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This invention relates to fuel injection pumps for in-
ternal combustion engines particularly though not ex-
clusively, compression-ignition engines. It is concerned
with improvements in such pumps of the kind (herein-
after referred to as “the kind specified”) comprising one
or more piston and cylinder pumping assemblies in which
the effective length of the delivery stroke of the or each
piston is controlled by pressure-responsive governor
means which is exposed during the injection stroke of a
piston to a fuel pressure and which is arranged to move
under the influence of said fuel pressure against the effect
of spring means to place the cylinder in communication
with the inlet side of the pump, the fuel tank or like low
pressure region when the engine speed exceeds that for
which the pump is set.

In the specification filed in respect of the co-pending
application No. 8,763 dated February 15, 1960, now Pat-
ent No. 3,075,509, there is described a fuel injection
pump of the kind specified in which the fuel pressure to
which the governor means is exposed at the commence-
ment of an injection stroke is a function of the period
of time between the commencement of the injection stroke
and the end of the immediately preceding injection stroke
thereby ensuring that the fuel pressure to which the
governor means is exposed is a function of the mean
engine speed over a period of time longer than the in-
jection period.” This is achieved by forming the governor
means as a substantially cylindrical valve body slidable
in a sleeve and arranged to place the pumping cylinder
in communication with the inlet side of the pump or like
low pressure region at a predetermined displacement of
the valve body relative to the sleeve. One end of the
valve body is exposed to a volume of fuel displaced
during a pumping stroke of the piston through a non-
return valve to displace the valve body from a starting
position and allowing the volume of fuel to leak away
through a restriction to a low pressure region during the
pericd between the end of the injection stroke and the
commencement of the next injection stroke so that the
valve body returns towards its starting position during
this period of time under the influence of the spring
means. - The starting position to which the valve body
has returned at the commencement of the next injection
stroke and hence the distance through which the valve
body requires to be displaced before placing the pumping
cylinder in communication with the low pressure region
is thus a function of the period of time between the
commercement of the injection stroke and the end of
- the preceding injection stroke and hence a fanction of the
engine speed. It will be appreciated that the pressure
of the fuel to which the one end of the valve body is
subjected to a function of the pressure of the spring means
exerted on the valve body tending to return it to its
starting position and hence is a function of the magnitude
of the displacement of the valve body and is thus a func-
tion of the period of time between the end of an injection
stroke and the commencement of the mnext ‘injection
stroke. Although the maximum displacement of the valve
body is, in practice, only of the order of 2.5 mm.; this
can result in a difference of pressure exerted by the spring
means between the two end positions of the valve body
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of several pounds per square inch., We have now found
that the governing' characteristics of the fuel injection
pump of our prior proposal can be considerably improved
by arranging for the fuel to which the one end of the
valve body is exposed to leak away through a restriction
which is only operative during that part of an injection
stroke which occurs after the pumping cylinder has been
placed in communication with the low pressure region
and injection has ceased, thereby modifying the stroke
of the valve body.

According to the present invention there is provided &
fuel injection pump of the kind specified wherein the
governor means comprises: a substantially cylindrical
valve body having one end arranged to be exposed to said
fuel pressure and displaceable in a sleeve against the
effect of the spring means to place the pumping cylinder
in communication with the inlet side of the pump, the
fuel tank or like low pressure region at a predetermined
displacement of the valve body within the sleeve, a first
restriction between said one end of the body and the low
pressure region and operable during the period between
the end of an injection stroke and the commencement
of the next injection stroke to permit a restricted escape
of fuel from said one end of the valve body and a second
restriction between said one end of the valve body and
the low pressure region and operable to permit a re-
stricted escape of fuel from said one end of the valve
body to the low pressure region during that part of an
injection stroke which occurs after the pumping cylinder
has been placed in communication with the inlet side of
the pump and injection has ceased.

Reference’is now made to the accompanying drawings
which illustrate an embodiment of the present invention
here given by way of example and in which:

FIG. 1 is a sectional elevation view, and

FiG. 2 is an enlarged view of a portion of FIG. 1.

