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7 Claims.
1

This invention relates to fuel injection pumps
for internal combustion engines, particularly
though not exclusively, compression-ignition en-
gines, It is concerned with improvements in
pumps of the kind (hereinafter referred to as
“the kind specified”) in which the effective length
of the delivery strokes of the respective pistons
is similarly controlled simultaneously for all the
pump cylinders by actuation of a common regu-
lating member which adjusts, for each cylinder,
the position of an element which determines at
what point in the delivery stroke fuel will be
spilled from the cylinder into a chamber or pas-
sage in communication with the inlet side of the
pump, the fuel tank or a like low-pressure region,
the common regulating member being a plate or
disc and the elements adjusted thereby being
sleeves fitted over the pump pistons or plungers
to control the outlet ends of spill passages which
run through the pistons: or plungers from the
operative end faces thereof to the cylindrical
surfaces thereof.

Various proposals have heretofore been made
for controlling the delivery of pumps of the kind
specified automatically in accordance with the
speed and loading of the engines supplied thereby,
so that a certain speed governing action will be
secured which will prevent the engine speed from
varying to any substantial extent from the value
thereof corresponding to the setting for the time
being of the manual or other control normally
employed for actuating the common regulating
member.

The object of the present invention is to pro-
vide an improved automatic delivery-controlling
device for a pump of the kind specified which
shall be sensitive, efficient and of relatively sim-
ple construction.

According to the invention, in a pump of the
kind specified, the common. regulating member is
connected to a rigid or immovable part of the
pump housing by means of a pressure-responsive
element entirely disposed within the housing, and
means is provided for exposing the said element
to the variable pressure in one of the manifolds
of the engine being supplied by the pump in such
2 sense as to cause the pressure-responsive ele-
ment to move the regulating member in the direc-
tion for reducing the delivery of the pump as the
engine speed increases above the value for which
it is set by the normal control means.

It is preferred to utilise the reduced pressure
in the intake manifold of the engine but the
pressure in the exhaust manifold may instead be
utilised in the case of supercharged engines.

[

10

15

20

30

35

40

45

50

66

2

In order that the nature of the invention may
be clearly understood, an example of the way in
which it may be carried into effect will now be
described in greater detail with reference to the
accompanying drawings.

In this example, the pump chosen for illustra-
tive purposes is constructed substantially in ac-
cordance with the invention forming the subject
matter of application Serial No, 687,368, now Pat~-
ent No. 2,517,483, but the present invenhtion may
be applied also to other constructions of pumps
of the kind specified above without difficulty.

In the drawings:

PFig. 1A is the upper part of a section taken on
the line I—I of Flig. 2,

Pig. 1B is the lower part of the section, and

Fig. 2 is a section taken on the line II—II of
Pig. 1A,

The pump, as shown in Fig. 1A, comprises a
generally cylindrical housing { having a cam
chamber 2 (Fig. 1B) at one end, a spill chamber
3 intermediate its length and a series of delivery
connections 4 at its other end which are each
connected to the fuel injection device of the re-
spective engine cylinder. At this end of the hous-
ing there are the appropriate pump ecylinders 5
disposed around and parallel with the axis of the
housing and each communicating through a de-
livery valve 6 with the corresponding delivery
connection 4. The cylinders 5 and the respective
pistons or plungers T are all identical and only
one set of these parts need be described here.
The cylinder wall is formed with radial bores 8
near its outer end and is surrounded at this loca~
tion by an annular fuel supply passage §. This
is in permanent communication with a central
annular chamber 0 (supplied from an inlet (¢a
through a bore 10b) formed by a recess in the
cylindrical wall of the enlarged inner end (i of
an axial bore (2 in the housing | provided to
admit the passage of a stem {3 attached to a
common regulating member i4 located in the spill
chamber 3. The regulating member {4 is of disc
form with a thickened edge 15 on fo which is
clamped a ring {8 serving to position controlling
sleeves 1T which are a close sliding fit on the pis-~
tons 7 working in the cylinders 5. Fach piston
1 is a close sliding fit in its cylinder § which pro-
jects, with play, part-way into an aperture {8 in
the thickened edge 15 of the regulating member,
the corresponding controliing sleeve {7 being
mounted on the latter in such a manner that it
may move laterally (e. g. radially or circumfer-
entially of the member) without being capable
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of any appreciable motion relative to the member
in the gxial direction.
The piston T continues beyond the sleeve (7,
through an oversize hole {9 in a partition mem-
ber 20 .secured transversely of .the Spill chamber
3, to be surrounded’ by a compression spring . 2{
bearing at its ends upon the partition member
20 and upon a collar 22 secured on the end of
the piston, respectively. The end of. the p1ston
T bears upon one end of a reciprocable push ‘rod
23 the other end of which.(see:Fig. 1B). carries
a roller 24 co-operating.with .a/fdce cam 25.1o-
tatable within the cam chamber:2.by -meéans
of a shaft 26 extending ax1a11y Jhrough. the end
of the housing i to be driven from~ thé* engme
crank-shaft at an appropriate.speed.
Centrally of the partition member 2§ (see=Fig.
1A) is formed an axially extending cylindrical
wall 27 surrounding g liner 28 within which slides
_a spigot part 29 secured on the regulating mem-
“ber” 14 *Axial adJustment of this member varies
- tHe' posmon of 'the controllmg sleeves AT rela~
_tive- to the length of ‘the pistons 1 which are
~formed ‘with axial bores 30 Teading- from their
.Qperatwe end faces o rad1al Dores' 31 the opemng
of 'which oceurs as they move out of tre con-
fl_;rolhng sleeves 17 -duling the delivery strokes
A‘of the respectlve p1stons )

“~The pump thus far: descrlbed operates in ex-
wactly the ‘sarme ‘mianner as that descrlbecl in
"apphcatlon Serlal No 687,368 rota’mon of the
facde éamr25 causmg reclprocatlon of’ the pistons
_ T and the consequent delivery, per wor' kKihg stroke,
of & quantity of fuel- -deférminéd By the spacmg
for the t1me being of the controlllng sleeves 13 7
from the cylmders 5

‘“Whil¢' the' pump is operating, a certain pro-
portion of  the fuel 1n1t1ally drawn mto each
f,:yhnder 5 .is spllled into the chamber 3 contain-
“ing” the regulatmg membe1 M ‘the pronormon
1lled 1ncreas1ng as the quantlty of ‘fuel

n ular space whlch is -defined
od eds

_rmember 14 arid the cylindrical wall ‘27 of the
i partmon member 20 1s dlsposed a ﬁex1b1e metallic
',bellows 32 havmg 1ts ends attached in- a “fuid-
tight manneér ‘to--the ‘partition member 28 and

- to “the regulatmg inember {4, Tespectively. A

‘conhection is-made; at 33, from-the engine.intake
-‘manifold to & radial.bore.34 formed in.the par-
tition member.20;.this bore opéning through .the
liner-28: to the. space:35 bounded.by the latter
~withihr.the cylindrieal wall.21. ;7The .spigot. por-
tion’ 29 on.the regulating .member .4 is,.itself
formed with an axial.bore 38 (from.its free end)
swhieh - commumcates w1th substantlally rad1al
- bores: 37 formed, in. the sp1got portmn and nor-
;-,,mally havmg their mouths just.covered | by the
free edge of the liner.28. The spigot, portion 23
As. however shghtly reduced in dlameter at thlo

! varlations 1n the engme mamfold can act up0"1
_thé interior of thé pressure respons1ve bellows
) 32 The arrangement is such’ that an mcrease
in the suctmn in the mamfold will collapse the
] bellows 32 to a smaller axial- length "and -thus

