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UNITED STATES

1,787,975

PATENT OFFICE

ADRIAN C. ESTEP, OF SEATTLE, WASHINGTON

FUEL-INJECTION VALVE

Application filed January 22, 1826. Serlal No. 82,951.

This invention is an improvement in fuel
injection valves for injecting and spraying
under high pressure heavy or tarry fluid
fuels within the combustion spaces of high
compression internal combustion engines,
and the primary objects of the improvement
is the provision of a cam actuated governor
regulated and controlled fuel injection valve,
especially designed to strain the fluid fuel

10 driven therethrough prior to and imme-
diately preceding the metered and timed in-
jection and spraying of the same within and
throughout the combustion space of the cor-
related engine cylinder, to materially .im-

15 prove the fineness and uniformity of fluid
fuel distribution, to promote and accelerate
the rapidity of fluid fuel introduction, atomi-
zation and combustion, and to materially in-

_ crease the thermal efficiency, economical op-

2o eration and reliability of the associated en-

ine.

With these ends in view the invention es-
sentially resides in the provision of an over-
balanced fuel injection valve, for a high com-

25 pression internal combustion engine, and in
the preferred embodiment thereof is charac-
terized by the employment of a readily ac-
cessible and removable nozzle having a valve
seat and a series of downwardly directed ra-

" 30 dial discharge orifices formed therein; of a
‘valve stem or needle valve having an inte-
gral fluid fuel strainer fitting and seating

within said nozzle, whereby and whereat for-
eign matter or particles carried in suspen- -

sion by the fluid fuel is intercepted prior to
and immediately preceding the ejection and
spraying of the same through the nozzle dis-
charge orifices, when the valve stem is lifted
or unseated; of novel anti-friction guide
40 means for the upper end of the valve stem
" exteriorly of the correlated stuffing box
thereof, whereby side friction of the valve
stem therein is reduced and effectively min-
imized during actuation of the same there-
through; of a correlated overbalance body
removably secured to the upper end of the
fuel injection valve having free and uninter-
rupted communication with the injection
valve fluid fuel supply conduit and fitted
with a fluid pressure actuated overbalamce

45

53

stem of slightly larger diameter than the in-
jection valve stem, with which it abuts to
overbalance and provide a surplus pressure
thereon, to thereby seal the same upon the
seat thereof except when said injection valve
stem is mechanically lifted or unseated; of
spring or auxiliary resilient means for the
pressure actuated overbalance stem, whereby
the friction of the several working parts of
the valve is overcome when starting the cor-
related engine at extremely low pressures,
there being insufficient overbalance pressure
at such times to overcome said friction, al-
though the ratio of overbalance is the same
at all pressures except for the slight pres-
sure exerted by said spring means; and of
novel actuating and controlling mechanisms
interposed between the valve and the engine
governor and cam shaft, whereby the injec-
tion and spraying of fluid fuel are regulated

- as to time of occurrence and quantity and the

lift of the valve stem is adjustably regulated
and predeferminately controlled by action
of the engine governor, which latter is not
subjected to or affected by excessive loads,
when the correlated engine thereof is oper-
ating at lower than normal injection pres-
sures. :

The invention further resides in the novel
construction, combination, adaptation, and
arrangement of parts, as will hereinafter be
more fully.described and succinctly defined
in the claims appended hereto.

Referring now to the accompanying draw-
ings, wherein is illustrated the preferred em-
bodiment of the invention.

Figure 1 is a side elevation of an internal
combustion engine equipped with. a fuel in-
jection valve and the appurtenant actuating
and controlling mechanism thereof fabri-
cated in.accordance with the invention, cer-
tain parts being shown in section and cer-
tain other parts omitted for clarity of illus-
tration.
~ Fig. 2 is a top plan view of the same, with
certain parts in section.