In the embodiment illustrated a reciprocatory rotating
piston is indicated at 1, the means for achieving the recip-
rocating and rotary motion and which may include a
cam follower mechanism not being shown. This piston
1 has an enlarged annular part 2 and a piston head por-
tion 3, the enlarged part 2 co-operating with a cylin-
drical chamber 4 and the piston portion 3 sliding within
a cylindrical chamber indicated at 5. A low pressure fuel
inlet to cylindrical chamber 4 is shown at § and a low
pressure fuel inlet to the cylindrical chamber 5 is shown
at 7. The upper part of the cylindrical chamber 5 is in
commurication with an injection conduit 8 through a
conduit indicated at 9 which extends axially of the piston
1 and then extends radially to terminate in a flat portion
which communicates with the inner end of the injection
conduit 8 when the piston 1 has attained the requisite
position in its reciprocatory and rotational motion. It
will be understood that a separate conduit 8 is provided
for each cylinder of the engine to which fuel is to be fed,
the conduits 8 being equi-angularly disposed about the
axis of the piston 1.

A path for fuel from the cylindrical chamber 4 is pro-
vided by a passage 16, this path including a non-return
valve indicated at 11. A return path for fuel js provided
by a passage 12, the passages 10 and 12 opening through
the wall of a sleeve defining a cylindrical chamber 13
which is disposed with its axis transverse to the axis of
cylindrical chamber 5. A governor member is provided
by a cylindrical governor valve body 14 which is housed
in sliding relationship in the cylindrical chamber 3.
Located to the right hand side of the governor valve 14
(as seen in FIG. 1) is a terminating plug 15 the position
of which is adjustable by screw 16 with respect to the
lateral extent of the cylindrical chamber 13. The end
of the plug 15 adjacent the governor valve 14 is formed
with two lateral projections 17, the governor valve mem-
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ber 14 bearing against these lateral projections 17 in the
limiting inner or extreme right hand position of the gov-
ernor valve body 14, The limiting inner end position of
the valve body 14 is such that the passage 19 is always
open to the space between the inmer end of the valve
body 14 and the plug 15 so that fuel is supplied to this
space by the enlarged annular part 2 of the piston 1 on
each injection stroke to displace the governor body 14
outwards.

The governor valve 14 has a central conduit 18 extend-
ing from its end adjacent the plug 15 to a cooperating
radially extending orifice 9. The radially extending ori-
fice 19 terminates in a flat 28 which has but slight clear-
ance between its surface and the inner surface of the cy-
lindrical chamber I3 and defines a resiriction which is
operative when the flat 26 clears the outer or left-hand
end of the sleeve defining the chamber 13 to permit a re-
stricted escape of fuel from the space at the inner end of
the valve body 14. This portion of FIG. 1 is indicated
in enlarged view in FIG. 2.

The governor valve 14 has a reduced diameter portion
21 and a spill passage 22 is formed in the block in which
the cylindrical chamber 13 is provided. A return spring
23 biases the governor valve 14 towards the limiting right
hand inner position and the lateral projections 17 of the
plug 5. A cut-away portion 24 is provided in the cy-
lindrical wall of the governor valve 14 at the inner end
thercof to form a restriction between this cut-away pos-
tion 24 of the governor valve and the opposed part 25
of the cylindrical chamber 13, this restriction being, in
cross-section, defined by a circular arc part of the wall of
the chamber 13, ie. 25, and by the wall of the cut-away
portion 24 which is eccentric with respect to the axis of
the valve body 14 so that the restriction afforded by the
cut-away portion 24 is dependent upon the anguiar adjust-
ment of the governor vaive 14, the conduit 2 opening
to the circular arc part 25 of the chamber 13. A lever
26 is provided for adjusting the rotational setting of the
governor valve 14 in the cylindrical chamber 13. A con-
duit 27 extends from the upper part of cylindrical cham-
ber 5, and opens into the chamber 13 at location such as
to be placed in communication with the spill passage 22
by the reduced diameter portion 21 of the valve body 34
when the latter assumes a predetermined position within
the chamber 13. The flat 2@ is so located in relation to
the reduced diameter portion 21 and the passages 22
and 27 so as to clear the end of the sleeve defining the
chamber 13 and permit a restricted escape of fuel from
the inner end of the valve body 14 only after the pumping

cylinder 5 is placed in communication with the spill pas- :

sage 22.

