 mounted on a pin 32 which ex-

10

21,966

chamber 68 the bore is of larger diameter and’

"has seated therein a plug 64 which is held in

position by a screw threaded plug, 66. The plug
64 is provided with a plurality of passages 68
arranged on the circumference of a circle a.nd/
communicating at one end with the chamber 60
and at the other end with a chamber 10 formed
between the plug 64 and the plug 66. Centrally
located in the plug 64 is a tapered bore which
communicates at its upper end with the cham-
ber T80 and at its lower end with the ports or
passages 12 extending radially through the plug
64 and the body portion of the casing | to com-

' municate with the bores of thé plunger bushings

“15
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‘the tapered opening in the plug 64.

16 through grooves 74 formed in the bushing 16.

-In the tapered opening in the plug 64 is a tapered

valve -15 having a cylindrical stem which is slid-
ably mounted in an opening in the plug 6. The
valve 15 is provided at its outer end with a head
76 which forms a seat for a spring 718 confined
between the head T6 and & shoulder on the plug
66. The spring 18 tends to raise the valve 715 in
Ports or
passages 80 extending radially from the chamber
60 communicate with grooves 82 in the bushings

. 16 and an axial port or passage 84 in each plunger

30

tends through a transverse opening in the fol-

lower 10 and is held in position by a spring wire
34 engaged in notches in the pin 32 and a groove
in the follower 18. The roller 30 is positioned

to be engaged by a cam 36 formed integral with a 1

28 extends from the end of the plunger 29 to a
transverse port or passage 86.

To control the fuel supplied to the engine cylm-
ders by the pump the valve 15 is controlled by a
governor B8 which may be of the usual.ball type
and which operates through lever 88 and links

> 92 to operate a lever 94 pivotally mounted as at

gear 38 on the end of a shaft 48 which is mounted .

in the casing portion # and arranged to be driven
- in suitable manner from the engine with which

the pump is associated. .The shaft 40 extends -

through a. cylindrical boss 4* formed integral
with the casing portion 4.and which is rotatably
mounted in a bracket 41 suitably supported from

40

the engine. A set screw 412, threaded into the -

"bracket 41 and engaging in a groove 4 formed
. in the boss 4* secures the pump casing to the
bracket and permits of rotative adjustment of

45

the casing with respect to the bracket. To pro-

vide for the free operation of the gear 38 and -

cam 36 the gear wheel is supported by a thrust
bearing 42 and the shaft 40 is guided by a ball
bearing 44, an oll seat 46 being provided between

the bearings 44 and the face of the casing por- .

tion 4 in order to prevent leakage of the lubri-
‘cant along the shaft 40. .
. Threaded into the bore 8 at the free end of

the casing section | is a plug 48 which retains’

the plunger bushing 16 in its position in the bore

50
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8 and which is provided with a central opening .

having a portion thereof shaped to provide a seat

for the check valve 58. The plug 48 above the:

valve 50 is bored to receive a coupling member 852
having a central opening which communicates

with a chamber above thecvalve 50 and is en-

larged immediately above the valve §8 to receive
a spring %4 which returns the check valve 58 to

its seat. A second coupling member 56 cooperates:

" with the coupling member 52 in securing the end
of a pipe 58 which connects the individual plunger
. bore to a cylinder of the motor with which.the
puinp Is associated.. ~
At the axis of the casing portion I and equi-

80
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- through which the gear 38 Is accessible.

96 in a bracket 98 secured in the free end of
the casing portion I. The lever 94 has a bearing

. portion 98 which bears on the head 16 of the valve

15 so that operation of the governor will cause
movement of the valve to restrict or enlarge the
passage between the tapered valve 75 and the wall
of the tapered port in which it is mounted so as
to vary the supply of fuel therethrough. The

.governor 88 is arrgnged so that as the speed of-

the engine increases the lever 84 is operated fo
bear-down upon the head 78 of the valve forcing
the valve 75 closer to its seat against the action
of spring 18 so as to restrict the flow of fuel to -
the bores in which the pump plungers 20 operate.
The governor 88 is driven through a shaft 100

"on which is fixed a gear 102 which meshes with

the gear 38, the shaft {00 and gear 102 being
mounted in a casing 104 having a seat which
fits one of & plurality of pads-106 formed on the
casing portion 4, -which pads surround openings
‘The
pads 106 permit of the attachment to the casing
portion 4 of various accessories used in connec-
tion with the injection pump such as the fuel
transfer pump and the fuel filter.

