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This invention . relates o variable 1
discharge valves for,fuel injection pumi
particularly to discharge .valves .61".
employed in fuel injection 'systems wh
pressure operated injéctor”. or. /I
nected through a closed - fuel “ling " t0..1he
pressure outlet of .a pump which is adlustadl
operable to supply .metered amourts of fuel un-
der high pressure ab. éach. stroke of .the pump
and to relieve the. high pressure abriptly upon

delivery of the metered. amount of fuel, and he
invention has for.an . object the Drovi -of
improved discharge valve.mean ‘which auto-
matically vary in accordance. with. the. amount
of fuel delivered by the pump.at each stroke, the
amount of fuel retracted or.withdrawn from the
fuel line upon closure. of the.,\diséha'rgié “valve.
~As set forth in a prior-application, Serjal No.
26,850, filed May 13, 1948, in-the. namie of “the
present inventor, for Fuel “Injection  Systems of
which this application. is . continu
part, fuel injection systems, of the above ‘char-
acter ordinarily inélude a .Iuel pump having a
spring load - discharge  valve adapted fo lose
quickly upon release. of .the. UID S pressure; so
as to prevent return 'of,"fuel.fffom,th‘e',fueljll,ne
to the pump. between injections, and difficulties
have been  encountered with. “secondary. injec-
tion caused. by the pressuré wave.tha t.is set up
in the sealed fuel lirie.upon closure of the in-
jector nozzle.  Prior. to.the. inventi
in the aforesaid application, it.was proposed. to
minimize or eliminate such . secondary,”injec-
tion or dribble at the fuel .injector noz

designing the discharge. valyes.of the pumps to
provide a predetermined..amount, Jof Yetraction
upon closure, that is, withdrawal of fuel.from
the fuel line during -closure of the:.discharge
valve. T e e e
The .amount .of ‘fuel to. be .withdrawn: from
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the fuel line to .prevent .seconddry injeciion -

without interfering with the accuracy .of ..5ub-
sequent primary injectionis: depends, on .nu
erous factors including fp;‘ima,r:ily"

of fuel injected, which is:a. func iori_of the. oad
1 too .much  retrac-

and speed of.the engine...If t00. 1
tion is provided the fuel line. may be partially
emptied and consequenj:,l&'[in,s'uﬁic':iént;';uél‘ may
be supplied to the injector, for .the next. 1 jéc-
tion, particularly .at. light loads, .whileif teo

little retraction is provided secondary jnjection

may not be prevented. - quseqUently‘,‘; it . was
the practice prior to.the Anventio the & ore-
said application .to design.the. discharge .valves
so as to provide.the minimum . ainount .of; e~
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ited:

ing ‘movement imparted- to -the “Valve-

valve means embodying the present inve
larger seale showing ‘the ‘valve méans of -

DISCHARGE VALVE
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Lasléy, Chicago, Ill;-assignor, by mesne-
- Lottis G. ‘Simmnions, Chicago, Mk

fal No. 51,816

ion necessary for* satisfactory injection ab
iorma) loads ‘and speeds. with' the result -that
the Tange of Joads ‘and-speeds that the engine
could" deliver  without encountering -objection~

' i ] ics was-severely Hm-

he. s2

broadly “claims !
wherein the above indicate

id prior -application - discloses and
improved fuel injection systems
d - problem *is- over-
come by incorporating in-the system means for
automatically varying in-a ordance-with the
deliveted-by -the purhp -under
various load-spéed ‘conditions,  the amount of
retraction; i.’e, the amount of fuel withdrawn
from “the fuel ‘line--between ‘injections.” -Al-
though the 'specific constructions -disclosed “in
the ‘said prior application ‘op rafe Satisfactorily
to accomplish the intended purposes the incor-
poration in such-systems of a plurality of dis-
charge valves involves additional -expense-and
the -particular- single ~valve' “embodiment - dis-
closed “in the said application -involves
facturing - difficulties ‘due’ ‘to'certain " critical ‘de-
sign ‘factors.” Accordingly it “is -a -further ob-
ject of ‘this invention'to provide’ improved-vari-
able retraction-discharge valves, for use in-such