In operation fuel from a low pressurzs gallery is fed via
inlet 7 to the upper part of cylindrical chamber 5 and via
inlet § to the cylindrical chamber 4. With upward re-
ciprocatory motion of the piston &, after closure of the in-
let port 7, the fuel above piston head portion 3 is sub-
jected to pressure and is injected via the conduit 9 to the
injection conduit 8 and thence to the respective engine
cylinder in dependence upon the angular position of the
piston 1. The upward movement of the piston 1 also
causes the fuel inlet 6 to be covered by the enlarged annu-
lar part 2 and the fuel in the cylindrical chamber 4 is
thence pumped up via the conduit 18 to the space in the
chamber 13 at the inner end of the valve body 14 to dis-
place the latter outwardly against the spring 23, the ball
valve 11 oaly lifting from its seat during an injection
stroke.

At a predetermined position of the governor valve 14
in the chamber 13, the pumping cylinder 5 is placed in
communication with the spill passage 22 and injection
ceases. After injection ceases and during the remainder
of the pumping stroke fuel continues to be displaced from
the chamber 4 to the space at the inner end of the valve
body 14 and the latter continues its outward displacement
to causc the flat 2¢ to clear the end of the sleeve defining
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the chamber 13 and allowing a restricted escape of fuel
from the inner end of the valve body through the passages
18 and 12 and the flat 20 to the low pressure side and
thereby modifying the stroke of the valve body 14 after
the termination of injection, the valve body 14 continuing
its outward displacement throughout the injection siroke.

During the period between the end of the injection
stroke of the piston I and the commencement of the next
injection stroke, the valve %% closes the passage 1@ and
fuel leaks away from the space at the inner end of the
valve body 14 through the restriction afforded by the cui-
away portion 24 and the passage 12 so that the governor
body 14 returns towards its inner end position under the
influence of the spring 23 and, at the commencement of
the next injection stroke, has returned to a position in the
chamber 13 which is a function of the period of time be-
tween the commencement of the injection siroke and the
end of the immediately preceding injection stroke and
hence of the engine speed. The pressure of the fuel in
the space at the inner end of the valve body 14 is thus
also a function of the period of time referred to and
hence of the engine speed. Thus, if the engine speed is
greater than that for which it is set, the period of time
referred to will be less than it should be, the valve body
14 will have returned a shorter distance towards its inner-
most position than it should have and the valve body 14
will have a shorter outward displacement before the re-
duced diameter portion 21 places the pumping cylinder 3
in communication with the spill passage 22 and hence a
lesser quantity of fuel will te injected into the engine cyl-
inder.

The provision of the restricted escape of fuel by way
of the fiat 28 which is operative after iniection has ceased
until the end of the injection stroke, imparts a means
of conmtrolling the governing characteristics. With no
escape of fuel, the amplitude of the valve motion is con-
stant under all governing conditions so the zone of op-
eration of the valve changes with engine load. Under
such conditions, however, the governing is isochronous.
It has been found that the restricted leak provides a
means of contrelling the speed range or run-cut of the
governor between full load and no lead acceptable to
the majority of applications without altering the am-
plitude of the valve by more than 5%. When a change
of engine lcad occurs the displacement/time diagram
of the valve changes its zone during the period of change
of speed, but remains substantially unaltered in characicr-
istic in whatever zone it is working.

The restriction afferded by the fiat 28 controls. the
rate of rise of the fucl to which the inner end of the valve
body is exposed after injection has ceased and thus con-
trols the difference between no load speed and full load
ced.

What we claim is:

1. A fuel injection pump for an internal combustion
engine comprising a housing, a cylinder within said hous-
ing, a piston reciprocable within said cylinder by said
engine to form a pumping assembly having a pumping
stroke of the piston during at least a part of which fuel
is injected into an engine cylinder and a suction stroke
during which no fuel is injected to said engine cylinder,
an enlargement of said pumping cylinder providing an
auxiliary cylinder, an enlargement of said piston recip-
rocable in said auxiliary cylinder by said engine, a first
fuel inlet passage opening into said pumping cylinder
at a location blanked-off by said pumping piston during
a pumping stroke to define the commencement of the
period of injection of fuel to said engine cylinder and
opening to the exterior of said housing for connection
to a low pressure fuel supply, a second fuel inlet pas-
sage opening into said auxiliary cylinder at a location
blanked-off by said auxilairy piston during a pumping
stroke to generate a fuel pressure in said zuxiliary cylin-
der as a function of engine speed and opening to the
exterior of said housing for connection to said iow pres-
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sure fuel supply, a governor sleeve in said housing, a
first pressure transmitting passage extending between said
auxiliary cylinder and said sleeve to transmit said gen-
erated fuel pressure to said sleeve, a non-return valve
in said first pressure transmiiting passage to prevent
escape of said generated fuel pressure from said sleeve
through said first pressure transmitting passage to said
auxiliary cylinder during a suction stroke of said pump-
ing piston, a second pressure transmitting passage extend-
ing from said sleeve to said auxiliary cylinder to permit
the escape of said generated fuel pressure from said
sleeve during the period of time between the end of a
pumping stroke of said pumping piston and the com-
mencement of the next succeeding pumping stroke of said
pumping piston, a first restriction associated with said
second pressure transmitting passage to control the es-
cape of said generated fuel pressure from said sleeve
during said period of time whereby the fuel pressure in
said sleeve at the commencement of the next succeed-
ing pumping stroke of said pumping piston is a func-
tion of said period of time, a third pressure transmitting
passage opening to said sleeve, a fourth pressure trans-
mitting passage extending from said pumping cylinder
and opening to the intericr of said sleeve at a first lo-
cation, a fifth passage communicating with the exterior
of said housing and opening to the interior of said sleeve,
a governor valve body displaceable in said sleeve away
from an end position under the influence of said gen-
erated fuel pressure and operable to place said fourth
and fifth passages in communication with each  other
upon displacement beyond a first predetermined distance
from 'said end position fo terminate injecticn and to
place said third passage in communication with the ex-
terior of said housing upon displacement beyond a sec-
ond predetermined distance from said end positicn to
permit escape of said generated fuel pressure, said sec-
ond predetermined distance being greater than said first
predetermined distance, a second restriction associated
with said third passage to restrict the escape of said gen-
erated fuel pressure through said third passage and spring
means opposing displacement of said valve body from
said one end position and operable to move said valve
bedy during said period of time to a starting position
at the commencement of sald next succeeding pumping
stroke which starting pesition is a function of said period
of time.

2. A fuel injection pump for an internal combustion
engine comprising a housing, a cylinder within said
housing, a piston reciprocable within said cylinder by
said engine to form a pumping assembly having a pump-
ing stroke of the piston during at least a part of which
fuel is injected into an engine cylinder and a suction
strocke during which no fuel is injected to said engine
cylinder, an enlargement of said pumping cylinder pro-
viding an auxiliary cylinder, an enlargement of said piston
reciprocable in said auxiliary cylinder by said engine, a
first fuel inlet passage opening into said pumping cyl-
inder at a location blanked-off by said pumping piston
during a pumping stroke to define the commencement of
the period of injection of fuel to said engine cylinder
and opening to the exterior of said housing for connec-
tion to a low pressure fuel supply, a second fuel inlet
passage opening into said auxiliary cylinder at a location
blanked-off by said auxiliary piston during a pumping
stroke to generate a fuel pressure in said auxiliary cyl-
inder and opening to the exterior of said housing for
connection to said low pressure fuel supply, a governor
sleeve in said housing communicating at one end with
the exterior of said housing for connection to said low
pressure fuel supply, a first pressure transmitting passage
extending between said auxiliary cylinder and the other
end of said sleeve opposite to said one end to transmit
said generated fuel pressure to said sleeve, a non-return
valve in said first pressure transmitting passage to pre-
vent escape of said generated fuel pressure from said
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sleeve through said first pressure transmitting passage
to said auxiliary cylinder during a suction stroke of said
pumping piston, a second pressure transmitting passage
extending from said other end of said sleeve to said
auxiliary cylinder to permit the escape of said generated
fuel pressure from said sleeve during the period of time
between the end of a pumping stroke of said piston and
the commencement of the next succeeding pumping stroke
of said pumping piston, a first restriction associated with
said second pressure transmitiing passage to control the
escape of said generated fuel pressure from said sleeve
during said period of time whereby the fuel pressure
at said other end of said sleeve at the commencement
of said next succeeding pumping stroke of said pump-
ing piston is a function of said period of time, a third
pressure transmitting passage extending from said pump-
ing cylinder and opening to the interior of said sleeve
at a first location intermediate the lemgth thereof, a
fourth passage communicating with the exterior of said
housing and opening to the interior of said sleeve at a
second location intermediate the length thereof, a gov-
ernor valve body disposed in said sleeve with one end
exposed to said generated fuel pressure and displaceable
away from said other end of said sleeve under the in-
fluence of said generated fuel pressure, a cut-away por-
tion intermediate the length of said valve body operable
to place said third and fourth passages in communication
to terminate injection upon a first predetermined dis-
placement of said valve body away from said other end
of said sleeve, a second restriction defined between said
valve body and the wall of said sleeve and permanently
in communication with said one end of said valve body
and operable upon a second predetermined displacement
of said valve body away from said other end of said
sleeve to place said one end of said valve body in com-
munication with said one end of said sleeve to permit
a restricted escape of said generated fuel pressure, said
second predetermined displacement being greater than
said first predetermined displacement and spring means
opposing displacement of said valve body under the in-
fluence of said generated fuel pressure to move said
valve body during said period of time to a starting posi-
tion at the commencement of said next succeeding pump-
ing stroke which starting position is a function of said
period of time.

