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The present invention relates to a fuel injection valve, 
more particularly, to such a valve which can be mounted 
within the open end of a fuel line. 
The conventional fuel injection valve comprises a valve 

body and its operating components which valve is then 
suitably connected to the end of a fuel line. The valve is 
positioned on the engine in such a manner that the valve 
opening will periodically spray fuel into the combustion 
chamber of the engine. 
While many forms of such injection valves have been 

devised such valves have all been characterized by com 
prising a separate unit which is mounted to the end of 
a fuel line leading from the fuel injection pump mounted 
on the engine. Such valves tend to be complex in struc 
ture thereby increasing maintenance problems and thus 
being relatively expensive to manufacture. 

It is therefore the principal object of the present in 
vention to provide a fuel injection valve which can be in 
serted into the open end of the fuel pressure line. 

It is a further object of the present invention to provide 
a simpli?ed but inexpensive fuel injection valve which is 
mounted within the fuel line in such a manner that the 
fuel line comprises the valve body of the valve. 
The objects of the present invention are achieved by 

utilizing that portion of the fuel line adjacent the open 
end thereof as the valve body. A needle valve is slidably 
retained within the fuel line and opens toward the direc 
tion of the ?ow of fuel therethrough. Mounted on the 
other end of the needle valve is a valve member which is 
engageable with the open end of the fuel line which 
thus de?nes a valve seat. To urge the valve member 
against the valve seat and to thereby close the open end 
of the fuel line there is provided a spring member having 
a substantially stirrup-shape. The free ends of the spring 
member are attached to openings made in the outerwall of 
the fuel line and the closed end of the spring member is 
again bent to engage the valve member. 

Structure is provided to retain the free ends of the 
spring member in position on the valve body and struc 
ture is also provided in the bore of the fuel line to retain 
the needle valve therein when the spring is removed. 

Other objects and advantages of the present invention 
will be apparent from the accompanying description when 
taken in conjunction with the following drawings which 
are in greatly enlarged scale wherein: 
FIGURE 1 is a side view of the fuel injection valve of 

the present invention; 
FIGURE 2 is a longitudinal sectional view taken along 

the line II—II of FIGURE 1; 
FIGURE 3 is a transverse sectional view taken along 

the line III—-III of FIGURE 2. 
With reference to the drawings wherein like reference 

symbols indicate the same parts throughout the various 
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2 
views a speci?c embodiment of the present invention will 
be described in detail. A fuel line whose end portion is 
utilized as the valve body of the fuel injection valve of 
the present invention is indicated at 1 with the bore of 
the fuel line having an enlarged diameter as indicated at 
2 adjacent the end of the line. 
A needle valve which is indicated at 3 is slidably mount 

ed within the enlarged bore 2 and comprises two sections 
4 and 5 each of which has a cruciform cross-section as 
may be seen in FIGURE 3. The forward end of the 
valve section 4 is pointed as indicated at 4a and points 
toward the direction from which the fuel in the fuel line 
flows as indicated by the arrow 19‘. The two valve sec 
tions 4 and 5 are separated by an annular groove 6. 
The needle valve 3 is provided with a valve member 

7 at its discharge or outlet end. The valve member 7 
is urged by means of a spring 8‘ into closing position 
against a valve seat 9 which is formed at the open end 
of the valve body 1. 

Reference to FIGURES 1 and 2 shows that the spring 
8 is substantially U-shaped with the two legs indicated at 
11 being in divergent relationship to each other and the 
free ends of the legs being bent at substantially right angles 
as shown at 10. The closed end of the spring indicated 
at 8a is bent upwardly as may be seen in FIGURE 1 and 
is received within a recess 7w made in the end of the valve 
member 7. The closed end 802 of the spring thus urges the 
valve member 7 against the valve seat 9‘ to close the 
valve. This closed position of the valve as illustrated in 
the drawings is the normal position thereof, and the valve 
is opened in a manner to be subsequently described. 
The bent ends 10 of the spring 8 are inserted into radial 

ly positioned transverse bores 12 which are substantially 
opposed to each other. These bores 12 terminate short 
of the valve body bore 2. 
To retain the spring ends 10‘ within the bores 12 a 

tubular casing 14 is mounted upon the valve body 1. 
The tubular casing is secured to the valve body by ?tting 
an annular groove 13 thereof made adjacent one end of 
the tubular casing into an annular recess 16 formed in 
the outer wall of the valve body. The other end of the 
tubular casing is provided with a pair of enlarged portions 
15 which receive the bent ends of the spring member as 
may be seen in FIGURE 2 and retain the bent ends within 
the bores 12. 
There are also provided two additional radial bores 17 