systems, which may be “manufactured “at-low
cost_and which operate with reliability and’ ac-
curacy. AN . oL uIITRLITIIOG Lo
~“In carrying ou

ying out the-invention in one-form a

variable refraction discharge‘valve is -provided

comprising “a_Vvalve “member 'having 2 holl
stem: portion ¢losed ‘4t -one ‘end and an annular
head portion surrounding the stem adjacent -the
closed end, ‘and ‘the ‘stem’ portion-is ‘provided
with a plurality ‘of apertures’ extending throfigh
the wall ‘thereof beneath‘the ‘ahmular head; the
apertures’ being spaced axially of ‘the stem por-
tion and‘graduated ‘in size-so: as-automatically
to vary in accordance with'the amount-of ‘fuel
‘delivered by the pump:the-extent of' the open-

arted: to -the nember
and “the “amount of retraction _effected -during
¢losing movement of the valve member.” -~ "
'~ For a more dersta

plete’ understanding of :the

‘inventiomn, - ref erence -should ‘hiow bé had-to-the
drawings in which: ©° o7 T o oenn e B0
" Fig: 11s an elevational view partly in sec-

view -on a
Fig.
“light

tion of a fuel pumpPprovided with discharge

" Fig. -2 is a ‘fragmentary sectional- 0

i ‘ N

Fig. 3 15 a fragmentary-view similar’ to: Flg.
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3
2 but showing the valve in an operated posi~
tlon corresponding to intermediate loads:

Fig. 4 is a fragmentary view similar to Figs.
2 and 3 showing the valve in an operated po-
sition corresponding to maximum load;

Figs. 5, 6 and 7 are detail sectional views
taken respectively along the lines.5—5, 6—86 and
1—1 of Fig. 4; and _

Fig, 8 is a fragmentary sectional view sim-

ilar to Fig. 2 showing a further embodiment of

the invention. ]

Referring now to the drawings the invention
is shown as embodied in a fuel pump of a type
well known in the art comprising a longitudinally
bored pump body 10 formed to provide a pri-
mary fuel chamber 11 to which fuel is supplied

[523
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4

and held in place by a cap member 25 secured
to the pump body by suitable cap screws 286.

As shown the retainer member 24 is shaped
to provide in conjunction with the valve guide
22 a valve chamber 27 which communicates di-
rectly with the high pressure pump outlet 20,
the valve guide 22 being bored to provide an
opening 28 which communicates with the pres-
sure chamber 19 of the pump, the upper surface

of the valve guide 22 being formed to provide
_an annular valve seat 28,

Disposed within the.

.- opening 28 in the valve guide 22 is a valve mem-~
" ber* 30 which includes a hollow stem portion

through a suitable inlet fitting (2. Disposed -

within the pump body 10 is a cylinder barrel

I3 having an inlet port 14 and a spill port 15
communicating with the fuel chamber 1.
cylinder barrel 3 as shown contains a recip-
rocatable piston {6 which is provided adjacent
its upper end with a longitudinally extending
slot T which. communicates with an inclined
or helically disposed slot 18 adapted to cooper-
ate with the spill port I5 in a manner well un-
derstood in the art and which will be.briefly
described hereinafter. :