In the construction Just described rotation of
the cam 36 by the shaft 40 causes the cam 36
to engage the rollers 30 in succession and operate
the followers 10 and the plungers 28, shifting -
each follower 0 and plunger 28 between the
position shown at the lefi-hand side of Figure 3
and the position shown at the right-hand side
of Figure 3. The rate at which the plungers are

" operated and the time during which they remain

in the different. positions will be determined by
the contour of the cam 36. As shown, the cam
36 retains each plunger 28 in position to main-

_ tain the ports 12 closed as shown at the right-

~distant from all of the plunger bores is a bore
having an inner portion- forming a chamber €0 -

‘which is in communication through an opening
62 with a source of fuel supply, Above the

75

hand side of Figure 3 throughout the time in
which all the other plungers 29 are being oper-
ated, lowering each plunger to the position shown
at the left-hand side of Figure 3 only when it is -
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- desired to fill the chamber above the plunger 20

with fuel for the engine cylinder. With a plunger
.20 raised, as shown at the right-hand side of
Figure 3, movement of the cam 36 past its roller
30 permits
lower or retracted position by the spring 28 and
a partial vacuum fo be established above the
plunger 20 so that upon the opening of the port
12 by movement of the plunger’ past the groove

¢ plunger 20 to be moved to its 5

14 fuel is drawn from the fuel chamber 60 through 10

the ports 68 in the plug 64, chamber 70, past
valve. 15 and through the passages 12 info the
chamber formed by the bore in bushing 18 above
the plunger 20.. Further -movement of the cam

36 causes the cam to raise the follower {0 and 15

the plunger 20 causing the plunger 20 to seal the
passage 12 and to place the fuel in the chamber
above the plunger under pressure, forcing fuel
past the check valve 50 and through the passage

in the plug 52 and’ the plpe 58 to an engine 29

cylinder, -

In order that the fuel may be delivered to the &
engine cylinders in a finely atomized- condition
it is customary to place in the delivery nozzles

pressure so that as the plunger 20 forces the fuel
past the check valve 50 the fuel fs under a high
‘degree of pressure. In order that the supply of -
fuel to an engine cylinder ' may be cut off sharply

3
the fuel plungers 20‘ are mounted and operated‘
in the same manner as the plungers.20 of the
previous modification but the operating cam
need not have the same contour as cam 36 of -
Fig. 3. Each plunger 20, however, is provided
with a groove 118 which - commumcat.es through
radially extending ports or passages 86% with a
jongitudinally extending port 84%. The casing
portion | is provided with an axially positioned
bore having therein ‘a plug formed of a lower
or inner portion 1i2 and a separate upper or
outer portion 112, both portions being held in
position by a plug 66:. The lower portion {12 of
the plug has a central bore |14 which communi-
cates with the chamber 60‘formed by the lower
portion of the bore of the casing { and with
angularly shaped grooves 116 formed in the up-
per face of the portion 12 of the plug, the upper
portion 1i2» of the plug closing the upper edges
of the grooves so as to make closed triangularly
shaped passages ({6 which communicate with
the ports or passages 12# leading to the bores for
the plungers 20%. The plug portion {12* has a

.. bore which forms a continuation of ‘the bore |14
spring-biased valves which open only at a high 2

