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The present invention relates to a fuel injection device 
for internal combustion engines in which the fuel pump is 
combined with the fuel nozzle to form a unit. 
One of the numerous di?iculties preventing general use 

of a combined fuel pump and nozzle unit is the fact that 
the unit must be placed close to the combustion chamber 
so that the pump is exposed to high temperatures causing 
heating of the pump in addition to heating by the heat 
produced by the work of the pump. 

Other difficulties are caused by the necessity of making 
at least the portion of the pump nozzle unit which is 
proximal to the combustion chamber very small so that 
there is suf?cient space left for other elements which must 
be provided at the same locality, for example, inlet and 
outlet valves. Because of this requirement, the fuel 
pumps of conventional injection devices are spaced from 
the combustion chamber and from the fuel nozzle. This 
involves undesired dead spaces and additional joints which 
must be sealed. 

It is an object of the present invention to provide a fuel 
injection pump and nozzle unit which overcomes the dini 
culties experienced with conventional fuel injection de 
vices by directly and tightly seating a nozzle cap mem 
ber, which have at least one atomizing ori?ce, on the 
guide sleeve for the fuel pump piston. 

In the unit according to the invention only one packing 
‘or seal is needed against the very high pump pressure 
which is of advantage and is available in pump and nozzle 
units. This seal must be tightened only once when the 
device is assembled. All other elements required at the 
high pressure portion of the device are accommodated 
within the nozzle cap member which forms part of the 
high pressure pump chamber. These elements include 
one or more pressure valves, a nozzle valve which may be 
in the :form of a simple check valve or of a back pressure 
valve, :and auxiliary elements serving to supply, dis 
tribute, or whirl the fuel prior to its exit through the 
atomizing aperture or apertures. 
The pump nozzle unit according to the invention is 

additionally improved by cooling the pump chamber by 
means of excess fuel. Since the nozzle cap member is 
in direct contact with the guide for the pump piston, the 
cap member forms a part of the pump chamber and 
bene?ts from the cooling action of the ?owing fuel, there 
being no intermediate parts which interfere with heat 
conduction and heat transfer. The same is the case with 
the elements which are located inside of the nozzle cap, 
particularly the pressure valve and its seat. 
The novel features which are considered characteristic 

of the invention are set forth with particularity in the 
appended claims. The invention itself however and addi 
tional objects and advantages thereof will best be under 
stood from the following description of embodiments 
thereof when 'read in connection with the accompanying 
drawing, in which: - 

Fig. 1 is a longitudinal sectional view of a pump nozzle 
unit according to the invention taken in a ?at plane in 
cluding the vertical axis of the pump nozzle unit; 
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Fig. 2 is a longitudinal sectional view of a modi?ed 

pump nozzle unit according to the invention taken in a 
?at plane including the vertical axis of the pump nozzle 
unit. 

Referring moreparticularly to Fig. 1 of the drawing, 
numeral 1 designates a casing having a cavity 1’ contain 
ing a guide sleeve 2 for a pump piston 3 having an 
upper extension 3'. The lower part of the sleeve 2 is 
provided with a ?ange 4 abutting against an internal an 
nular shoulder 5 of the casing 1. The axial extension 
4' of the ?ange 4 is smaller than the thickness of the wall 
of the sleeve 2 and is so small that the ‘sealing pressure 
applied to the ?ange cannot deform the cylindrical por 
tion 2' of the sleeve. The lower surface 4" of the ?ange 
4 is plain and is abutted by the upper end 6' of a nozzle 
cap member 6. The latter has a substantially cylindrical 
portion 6", a pressure valve 7 and a seat member 8 for 
the pressure valve. Also contained in the cap member 
6 is an intermediate plate 9 which limits the down stroke 
of the valve ‘7, a nozzle valve 10, and an intermediate 
member ll having bores 11’ through which the fuel ?ows 
into a chamber 12 from which the fuel is discharged 
through an atomizing ori?ce 13 in the bottom of the cap 
member 6. 
The nozzle valve 10 has a cylindrical portion 91 and a 