As will be understood by those skilled in the
art, the pump is of the constant stroke type and
the piston 16 is rotatably adjustable in the cyl-
inder barrel 13 to vary the amount of high pres-
sure fuel delivered at each stroke of the pump.
When the piston is in its lowermost position
the pressure chamber 19 within the cylinder
barrel and above the piston will be filled with
fuel by suction through the inlet port 14 and
the spill port 15. As the piston begins its up-
ward travel the fuel in the chamber {9 will be
placed under pressure and as soon as the upper
edge of the piston moves beyond the inlet port
14, high pressure will be developed so as to force
fuel through the discharge valve, as hereinafter
described, and through the high pressure outlet
passage 20 of the pump to the fuel line and the
Injector nozzle (not shown). As soon as the
piston reaches g position in which the helical
groove {8 communicates with the spill port 15,
the pressure chamber {9 above the piston will be
immediately relieved and consequently the
amount of fuel discharged from the pump on
each sfroke may be adjusted by rotating the
piston 16 so as to vary the point in its stroke
at which communication of the inclined groove
18 with the spill port {5 will be established.

Various mechanisms well known to the art
may be employed for effecting rotation of the
piston 16 to adjust the capacity of the pump and
it is not believed necessary to illustrate or de-
scribe such mechanism further than to point out
that a slidable rack 21 is connected to the ad-
justing mechanism so as to effect rotation of
the piston 16, the rack 21 preferably being pro-
vided with suitable calibrations, as shown, to
indicate -the adjustment of the piston in the
cylinder barrel. Fuel pumps of the type shown
and thus far described are well known in the
art and constitute no part of the present in-
vention. . )

Mounted directly above the cylinder barrel 13
in the bore of the pump body {0 is a suitable
valve guide 22 adapted to be engaged and held
in position by a compressible sealing ring 23
which is in turn engaged by a retainer member
24 mounted within the bore of the pump body
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3t which is closed at its upper end, as shown

best in Fig, 2 and is provided with an enlarged
valve head 32 adapted to engage the valve seat
28. Disposed within the valve chamber 27 is a
valve spring 33 the lower end of which engages
a suitable shoulder on the valve head 32 and
the upper end of which engages a suitable flange
oh g stop member 34 which is disposed within the
valve chamber 21 and' provided with suitable
apertures 35, 36 and 3T communicating the valve
chamber 27 with the pressure outlet 28.

The valve spring 33 functions to maintain the
valve member 30 in the closed position shown
in Fig. 1 with the head 32 engaging the valve
seat 29 during low pressure portions of the pump
cycle and it will be apparent to those skilled in
the art that when pressure is developed in the
pump chiamber 19, the valve 30 will be lifted by
the pressure so as to move inwardly of the valve
chamber 21 against the force of the spring 33
thereby lifting the valve head 32 out of engage-
ment with the valve seat 29.

In accordance with the present invention the
hollow valve stem 3( is provided immediately
below the valve head 32 with & plurality of sets
of apertures 38, 39, and 40. As shown best in
Figs. 5, 6 and 7, the set of apertures 38 includes
a pair of oppositely disposed apertures of rela-
tively small cross-section, the set of apertures
39 includes three apertures which are symmet-
rically disposed and of somewhat larger cross-
section, and the set of apertures 40 includes
three ‘apertures similarly spaced but of still
larger cross-section. In accordance with the
present invention the axial spacing and the rela-
tive cross-sections of the three sets of apertures
are so correlated that the amount of lift im-
parted to the valve member 30 and consequently
the amount of retraction effected by the valve
member during. closing movement thereof, is a
function of the amount of fuel delivered by the
pump during each stroke.

In Fig. 2 the valve member 30 is shown in the
position to which it will be moved under light
load conditions and it will be observed that only
the apertures 38 have moved {o a position beyond
the valve seat 29 so as to establish communica-
tion between the pressure chamber (9 and the
valve chamber 27. The amount of communica-
tion provided by the apertures 38 being suf-
ficient to accommodate the amount of oil sup-
plied under pressure by the pump under these
load conditions, no further lifting movement of
the valve member 30 takes place and conse-
quently only a small amount, of retraction occurs
upon closure of the valve after the pressure in
the pump chamber 19 is released.