5' and mounted therein is -a cylindrical valve 158

at the end of the injection stroke the ports or 3¢

passages 84 and 86 are provided in the plunger
20. Throughout the movement of the plunger
20 the end of the passage 86 is sealed by the wall
of the plunger bushing {6 until the plunger is

 raised to place the passage 86 in communication 35

with the groove 82 whereupon fuel under pressure
from above the piunger 20 is vented through the-
passages 84 and 86, groove 82 and passage 80 to

the fuel chamber 60 thus releasing suddenly the

which may be operated in the same manner as the
valve 15 of the previous modification.. The lower
or inner eénd of the valve 715® is flat so as to
form a sharp cut-off for the triangular passages
116, It will be noted that the passages 116 have
the narrowest portion thereof at the bottom and
that the operation of the valve 15* is the same
as the operation of the valve 15 of the presvious
maodification, that is, movement of the valve 752
in'.a downward direction cuts off the supply of
fuel to the chathbers above the pump plungers
20=, the tapering of the passages (16 sarving to

-give 'a very. fine graduation as the valve. cuts.

pressure above the plfunger 20 and causing the 40

valve in the delivery nozzle to cut off the supply
to  the engine cylindér sharply. Valve 50 seats
1mﬁxediately upon the fall of the pressure above
. the plunger 20 and prevents back flow- of fuel
from the pipe 58.

As the relative positions of the ports 86 and
grooves. 82 are determined and fixed the point at -
which the fuel 1nject1on to.the cylmder iscut off _
remains fixed. The point at which the fuel injec-

4A

N

tion starts will vary to some -extent with the .

arount of fuel supplied to the engine cylinders-

. - at each operation of the pumps thus, when the .
" valve:15 is opened to a greater extent the cham- .

bers above the plungers 20 will receive larger

off ‘but the valve 15* controls the ports 116 in-
dividually instead of controlling a common port
as does valve 16 of the previous modification. In
this. modification ports or passages 80° es-

. tablish communication from ports.in the plung-

er bushings 16* to a fuel chamber {8 which, ds
shown, is in communication through a port 120
with the fuel supply, but the chamber 118 may,
if desired, be extended downwardlyso as to con-

nect with the chamber 60 which is in communi-

cation through the port 62 with the fuel supply
as in the previous modiﬂcatlon In this modi-

- ficatfon as a plunger 20* is forced downwardly

quantities of fuel than when the valve 15 is more ;,

~ nearly closed and with larger quantities of fuel .

in the chambers above the plungers the pressure
on the fuel .is raised to.the point at which dis-
charge. to .the engine cylinder starts upon a °
.shorter movement of the plunger, thus the dis- °
charge starts earlier with a larger than with a
. smaller quantity of fuel. Both the time of be-
ginning and the time of. ending the injection.

of the fuel may be advanced or retarded simul-

by its spring 28 fuel is drawn from the cham--
ber 80 through the passage 44, past the valve

715% and through a port {6 to the chamber above
the plunger 20*, Movement of the plunger up-
wardly by the cam forces the fuel past the check -

" valve 50 to the engine cylinder, ports 84* and 86*

being closed by the bushing wall, until the groove

" 110 in the plunger 10‘ is connected to the passage

[EY)

80* whereupon. pressure above the plunger 202
is vented through the ports 84=, 862, groove: |10

. and passage 80* to the chamber. (18 whence it

taneously by rotating the casing with respect to s

the bracket 41. As the casing is rotated the cam
36, because of the connection by which it is driven
from the engine, remains relatively fixed so that
rotation of the casing varies the time relation

of the operation of the pump plungers with re- 70
_the discharge from the chamber above that

spect to the operation of the engine pistons and
' makes the same adjustment simultaneously with .
respect to the pump plungers for all the engine
cylinders.

‘respectxve modifications.

will pass through the passage 120 to the fuel
supply or, if the connection be so made, to the
chamber 60.

