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10 Claims. 
This invention relates to fuel nozzles and more 

particularly to fuel nozzles for internal combus 
tion engines and it is an object of this invention 
to provide an improved fuel nozzle of the type 

5 described which will give a quick and positive 
initial opening movement when the fuel pressure 
reaches a predetermined value, and which shall 
thereafter give a gradual further opening move 
ment with further increases of the fuel pressure. 

0. It is also an object of this invention to provide a 
fuel nozzle having the opening movement of the 
fuel control valve and the member cooperating 
with the discharge orifice of the nozzle in deter 
mining the characteristics of the fuel discharge opposed by a spring means of such character 
istics that the desired rates and extent of move 
ment of the valve and member are secured at 
each fuel discharge operation, the spring means 
being of such construction that spring means of 

20 different characteristics may be readily manu 
factured for use with fuel nozzles having orifices 
and members arranged to provide fuel dis 
charges having different characteristics. It is 
also an object of this invention to provide a fuel 

25 nozzle having its initial opening controlled by a 
Spring having a characteristic such that but 
slight change in the pressure of the fuel is nec 
essary to increase the nozzle opening to the de 
sired extent once the nozzle is opened, and it is 

30 a further object of this invention to provide a 
fuel nozzle of such construction that the char 
acteristic of the controlling springs of the nozzle 
will change after a predetermined opening of the 
nozzle. It is a further object of the invention to 

35 provide a nozzle having a valve and an orifice 
controlling stem and controlling springs therefor 
which give an accelerated initial movement of 
the valve and stem for a predetermined distance 
from the position at which the valve is closed and 
a retardation of the movement thereafter. It is . 
a further object of this invention to provide a 
fuel nozzle of such construction that various 
combinations of controlling springs may be made 
conveniently so as to provide spring character 
istics suitable for various nozzle valve and orifice 
proportions and arrangements and changes may 
be conveniently made to vary the characteristics 
of the spray delivered to suit variations of engine 
requirement. - - 

It is also an object of this invention to provide 
a fuel nozzle of the type described of such con 
struction that, it may be assembled and adjusted 
at the factory and mounted in the holder so as 

5 to be applied to an engine cylinder without neces-. 

(C. 299-10.6) 
sitating or causing any change in the adjustment 
of the nozzle. t 

In the drawings: 
Fig. 1 is a view showing the relation of a fuel 

nozzle in accordance with this invention to its 5. 
holder and the retainer nut for securing the 
nozzle to the holder, the nozzle being shown in 
elevation and the holder and retainer nut being 
shown in longitudinal section; 

Fig. 2 is a vertical sectional view drawn to a lo 
larger scale, of a holder, retainer nut and nozzle 
such as are shown in Fig. 1, part of the holder 
being broken away; n 

Figs. 3 and 4 are views similar to Fig. 2 of 
modified constructions; 

Fig. 5 is a view similar to Fig. 2 of a further 
modification of the controlling spring structure, 
part of the stem of the fuel controlling valve 
being shown in Section; 

Figs. 6, 7, 8 and 9 are fragmentary sectional 20 
views showing further modifications of the fuel 
controlling valve and Orifice of the nozzle; and 

Fig. 10 is a view showing curves which illus 
trate, diagrammatically, the operating charac 
teristics of some control springs of the type used 25 
in nozzles in accordance with this invention. 

In the constructions shown in the drawings the 
nozzle is arranged to be assembled as a unit and 
secured by a retainer nut to the holder body 
member which secures it in position in the engine 80. 
cylinder wall. In Figs. 1 and 2 of the drawings 
a nozzle is secured by a retainer nut 2 to a 
holder body member or holder 3 which is threaded 
as at 4, for engagement with the engine cylinder 
wall and, as at 5, for securing to the holder the 35 
pipe (not shown) through which the fuel is sup 
plied to the central passage 6 of the holder. The 
fuel flows through the passage 6 to the chamber 
formed by recesses in the holder 3 and the 

nozzle and which is in communication with the 40 
nozzle . . 
. The nozzle comprises a tip member 8 shoul 
dered, as at 9, for engagement by the retainer 
nut 2 and having a flange portion 0 forming a 
recess at its inner end which forms part of the 45 : 
chamber 7. The flange portion fo of the tip 
member 8 is held seated against a correspond 
'ing fiange portion 2 of the holder 3 by the 
retainer nut 2. The tip 8 is centrally bored, as 
at 4, and has fitted therein a valve stem is 60 
which is threaded at its inner end fe and has a 
conical valve portion 20 at its outer end which 
cooperates with a corresponding surface a on 
the tip, member 8 in controlling the discharge 
from the bore. 4. Threaded on the end B of the 