frustoconical portion 90 cooperating with valve seats 14 
and 15, respectively, provided at the lower end 16' of a 
seat element 16, the seat 14 being cylindrical, correspond 
ing to the cylindrical valve portion 91. The valve 10 is 
pulled onto the seats 14 and 15 by means of a coil spring 
17 interposed between the element 16 and a shoulder 10' 
provided on the upper end of the stem 18 of the valve 10. 
The space 13’ between the lower seat 14 and the ori?ce 
13 is small. 
The pump piston 3 is actuated by a tipping lever 19, 

of which only a portion is shown, through a pusher 2t). 
Adjustment is effected by rotation of the piston 3. For 
this purpose a rotatable regulating shaft 21 is provided 
with a worm 2i’ cooperating with a worm. wheel 22' 
forming part of a regulating element 22 mounted on a 
sleeve 23 which is rotatable on a cylindrical upper ex 
tension 1" of the casing l. Interposed between the ele 
ment 22 and the sleeve 23 is a Vernier ring 24 coacting 
with a pin 25 mounted on the element 22 and a pin 26 
mounted on the sleeve 23. The lower end 23' of the 
sleeve 23 is provided with recesses 23" receiving pins 27 
extending radially from a member 28 which is mounted 
on the extension 3' of the piston 3. 
The fuel is supplied through a channel 29 in the casing 

1 which channel communicates with an internal annular 
recess 39. The latter communicates with an inlet port 
31 of an axial channel 32 in the interior of the piston 
3. The lower end 32’ of the channel 32 communicates 
with the pump chamber 33. The latter is formed by 
the interior of the piston guide sleeve 2, the seat mem 
ber 8 of the pressure valve 7, and the upper cylindri 
cal portion of the cap member 6. These parts are, there 
fore, cooled by the cold fuel. At the beginning of the 
working stroke of the piston 3, the inlet port 31 is closed 
because the latter moves below the annular recess 30 
so that the fuel opens the valve 7 and ?ows through 
the valve 10 into the atomizing orifice 13 until a helical 
groove 34 in the piston 3 communicates with a pocket 
35 having a helical edge in the lower end of the pump 
sleeve 2. From this moment the fuel ?ows through the 
groove 34 back into a fuel return conduit 36 in the cas 
ing 1. 

Fig. 2 shows‘ a modified arrangement in which the fuel 
supply to the working space of the pump is terminated . 
by a suction valve 40, the other parts of the pump nozzle 
unit being substantially equivalents of the corresponding 
parts of the device shown in Fig. 1. 
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The device shown in Fig. 2 operates as follows: 
The liquid fuel enters through an inlet element 41 

and passes through a ?lter 43 into a supply channel 44 
in a casing 45. Channel 44 communicates with an in 
ternal annular recess 46 of a pump piston guide sleeve 
47. The recess 46 communicates through ports 43 in a 
pump piston 49 with an axial bore 50 in the piston 49. 
The suction or fuel admission valve 40 closes the lower 
end 50' of the bore 50 and moves relatively to the piston 
49 because of its inertia. Since the pump piston is in 
the outer dead center position during the greater part 
of a revolution of a cam 51 actuating a lever 52 which 
operates the piston 49, the fuel ?ows into the pump 
chamber 53 during the greater part of a revolution of 
the cam 51. The valve 40 is held in the bore 50 by 
a weak spring 54 and the fuel ?ows freely past the 
valve 4%) when the piston is in the outer dead center posi 
tion. The relatively cold fuel cools the sleeve 47, a 
seat member 55 for a pressure valve 56, and a nozzle 
cap member 57. As long as the pump piston is in the 
outer dead center position, the fuel flows through an 
opening 61 in the sleeve 47 into a return bore 58 in 
the casing 45 and through a bore 59 to an outlet ele 
ment 60. 
When the piston 49 is moved towards the inner dead 