3. A fuel injection pump according to claim 2 wherein
said first restriction is defined between a further cut-away
portion of said valve body at said one end thereof and
the wall of said sleeve.

4. A fuel injection pump according to claim 3 wherein
said further cut-away portion is so shaped in relation
to the wall of said sleeve that the restriction afforded
thereby is variable by angular adjustment of said sleeve.

5. A fuel injection pump according to claim 2 wherein
said valve body is displaceable in a direction normal to
the direction of reciprocaticn of said pumping piston.

6. A fuel injection pump for an intermal combustion
engine comprising a housing, a cylinder within said hous-
ing, a piston reciprocable within said cylinder by said
engine to form a pumping assembly having a pumping
stroke of the piston during at least a part of which fuel
is injected into an engine cylinder and a suction stroke
during which no fuel is injected to said engine cylinder,
an enlargement of said pumping cylinder providing an
auxiliary cylinder, an enlargement of said piston re-
ciprocable in said auxiliary cylinder by said engine, a
first fuel inlet passage opening into said pumping cyl-
inder at a location blanked-off by said pumping piston
during a pumping stroke to define the commencement
of the period of injection of fuel to said engine cylinder
and opening to the exterior of said housing for connection
to a low pressure fuel supply, a second fuel inlet passage
opening into said auxiliary cylinder at a location blanked-
off by said auxiliary piston during a pumping stroke to
generate a fuel pressure in said auxiliary cylinder and
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opening to the exterior of said housing for connection to
said low pressure fuel supply, a governor sleeve in said
housing communicating at one end with the exterior of
said housing for connection to said low pressure fuel
supply, a first pressure transmitting passage extending be-
tween said auxiliary cylinder and the other end of said
sleeve opposite to said one end to transmit said gen-
erated fuel pressure to said sleeve, a non-return valve in
said first pressure transmitting passage to prevent escape
of said generated fuel pressure from said sleeve throtgh
said first pressure transmitting passage to said auziliary
cylinder during a suction stroke of said pumping piston,
a second pressure transmitting passage extending frem
said other end of said sleeve to said auxiliary cylinder to
rermit the escape of said generated fuel pressure from
said sleeve during the period of time between the end
of a pumping stroke of said piston and the commence-
ment of the next succeeding pumping stroke of said pump-
ing piston, a first restriction associated with said second
pressure transmifting passage to control the escape of
said generated fuel pressure from said sleeve during said
period of time whereby the fuel pressure at said other
end of said sleeve at the commencement of said next
succeeding pumping stroke of said pumping piston is a
function of said period of time, a third pressure trans-
mitting passage extending from said pumping cylinder
and opening to the interior of said sleeve at a first loca-
tion intermediate the length thereof, a fourth passage
communicating with the exterior of said housing and
opening to the interior of said sleeve at a second lecation
intermediate the length thereof, a cylindrical valve body
disposed in said sleeve with one end exposed to said
generated fuel pressure and displaceable away from said
other end of said sleeve, a reduced diameter pertion in-

termediate the length of said valve body defining with -

the wall of said sleeve an annular chamber operable to
place said third and fourth passages in communication
to terminate injection upon a first predetermined dis-
placement of said valve body away from said other