; In the modiﬁcation shown in Figures 10, 11,
12 and 13, the; supply of fuel to the chamber
above a pump plunger may be controlled by a
valve, such.as either of the. valves 15, 15%, and

plunger may be either to a fuel supply chamber
60 or to a fuel chamber 118 as shown in the
In this modification’

In the modiﬂcation shown in F1gures 1, 8 and 8 75 the upper portmn of the plunge% bushing 16® is-
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spaced from the plug 48 and a washer 122 is

placed between the plug 48 and the bushing 16* -

closing the direct passage from the chamber
‘above the pump plunger 20 to the check valve
50. The pump plunger 20® is grooved as at
123 and (24 and from the groove (24 there ex-
tends a transverse port 126 which establishes
communication from. the groove ({24 to the axial
port or passage 84, The bushing 16* is pro-
vided with a port or passage {28 which connects
a chamber 130 below the valve 50 with the cen-
tral bore of the bushing at a distance from the
valve 50. The bushing 16 is also provided with
a passage 132 which communicates with a port
- 134 formed in the washer 122 so as to establish
communication from the chamber above the
plunger 20 to the central bore of the bushing
180 ‘at a distance from the washer 122. The

10

15
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In the modification shown in Figures 15, 16,
17 and 18 the fuel supply valve 754 is shown pro-
vided with a threaded stem engaging the plug
664 for manual adjustment of the valve although,
of course, this valve may be arranged for adjust-
ment- by a governor as in Figure 2, if desired.
The valve 159 is grooved as at 140 and its inner
end portion 141 of full diameter is shaped to pro-
vide a flat inclined surface 1422 on one side of
the valve which cooperates with a shoulder in .

. the valve chamber in controlling the passage of

fuel through the port 114 in the plug 43. Con-
trolling a port common to all the pump sections
of the device prevents slight irregularities in the

port sizes from affecting the amount of fuel

supplied to the engine cylinders. 'The pump

- plungers 209 of this modiﬁcation are grooved

plunger 20° when réleased by the cam and forced

down by its spring 28 creates a partial vacuum
above the plunger 20* and upon the opening of

20

. the port 12 by the plunger fuel is supplied to .

the chamber above the plunger. Upon operation
of the plunger by the cam to force the fuel to
the engine cylinder movement of the plunger first

closes the passage 12 and continued movement

thereafter forces the fuel above the plunger 20®
through the passage 84" to the port 126 and
groove 128, Groove (24 establishes communica-
tion with the passage 128 as the passage 72 is
" closed so that the fuel is forced from the cham-
- ber above the plunger 20 through the ports 84b,
126 and {28, chamber 130 and past check valve
50 to the engine cylinder. As the plunger 2g% is
raised the groove 123 of the plunger eventually
establishes communication from the port 132 to
the port 80 whereby fuel under pressure above
the plunger 20° is vented through the ports 134
and (32 and the groove 123 of the plunger to port
80 and thence either to the supply chamber 60
or to the fuel chamber 118 according as port 80
is connected. In this modification vapor whieh

passes to the chamber above the plunger 20° will .

rise above the fuel causing fuel only to be forced
through ports 84» and 128 to the engine cylinder,

25
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as at 142, 144, and have an axial port 842 and
transverse ports {46 and 148 communicating with
the grooves 144 and 142, respectively. In this
construction the chamber {189 surrounding the
plug 143 may be connected to the source of fuel
supply through the port 120¢ and through ports’
804 to the bores for the pump plungers 204. The
ports 1164 connect the bores for the pump plung-
ers to the bore or-chamber in which the valve 75¢
is mounted. In the operation of this device when

“@’plunger 204 is retracted fuel is supplied through

port 1204, chamber {189 and port 80¢ to the pump
plunger bore at the groove (44, thence through
the transverse port 146 and the axial port 844 to
the chamber above the pump plunger. The port

" 148 and the groove 142 of the pump plunger are

35

at this time closed by the bushing 164 and the
upper end portion of the plunger, which is of
full diameter seals the port 1169.  As the plunger
is raised the port 809 is cut off and communica-
tion between the groove (44 of the plunger and

" the bore for the valve 154 is established through

40
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The vapor is vented through ports 134 and 132 .

to the supply.
' In the modification shown in Figure 14 the
. plungers 20¢ are formed as plain cylindrical
plungers without ports or passages and the fuel

the port 1164 so that as fuel is forced from the
chamber above the plunger 209 past the check
valve 50 to an engine cylinder, fuel is also per-
mitted to pass through the port 844 and port 146
to the port 116¢, past the inclined surface (42a'
of the valve 189 and through port 114 to the fuel

