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[57] ABSTRACT 

A fuel injection nozzle comprising a supply ori?ce through 
which fuel flows to a combustion space of an associated en 
gine a resiliently loaded valve member which co-operates with 
a seating to prevent the ?ow of fuel through the supply ori?ce 
until the pressure of fuel applied to the valve member from an 
inlet attains a sufficiently high value. the mechanical connec 
tion between the valve member and the resilient means which 
loads the valve member being divided to de?ne a variable 
volume chamber. Fuel is supplied to the chamber from the 

- inlet and means is provided to limit the maximum volume of 
the chamber the arrangement being that fuel ?owing through 
the inlet initially flows at a restricted rate through the supply 
ori?ce and when said chamber has attained its maximum 
volume the valve member is lifted to allow substantially un 
restricted ?ow through the supply ori?ce. 

15 Claims, 3 Drawing Figures 
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FUEL INJECTION NOZZLES 

This invention relates to fuel injection nozzles of the kind 
comprising a supply ori?ce through which fuel ?ows to a com 
bustion space of an associated engine and a resiliently loaded 
valve member which co-operates with a seating to prevent the 
flow of fuel through the supply orifice until the pressure of fuel 
applied to the valve member from an inlet attains a su?iciently 
high value to lift the valve member off the seating. 
The object of the invention is to provide such a nozzle in a 

form in which the initial ?ow of fuel through the ori?ce is at a 
restricted rate. 
According to the invention in a nozzle of the kind speci?ed 

the mechanical connection between the valve member and the 
resilient means load'mg the valve member is divided to de?ne a 
variable volume chamber to which fuel is supplied from the in 
let, means being provided to limit the maximum volume of the 
chamber and the arrangement being such that fuel ?owing 
through the inlet initially flows at a restricted rate through the 
supply ori?ce and when said chamber has attained its max 
imum volume the valve member is lifted to allow substantially 
unrestricted ?ow through the supply ori?ce. 

In the accompanying drawings: 
FIG. 1 is a sectional side elevation of one example of a fuel 

injection nozzle unit in accordance with the invention, 
FIG. 2 is a view similar to FIG. 1 showing a ?rst modi?ca 

tion, and 
FIG. 3 is a view similar to FIG. 1 showing a second modi? 

cation. 
Referring to FIG. 1 of the drawings there is provided a noz 

zle head 10 which is mounted at the end of a nozzle body 9. 
The free end of the nozzle head projects into or forms part of 
the wall of a combustion space of an associated engine and 
formed in the free end of the nozzle head is a pair of ori?ces 
ll through which in use, liquid fuel under pressure ?ows into 
the combustion space of the engine. 
Formed within the nozzle head is a bore 12 the blind end of 

which communicates with a fuel gallery 13 and from which ex 
tends~a narrow passage communicating with the ori?ces 11. 
About this narrow passage is formed a seating 14 with which 
co-operates a valve member 15 slidable in the bore 12. It will 
be noted that the portion of the valve member which co 
operates with the seating is of reduced diameter, as compared 
with the diameter of the bore 12. 

Slidable within the bore 12 is piston member 16'which pro 
jects out of the bore 12 and carries at its free end, an abutment 
17 for a coiled compression spring 18. At its other end the 
piston member 16 has a truncated conical projection 19 which 
can partly enter a recess 20 formed in the valve member 15 
but which in the absence of fuel under pressure maintains a 
space between the piston member and the valve member. This 
space de?nes a chamber to which liquid fuel under pressure 
can be supplied by way of a groove 21 formed in the piston 
member 16 and which communicates with a circumferential 
groove 22 also formed in the piston member. 