‘draw thé regulating member 14 towards the par-

6 “i5 6F ‘the regiilating -

4

tition member 20. This has the effect of moving
the controlling sleeves {1 away from the pump
cylinders 5 so that the spill passages 3f in the
pistons 7 are uncovered at an earlier stage in
- the working strokes of:the plstons Thxs results
~in a smaller. delivery of fiiel o the engine so that
the suction in the intake manifold will tend to
sdrop. Consequently, the increase in pressure
Wlthln the bellows 32, assisted by a suitable spring
10 if neécéssary, will allow the bellows to expand
.2gain so;that the regulating member {4 will then
: e.in th ,_ectlon for increasing the supply
..of: fuel to.the: erigine,
In.order that the regulating member (4 may
15 normally be adjusted by hand or other means,
particularly ;:for the purposes of stopping the
engine and determining the maximum fuel de-
livery, the stem (3 thereof is extended by a
screwed-on rod 39 which carries at its free end
20 a head 40 adapted to be contacted by one arm
‘4l of a two-armed actuatmg Jeveér 41> 42 p1voted
‘at 43 ‘on a. tubtlar extensmn 44 secured’ on- the
pump ‘housing’ I, The rod:88 is sealéd. if- “the
- housing by means ‘of a’ flexible béllows .45 con-
25 nected 4t ofie” énd £0- the “wall-.of ‘the. ‘passage
through thé exterision 44 .and’ at- the other:end
‘to a collar 46 secured ‘on-the rod. . THis: collar
46 also serves to- 1iniit-tHe fiovement. of the reg-
-ulating member 14 by workmg betweéen.two. stops,
30- the inner éne of.-which:is constituted- by a shdul-
cler 4‘! formed 1n the: extens1on 44 and the outer

(323

Justably screwed mto thelouter: end ot the ex-
tensxon 44 ’and locked in: pos1t1on by grub=screws
35789, The eollar-46 also dcts-as an’abutment.for
one erid of ‘a.compression. sprmg G0::the ..other
“énd of>which. bears. agairist.a.shoulder:5i ‘in‘the
passage through the extension: 48, 'iThis. spring
- is provided to' limit the moveément of the.control
40° member towards  mininium :délivery. utider: the
iriflidence of sdction .in' order to.reduce.erratic
variations of idling speed. It-will.be.seen.that
~the " bellows’-§2: which . responds:to the’ preéssure
varlatmn inthe’engine rianifold.niay. neverfhe-
45 less ‘aet to rediice: ‘the supply-of.fuel to.tle. engme
at any settmg of ‘the actuating.lever:. 41
- The- préssure of ‘the. sprmg .80 acting. eon the
regulating” mémber 14 may .be..varied .to. suit
reqmrements by intéfposing -spac¢ing .collars or
50. Washers 52 between: the stém>13.of the-mernber
‘and'the’ screwed-on rod 39 Whlch forims:: the ex-
‘tension théreof.

The required engine speed is selected by-vary-
1ng the” free orifice of the englne mamfold with
55 e ‘aid of 'a butterfly valve m accordance »w1th
known practme
It w1ll be understood-that, when: the pressure
preva1l1ng in the exhaust mamfold of’ ‘the englne
'is, to be utilised for controllmg the posmon of the
60 regulatmg member the pressure-responswe bel-

lllllllll

ln the supply of fuel to the engme
65 What I ‘claim is: -
1 A f 35 1n3ecinon pump comprlsmg a housmg,

Y
. “of pump cylmdels located w1th1n the héusin g With
thelr one ends adJacent to one end’ of the 'ous-

¥ pump plunger reclp
der a cam for rec1pro
passage in ‘edch p tin spill hamber -Tocated
76 in-the Housing etitirely betwéeh‘ 5aid’ eHd§ o the
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cylinders and said cam, an element slidable on
each plunger to determine the point in the stroke
of the plunger at which the spill passage therein
will be placed in communication with the spill
chamber, 2 regulating member displaceably
mounted within the spill chamber and operatively
connected to each of the slidable elements, an
abutment fixedly mounted within the spill cham-~
ber, a fiexible hellows disposed within the cham-
ber ang operatively connected at one end to the
regulating member and at the other end to the
abutment, an inlet connection on the exterior of
the housing and a passage leading from the inlet
connection to the interior of the bellows,