-chamber 60¢ which is'in communication through

the port 62 with the fuel supply.
As a pump plunger is ralsed to its uppermost

" position communication is established between -

50

control valve 15¢ is formed with an end of frus-

tro-conical shape and controls a plurality of
passages [16 leading to the bores of the pump
plungers. The passages 116 are of triangular
shape as in Figure 7 and the fuel is supplied
thereto from the fuel:supply chamber 80 through
the passage |14 in the lower portion 112 of the
plug. The operation of the control valve 78 is
the same as that of valve 15* of Pig, 1, the ports
118 being fully closed when the portion of the
valve of full diameter is placed in position over
the ports. The tapered portion of the valve 75¢
provides a gradual closing of the valve. Retract-
ing the plungers 20¢ cguses fuel to be supplied
from the fuel supply chamber $0 to the chambers
above the plungers and operation of the plungers
to force the fuel to the engine cylinders cuts off
the passages |16 and forces .the fuel past the
heck valves 60 to the engine cylinders in the

ual manner. In this construction it will be

noted there are no ports provided for venting the
pressure above the plungers 20° in order to give
a sharp cut off of the supply of fuel to the engine
cylinders, The cam for operating the plungers
20° thay have any suitable contour.,

55
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the groove 142 on the pump plunger and port
804 leading to the chamber {18¢ so that as the
plunger attains its uppermost position the pres-
sure aboye the plunger is vented through the port
849, port 148 and rport 88¢ to chamber 1189, re-
leasing the pressure above the pump plunger and
cutting off the supply of fuel to the engine cyl-
irider. Dufing the first portion of the movement
of the plunger from its uppermost position some
fuel may be supplied-to the chamber above the
plunger from the fuel supply chamber {8
through the port 804, port 148 and port 84¢ and
also from the fuel chamber 609 past the valve
18¢ and through ports 1169, 146 and 849 Port
80¢, however, is cut off very shortly after move-
ment of the plunger 204 starts and the port 1164
is subsequently cut off and thereafter remains

" cut off, port 80% being reopened again upon

70

movement - of the plunger 20¢ to its lowermost .
position for the passage of fuel from the cham-
ber-1184, -
In-this construction it will be noted that the
fubl control valve 16¢ does not control the supply
of fuel to the bore for the pump plunger but
controls a by-pass or waste passage which vents

75 & portion of the fuel from the bore for the pump
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plunger as the pump plunger is operated to force
the fuel to the engine cylinder, the valve 75¢

serving to control this discharge from the bore -

for each pump plunger. In this modification,
also, instead of having the pump phinger main-
tained at its uppermost position while each of the
other pump plungers is operated the operating
cam is so shaped that the pump plunger is re-

turned to its lowermost position after each op-

eration and remains in the lowermost position

while each of the other pump plungers is oper-
ated. Thus, as each plunger 209 is on its deliv-

ery or outward stroke, the remaining plungers
are positioned so that the ports (169 leading
.. thereto are closed by the upper end portions of
.these plungers and the discharge of fuel except
to the engine cylinder corresponding to the op-
erating plunger or past valve 159 is prevented.
In-the construction shown in Figures 19, 20
and 21 the fuel control valve 18¢ controls the pas-
sage of fuel through a waste passage from the

hore of each of the pump plungers as in the mod- .
ification shown in Fig. 15. The valve 75¢, how- -

ever, differs from the valve 159 in having a groove,
as at 140° which is in communication through
transverse ports 150, an axial port 152 and bore
{18 of the plug 1i2¢ with the chamber §0¢ so that

10,
18
20

25

the valve controls individual ports leading to the -

pump bores and not a port or passage common
to all the pump sections as in the previous modi-
fication. In this modification, as in the previous
modification, fuel is supplied through the port
120¢ to the chaniber 118® and ports 80¢ to the
‘bores above the pump plungers 20¢ and the waste
from the pump plunger bores passes through pas-
sages (16¢ to the bore for the valve 15¢. The
pump plungers 20¢ in this construction are each
provided with a groove, as at 154 and an axial
“port 156 communicating through a transverse
port 158 with the groove 154. The pump plunger

