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(57) ABSTRACT 
A fuel injection nozzle of the type in which the needle 
valve and spring are eccentric and there is interposed 
between the needle valve and spring a low-mass hol 
low member having excellent bearing relation to the 
spring bore so as to prevent cocking and to enable the 
use of a spring of maximum diameter consistent with 
the diameter of the spring bore and the size of the 
needle valve. 

9 Claims, 3 Drawing Figures 
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FUEL NJECTION NOZZLE FOR INTERNAL 
COMBUSTION ENGINE AND THE LIKE 

BACKGROUND OF THE INVENTION 
Fuel injection nozzles of the "eccentric' type re 

ferred to above are well known, as in the U.S. Pat. to 
Thomson No. 3,499,607 issued Mar. 10, 1970, the 
principal advantage of this type being that the overall 
diameter of the nozzle may be made quite small be 
cause the eccentricity of the needle valve and spring 
enables the use of a fuel passage alongside the spring 
bore. A disadvantage is that the spring does not act in 
perfect axial alignment with the needle valve and 
“cocking' of the parts may result. This cocking result 
may be avoided, according to the Thomson patent, by 
providing substantial guiding surfaces on the needle 
valve, best exemplified in that patent at column 4, lines 
54-75. Nevertheless, it has been found that the Thom 
son design materially increases the mass and thus the 
inertia of the needle valve, and commercial variations 
have resorted to the use of a cup having an annular wall 
affording the requisite bearing surface but at the ex 
pense of seating the spring within the cup, from which 
it follows that a spring of smaller diameter must be used 
and therefore spring force is sacrificed. 
Fuel injection nozzles are in a highly competitive 

field and any savings in cost, etc. are a plus, especially 
if the new design includes increases in value in areas of 
efficiency, manufacture, replacement, servicing, etc. 

SUMMARY OF THE INVENTION 
According to the present invention, the above disad 

vantages are eliminated and many significant advan 
tages are attained by a fuel injection nozzle of the 'ec 
centric' type wherein there is interposed between the 
needle valve and spring a light-weight member that 
does not involve the reduction of spring diameter, nor 
does it entail increase in length, mass, etc., of the nee 
dle valve itself. Fundamentally, the member is hollow, 
light weight and has opposite ends abutting the spring 
and needle valve. No part of the spring-adjacent end of 
the member extends into the spring bore radially of the 
spring and thus the spring may be of a size that tolera 
bly fits the bore; i.e., the spring may be of maximum di 
ameter consistent with the spring bore diameter. Sub 
sidiary features are thin-walled construction, bleed ori 
fices, shouldered assembly, proportional design en 
abling selection of parts of optimum size, maximum ef 
ficiency, etc. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is an elevation of one form of the preferred 

nozzle. 
FIG. 2 is a longitudinal section of the same. 
FIG. 3 is a fragmentary section of a modification. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

The nozzle chosen for purposes of illustration com 
prises a nozzle body 10 having an inner or injection end 
12 and an outer or inlet end 14, the former having a 
needle valve bore 16 in which is disposed a needle 
valve 18 of conventional type in general. The bore 16 
is coaxial with the overall structure of the body 10, and 
the nose end has outlets 20 that are opened and closed 
as the needle valve reciprocates in the bore 16. A 
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Spring bore 22 is generally an extension or elongation 
of the needle valve bore but is eccentric thereto by a 
small amount, as explained in the Thomson patent, 
which enables the use of a fuel passage 24 alongside the 
spring bore and having an inlet end 26 (connected to 
the usual supply line, not shown) and leading to a 
chamber 28 by means of which the high-pressure fuel 
acts on th needle valve in a not unconventional man 
ner. All of this is well known, of course, and the present 
disclosure may be taken as typical of the fuel injection 
nozzle of the type characterized. 
As the needle valve is intermittently displaced axially 