In the rest position of the nozzle the groove 22 commu 
nicates with a port 23 formed in the nozzle head and this port 
communicates by way of a restrictor 24, with a fuel inletin the 
form of an annular groove 25. The fuel gallery 13 is also in 
communication with the groove 25 which in use, commu 
nicates with the outlet of a fuel pump 8. 
When fuel under pressure is delivered by the fuel pump the 

same fuel pressure appears in the gallery 13 and in the 
chamber and the ?rst effect is to lift the piston member 16 
against the action of the spring. The ?ow of fuel into the 
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chamber results in a pressure drop across the restrictor 24 - 
with the result that the higher fuel pressure acting upon the 
end of the valve member 15 lifts the member slightly from the 
seating '14 to allow fuel flow at a restricted rate through the 
ori?ces 1 1. Fuel continues to flow into the chamber so that the 
piston member 16 continues its movement against the action 
of the spring 18. The relative movement of the piston member 
and valve member ceases when the groove 22 is closed to the 
port 23 and thereafter the piston member and valve member 

70 

2 
move together under the action of the fuel pressure in the gal 
lery 13 against the action of the spring 18 so that fuel can flow 
through the ori?ces 11 at a substantially unrestricted rate. 
When the fuel ?ow from the pump ceases the fuel in the 

chamber escapes by way of the grooves 21, 22 through a 
further port 26 to the inlet 25 past a return valve 27, and the 
piston member moves into contact with the valve member 
which is then urged onto the seat 14. 

If desired and in order to make the nozzle described effec 
tive at high speeds the restrictor 24 can be made variable in 
accordance with speed the degree of restriction reducing with 
increasing speed. 

In the arrangement shown in FIG. 2 identical reference nu 
merals are used for parts having the same function as those 
parts in FIG. 1. In the arrangement of FIG. 2 the bore 120 is of 
stepped form, the narrower portion of the bore accommodat 
ing the valve member 15 and the wider portion of the bore ac 
commodating acylindrical distance member 28 as well as the 
piston member 16. The piston member 16 is provided with a 
projection 30 for abutment with the distance member 28 to 
de?ne the aforesaid chamber and the space at the stepped end 
of the wider portion of the bore 12a communicates with a 
drain passage 29. 

In use, fuel under pressure is supplied to the chamber by 
way of the restrictor 24 from a pump and directly to the 
chamber 13 from the pump. Initially the piston member 16 is 
lifted against the action of the spring 18 and as in the previous 
example, the valve member 15 and distance member 28 then 
rise to allow fuel at a restricted rate to ?ow through the 
oro?ces 11. During the lifting of the distance member and the, 
valve member fuel ?ows into the space de?ned between the 
step in the bore 120 and the distance member 28. At a 
predetermined point in its travelv against the action of the 
spring 18 the piston member- opens a port 31 which opens into 
the drain passage 29. 
The drain passage 29 communicates with a shut-off valve 32 

which includes a spring loaded piston 33 which is exposed to 
the pressure existing in the drain passage 29 and which is 
movable by an increase in this pressure against the action of a 
spring 34, to a position in which it substantially prevents ?ow 
through the passage'25. When the port 31 isopened fuel pres 
sure is appliedv to the piston 33 which moves to restrict the size 
of the passage 25 so that effectively the chamber between the 
piston member 16 and the distance member 28, is blocked off. 
Thereafter the valve member 15 rises-under the action of fuel 
under pressure in the gallery 13 ' to allow substantially un 
restricted flow of fuel through the ori?ces 11. When the 
supply of fuel under pressure from the pump ceases the parts 
return to the rest position under the action of the springs 18. 
The piston 33 is provided with a restricted opening 
therethrough so that it can return under the action of the 
spring 34, during the period between injections. I 

In the arrangement shown in FIG. 3 the valve member 50 is 
of stepped form and its outer and larger end is exposed to a 
low drain pressure. The gallery 13 is connected to the inlet 25 
by way of a restriction 51 and the mechanical connection 
between the valve member 50 and the spring 18 comprises a 
pair of cylindrical members 52, 53 of identical diameters slida 
ble within a cylinder 54. Intermediate its end the cylinder is 
provided with an enlargement 56 which communicates 
directly with the inlet 25 and the enlargement corresponds 
with the division between the members 52, 53. The members 
52, 53 are spaced by means of a projection on the member 52 
and this member is also provided with a circumferential 
groove 55 intermediate its ends. The groove 55 at a predeter 
mined position of the member 52, places the chamber 13 in 
direct communication with the inlet 25. 