20¢ is made of such a length that at its upper-
- . most position the upper end of the plunger does

not cut off communication between the chamber
above the pump plunger and the port 116e,- In
the operation of this device retracting a.- pump
plunger 20° creates a partial vacuum above the
pump plunger which may cause some fuel to be
supplied from the cham 60° past the valve 15
and through the port (16¢ to the chamber above
the pump plunger but when the pump plunger is

the modification shown in Figure 15 or by a suit-
able governor as shown in Figure 2 -and the
plunger 20° may be operated by & cam of any
suitable contour. .

In the modification shown in Fig. 22 a single
port 116 connects the bore of the plunger bush~
ing 187 with the fuel supply and a washer 122!
having a port 168 is placed between the bushing
16f and the plug 48 which holds both washer and
bushing in position. The plunger 20! is grooved
as at 162 and a transverse port 164 establishes
communication between the groove and an axial.
port 166 which extends to the upper face of the
plunger 20°. With the plunger 20! positioned as
shown in Fig. 22 and fuel in the chamber above
the plunger, operation of the plunger by the
cam 36 raises the plunger to close the port 116t
and force the fuel above the plunger to the en-
gine cylinder. The discharge of fuel continues
until the plunger approaches its extreme outer
position where communication is established
from the chamber at the outer end of the plunger

" through ports 166 and 164, groove. 162 and port -

1167 whereby fuel under pressure is vented from
the chamber to the fuel supply and the discharge
to the engine cylinder is stopped: As the cam
passes and the spring 28 returns the plunger to
the position shown in Fig. 22, some fuel may pass
from the fuel supply through port 116, groove

30,162 and ports 164 and 166 to the chamber above

&0

the plunger but the port 118f is almost immedi-
ately closed by the plunger and a partial vacuum
is- formed in the chamber above' the plunger
until the port 116 is again opened by the plunger
20 whereupon fuel flows through the port I16¢
from the fuel supply. . . s
In the modification shown in Fig. 23, a port
1165 connects the fuel supply to the bore of the
plunger bushing 18% while a port 80% establishes
communication .from a fuel chamber with g
groove 170 in the outer face of the bushing 162
which is connected by a port 112 with the bore

- in which the plunger is reciprocated. A washer
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122¢ placed between the bushing 16¢ and the plug
48 and held in position by the plug is provided
with a tapered recess 114 which is open towards

- the bore of the bushing 16¢ and with a plurality

50

returned to its lowermost or retracted position -

fuel 1§ supplied from the chamber 118t through
the port 80° to:the chamber above the pump
plunger. As the pump plunger is moved upward-

1y the upper-pcrtion of the pump plunger cuts off

communication through the port 808° and forces
the fuel past the check valve 850 to the engine
' cylinder. The groove 154 of the pump plunger
is sealed by the wall of the plunger bushing I6e
until the plunger approaches its uppermost po-

" sitlon when communication is established be-"

tween the groove 164 and the port 86e thereby
.. establishing communication -from the chamber

.above the pump plunger through the ports 166,
168 and 80° to the chamber (i8°, venting the
pressure above the pump plunger and cutting off
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of ports 176 arranged in a circle about the recess
{14, . The plunger 20¢ has its upper or outer end
tapered to enter the tapered recess 174 and is
grooved as at (78, A transverse port 180 con- -
nects the groove 118 with an axial port 182 which
extends to the outer end of the plunger. With
the plunger 20¢ in its retracted position as shown
in Fig. 23 and fuel in the chamber above the
pinnger operation of the plunger by a cam 36
shifts the plunger to close the port {168 and to
force the fue]l through the ports 176 in the plug.
122¢ and past the check valve 50 to the engine
cylinder until the movement of the plunger