outwardly to inject fuel through the orifices or outlets 
20 and into the typical combustion chamber, it must be 
rapidly returned to seated position by a spring, such as 
that shown at 30. As already elaborated, the spring 
bore 22 is eccentric to th needle valve, and it is likely 
that a "cocking' action will result. This is supposed to 
be 'solved' in the Thomson patent by providing signifi 
cant guiding surfaces between the needle valve and 
needle valve bore. But this results in increasing the size, 
weight and mass of the needle valve, even though it en 
ables the use of a “full-size" spring in the spring bore. 
The problem is that the spring cannot "match' the nee 
dle valve; i.e., the valve becomes so large that a suitable 
spring cannot be adapted to it without increasing the 
overall size of the nozzle body. To state the problem in 
a different way: with a fixed nozzle or needle valve size, 
the spring force must be such as to assure rapid closing 
of the valve so as to avoid the occurrence of fuel drop 
lets and "dribble' at the end of injection, thus reducing 
the emission of soot, unburned hydrocarbons and car 
bon monoxide in the exhaust. Further, any increased 
length of the needle valve entails the possibility of 
bending it, and this would of course impair the efficient 
operation of the entire device. Increased length of the 
needle valve means of course increased mass and this 
leads to the requirement of a larger spring and this in 
turn requires enlargement of the entire body, which 
cannot be tolerated from the cost, etc., standpoints. 
Now, according to the present invention, the above 

requirements are met in a simple and economical man 
ner; namely, by use of a properly sized needle valve, a 
substantially large-diameter spring and retention of the 
overall size of the entire device within acceptable lim 
its. This is largely achieved by the interposition of a 
member 32 between the outer end of the needle valve 
and the proximate end of the spring 30. 
This member is cylindrical and hollow and includes 

a cup-shaped part made up of an annular wall 34 and 
a closed end 36 against which the spring 30 abuts. The 
other end of the cup is internally shouldered at 38 and 
tightly receives an externally shoulder circular end part 
40. The cylindrical surface of the member is finely fin 
ished, as is the interior of the spring bore 22 so that the 
member is accurately guided in the bore as it moves ax 
ially back and forth in response to opening and closing 
of the needle valve. The axial length of the member, 
here preferably on the order of one-third to one-fifth 
that of the needle valve, is sufficient to preclude “cock 
ing" or other misalignment of the member even though 
it is eccentric to the needle valve. Being hollow, the 
member has a small mass and thus low inertia. At the 
same time, its diameter, preferably on the order of four 
times that of the needle valve bore, is sufficiently large 
as to enable the use of a spring having a comparable di 
ameter, all without using a spring of excessive length 
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and without requiring any increase in the overall size of 
the entire device. Preferably, the length of the spring is 
on the order of twice the axial length of the member 34. 
The end 40 has a small bore 42 therethrough and a sim 
ilar bore 44 is provided in the end 36. Fuel leakage past 
the needle valve is accommodated by these bores in 
conjunction with a small hole 46 in the main body i0 
so that fluid buildup within the spring bore is avoided. 

In the modified form shown in FIG, 3, a member 32a, 
like the member 32 except for an axial extension 33 
that fits within the spring 30, functions in the manner 
described above as respects the member 32. The provi 
sion of the extension 33 does not entail the reduction 
of spring diameter as would an inverted cup of the type 
previously referred to herein as a variation of the de 
sign of the Thomson patent. 

I claim: 
1. A fuel injection nozzle of the type in which the axi 

ally reciprocatable needle valve is acted on by a spring 
contained in a spring bore that is eccentric to the nee 
dle valve, characterized in that there is disposed in the 
spring bore an axially reciprocatable member between 
the spring and needle valve, said member being of hol 
low cylindrical form and of substantial axial length so 
as to provide a good bearing surface with the spring 
bore to prevent cocking of the member in the bore, the 
member having axially spaced apart opposite ends, one 
of which abuts the needle valve and the other of which 
is abutted by the spring, the member being of relatively 
light-weight construction so as to reduce weight and 
mass and the spring being of such diameter as to tolera 
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4. 
bly fit the bore whereby to increase its force on the 
member and through the member to the needle valve. 

2. The invention defined in claim in which the 
member end abutted by the spring is free from axial ex 
tensions into the spring bore radially outwardly of the 
spring diameter. 

3. The invention defined in claim in which the 
member is in the form of a cup having an annular wall 
fitting the Spring bore and an integral end abutted by 
the spring and a closure end abutting the needle valve. 

4. The invention defined in claim 3 in which the ends 
of the member have orifices therein. 

5. The invention defined in claim in which the axial 
length of the member is on the order of one-third to 
one-fifth that of the needle valve. 

6. The invention defined in claim 5 in which the 
spring is a coil spring having a normal length of approx 
imately twice that of the member. 

7. The invention defined in claim in which the di 
ameter of the member is approximately four times that 
of the needle valve at the injection end of said valve. 

8. The invention defined in claim in which the 
member has a relatively thin annular wall and relatively 
thin ends. 

9. The invention defined in claim 2 in which the nee 
dle-valve proximate end of the cup-shaped member is 
internally shouldered and the closure is cooperatively 
externally shouldered to fit. 
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