In Fig. 3 the valve member 30 is shown in a
position corresponding to intermediate load con-
ditions and it will be observed that in this posi«
tion both the apertures 38 and the apertures
39 have been uncovered. Accordingly, the valve
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lift -being greater under these Ioad -conditions,
a -greatér amount 'of retraction is obtalned. In
Fig. 4 the valve member 30'is.shown in its maxi-
mum -lift position ‘corresponding: to maximum
1oad conditions; the head 32 being engaged by
the stop member ‘34 and &1l of the apertures 38,
39 'and 40 beihg uncovered to permit the flow
of ‘oil from the pressure chamber £9. to the valve
chamber 21; It will be understood, of course,
that in addition to the three positions shown in
Figs. 2, 3 and 4 the valve member 30-may cccupy
an unlimited number- of intermediate positions
in which some or all of the apertures 38, 39 and
40 are wholly or partially uncovered, the posi-
tions to which the valve moves being: determined
by the amount of fuel delivered:- by the pump:on
its pressure stroke. Thus the lift. of the valve
and the amotmt of retraction ‘provided varies
automatically in accordance “Wwith the operating
condition of the pump and ‘the fuel injection
system, whereby secondary injection effécts ‘are
avoided over a wide range of -Jogd-speed. condi-
tions.

In the embodiment of the invention shown in
Fig. 8 similar reference numerals have been ‘ap-
plied to similar parts, the only: difference being
that in this' embodiment of the invention a valve
member &1 is provided. having a hollow stem
portion 42 which is provided immediately below
the head member 43 Wwith two sets of axially
spaced apertures 44 and 45 which are graduated
in size to provide for automatic variation of the
valve lift and retraction in the manner hereto-
fore described in connection with the embodi-
ment of Figs. 1 to 7. The provision of the three
sets of graduated apertures in the first described
embodiment provides a somewhat finer regula-
tion of the retraction although satisfactory oper-
ation may be obtained with the embodiment of
the invention disclosed in Fig. 8.

While a particular embodiment of the inven-
tion has been shown, it will be understood, of
course, that the invention is not to be limited
thereto, since many modifications may be made,
and it is contemplated, therefore, by the appended
claims, to cover any such modifications as fall
within the true spirit and scope of the invention.

What is desired to be gecured by Letters Patent
of the United States is:

1. Variable retraction discharge valve means.

for a fuel injection system including a variable
delivery pump for supplying metered amounts of
fuel to a fuel line, said discharge valve means
ecomprising a valve chamber in open communi-
cation with said fuel line and having a valve
opening communicating with said pump and
forming a valve seat, & hollow valve member
slidably disposed in and substantially closing said
opening and having a closed end extending into
said chamber, a valve head on said valve member
for engaging said valve seat, said valve member
nhaving radial apertures extending through the
wall therecf below said valve head for communi-
cating said pump with said valve chamber when
said valve member moves inwardly of said cham-
per in response to the pressure developed by said
pump, and spring means for moving said valve
member outwardly to engage said valve head with
said valve seat and to retract fuel from said fuel
jine upon release of 'said pump pressure, said
apertures being spaced axially of said valve mems=-
per so as to open in sequence and sutomatically
vary in accordance with the amount of fuel de-
livered by said pump the extent of inward move-
ment of said valve member and the amount of
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6
vetraction: effected /during. outward .movement
thereof. 1 T o .

2. Vagiable retraction ‘discharge. valve .means
for-a fuel ‘injection system “ineluding: a variable
délivery pump for:supplying metered amounts of
fuel ‘to & fuel line,'said discharge wyalve means
coniprising a ‘valve chamber in‘open communi-
cstion: with' said.-fuel line.'and having a valve
opening communicating “with said pump -and
forming :a.valve seat, a hollow “valve member
slidably disposed in and substantially:closing said
opening -and having a closed:exid extending into
saidichamber, & valvehead onsaid valve member
for engaging:said valve seat,.sald valve member
havitig ‘radial apertures. extending: through "the
wall-thereof below:said valve:head-for communi-
catingrsaid pump’with: said valve:chamber when
said valve miember moves inwardly of: said cham-
per: in -response 'to.the pressure develdped by said
pump, spring means: for ‘moving said valve mem-
ber outwardly to engage.said valve head with said
valve seat and to retract:fuel:from said fuel-line
upon release of ‘said pump pressure, said apertures
peing arranged’ in axially spaced sets.graduated
in size $o' as automatically: to vary:in accordance
with the amount of fuel delivered by said pump
the extent of inward movement. of . said valve
mémber and. the amount. of retraction effected
during said outward movement thereof.