center position and has passed the fuel return opening 
61 fuel injection begins and lasts until a helical groove 
62 on the outside of the piston 49 has reached a con 
trol opening 63 in the sleeve 47 so that the pump cham 
ber 53 is relieved through a channel 64. When the pump 
piston 49 begins its outward stroke the suction valve 40 
opens because of its inertia and because of the pressure 
of the fuel entering through the conduits 46 and 48. Fuel 
?ows again through the pump chamber 53, cooling the 
adjacent parts. 
The fuel passing the pressure valve 56 flows to the 

nozzle valve 33. The latter is held in closed position 
by means of a spring 65 until the fuel pressure over 
comes the resistance of the spring. The pressure needed 
for opening the valve 83 is de?ned by the spring 65 and 
by the diameter of the valve seat 66. During the first 
part of the opening movement of the valve 83 the valve 
remains substantially closed because of the provision of 
a cylindrical or piston portion 67 on the valve 83, the 
portion 67 ?tting into a corresponding cavity 68’ in the 
seat member 68. The diameter of the portion 67 makes 
the opening of the valve 83 labile so that at low speed 
and little fuel supply the valve will close after an initial 
opening until su?icient fuel pressure is accumulated for 
reopening the valve. When the valve closes after termi 
nation of the injection the portion 67, because of its 
relatively great diameter, acts as a suction piston re 
lieving the space 69 in the nozzle end of the cap mem 
ber 57 and sucking fuel back from the nozzle ori?ce 70 
for avoiding dripping of fuel which is still under con 
siderable pressure into the combustion chamber. 
The bottom end 47' of the sleeve 47 is provided with 

a ?ange 70 of relatively small axial extension which 
abuts against an annular shoulder 45' in the cavity 45" 
of the casing 45 which cavity receives the sleeve. The 
upper end 57' of the cap member 57 is pressed against 
the ?ange 70 by means of a nut member 71 which is 
screwed into the lower end 84 of the casing 45. Pins 
72 ?tted into suitable radial bores in the casing 45 ex 
tend into suitable recesses 85 in the ?ange 70 as well as 
in the upper end of the cap 57 to prevent relative rota 
tion which is of particular importance when assembling 
and dismantling the device. 
The fuel pressure produced during the working stroke 

of the piston 49 amounts to between 14,220 p.s.i. and 
28,440 p.s.i., depending on the con?guration of the cam 
51, on the tension of the spring 65, and on the size of 
the atomizing ori?ce 70. 

It is a particular advantage of the pump nozzle unit 
according to the invention- that the aforesaid injection 
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pressures, if required by the combustion arrangement of 
the engine in connection with which the unit is used, can 
be employed in plants which are exposed to considerable 
vibrations and the like. 

It is important that escape of fuel between the sleeve 
47 and the piston 49 be prevented. In the embodiment 
shown in Fig. 2 fuel ?owing from the space 53 along the 
piston is received in an annular space 64-’. The pressure 
in the latter is lower than the Working fuel pressure; 
the return ?ow, however, develops sporadic back-pres 
sures which come close to the working pressure of the 
fuel. Fuel ?owing farther upwards along the piston 
49 reaches the annular space 46 into which fuel is sup 
plied and whose pressure is usually not more than 30 p.s.i. 
Even at this low pressure fuel passes along the piston. 
This fuel is caught in an annular groove or recess 73 in 
the sleeve 47 from which it is removed through a con 
duit 74 which is separated from the fuel supply conduit 
44 as well as from the fuel return conduit 59. This 
separation is important as otherwise the pressure in the 
conduits 44 or 58 reaches the leakage chamber 73 and 
forces fuel out of the pump nozzle unit. 
For obtaining a tight seal against leakage of fuel 

collected in the recess 73 the sleeve 47 is provided with 
' two annular steps 86 and 87, one below and one above 

the recess 73. The steps are opposed to corresponding 
annular shoulders 88 and 89 in the cavity of the casing 
45. Packings 75 and 76 are pressed between the op 
posed steps and shoulders. The packings must resist the 
fuel and must be elastic. They are preferably made of 
pure aluminum, i.e., of a material containing about 99% 
aluminum. 