In use, when fuel under pressure is supplied to the inlet 25 
the valve member 50 initially lifts to permit flow of fuel at a 
restricted rate through the ori?ce 11. This ?ow of fuel how 
ever produces a pressure drop across the restrictor 51 so that 
the valve member does not lift fully. The fuel pressure within 

.75 the enlargement 56 however moves the cylindrical member 52 
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against the action of the spring 18 and at a predetermined 
position the groove 55 places the gallery 13 in direct commu 
nication with the inlet 25. When this occurs the valve member 
50 is lifted fully by the fuel pressure in the gallery 13 to allow 
fuel to ?ow to the engine at a substantially unrestricted rate. 
When the ?ow of fuel ceases the parts return to their rest posi 
tions under the action of the spring 18. The extent of move 
ment of the member 52 can be limited by a stop 57. 

If desired there may be disposed in the passage between the 
inlet 25 and the chamber 56 a non-return valve 58 incorporat 
ing a restricted passage in its valve member. The provision of 
this valve has substantially no effect during the supply of fuel 
through the passage 25. However, when thesupply of fuel 
under pressure ceases the valve 58 closes and the stored fuel 
in the chamber can only escape at a restricted rate. In this 
manner the closure of the valve member 50 onto the seating 
14 is assured and the risk of the stored fuel being injected into 
the engine is minimized. ' 

Various modi?cations can be made to the system shown in 
FIG. 3 to obtain different delivery curves. In a ?rst modi?ca 
tion the restriction imposed by the restrictor 51 can be made 
to vvary in accordance with the fuel stored in the enlargement 
56 and in a second modi?cation it can be made to vary in ac 
cordance with the pressure drop developed across it. In a third 
modi?cation with the restrictor 51 variable as a function of 
the amount of fuel stored under the spring, i.e. in the enlarge 
ment 56 the groove 55 can be pro?led to constitute a variable 
throttle and in a fourth modi?cation which is a variant of the 
third modi?cation a further restrictor may be placed between 
the enlargement 56 and the inlet 25. This restrictor may be 
?xed or variable in accordance with the pressure ,drop 
developed across it. 

I claim: 
1. A fuel injection nozzle of the kind comprising a nozzle 

head, a supply ori?ce formed in the nozzle head and through 
which fuel ?ows to a combustion space of an internal com 
bustion engine, a bore formed in the head, said bore at one 
end thereof communicating with said ori?ce, a seating de?ned 
at said end of the bore, a valve member slidable within said 
bore and shaped for co-operation with said seating to prevent 
fuel ?ow through said orifice, resilient means for urging the 
valve member into contact with the seating, a a fuel inlet, 
passage means through which fuel under pressure from the 
inlet can be applied to said valve member to lift the valve 
member from the seating against the action of the resilient 
means to permit fuel ?ow through the ori?ce, means disposed 
intermediate the valve member and the resilient means, said 
means de?ning a variable volume chamber to which fuel is 
supplied from said inlet, means for limiting the maximum 
volume of the chamber, a restricted ori?ce through which fuel 
?ows to said chamber from the inlet, the arrangement being 
such that fuel ?owing through the inlet into the chamber ?ows 
at a restricted rate through the restricted ori?ce so that the 
pressure within the chamber is lower than that applied to‘the 
valve member, said fuel acting to increase the volume of the 
chamber by movement of the means disposed between the 
valve member and the resilient means against the action of the 
resilient means, said valve member because of the differing 
pressures applied thereto lifting slightly from the seating to 
allow restricted ?ow of fuel through said supply ori?ce, and 
when said chamber has attained its maximum volume the 
valve member being lifted completely from the seating to 
allow substantially unrestricted ?ow through the supply ori 
?ce. ' ' 

2. A fuel injection nozzle as claimed in claim 1 in which the 
means for limiting the maximum volume of the chamber com 
prises a valve operable to cut off the supply of fuel to the 
chamber. ' 

3. A fuel injection nozzle as claimed in claim 2 including a 
groove formed on the means disposed between the valve 
member and resilient means, said groove communicating with 
said chamber, and a port formed in the wall of the cylinder in 
which the piston member is located, said port communicating 
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4 
with said inlet by way of the restricted ori?ce. the arrange 
ment being that when the piston member has moved a 
predetermined distance the groove will move out of register 
with the port and the volume of the chamber will be limited. 