end of said sleeve, a radial bore in said valve body open- 4

ing to the side wall thereof, an axial bore in said valve
body extending from said one end thereof to said radial
bore, a flat formed on the side wall of the body in
communication with said radial bore and defining, with
the wall of said sleeve, a second restriction operable
upon a second predetermined displacement of said valve
body away from said other end of said sleeve to place
said one end of said valve body in communication with
said one end of said sleeve to permit a restricted escape
of said generated fuel pressure, said second predetermined
displacement being greater than said first predetermined
displacement and spring means opposing displacement
of said valve body under the influence of said generated
fuel pressure to move said valve body during said period
of time to a starting position at the commencement of
said next succeeding pumping stroke which starting posi-
tion is a function of said period of time.

7. A fuel injection pump for an internal combustion
engine comprising a housing, a cylinder within said hous-
ing, a piston reciprocable within said cylinder by said
engine to form a pumping assembly having a pumping
stroke of the piston during at least a part of which fuel
is injected into an engine cylinder and a suction stroke
during which no fuel is injected to said engine cylinder,
an enlargement of said pumping cylinder providing an
auxiliary cylinder, an enlargement of said piston recipro-
cable in said auxiliary cylinder by said engine, a first

fuel inlet passage opening into said pumping cylinder at’

a location blanked-off by said pumping piston during
a pumping stroke to define the commencement of the
period of injection of fuel to said engine cylinder and
opening to the exterior of said housing for connection to
a low pressure fuel supply, a second fuel inlet passage
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opening into said auxiliary cylinder at a location blanked-
off by said auxiliary piston during a pumping stroke to
generate a fuel pressure in said auxiliary cylinder and
opening to the exterior of said housing for connection
to said low pressure fuel supply, a governor sleeve in
said housing communicating at one end with the exterior
of said housing for connection to said low pressure fuel
supply, a first pressure transmitting passage extending be-
tween said auxiliary cylinder and the other end of
said sleeve opposite to said one end to transmit said
generated fuel pressure to said sleeve, a non-return valve
in said first pressure transmitting passage to prevent
escape of said generated fuel pressure from said sleeve
through said first pressure transmitting passage to said
auxiliary cyilnder during a suction stroke of said pumping
piston, a second pressure transmitting passage extending
from said auxiliary cylinder and opening to the interior
of said sleeve, a third pressure transmitting passage ex-
tending from said pumping cylinder and opening to the
interior of said sleeve at a first location intermediate the
length thereof, a fourth passage communicating with the
exterior of said housing and opening to the interior of
said sleeve at a second location intermediate the length
thereof, a cylindrical valve body disposed in said sleeve
with one end exposed to said generated fuel pressure
and displaceable away from said other end of said sleeve
in a direction normal to the direction of reciprocation of
said pumping plunger, a reduced diameter portion inter-
mediate the length of said valve body defining with the
wall of said sleeve an annular chamber operable to place
said third and fourth passages in communication to term-
inate injection upon a first predetermined displacement
of said valve body away from said other end of said
sleeve, a cut-away portion at said one end of said valve
body defining with the wall of said sleeve a first restric-
tion placing said second passage in communication with
said other end of said sleeve to permit the restricted
escape of said generated fuel pressure through said second
passage during the period of time between the end of a
pumping stroke of the pumping piston and the cornmence-
ment of the next succeeding pumping stroke of said pump-
ing piston whereby the fuel pressure at said other end of
said sleeve at the commencement of said next succeeding
pumping stroke is a function of said period of time, a
radial bore in said valve body opening to the side wall
thereof, an axial bore in said valve body extending
from said one end thereof to said radial bore, a flat
formed on the side wall of the body and communicating
with said radial bore and defining, with the wall of said
sleeve, a second restriction operable upon a second
predetermined displacement of said valve body away
from said other end of said sleeve to place said one end
of said valve body in communication with said one end
of said sleeve to permit a restricted escape of said gen-
erated fuel pressure, said second predetermined displace-
ment being greater than said first predetermined displace-
ment and spring means opposing displacement of ‘said
valve body under the influence of said generated fuel
pressure to move said valve body during said period of
time to a starting position at the commencement of said
next succeeding pumping stroke which starting position
is a function of said period of time.
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