. causes the groove (18 to register with the port

172 and open a passage for venting fuel imder

" pressure from the chamber above the, plunger

. the supply of fuel to the engine cylinder. As the

pump plunger is moved upwardly, however, part.
of the fuel above the pump plunger passes’

‘through the port {16 to the groove 140¢ of the
- valve 15¢ and through the ports 168 and 152, to
the fuel chamber 60¢, the extent of this waste or

70

bleed from the pump plunger bore being deter- .

mined by the position of the valve 715°. The

valve T8¢ may be adjusted either manually as.in 76

through ports 182 and 180, groove 118, port. 172,
groove (70 and port 80% to the' fuel chamber
whereby the discharge of fuel .to the engine cyl-
inder is stopped. _ ‘ ;

In this modification, such gas. or vapor as

_passes to or forms in the chamber above the pump

plunger 20¢ tends to collect in the recess 174 in -
the washer 122¢ and as the plunger is raised such
gas will be held in the recess |14 while liquid fuel
is forced through the ports 116. When the groove

478 {s connected to the port 712 the gas held in

the recess is the;'eupon vented to.the fuel cham-
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ber so that little or no gé,s or vapor is supplied to
the discharge nozzles by the plungers 20e. As the

operation of the cam permits the spring 28 to re-

tract the cam some fuel may be supplied from the
fuel chambgr to the chamber above the plunger
through ports 80¢ and 172 but the movement of
‘the plunger soon closes the port 112 whereupon a
partial vacuum is formed in the chamber above
the plunger until the movement of the plunger
uncovers the port
through this port from the fuel supply. v
In this modification the ports 116¢ and 80¢ ¢or-
respond to the ports (16 and 80s, respectively, of
_the structure shown in Fig. 7. Port 1168 may be
controlled as is port 116 and port 80¢ may be
connected to the fuel supply as is port 80°. The
cams 36 operating the plungers of Figs. 22 and 23
may be of any desired contour.
It will be noted that the above description of

the structure of the invention with reference to |

the drawings begins with a description of a cas-
ing structure common to many modifications and
that like or similar numerals refer to like parts
throughout. Many of the modifications relate to
the structure of the bushings that may be alter-
natively mounted in the pump plunger hores and
the pump plungers that may be associated there-
with, and to the bushings that may be alterna-

(16 and fuel is supplied -

. tively mounted in the axial bore to provide a .

valve chamber and the valve plungers that may
be associated therewith. The common casing
structure is of simple construction standardized
in production for econcmy and various medified
forms of bushings are removably mounted there-

in to recelve various pump plunger and -valve .

plunger structures to provide pump structures
capable of differing operations as may be desired
whereby control of fuel forced to engine cylinders

may be controlled by throttling by means of the-

valve manually or governor controlled, or by
bleeding off
by both, .
- “While in the construction shown in Figure 3 the
‘cam 36 has been shown as formed integral with
the gear wheel 38 it need not be so as the cam
may be formed as a separate member, as the cam
362 of Plgure 24, which is secured to the gear

fuel from the pump plunger bores, or.

a0
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wheel 38* by a bolt 180, the cam being positioned

with respect to the gear wheel by a dowel pin 182;

Figure 24 also shows the pin 32* which supports

the roller 30 in’the piston plunger follower 102

secured therein by a tapered pin 184 in place of

" the spring wire 34, as shown in Fig. 3.
‘What is claimed is:

1. A fuel injection pump for internal combus-: 5

tion engines comprising a sectional casing having
a plurality of plunger bores uniformly spaced in
4 circle about an axis of said casing and a sec-
tional bushing in said casing forming a cylindri~
. cal valve chamber disposed on said axis of said
casing and triangular ports at the meeting sur-
faces of sald bushing sections connecting said
valve chamber ‘to sald bores, pump plungers in
said bores for forcing fuel from said bores to the
cylinders of an engine, means for operating said
plungers, means for venting fuel from the plunger
bores to said ports for cutting off the flow of fuel
from said plunger bores to the engine cylinders
at a fixed point in the movement of said plungers
and a cylindrical  control valve in said valve
chamber having a flat end controlling said ports
to govern the amount of fuel supplied to the pump
plurger bores. - - . o
2. In a fuel injection pump for. internal com-
bustion engines, a casing having a plurality of