10 

2 
stem is a nut 22 which is externally threaded 
to receive a nut 24. The nut 22 projects beyond 
the nut 24 in both directions and is slotted at . 
both ends, at its upper end to receive a suitable 
tool for adjustment and at its lower end to per 
mit the flow of fuel. At its lower end the nut 
22 is also shouldered, as at 26, to form a seat for 
a spring wire ring 28 which fits about the nut 22 
and, in certain positions of the sten 6, bears 
upon the inner edge of an annular disk spring 30 
the outer edge of which rests upon a spring wire 
ring 32 fitting the recess in the tip B. The Outer 
nut 24 is also slotted to permit the passage of 
fuel and on its lower face is provided with an 
annular rib or projection 24a arranged to bear 
upon the inner edge of a spring member 34 
formed of a plurality of initially cupped annular 
spring disks and supported at its outer edge upon 
a spring wire ring 36 which is carried by the outer 
edge of the spring member 30. The spring men 
ber 34 determines the fuel pressure at which the 
nozzle begins to spray fuel into the engine cyl 
inder and the disks thereof, which are initially 
cupped towards the nut 24, are placed under an 
initial pressure by the nut 24, the pressure of 
the nut being such that the disks are substan 
tially flattened, as shown in Fig. 2, before fuel 
pressure is applied to the nozzle. 
The construction of the nozzle is such that 

there is an unbalanced area subjected to the fuel 
pressure acting in a direction to Open the valve 
when fuel under pressure is supplied thereto. 
When the fuel pressure is sufficient to open the 
valve, the spring disk member 34 yields, permit 
ting the nuts 22 and 24 and stem to move 
downwardly until the wire ring 28 on the nut 22 
rests upon the spring disk 30 and fuel to flow 
through passage 6 in the holder 3 to chamber 
7, through the slots in the nuts 22 and 24 to the 
underside of the disk 30 and through passages 
Ba and 8b in the tip 8 to the bore 4 at the re 
duced portion 6a of the stem to be discharged 
as an annular spray between the conical surface . 
20 on the stem fs and the cooperating surface 
4a at the mouth of the bore f4 in the tip 8. 
A spring such as the cupped spring disks of 

the spring member 3 can have a deflection to 
spring reaction relation which follows the curve 
A of Fig. 10. As shown in this curve, the spring 
reaction for a given deflection, starting with the 
spring unstressed, increases until a predeter 
mined deflection is attained, whereupon the 
spring reaction decreases until a further prede 

65 

75 

termined deflection is attained, after which the 
spring reaction increases as the spring deflec 
tion is increased. In practice, the nut 24 is ad 
justed so that, with the conical portion 20 of the 
stem is seated on the cooperating surface 4d 
On the tip 8 the disks of spring member 34 are 
deflected to such an extent that their reaction 
is shown by the portion of the curve A adjacent 
the point p. At this point in its deflection the 
Spring member has a negative characteristic, that 
is, the Spring reaction decreases with an increase 
in the spring deflection. When a spring having 
a negative characteristic is overcome by substan 
tially constant or increasing hydraulic pressure 
and the valve controlled by said spring thus 
opened, the resistance of the spring decreases 
as the opening movement of the valve progresses 
So that the valve opens with a quick and con 
tinually accelerated movement. If, for example, 
the valve starts to open when the fuel pressure 
is built up to a value corresponding to the ver 
tical ordinate of the point p on curve A and the 
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fuel pressure is thereafter held COnstant, as indi 
cated by line pr, the resistance of the spring 
fails off along the line pg and the excess Of the 
fuel pressure over the spring reaction increases 
as the opening movement of the valve continues. 
This increase in the effective opening pressure ac 
celerates the opening movement of the valve as 
the opening movement continues. In the case of 
the construction shown in Fig. 2 the accelerated 
movement of the valve due to the negative char 
acteristic of the spring member 34 is aided by an 
increase in the unbalanced area of the structure 
subjected to fuel pressure in a direction to aid 
the opening movement of the valve immediately 
upon the start of such opening movement but 
such increase in the effective area is not neces 
sary for accelerated operation of the valve in 
view of the action of the Spring member 34. 
Where the design of the valve and stem is such 