2. A fuel injection pump comprising a housing,
a plurality of fuel delivery conduits, a plurality
of pump cylinders located within the housing
with their cne ends adjacent to one end of the
housing, a valve-controlled connection from said
end of each cylinder to a vespective delivery con-
duit, a pump plunger reciprocable in each c¢yl-
inder, a common cam for reciprocating the
plungers, a spill passage in each plunger having
an outlet end, a spill chamber located in the

housing entirely between said ends of the cyl-

inders and said cam such that the outlet ends
of the spill passages will be moved through the
chamber by the reciprocation of the plungers, an
element slidable on each plunger to determine
for what proportion of each stroke of the respec-
tive plunger the outlet end of the spill passage
therein will be in communication with the spill
chamber, a common regulating member displace-
ably mounted within the spill chamber, operative
connections between the said member and the
elements siidable on the plungers for causing
these elements to move in unison with the regu-
lating member, movement of the latter in one
direction therefore resulting in a reduction in

the output of the pump and movement in the 40

opposite direction resulting in an increase in
said output, an abutment fixedly mounted with-
in the spill chamber at a distance from that side
of the regulating member which leads when the
member is moved in the said one direction, a
flexible bellows entirely located within the spill
chamber and operatively connected at one end
to the regulating member and at the other end
to the abutiment, an inlet connection on the ex-
terior of the pump housing, and a passage lead-
ing from the inlet connection to the interior of
the bellows.

3. A fuel injection pump comprising a housing,
a plurality of fuel delivery conduits, a plurality
of pump cylinders located within the housing
with their one ends adjacent to one end of the
housing, a valve-controlled connection from said
end of each cylinder to a respective delivery con-
duit, 2 pump plunger reciprocable within each
cylinder, cam means for reciprocating the plung-
ers, a spiil passage in each plunger, a spill cham-
ber located entirely between said ends of the
cylinders and said cam means, an element slid-
able on each plunger to determine the point in
the stroke of the plunger at which the spill pas-
sage therein will be placed in communication
with the spill chamber, a regulating member dis-
placeably mounted within the spill chamber and
operatively connected to each of the slidable ele-
ments, a partition member fixedly mounted with-~
in and transversely of the spill chamber, a flex-
ible bellows disposed within the chamber and di-
rectly connected at one end to the regulating
member and at the other end to the partition
member, an inlet connection on the exterior of
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the housing and a passage leading from the inlet
connection to the interior of the bellows.

4. A fuel injection pump comprising a housing,
a plurality of fuel delivery conduits, a plurality
of pump cylinders located within the housing
with their one ends adjacent to one end of the
housing, a valve-controlled connection from said
end of each cylinder to a respective delivery con-
duit, & pump plunger reciprocable within each
cylinder, cam means for reciprocating the plung-
ers, a spill passage in each plunger, a spill cham-
ber located entirely between said ends of the cyl-
inders and said carn means, an element slidable
on each plunger to determine the point in the
stroke of the plunger at which the spill passage
therein will be placed in communication with the
spill chamber, a regulating member displaceably
mounted within the spill chamber and operative-
ly connected to each of the slidable eiements, a
partition member fixedly mounted within and
transversely of the spill chamber, a flexible bel-
lows directly connected at one end to the regu-
lating member and at the other end to the par-
tition member to define a secondary chamber
located entirely within the spill chamber, an in-
let connection on the exterior of the housing and
2 passage leading from the inlet connection to
said secondary chamber.