3. Variable retraction- dischiarge valve means
for a fuel injection systemincluding a. variable
delivery pump for supplying metered amounts of
fuel to a fuel line, said discharge valve means
comprising a valve chamber in open communi-
cation with said fuel line and having a valve
opening communicating with said pump and:
forming & valve seat, a hollow member slidably
disposed in and substantially closing said opening
and having & closed end extending into said cham-
ber, a valve head on said valve member for en-
gaging said valve seat, said valve member having
gpertures in the wall thereof below said.valve
nead for communicating said pump with said valve
chamber when said valve member moves inwardly
of said chamber in response to the pressure de-
veloped by said pump, spring means for moving
said valve member outwardly to engage said valve
head with said valve seat and to retract fuel from
said fuel line upon release of said pump pressure,
said apertures being arranged in axially spaced
sets and with the area of each set increasing as
the spacing from said valve head increases so as
to automatically vary in accordance with the
amount of fuel delivered by said pump the extent
of inward movement of sald valve member and
the amount of retraction effected thereby during
outward movement thereof.

4. Variable retraction discharge valve means
for a fuel injection system including a variable
delivery pump for supplying metered amounts of
fuel to a fuel line, said discharge valve means
comprising a valve chamber in open commiunica-
tion with said fuel line and having a valve open-
ing communicating with said pump and forming
a valve seat, a hollow valve member slidably dis-
posed in and substantially closing said opening
and having a closed end extending into said’
chamber, a valve head on said valve member for
engaging said valve seat, sald valve member hav-
ing apertures in the wall thereof below said valve
head for communicating sald pump with said
valve chambér when said valve member moves
inwardly of said chamber in response to the pres-
sure developed by said pump, spring means for
moving said valve member outwardly to engage
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said valve head with said valve seat and to retract
iuel from said fuel line upon release of said pump
bressure, said apertures being :spaced axially of
said valve member so as automatically to vary in
accordance with the amount of fuel delivered by
said pump the extent of inward movement of
said valve member and the amount of retraction
efiected during outward movement thereof, and
stop means in said chamber for limiting to a . pre-
determined maximum the inward movement of
said valve member. : i

5. Variable retraction discharge valve means
for a fuel injection system including a_variable
delivery pump for supplying metered amounts of
fuel to a fuel line, said discharge valve means
comprising a valve chamber in open communica-
tion with said fuel line and having a valve open-
ing communicating with said pump and forming
a valve seat, a hollow valve member slidably dis-
posed in and substantially closing said opening
and having ‘a closed end extending into said
chamber, a valve head on said valve member for
engaging said valve seat, said valve member hav-
ing apertures in the wall thereof below said valve

head for communicating said pump with said 25

valve chamber when said valve member moves
inwardly of said chamber in response to the pres-
sure developed by said pump, spring means for
moving said valve member outwardly to engage
said valve head with said valve seat and to retract
fuel from said fuel line upon release of said pump
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pressure, sald apertures being spaced axially of
said.valve member so as automatically to vary in
accordance with the amount of fuel delivered by
said-pump the extent of inward movement of
said valve member and the amount of retraction
effected during outward movement thereof, and
stop means-in said chamber engageable by said
valve member, to prevent further inward move-
ment thereof after the set of apertures most
remote from said valve head communicates with
said chamber, -

ERE : " ROBERT A. LASLEY.
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