that there is a large increase in the unbalanced 
pressure tending to accelerate the opening move 
ment of the Wave and stem once the valve is 
opened, the design of the spring means opposing 
the opening movement of the valve and stem 
may be such that instead of having the resistance 
of the spring means decrease during the initial 
opening movement of the valve, as described 
above, the resistance of the spring means may 
remain substantially constant or increase slightly 
during the initial opening movement of the valve. 
Where the resistance of the spring means in 
creases during the initial Opening movement the 
increase during this stage of the deflection of 
the spring means is less than in the initial and 
final stages of the deflection of the spring means 
so that the characteristic curves for the various 
spring means have the same rapid increase at 
the initial and final portions as in curve A of 
Fig. 10 but the intermediate portions of the 
curves differ in being either downwardly in 
clined as shown or substantially flat or slightly 
upwardly inclined where the resistance does not 
change or increases slightly. Changes in the 
spring characteristics are brought about prefer 
ably by varying the extent to which the disks are 
cupped in their unstressed condition and by 
varying the thickness of the disks, or both. A 
disk of spring stock .010' thick, 54.3' outside 
diameter, .259' inside diameter and cupped about 
.025' from the flat condition gives a spring hav 
ing a negative resistance portion in its charac 
teristic curve as in curve A. By gradually de 
creasing the extent of the cupping while at the 
same time gradually increasing the thickness of 
the disk the degree Of the decline of the center 
portion of the characteristic curve can be gradu 
ally decreased and eventually changed to a slight 
incline. A spring with a negative resistance 
characteristic as described is, however, the pre 
ferred form of the invention and is used to illus 
trate various constructions in accordance with 
the invention but it is to be understood the in 
vention is not limited thereto. 
While a quick opening movement of the valve 

is desirable until the opening is sufficient to give 
the character of spray desired, the movement of 
the valve must be checked at or just before such 
opening is reached and thereafter it is generally 
desirable that a further enlargement of the spray 
opening occur only in response to increased pres 
sure on the fuel. In the construction of Fig. 2, 
the checking of the opening movement of the 
valve and its further gradual opening in re 
Sponse to increases in the pressure of the fuel is 
provided for by the spring 30, the point in the 
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opening movement of the valve at which the 

5 

20 

the springs 34 and 30 for a further movement of 

5 

30 

4) 

spring 30 is engaged being determined by the 
thickness of the spring wire ring 28 on the nut 
22. Varying the thickness of the ring 28 per 
mits of the inner nut 22 being adjusted so that 
the slotted end thereof may limit the Opening 
movement of the valve by engagement with the 
inner surface of the tip 8 and also engaging the 
spring 30 at the desired point in its movement. 
The spring 30 shown is initially uncupped and its 
reaction increases with the deflection. For a 
disk substantially of the proportions shown in 
Fig. 2 the curve of this relation does not differ 
greatly from the straight line characteristic of 
a typical helical spring but it does have an ap 
preciable curvature, as shown by curve B of Fig. 
10. The curve B when displaced so that the 
curve of the spring 30 begins at a point corre 
sponding to the deflection of the spring 34 at 
which the spring 30 is contacted by the spring 
ring 28 is shown at B' and the combined effect of 

the stem O in response to increased fuel pres 
sure is shown by the curve C extending from the 
point g on the curve A, point g being the point 
at which the spring ring 28 contacts with the 
spring 30. 
While it is preferred to have the spring 30 

initially flat, it may be cupped in a direction such 
that an increase of pressure increases the cup 
ping if quicker retardation of the movement of 
the stem and a more rapid increase in pressure 
for further movements of the stem are desired. 

as the spring 30 be cupped so that increases in 
pressure decrease the cupping at first and then 
increase it there will be a somewhat greater sud 
denness of initial retardation and a less gradual 
further movement of the stem during the first 
part of Such further movement. 
in the modification shown in Fig. 3, a nozzle 

tip 40 is secured to a holder 42 by a retainer 
nut 44 which is flanged, as at 45, to engage the 
outer one of the inserts 46 and 47, which are 