5. A fuel injection pump comprising a housing,

5 a plurality of fuel delivery conduits, a plurality

of pump cylinders located within the housing
with their one ends adjacent to one end of the
housing, a valve-controlled connection from said
end of each cylinder to a respective delivery con-

5 dult, a pump plunger reciprocable within each

eylinder, cam means for reciprocating the plung-
ers, a spill passage in each plunger, a spill cham-
ber loeated entirely between said ends of the
cylinders and said cam means, an element slid-
able on each plunger to determine the point in
the stroke of the plunger at which the spill pas-
sage therein will be placed in communication with
the spill chamber, a regulating member displace-
ably mounted within the spill chamber and op-
eratively connected to each of the slidable ele-
meints, a partition member fixedly mounted with-
in and transversely of the spill chamber, a flex-~
ible bellows directly connected at one end to the
regulating member and at the other end to the
partition member to define a secondary chamber
located entirely within the spill chamber, an in-
let connection on the exterior of the housing and
a radial bore through said partition member
communicating at one end with said inlet con-
necticn and at the other end with said secondary
chamber.

6. A fuel injection pump comprising a housing,
a plurality of fuel delivery connections on the
exterior of the housing, a plurality of pump cyl-
inders located within the housing with their one
ends adjacent to one end of the housing, a valve
connecting said end of each cylinder to its re-
spective delivery connection, a pump plunger re-
ciprocable within each cylinder, a cam for re-
ciprocating the plungers, a spill passage in each
plunger, a spill chamber located entirely between
said ends of the cylinders and said cam, an ele-
ment slidable on each plunger to determine the
point in the stroke of the plunger at which the
spill passage thersin will be placed in communi-
cation with the spill chamber, a regulating
member displaceably mounted within said spill

- chamber and operatively connected to each of

75

the slidable elements, a partition member fixedly
mounted within and transversely of the spill
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'dﬁ’ectly cénnected“a.t
m‘ember al‘xd ‘af the

sp111 chambér, & gmde formation ‘on Said regi-
Iating member, a "¢omplementary” formation’ on
said ‘partition miémber, said two formations be-
ing ‘capable” of slidihg engagement’ with' edch
othef, an inlet” ‘connection on the exteriol of ‘said
hotising and a’ radial bore throligh said ‘partition
meniber - comni 1cat1ng at one end”with 'said
ifilet “connecétion and at the other end with ‘said
secondary champer:

7. A'fuel injection’ pump for an internal com-
bustion engine cotiprisiti & pump hOUSn’lg, a plu-
rality of Tl delivery conduits, a’ plurality “of
pump cylinders 16cated w1th1n the housing; valve-
‘coirtrolled ‘conniections léading from correspond-
itig ends of the eylindefs each” 104 “réspeetive
delivery’ conduit;, a piston rec1procable Wwithin
edch "cylinder, a cam for: reblprocatmg the pis-
tons, a spill passage in each piston, a spill cham-
bér ‘located within the housing entirely between
said ends of the eylinders and said cam, for’ re-
ceiving fuel ejected through the spill passages,
an ‘element associated with eaech’ piston for “‘de-

8

'termimng ‘the point‘in tHe dehvery ‘stroke of the

“ait“which 'the’ spill passage’ theren will ‘be

'pla ed in commumcatlon with the spill chamber

~and a’ common’” regulating ‘member  displaceable

10

20

25

* within said chamber for adjusting ‘said elemehts

smultaneously, A’ pa.rt fizedly “mounted” within

the 'spill chamber, a’ fiuid ‘' pressure< responsive

elefmient ponnectlng the cominon regulating mem-
bé'r'f-to‘ said ‘part and exposed on one side to the
préssuré prévailing within 'the spill chambeér and

'ada,pted to respond to varlatlons 1n a, ﬁlbud pres-

poséd and a fuid pressure- ~conducting conhection

~ extending from the exterior of the pump housing
15

to'the said othey side of said element.
WILLIAM FRIEDLANDER,
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