4. A fuel injection nozzle as claimed in claim 3 including a 
non return valve through which said groove communicates 
with the inlet, said non return valve opening when the supply 
of fuel through the inlet ceases, to permit fuel to escape from 
said chamber. ' 

5. A fuel injection noule as claimed in claim 4 in which the 
degree of restriction offered by said restricted ori?ce is made 
to increase as the speed of operation of the associated engine 
increases. 

6. A fuel injection nozzle as claimed in claim 2 in which said 
means disposed between the valve member and resilient 
means comprises a piston member and a distance piece 
disposed between the piston member and valve member, the 
chamber being de?ned between the piston member and 
distance piece and a port formed in the wall of the bore in 
which the piston member is located, said port being opened to 
the chamber when the piston member has moved a predeter 
mined amount, and the port communicating with one end of a 
cylinder containing a spring loaded valve element, the port 
when opened allowing fuel under pressure to be applied to 
said valve element to move it againstthe action of its spring, 
the valve element when so moved, cutting off the supply of 
fuel from the inlet to the chamber. 

7. A fuel injection nozzle as claimed in claim 6 in which the 
valve element is provided with a restricted opening and 
through which fuel can ?ow to a drain from said chamber 
when the supply of fuel under pressure ceases. 

8. A fuel injection nozzle of the kind comprising a nozzle 
head, a supply ori?ce formed in the nozzle head and through 
which fuel ?ows to a combustion space of an internal com 
bustion engine, a bore formed in the head, said bore at one 
end thereof communicating with said ori?ce, a seating de?ned 
at said end of the bore, a valve member slidable within said 
bore and shaped for co-operation with said seating to prevent 
fuel flow through said ori?ce, resilient means for urging the 
valve member into contact with the seating, a fuel inlet, 
passage means through which fuel under pressure from the 
inlet can be applied to said valve member to lift the valve 
member from the seating against the action of the resilient 
means to permit fuel flow through the ori?ce, a pair of cylin 
drical members, disposed intermediate the valve member and 
the resilient means, a chamber being de?ned between the 
cylindrical members, and the chamber being in constant com 
munication with the inlet, a restricted ori?ce through which 
fuel flows to said supply ori?ce at a restricted rate, and a by 
pass passage through which fuel can ?ow to said supply ori?ce 
at a substantially unrestricted rate when the chamber has at 
tained its maximum volume. 

9. A fuel injection nozzle as claimed in claim 8 including a 
stop to limit the extent of movement of the one cylindrical 
member adjacent the resilient means against the action of the 
resilient means. 

10. A fuel injection nozzle as claimed in claim 9 in which 
said by-pass passage is controlled by said one cylindrical 
member, said member having a groove formed thereon and 
which registers with a pair of ports to complete said by-pass 
passage. 

11. A fuel injection nozzle as claimed in claim 10 including 
a non return valve disposed intermediate the chamber and the 
inlet, saidnon return valve being disposed to close to prevent 
fuel ?owing from the chamber when the supply of fuel ceases, 
a restricted passage being provided to by-pass the non return 
valve to allow fuel to flow from the chamber at a restricted 
rate. 

12. A fuel injection nozzle as claimed in claim 11 in which 
the degree of restriction offered by the restricted ori?ce is 
variable in accordance with the volume of fuel stored in the 
chamber. 
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13. A fuel injection nozzle as claimed in claim 11 in which 
the degree of restriction offered by the restricted ori?ce is 
variable in accordance with the pressure drop across the ori 
?ce. 

14. A fuel injection nozzle as claimed in claim 12 in which 5 

15 

25 

35 

40 

45 

50 

55 

60 

65 

70 

75 

6 
the groove on said one cylindrical member is pro?led to con 
stitute a variable throttle. 

15. A fuel injection nozzle as claimed in claim 14 including 
a restrictor disposed between the chamber and the inlet. 

Ill * II ‘I III 