80"

21,066

plunger bores uniformly spaced in a circle about *
an axis of said casing, a sectional bushing in sald
casing forming a cylindrical valve chamber dis=
posed on said axis of said casing and having tri-
angularly-shaped connections individual to said
bores at the meeting surfaces of the bushing sec-
tions, pump plungers in suid bores for forcing fuel
from said bores to the cylinders of an engine,
means for operating said plungers, sald plungers
having ports for venting fuel from the plunger

- bores to said valve chamber connections at fixed

points in the movement of said plungers and an
adjustable cylindrical valve plunger in said valve
chamber for controlling the supply of fuel to the
plunger bores individually, said valve plunger

> having a flat end arranged to simultaneously con-

trol all fuel passages. . - °

3. A fuel injection pump for internal combus-
tion engines comprising, a casing having an axial
bore and a’'plurality of pump plunger bores dis-
posed about said axial bore equidistant there-
from, a sectional bushing in said axial bore form-
ing a substantially cylindrical valve chamber to
be connected to a fuel supply, said bushing hav-
ine triangular ports at the meeting surfaces of
the sections thereef and said casing having & plu-
rality of passages connecting each of sald pump
plunger bores to said valve chamber through the
ports, pump plungers in said pump plunger bores
for forcing fuel therefrom to engine cylinders,
means for operating" said plungers, means for
venting fuel from said pump plunger bores to fuel
supply for cutting off the flow of fuel from said
pump plunger bores to the engine cylinders at a

" fixed . point in the movement of each of said

plungers, and .a flat-ended cylindrical control
valve ir said valve chamber for controlling sald
ports tu govern the amount of fuel supplied to
the engine cylinders by said pump plungers.

4, In a fuel injection pump for internal com-
bustion engines, the combination comprising a
casing having an axial bore and a plurality of-
uniformly spaced pump plunger bores disposed
about said axial bore equidistant therefrom, a
sectional bushing in sdid axial bore forming a
substantially cylindrical valve chamber to .be
connected to a fuel supply, said casing having
connections from said valve chamber individually
to said pump plunger bores terminating in tri-
angular-shaped ports. at the meeting surfaces of
the sections of said bushing, pump plungers in

.said pump plunger bores for forcing fuel from

said pump plunger bores to engine cylinders,

.means for operating said plungers, said plungers

o
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having ports for -venting fuel from the pump
plunger bores to fuel supply at fixed points in
the movement of said plungers, and an adjust-
able flat-ended cylindrical valve plunger for in-
dividually and simultaneously controlling the
supply of fuel through the ports to said pump
plunger bores. - o

5. A fuel injection pump for internal com-
bustion engines comprising, in combination, a
stant}ardized casing having an axial bore and a
plurality of pump plunger bores disposed about
said a.&_ial bore with their axes substantially
.parallel to the axis of said axial bore, said casing
being provided with a plurality of fuel passages
associated with said pump plunger bores to con-
niect the same to sald axial bore and afford in-
gress and egress of fuel therefor, fuel supply
means including a passage in~said casing com-
municating with said -axial bore, a plurality of
pump plungers one of which .is reciprocatively
mounted in each of said pump plunger bores for .
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Toreing "fuel to engine cylinders, said plungers m’aining fuel passages are free of control within
aving ports’ for venting fuel .from the pump the axial bore, and a valve movably mounteq in
plunger bores to sald fuel supply mmeans through sald bushing for controlling and varying the vol-
at least some of the fuel passages, engine actuated ume of fuel supplieq to the engine cylinders

‘means for operating said pump plungers i, a de-
sired Sequence, a bush

bore and Provided axially

ing secured in said axial - .

10

15 to

20

30

passages. .

7. A fuel injection pump for ivternal combus-

" tion engines c’omprising, in combination, g stand-

ardized casing having an axia] bore and a ply-
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