45 
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fitted in a recess in the outer end of the tip 40, 
and secure the inserts in position and the tip 40 
in engagement with the holder 42. Both the tip 
40 and the holder 42 are recessed to form a cham 
ber 48 which is in communication with a source 
of fuel supply through the passage 49 in the 
holder. The tip 40 is centrally bored, as at 50, 
to receive a slotted valve stem 52 which is thread 
ed, as at 54, on its inner end and is provided with 
a valve portion 56 at its outer end. Threaded 
on the valve stem 52 is a nut 58 which is ex 
ternally threaded to receive a slotted nut 60 
having a shoulder 6 forming a seat for the outer 
edge of a disk spring 62 the inner edge. of which 
bears upon a spring wire ring 63 supported upon 

0. 

70 
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the inner edge of a second disk spring 64. The 
disk spring 64 is supported at its outer edge by 
a spring wire ring 65 which rests upon the outer 
edge of a spring member 66 supported at its 
outer edge upon a spring wire ring 67 fitted in 
the recess in the tip 40. The inner edge of the 
spring member 66 is positioned in the path of 
a shoulder 58a on the nut 58 to be engaged thereby 
upon a predetermined deflection of the spring 

: disks 62 and 64 and movement of the stem 52. 
Movement of the stem 52 is limited by engage 
ment of the tip 40 by the nut 58. The spring disk 
62 is uncupped and has a characteristic curve 
such as the curve D of Fig. 10 while the disk 64 
is cupped and has a characteristic curve such 
as curve A of Fig.10. Combined, their character 
istic curve is as curve E of Fig. 10. Spring mem 

ber 66, formed of a plurality of uncupped disks, 
has a characteristic curve similar to curve B while 
the combined characteristics of the three springs 
during the portion of the stem movement after 
the spring 66 is engaged is indicated by curve 
F. The characteristics of the combined springs 
62 and 64, are such, it will be noted, as to give an 
extremely rapid opening movement of the valve. 
The valve portion 56 has a conical valve stir 

face 68 which cooperates with a correspondingly 
shaped surface at the lower end of the bore 50 
to control the flow of fuel to the discharge Open 
ing in the outer insert 46. The inner insert - 
is provided with a recess or opening 69 to receive 
the valve portion 56, the opening 69 having a cy 

3 

0. 

5 
lindrical portion as at 47a of reduced diameter . 
to cooperate with a cylindrical portion Oa of the 
reduced end portion 70 of the stem 52, while the 
outer block has a tapered discharge opening in 
which is the oppositely tapered end 70b of the 
end portion 70. The cylindrical portion 70a of 
the portion 70 is of less diameter than the body of 
the stem 52 and, in cooperation with the tapered 
opening, determines the nature of the spray dis 
charged by the nozzle. In this case the rapidly 
accelerated part of the valve movement before 
the secondary spring 66 becomes effective, pref 

20 

25 

erably is completed while the cylindrical portion 
Oa of the end of the stem is within or partly 

within the cooperating small diameter cylindri 
cal surface at 47a of the member 4, but is suff 
cient to provide an open area past the valve at 
68 greater than the cylindrical annular orifice 
between the end 70 of the stem and the member 
47. The restriction to the flow of fuel, therefore, 
is thereafter that of the cylindrical annular ori 
fice until the inner edge of the cylindrical Surface 
70a of the end portion 70 of the stem approaches 
the outer edge of the cooperating cylindrical Sur 
face 47a. The effect is thus to provide an orifice 
of fixed area made quickly effective by the rapidly 
accelerated initial movement of the stem, and, 
within a limited further movement of the stem, 
to provide a varying orifice opening, gradually 
increasing in area in response to a gradually in 
creasing. hydraulic pressure during the final 

30 
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movement of the stem. In this case when the 
valve 56 cracks sufficiently to leak a small amount 
of fuel, but insufficiently to build up pressure in 
the conical annular space adjacent the underside 
of the part 56 of the stem, the valve seat surface 
will be added to the stem area previously active 
to open the valve. The effectiveness of the valve 
seat surface for this purpose is enhanced by the 
addition of a groove 7, which insures distribu 
tion of pressure thereabout. After the valve seat 
opens, however, and the effective restriction is 
at the outer surface of the end 70, there is a con 
siderable back pressure against the valve portion 
56 tending to close the valve and the surface 
acted upon hydraulically to open the valve is 
much less than before the valve opening move 