Fig. 8 is a central transverse vertical sec-
tion of the valve and correlated cylinder head
structure thereof taken through 3—3 of Fig.
1, illustrating certain valve parts i eleva-
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tion and the valve partially opened to cor-
respond to the relative position of the asso-
ciated engine piston shown at or about com-
pression dead center.

Fig. 4 is an enlarged fragmentary vertical
section. of the valve taken through 4—4 of
Fig. 8, as it would appear when removed
from the correlated cylinder head structure
thereof. :

Figs. 5, 6, 7 and 8, are horizontal sections
taken through 5--5; 6—6; 7—T7 and 8—8, re-
spectively, of Fig. 4.

Fig. 9 is an enlarged fragmentary verti-
cal section of the nozzle end of the valve.

Fig. 10 is a horizontal section taken
through 10—10 of Fig. 9. .,

Fig. 11 is a fragmentary inverted plan of
the valve nozzle.

It is well known by those skilled in the-

art of fabricating and operating Diesel en-
gines, that the practicability and efficiency
of the same depend largely upon the construe-
tion and operation of the atomizing or spray-
ing device employed to introduce or inject the
fluid fuel within the engine cylinder. or cyl-
inders, complete or perfect combustion being
necessary and essential in order to obtain the
highest efficiency, and to secure such a de-
gree of combustion it is of the utmost im-
portance to break up or pulverize the mole-
cules of fluid fuel and inject the same into
the engine cylinder in the form of a finely

‘divided spray, in which form it has the great-

est efficiency since a2 more perfect combustion
results, and it is with the foregoing in view
that the fuel injection valve about to be de-
seribed has been provided.

In the drawings and description similar
reference characters designate similar parts
throughout the several views.

The numeral 1 designates an engine crank
case whereon a water-jacketed engine cylin-
der, or cylinders, 2 are rigidly secured, each
having a piston 3 fitted for reciprocation
therein, the upper end of which is recessed
and obtusely coned, and at top dead center
projects within the concentrically recessed
lower end of a water-jacketed cylinder head
structure 4 suitably secured or bolted in axial
alignment upon the upper end of the engine
cylinder 2, whereat the said recessed lower
end in conjunction with the recessed upper
end of the piston 3 periodically serve or func-
tion as a cumbustion space or chamber, for
said engine cylinder.

- Mounted upon and embodied within the
cylinder head structure 4 is the valve control-
ling system of the engine cylinder 2, compris-
g a concentrically mounted fuel injection

1 valve 5, of the overbalanced type, an air inlet

valve 6, an exhaust valve 7, a starting air tim-
ing valve 8 interconnected with the combus-
tion air intake passag.. of the air inlet valve
6, and the several appurtenant actuating
mechanisms therefore.
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In the preferred embodiment the fuel in-
jection valve 5 is designed to meter and time

the injection or spraying of the fluid fuel

within and throughout the combustion chamn-
ber of the engine cylinder 2, and to strain
or filter such fluid fuel prior to and imme-
dately preceding said injection or spraying
thereof, and for this purpose is provided
with a cylindrical or tubular valve body 9
adapted to snugly fit and to be removably
mounted within the upper or larger bore of
an axially aligned integral housing 10, of
the cylinder head structure 4, said housing
having an interior bore of two diameters,
the lower or smaller of which terminates at
the lower end in a downwardly flaring ax-
ially aligned recess 11, formed within the
lower wall of said cylinder head structure,
and opening into the combustion space of
said engine cylinder.

The valve bodyv adiacent the ubper or in-
let end thereof is provided with an integral
flange 12 adapted to abut and to be remov-

ably secured to the uper face of the cylin-

der head structure 4, said flange having a
fluid fuel inlet passageway 13 formed there-
in communicating at the inner end with the
central bore or interior of said valve body.