It has been found of advantage to provide the upper 
packing 75 with a greater initial tension than the lower 
packing 74. 

Since the pump nozzle unit requires a fuel supply 
conduit and a fuel return conduit, and, in addition, a 
third conduit for low pressure leakage fuel, a special 
column member 77 has been provided accommodating 
three conduits and extending outside of the cover 78 for 
the engine cylinder head, a fuel supply nipple 79 and 
return and leakage nipples being screwed into the top 
of the column 77. 
The pump nozzle unit is held on the engine cylinder 

head 30 by means of a bracket 81 which presses against 
the casing 45. The latter presses through the cap mem 
ber 57 and the nut member 71 against a soft packing 82 
resting on the cylinder head and sealing the combustion 
space against the pump nozzle unit. 
What is claimed is: 
1. A fuel injection unit for internal combustion en 

gines, comprising a casing, a pump including a sleeve 
member disposed in said casing, a pump piston recipro 
cable in said sleeve member, a nozzle means including 
a member having a hollow substantially cylindrical por 
tion extending into said casing and placed coaxial of and 
endwisely abutting said sleeve member, an annular 
groove in said sleeve member opposite the portion of 
said piston which is distal of said nozzle means for 
receiving fuel leaking along said piston, the outside of 
said sleeve member being provided with two axially 
spaced annular steps, one of said steps being on a radial 
plane below said groove, the other of said steps being 
on a radial plane above said groove, said casing being 
provided with two axially spaced annular steps placed 
opposite the steps on said sleeve member, leakage re 
moval conduit means in said casing and extending be 
tween said steps, and packing rings individually placed 
between the opposed steps of said sleeve member and of 
said casing. 1 

2. A fuel injection device according to claim 1 in 
which said packing rings are made of substantially 99% 
pure aluminum. 

3. A fuel injection device according to claim 1 in 
cluding a column member laterally connected with said 
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casing, said column member being provided with a leak 
age fuel removal channel connected with said leakage 
conduit means, a fuel supply channel for conducting fuel 
to said pump, and an excess fuel return channel for re 
turning excess fuel from said pump. 

4. A fuel linjection device according to claim 3 includ 
ing a ?lter element placed in at least one of said 
channels. 

5. A fuel injection unit for internal combustion en 
gines, comprising a casing, a sleeve in said casing, a 
hollow pump piston reciprocal in said sleeve, a fuel 
supply conduit extending through said casing and 
through said sleeve, a port in said piston for admitting 
fuel from said conduit into the interior of said piston, a 
nozzle cap member secured in said casing and abutting 
against said sleeve and forming a pump chamber with 
said sleeve, the interior of said piston communicating with 
said chamber, a fuel return conduit communicating with 
said pump chamber and extending through said sleeve and 
said casing and being controlled by said piston for re 
turning excess fuel from said chamber upon a predeter 
mined position of said piston for cooling said cap 
member, and a valve disposed in the hollow of said 
piston for closing the hollow of said piston against said 
pump chamber. 

6. A fuel injection unit for internal combustion en 
gines, comprising a pump including a sleeve member, and 
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a pump piston reciprocable in said sleeve member, a 
nozzle cap member having a hollow cylindrical portion 
coaxial of said sleeve member and endwisely abutting 
against said sleeve member, said cap member having a 
bottom provided with a fuel atomizing ori?ce, a pres 
sure valve disposed in the cylindrical portion of said cap 
member and adapted to receive fuel from said sleeve 
member, and a nozzle valve placed in the cylindrical 
portion of said cap member opposite said ori?ce and 
receiving fuel from said pressure valve; said nozzle valve 
including a seat member having a seat and a bore adja 
cent to and having a greater diameter than said seat, 
said valve member having a frustoconical portion adapted 
to seat on said seat, said valve member having a cylin 
drical portion extending from the greater diameter end 
of said frustoconical portion and ?tting into said bore. 
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