50 

55 

ment began. This negative hydraulic differen 
tial, however, is compensated for by the use of 
the spring combination shown, which provides a 
very steeply declining characteristic curve adja. 
cent p’ q' of curve E of Fig. 10. Fuel passes 
through passage 49 to the chamber 48, through 
the slots in the nuts. 60 and 58 to the bore 50 in 
the tip 40 adjacent to reduced portion 52a of 
the stem 52, and upon opening of the valve 
through the slots 52b in the stem 52 past the 
valve surface 68, valve portion 56 and the end 
portion 70 of the stem 52 and through the dis-. 
charge opening in the outer insert 46. This con 

70 

5 
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4. 
struction, it will be noted, permits of the annu 
lar discharge opening having a large thickness 
radially irrespective of the size of the stem, 52. 

In the modification shown in Fig. 4, the tip is 
divided into an inner portion 75 and an outer 
portion 76, the outer portion being shouldered 
to be engaged by a retainer sleeve 77 which is 
drawn towards the holder 79 by a retainer nut 

threaded on the holder so as to hold the por 
tions of the tip in engagement with each other 
and the inner portion 75 in engagement with 
the holder 79. The holder 79 and the portion 
ls are recessed to form a chamber 80 which is in 
communication through passage 8 in the holder 

with the fuel supply. The portions of the 
tip are bored to receive a valve stem 82, the bore 
being enlarged at the upper end in the outer tip 
portion 76 to receive a valve 82a arranged to 
seat on the adjacent face of the inner tip portion 
75. The upper portion of the stem 82 is threaded 
to receive a nut 84 which is shouldered, as at 
4a, to engage the inner edge of a cupped disk 

spring 86 the outer edge of which rests upon the 
outer edge of an uncupped disk spring 88 bearing 
at its outer edge portion, only, on the bottom 
of the recess formed in the inner portion 75 of 
the tip. The bottom of the recess in the portion 
is is inclined at its outer edge so the disk spring 

will bear only at its outer edge and there 
will be sufficient clearance between the remainder 
of the disk spring and the bottom of the recess 
to permit of the desired movement of the spring 
towards the bottom of the recess. The lower 
portion of the nut 84 is slotted to permit the 
passage of fuel past the disk springs and the 

40. 
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nut is held in adjusted position on the stem 82 
by a wire member 90 which has a portion adapted 
to engage in cooperating slots in the stem 82 
and nut 84; a portion fitting a thread in the nut 

to hold the wire in position and a projecting 
portion for use in removing the wire. The nut 
4 is adjusted to engage the bottom of the recess 

in the portion 75 of the tip at the limit of move 
ment of the lower disk spring 88 and shims 92 
placed between the inner edge of the upper spring 
disk 6 and the shoulder 84a of the nut give to 
the disk 86 an initial deflection corresponding 
to a point on the portion p-g of the curve A of 
Fig. 10. 

In operation, fuel under pressure supplied 
through passage 8 to the chamber 80 acts upon 
an unbalanced area of the structure to shift 
the valve 82a and stem 82 against the action of the 
disk Spring 86 to open the valve 82a and permit 
fuel to flow through the slots in the nut 84, past 
valve 82a to the bore for the stem 82, through 
the grooves 82b in the stem 82 to the bore for 
the stem at the portion 82c of the stem of reduced 
diameter to discharge between the conical por 
tion 2d and the outer edge of the bore for the 
stem 82. As in the other modifications, the disk 
Spring 8 permits of the opening of the valve at 
a gradually accelerated rate until the disk. 
engages the disk 88 and thereafter the opening 
of the valve is gradual under gradually increas 
ing fuel pressure until the nut 84 engages the 
bottom of the recess in the portion 75 and pre 
vents further opening of the valve. In this case, 
as in the case of Fig. 3, the accelerated movement 
of the stem 82 preferably opens the valve to a . 
point at which the open area for the passage of 
fuel past the valve is considerably greater than 
that of the cylindrical annular discharge orifice 

Ts at the outer end of the stem. The discharge 
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Orifice area remains Substantially constant during 
the gradual further movement of the stem, until 
the inner edge of the cylindrical end of the stem 
reaches the outer edge of the member 76, at 
which point the discharge orifice area rapidly 
increases with a further movement of the stem. 