in the valve body 1 and extending toward the bore 2 but 
terminating short thereof. The bottoms of these bores 
as indicated at 18 are bulged inwardly toward the center 
of the bore 2 so as to extend into the annular groove 6 
of the needle valve 3'. These bottoms which are bulged 
after the needle valve has been inserted retain the needle 
valve within the bore 2 in the event the spring 8 is broken 
or removed. While two bores 17 have been shown it is 
pointed out that even one bore may be su?icient or in 
some cases more than two bores may be employed. 
The fuel which is to be inected into the combustion 

chamber of the engine is supplied to the injection valve 
by means of a fuel injection pump (which is not illus 
trated in the drawings) in the direction of the arrow 19. 
As soon as the fuel pressure exceeds the locking pressure 
retaining the valve member 7 in closed relationship upon 
the valve seat 9 the valve member will be lifted from 
its valve seat to permit the injection of the fuel into the 
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engine. The pressure with which vthe valve member is 
held in closed position is determined by the force of 
the spring 8. 
As soon as the fuel pressure decreases below the clos 

ing force of the valve member '7, again determined by 
the force of the spring 8, the valve member will close 
against its valve seat § under the action of spring 8. 

In the embodiment of the valve member 7 and valve 
seat 9 as illustrated and disclosed herein the closing pres 
sure of the valve member differs only slightly from the 
opening pressure. 

I Because of the small size of the needle valve 3 and 
the components thereof the mass of the needle valve will 
be quite small. As a result the valve member 7 Will 
open and close very rapidly during the injection process. 
As a result a satisfactory spraying of the fuel into the 
combustion chamber of the engine is obtained with the 
fuel injection valve of this invention. 
H Further, in view of thelow mass of the injection valve 
disclosed herein the valve member can rapidly follow 
the ?uctuations in fuel pressure as established by the fuel 
injection pump. 
Thus it can be seen that the present invention discloses 

a simpli?ed yet effective fuel injection valve for the in 
jection of fuel into an engine directly from the fuel line. 
The injection valve can be readily inserted into the open 
end ‘of a fuel line and the entire construction is so simple 
that the manufacturing expenses of such a valve are 
held to a minimum. 

It is to be borne in mind that although the present 
valve is particularly adapted for a fuel injection line this 
valve construction is susceptible to a wide variety of 
applications. 

It Will be understood that this invention is susceptible 
to modi?cation in ‘order to adapt it to different usages and 
conditions, and, accordingly, it is desired to comprehend 
su'ch modi?cations within this invention as may fall with 
in the scope of the appended claims. 
What is claimed is: 
1. A ‘valve comprising a valve body having an axial 

bore therein and opening at one end of said body to de 
?ne a valve seat, a needle valve slidably mounted in said 
bore and having a valve member engageable with said 
valve seat, and a substantially U-shaped spring with the 
closed end thereof being bent, the open end .of said spring 
being attached to said valve body and the bent cloned 
end engaging said valve member to urge the same against 
said valve seat to close ‘the valve. 

2». A valve comprising a valve body having an axial 
bore therein and opening at one end of said body to de 
?ne a valve vseat, there being a pair of radially extending 
recesses in said valve body, a needle valve slidably 
mounted in ‘said bore and having a valve member ‘en 
gage'able with said valve seat, and a substantially U 
shaped spring with the closed end thereof being bent, the 
open end of said spring vconsisting of tWo free ends which 
are inserted "into said radially extending recesses to attach 
the spring to the valve body and the bent closed end 
engaging said valve member to urge the same against 
said valve vseat to close the valve. 

3. A valve comprising a valve body having an axial 
bore therein and opening at one end of said body to 
de?ne a valve seat, there being a pair of radially extend 
ing recesses in said valve body, a needle valve slidably 
mounted in said bore ‘and having a valve member engage 
able with said valve seat, an elongated spring element 

‘ bent into substantially a U-shape with the closed portion 
of the U-shape being bent and the free ends of said spring 
elements‘being bent substantially at right angles, the bent 
free ends of said spring element being‘positioned in said 

' radially extending recesses to attach the spring element 
to the valve body and the bent closed portion of the 

