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discharge valves for fuelinjection, 
particularly to discharge valves. 
employed in fuel injection syst 
pressure operated injector orn, 
nected through a closed, fuel line to. ÷›¬ ( ?? 
pressure outlet of a pump which is adjustably 
operable to supply metered amounts of fuel un 
der high pressure at each stroke of the pump and to relieve the high pressure abruptly upon 
delivery of the metered amount, of fuel, and the 
invention has for ?n. object the provision. 
improved discharge valve, means whic 
matically vary in accordance with the 
of fuel delivered by the pump at each st 
amount of fuel retracted or withdrawn from it 
fuel line upon closure of the discharge va 
As set forth in a prior -application, Ser; 

26,850, filed May 13, 1948, in the name of th 
present inventor, for Fuel Injection Systems of 

0. 

amount of fue 

20 

which this application is a continuation in 
part, fuel injection systems of the above char 
acter ordinarily include a fuel pumpha 8." 
spring load discharge, valve, adapted to clos 
quickly upon release of the pump pressure.so 
as to prevent return of fuel from the fuel line 
to the pump between injections, and difficulties 
have been encountered with secondary...injec 
tion caused by the pressure Wave...that is set 
in the sealed fuel lineup 
jector nozzle. Prior. to the invent in the aforesaid application, it was prop 
tion or dribble at the fuel injector 
designing the discharge valves of the 
provide a predetermined amount of 
upon closure, that is, withdrawalo 
the fuel line during closure, 
Valve. - - -- • , • 

The amount of fuel to be withdrawn from the fuel line to prevent secondary...injection 
without interfering with the accuracy of sub 
sequent primary injections depends on num 
erous factors including primarily the amount 

25 

traction necessary for satisfactory injection at 
and speeds with the result that 

ds and speeds that the engine thout encountering objection 
icteristics was severely lim 

The said prior application discloses and 
broadly claims improved fuel injection systems 
wherein the above indicated problem is over 
come by incorporating in tem means for 
automatically varying in ance with the 

livered by the pump under 
various load-speed 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retraction, i.e., the amount of fuel withdrawn from the fuel line between injections.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 operate 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 manu 
facturing difficulties due to certain critical de 
?ign factors. Accordingly it iš 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. . . . . i. ? ,- 

In carrying out the invention in one-form a variable retraction discharge-valve is provided 
comprising a valve member having a hollow 
stemportion closed at one end and an annular headportion surrounding the stem adjacent the 
closed end, and the stem portion is provided With a plurality of apertures extending through 
the Wall thereof beneath the annular head; the 

closing movement of the valve member. 
of fuel injected, which is a function of the load 45 For a more co plete understanding of 
and speed of the engine. If too much retrac- invention, reference should now be had to: 
tion is provided the fuel line may be partially drawings in which: ?? ????? ?? ...t ... ?? 
emptied and consequently insufficient fuel may 
be supplied to the injector for the next, inié 
tion, particularly at light, loads, wh 
little retraction is provided secondary inject 
may not be prevented. Consequently, it was 

le, if too valve means embodying the present inve 
larger Scale showing the valve mean 

Fig. 1 is an elevational view partly in sec 
tion of a fuel pump provided with disch 
SLLTS 0 L y yeymTTLlLLlyL yyyyLlyyy GG S of Fig. 

the practice prior to the invention of the afore- 1 in an op erated position correspondingto light 
said application to design, the discharge valves 
so as to provide the minimum, amount of re 55 

loads; 
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lift being greater under these load conditions, 
a greater amount of retraction is obtained. In 
Fig. 4 the valve member 30 is shown in its maxi 
mum lift position corresponding to maximum 
load conditions, the head 32 being engaged by 
the stop member 34 and all of the apertures. 38, 
39 and 40 being uncovered to permit the flow 
of oil from the pressure chamber 9 to the valve 
chamber 27. 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 Occupy 
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 amount of retraction provided varies 
automatically in accordance with the operating 
condition of the pump and the fuel injection 
system, whereby secondary injection effects are 
avoided over a wide range of load-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 4 is provided having a hollow stem 
portion 42 which is provided immediately below 
the head member 43 with 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 secured 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 
comprising 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, a 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 
having radial apertures extending through the 
wall thereof below said valve head for communi 
cating said pump with said valve chamber when 
said valve member moves inwardly of said cham 
ber 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 
line upon release of Said pump pressure, Said 
apertures being spaced axially of said valve men 
ber so as to open in sequence and automatically 
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 

6 
retraction effected during... outward movement 
thereof. . . . . . . . . . . . . . 2. Variable retraction discharge valve means 
for a fuel injection system including. a variable 

5 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 

10 forming a valve seat, a hollow valve member 
slidably disposed in and substantially closing said 
opening and having a closed-end extending into 
said chamber, a valveshead on said valve member 
for engaging said: valve seat, said valve member 

15 having radial apertures extending through the 
wall thereof below: Said valve:head for communi 
cating said pump with said valve chamber when 
said valve member moves in Wardly df said cham 
berin response to the pressure developed by Said 

20 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 
being arranged in axially, Spaced sets graduated 

25 in size. 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 said outward movement thereof. 

30 3. 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 communi 

35 cation. With said fuel line and having a valve 
opening communicating with Said pump and 
forming a valve seat, a hollow member slidably 
disposed in and substantially closing said opening 
and having a closed end extending into said cham 

40 ber, a valve head on said valve member for en 
gaging said valve seat, said valve member having 
apertures in the Wall thereof below Said valve 
head for communicating saidpump with said valve 
chamber when said valve member moves inwardly 

45 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, 

50 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 

55 of inward movement of said valve member and 
the amount of retraction effected thereby during 
outward movement thereof. 

4. Wariable retraction discharge valve means 
for a fuel injection System including a variable 

60 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 

65 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 

70 ing apertures in the Wall thereof below said valve 
head for communicating Said pump with said 
valve chamber when said valve member moves 
inWardly of said chamber in response to the pres 
Sure developed by Said pump, spring means for 

75 moving said valve member outwardly to engage 
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Said valve head with said valve seat and to retract 
fuel from said fuel line upon release of said pump 
preSSure, 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 
effected during outward movement thereof, and 
stop means in Said chamber for limiting to a pre 
determined maximum the inward movement of 
said valve member. 

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 
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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8 
pressure, said apertures being spaced axially of 
said.valve member So as automatically to vary in 
accordance with the amount of fuel delivered by 
Saidpump 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. - 

, , , , s ROBERTA, ASEY. 
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