In the modification shown in Fig. 5 the tip 8 
is secured to a holder 3 by a retainer nut 2, 
both the holder. 3 and tip being recessed to 
form a chamber 7 which is in communication 
with a source of fuel Supply through the passage 
6 in the holder 3 and the tip 8 is bored to receive 
the valve stem 6. 

In this modification the bore in the tip 8 is 
tapered to form a seat 93 for the valve surface 
94 on the stem 6. Below the seat 93 the bore 
is enlarged slightly for a short distance to permit 
a free flow of fuel to one or more V-shaped 
grooves 95 formed in the Surface of the stem 
6 and gradually reducing in depth a short dis 

tance above the lower end of the stem. The 
lower end of the stem is beveled on its perimeter 
as at 96 and the bevel may be varied So as to 
cut of a greater or less portion of each of the 
grooves 95 and thus provide at each groove an 
Opening of greater or less extent through which 
the fuel is discharged upon the opening of the 
valve at the seat 93 until the stem f6 is shifted 
sufficiently to project the lower end of each 
groove beyond the lower end of the tip 8. This 
arrangement provides, as does that 'of Fig. 4, 
a substantially constant orifice opening during 
the initial accelerated movement of the stem, 
with a rapid enlargement of the orifice opening 
during the last part of the stem movement. The 
inner end of the stem 6 is threaded, as at 8, 
to receive a nut 22 which is exteriorly threaded to 

0 
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receive a nut 24'. The nut 22 is also transversely 
Slotted at both its outer and inner ends; at its 
Outer end to receive a suitable tool for adjusting 
the nut 22 on the stem is and at its inner end 
to permit the flow of fuel past the spring disks. 
The outer nut 24' is also slotted to permit the 
flow of fuel and is shouldered, as at 24b, to form 
a seat for a spring wire ring fo arranged to 
engage the outer edge of a disk spring O2. The 
disk spring 02 is supported at its inner edge 
upon a spring wire ring 04 which is supported 
upon the inner edge of a disk spring 06 and the 
disk spring to is supported at its outer edge 
upon a Spring wire ring which rests upon the 
bottom of the recess in the tip. 8. 

In the operation of this modification the Spring 
disks O2 and 106 act in series in resisting the 
initial opening movement of the valve stem 
until the shoulder 22b on the nut 22 engages 
the inner edge of the disk spring 02 whereupon 
further movement of the valve stem is opposed 
by the spring disk 06 alone and the spring disk 
f2 moves with the valve stem without further 
deflection. In this construction the spring disk 
02 is cupped and has a characteristic curve 

similar to curve A of Fig. 10 while the disk to is 
unctipped and has a characteristic curve similar 
to the curve D of Fig. 10. The characteristic 
curve of the combined springs is as shown in 
curve E of Fig. 10. The shoulder 22b engages 
the disk spring lot at some point, as q', in the 
curve E and thereafter the spring 06, acting 
alone, gives a characteristic curve, as G, starting 
from the point g’. 
While nozzles comprising various combinations 

of springs and control valves have been shown 
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in the modifications just described it is to be rs 
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understood that the combinations are not limited 
to the valve constructions shown in those modi 
fications as the spring arrangements are adapt 
able for use with valves of other constructions. 
As illustrative of such other constructions there 
is shown in Fig. 6 a construction in which the 
valve stem 6 is cylindrical, as at 6 beyond 
the conical valve surface 20, and the cylindrical 
extension 6 cooperates with a slightly enlarged 
portion, as at 4b, of the bore 4 for the stem 
6 in determining the characteristics of the spray 