‘ spring element engaging said valve member to urge the 
same against said valve seat to close the valve. 
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4. A valve comprising a valve body having an axial 

bore therein and opening at one end of said body to de 
?ne a valve seat, there being a pair of radially extend 
ing recesses in said valve body, a needle valve slidably 
mounted in said bore and having a valve member engage 
able with said valve seat, an elongated spring element 
bent into substantially a U-shape with the closed portion 
of the U-shape being bent and the free ends of said spring 
element being bent substantially at right angles, the bent 
free ends of said spring element being positioned in said 
radially extending recesses to attach the spring element 
to the valve body and the bent closed portion of the 
spring element engaging said valve member to urge the 
same against said valve seat to close the valve, and a 
tubular casing mounted on said valve body with one 
end of said casing being positioned over the bent free 
ends of said spring element to retain said bent ends within 
said recesses. 

5. A valve comprising a valve body having an axial 
bore therein and opening at one end of said body to de?ne 
a valve seat, a needle valve slidably mounted in said bore 
and having a valve member engageable with said valve 
seat, there being an annular groove around said needle 
valve, ‘a substantially U-shaped spring with the closed end 
thereof being bent, the open end of said spring being at 
tached to said valve body and the bent closed end engaging 
said valve member to urge the same against said valve 
seat to close the valve, there being projections on the Wall 
of said bore and extending into said annular groove to 
retain said needle valve within said bore when said spring 
is removed. 

6. A valve comprising ‘a valve body having an axial 
bore therein and opening at one end of said body to de?ne 
a valve seat, a needle valve slidably mounted in said bore 
and having a valve member engageable with said valve 
seat, there being an annular groove around said needle 
valve, asnbstantially U-shaped spring with the closed end 
thereof being bent, the open end of said spring being at 
tached to said valve body and the bent closed end engag 
ing said valve member to urge the same against said valve 
seat to close the valve,there being at least one additional 
radial recess in the valve body with the bottom of said 
additional recess bulging into said annular groove to re 
tain said needle valve Within said bore When said spring 
is removed. 

7. A valve comprising 'a valve body having an axial 
bore therein and opening at ‘one end of said body to define 
a valve seat, there being a pair of radially extending re 
cesses in ‘said valve body, a needle valve slidably mounted 
in said bore and having a valve member engageable with 
said valve seat, there ibeing an annular groove around said 
needle valve, an elongated spring element bent into sub 
stantially a U-shape with the closed portion of the U-shape 
Ibei-ng bent and the free ends of said spring element being 
bent substantially at right angles, the bentfree end-s of 
said spring element being positioned in said radially ex 
tending recesses to attach the spring element to the valve 
body and the bent closed portion of the spring element 
engaging said valve member to urge the same against said 
valve seat to close the valve, there being at least one ‘ad 
ditional radial recess in said valve ‘body ‘with the bottom 
of said recess bulging into said annular groove to retain 
said needle valve Within said bore when said spring is 
removed. 

v8. A valve comprising a valve body having an axial 
bore therein and opening at one end of said body to de?ne 
a valve vseat, there being an opposed pair of radially ex 
tending recesses in the outer wall of said valve body, a 
needle valve slidably mounted in said bore and having a 
valve member on one end thereof engageable with said 
valve seat, there being an annular ‘groove around said 
needle valve, an elongated spring element bent into sub 
stantially a U-shape Iwith the closed portion of the U 
shape again being bent and the free ends of said spring 
element being bent at substantially right angles, the bent 
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closed portion of said spring element engaging said valve 
member to urge the same against said valve seat to close 
the same and the bent free ends of said spring element i 
being positioned in said recesses to attach the spring ele 
ment to the Ivalve body, a tubular casing fastened upon 
said valve body with one end of said casing having en 
larged portions ‘therein with ‘said enlarged portions being 
positioned over the bent free ends of said spring element 
to retain said ends ‘Within said recesses, there being at 
least one transversely extending bored recess into the Wall 
of said valve body but terminating short of said bore With 
the bottom of the recess adjacent said bore Ibeing bulged 
into said annular groove to retain said needle valve within 
said bore when said spring element is removed. 
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9. In combination with the open end of a tubular fuel 

line, a needle valve slidably retained Within said tubular 
line and having a valve member engageable with the open 
end of said line, 1a substantially U-shaped spring with the 
closed end thereof being bent, the open end of said spring 
being attached to the outer wall of said fuel line and the 
bent ‘closed end engaging said valve ‘member to urge the 
same ‘against said vfuel line open end to ‘close the line. 
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