formed by the nozzle. 
In the structure shown in Fig. 7, the stem, 62 

is provided with a conical valve surface 20° which 
cooperates with a corresponding valve seat formed 
in the bore 4 of the nozzle tip 8. Beyond the 
surface 20 the stem 6 is cylindrical, as at 62, 
but of less diameter than the bore 42 and the 
cylindrical portion 62 is joined by a further 
conical surface G3 to a further cylindrical por 
tion 64 which fits the bore 4. The spring as 
Sociated with a valve of this construction would 
enable the stem to accelerate rapidly until the 
conical surface 20 ceases to restrict the flow of 
fuel but the flow would be restricted, at this time, 
by the Small opening between the cylindrical 
portion 64 and the wall of the bore 4. Con 
tinued movement of the stem 6 would not in 
crease the discharge opening until the cylindrical 
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portion 6 is moved out of the bore and the flow 
is then controlled by the common edge of the cy 
indrical surface f4 and the conical surface 63 
cooperating with the lower edge of the bore 42. 
This construction gives a substantially constant 
discharge for a considerable portion of the move 
ment of the stem 62 while the cylindrical por 
tion 64 of the stem remains in the bore but upon 
movement of the cylindrical portion 64 from the 
bore the discharge Opening increases rapidly. 
The unbalanced area of the stem subjected to 
fuel pressure and the characteristic pointed out . 
above of the cupped spring give a very rapid ac 
celeration of the stem during its initial movement. 
Retardation of the movement of the stem by 
the action of the Second Spring can be made effec 
tive somewhat before the beginning of the con 
trol of the discharge by the common edge of the 
cylindrical surface 64 and the conical surface 
63 and thereafter increase in the discharge open 

ing Would be gradual upon a gradual increase in 
fuel pressure, as previously explained. 
In the construction shown in Fig. 8, the stem 

f6 is provided with a conical valve surface 203 
which cooperates with a correspondingly shaped 
seat in the bore 43 and beyond the surface 203 
the stem 6, instead of being cylindrical, grad 
ually increases in diameter for a short distance 
towards its outer end, as at 65, and cooperates 
with a correspondingly shaped portion of the bore 
43, the relation of the parts being such, prefer 

ably, that the surface 65 closes the discharge 
passage when the surface 20 is seated. This 
construction gives a gradually increasing dis 
charge opening throughout the entire opening 
movement of the valve sten and is suitable for 
use with a spring arrangement which gives a 
rapid initial movement of the valve stem and fur 
ther gradual movement of the stem upon further 
increases in the fuel pressure. The rapid and 
rapidly accelerated movement carries the stem 
to a point beyond that at which the valve seat 
appreciably restricts. Thereafter during the 
period of gradual opening with increase of pres 
sure, restriction is entirely at the discharge ori 
fice surface 65. 
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In the modification shown in Fig. 9, the stem 

52 has an enlarged portion 56 connected to the 
stem by a conical valve surface 68' which is 
grooved, as at , similar to the construction 
shown in Fig. 3 but in this modification the dis 
charge orifice is a small opening 66 of fixed di 
ameter in the insert 6. In this modification, 
the spring arrangement would be such as to per 
mit of a rapid initial movement of the valve stem 
to provide an opening of the valve of such size 
as to give maximum discharge through the open 
ing 67 and thereafter further opening nove 

0 

ment of the valve stem may be prevented. A 
spring arrangement such as that of Fig. 3 or Fig. 
5 would be most suitable in this case. The Springs 
62 and 64 in series of Fig. 3 Would provide an 
extremely rapid accelerating effect as at p q of 
curve E of Fig. 10, to compensate for the reduced 
opening effect of the fuel pressure. On the stem 
after the valve of the stem is unseated. The 
spring 66 of Fig. 3 may be somewhat stiffer than 
is properly used with the nozzle structure of Fig. 
3, since no gradual opening with increased fuel 
pressure is required in the case of Fig. 9. 

I claim: . . 

1. In a nozzle of the fuel injection type, a cas 
ing having a fuel discharge port, a valve control 
ling said port, a stem on said valve, a cupped disk 
spring, a second disk spring, means on said valve 
stem acting upon said springs, said means de 
flecting said cupped spring to hold said valve 
closed until subjected to fuel at a predetermined 
pressure and acting upon said second spring upon 
a predetermined opening movement of Said valve. 

2. In a nozzle of the fuel injection type, a cas 
ing having a fuel discharge port, a valve control 
ling said port, a stem on said valve, a cupped disk 
spring, a second disk spring, means on said valve 
stem acting upon said Springs, said means de 
flecting Said cupped spring to hold said valve 
closed until Subjected to fuel at a predetermined 
pressure and acting upon said Second spring upon 
a predetermined opening movement of said valve, 
said springs acting to oppose further opening 
movement of said valve. 

3. In a nozzle of the fuel injection type, a cas 
ing having a fuel discharge port, a valve control 
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ling said port, a stem on said valve, a cupped 
disk spring, a Second disk Spring, means on said 
valve stem acting upon said springs, said means 
deflecting said cupped Spring to hold said valve 
closed until subjected to fuel at a predetermined 
pressure and acting upon said second spring upon 
a predetermined opening movement of said valve, 
said cupped spring being inactive to oppose fur 
ther opening movement of said valve upon said 
second spring becoming active. 

4. In a nozzle of the fuel injection type, a cas 
ing having a fuel discharge port, a valve control 
ling said port, a stem. On Said valve, a cupped 
disk spring, a second disk spring, means on said 
valve stem acting upon said springs, said means 
deflecting said cupped spring to hold said valve 
closed until subjected to fuel at a predetermined 
pressure and acting upon said second Spring upon 
a predetermined opening movement of Said valve, 
said cupped spring being moved bodily upon said 
second spring becoming active. m 

5. In a nozzle of the fuel injection type, a valve 
for controlling the fuel discharge Operable to 
open position by fuel pressure and a spring op 
posing operation of the valve by fuel pressure and 
flexed by the initial portion only of the opening 
movement of said valve. 

6. In a nozzle Qf the fuel injection type, a valve 
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for controlling the fuel discharge operable to 
open position by fuel pressure, and spring means 
opposing operation of said valve by fuel pres 
Sure, said Spring means comprising a plurality of 
Springs and having one spring arranged to be 
flexed by the initial portion only of the opening 
movement of said valve and held unchanged 
during the remainder of the opening movement 
Of Said valve. 

7. In a nozzle of the fuel injection type, a valve 
for controlling the fuel discharge operable to 
open position by fuel pressure, and spring means 
opposing operation of said valve by fuel pressure, 
Said Spring means comprising primary and sec 
Ondary springs and said primary spring being 
arranged to have its degree of deflection from a 
free position changed during the initial portion 
Only of the opening movement of said valve and 
held unchanged during the further portion of 
Said movement. 

8. In a nozzle of the fuel injection type, valve 
means for controlling the fuel discharge operable 
to Open position by fuel pressure and spring 
means Opposing operation of said valve by fuel 
pressure, Said spring means comprising a spring 
flexed during the initial movement of said valve 
means providing a restricted discharge opening 
for said nozzle and a second spring opposing 
further movement of said valve means providing 
a larger discharge opening for said nozzle while 
said first spring is held as flexed during the ini 
tial opening movement of said valve. 

9. In a nozzle of the fuel injection type, valve 
means for controlling the fuel discharge operable 
to open position by fuel pressure and spring 
means opposing Operation of Said valve by fuel 
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pressure, said spring means comprising a spring 
flexed during an initial movement of said Yalve 
providing a uniform discharge from said nozzle 
and a Second spring opposing a further move 
ment of Said valve means providing an increas 
ing discharge opening for said nozzle while said 
first Spring is retained in flexed condition as 
flexed during the initial opening movement of 
said valve. 

10. In a nozzle of the fuel injection type, a 
casing member having a bore therein, a stem 
member slidably movable in said bore relative to 
Said casing member, said members having co 
operating shoulders forming a valve and valve 
seat for preventing discharge from said nozzle, 
said stem member having a slot formed therein 
at the common sliding surface of said members, 
Said slot extending OutWardly from said valve 
and forming a discharge orifice for said nozzle, 
the effective cross-sectional area of said orifice 
being varied by movement of said stem member, 
said orifice having a substantially constant rela 
tively small cross-sectional area in the closed 
position of said valve and during initial move 
ment of Said stem member from the closed posi 
tion of said valve and an enlarged cross-sectional 
area after said initial movement is completed and 
spring means opposing movement of said stem 
member from the closed position of said valve, 
said spring means having a substantially con 
stant effective stiffness during the initial open 
ing movement of said valve stem and a sharply 
increased effective stiffness upon completion of 
said initial opening movement. - 

EVERET. M. PUROY. 
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CERTIFICATE OF CORRECTION. 
Patent No. 2,192,805. March 5, 1920, 

EVERETT M. PURDY, ET AL. . 
It is, hereby certified that error appears in the printed specification. 

of the above numbered patent, requiring correction as follows: Page 6, sec 
ond-column, line 7, claim 9, strike out the words "in flexed condition"; 
and that the said Letters Patent should be read with this correction therein, 
that the same may conform to the record of the case in the Patent office. 

Signed and sealed this léth day of April, A. D. 1920. 

Leslie Frazer 
(Seal) Acting Commissioner of Patents, 