The lower or outlet end of the valve body
9 is exteriorly reduced and threaded and is
interiorly enlarged to receive the upper end
of a readily removable tubular nozzle 14
adapted to snugly fit therein, and provided
thereat with an annular bevelled shoulder or
collar 15 designed to normally seat within
the correspondingly shaped terminal face of
said valve body, and to be normally main-
tained therein by a cylindrical retaining or
union nut 16 threadably engaged upon the
exteriorly reduced and threaded lower end
thereof. .

The valve body 9 and correlated nut 16 fit
snugly within the upper or larger interior
bore of the housing 10, while the nozzle 14 ex-
tends downwardly therefrom in axial prolon-
gation thereto, to snugly fit within the lower
or smaller interior bore of said housing 10,
and to extend therethrough, whereby the low-
er terminal, or tip, of said nozzle projects
within the downwardly flaring recess 11.
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The nozzle 14 is provided with an interior -

-bore of two diameters, and at the lower end

thereof with a downwardly extending frusto-
conical tip 17 having the lower or smaller of
s2id bores formed therein and constituting
thereat a fuel discharging or outlet chamber
18, the walls of which are provided preferably -
with a plurality of radially and downwardly
directed discharge orifices 19 leading to the
combustion space of the engine ¢ylinder 2.
~The numeral 20 designates a mechanically
actuated valve stem, or needle valve, for pe-
riodically admitting a charge of fluid fuel
into the engine ¢ylinder 2, said valve stem be-
ing mounted for axial movement within the
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valve body 9, and having an integral fluid
fuel strainer 21 formed thereon adjacent the
lower end thereof designed to snugly fit with-
in the upper or larger bore of the nozzle 14,
and provided upon the extremity thereof
with a cylindrical portion 22 of reduced di-
ameter, the hardened terminal of which is ta-
pered or bevelled to fit and seat within a cor-
respondingly shaped and hardened face or

- geat formed within the nozzle 14, at the junc-

ture of the bores thereof. The cylindrical
portion 22 in conjunction with the lower end
of the larger bore of the nozzle 14 serves and
functions to form and constitute thereat an
annular fuel collecting chamber 23.

The integral fluid fuel strainer 21 is formed

upon the valve stem 20 by exteriorly thread-
ing a portion of the same adjacent the lower
end, and cutting a series of longitudinal

o grooves 24 therein, said grooves being inter-

connected by the relatively fine threads there-

of, alternate grooves of said series communi-~

cating at their upper ends with the interior
bore of the valve body 9, and the other grooves
of said series communicating at their lower
ends with the fuel collecting chamber 23.
By forming the integral fluid fuel strainer

- 21 upon the lower end of the valve stem 20

30

40
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and fitting the same snugly within the nozzle
14, all as herein shown and described, the fluid
fuel driven therethrough is strained thereby,
to intercept thereat any foreign matter or
particles he'd in suspension in said fluid fuel,
prior to and immediately preceding the ejec-
tion and spraying of the same through the
discharge orifices 19 during the periodic un-
seating of said valve stem, and by dispos-
ing the nozzle tip 17 within the downwardly
flaring recess 11, as shown and described, the
spray fluid fuel emerging from the orifices 19
is deflected downwardly thereby into the com-
bustion space of the engine cylinder 2 in the
form of a coneshaped atomized spray, thus
assuring of a uniform atomization and dis-

= tribution of fluid fuel, of the desired density

and fineness, within and throughout the said
Also by fabricating the
nozzle 14 and attaching the same to the valve
body 9 in the manner herein disclosed, said
nozzle 14, when the valve body 9 is with-
drawn from the correlated housing 10, is ren-

dered readily accessible and removable for

cleaning, repairs and replacement.
The numeral 25 designates a stuffing box

5 provided upon the upper end of the valve

body 9 for the mechanically actuated valve
stem 20, said stem extending upwardly there-
through and provided adjacent the upper end
thereof with a crosshead or cylindrical guide
26 threadably engaged thereon and retained
against axial dislodgment therefrom, by a
cap or lock nut 27 similarly engaged upon
the upper terminal of said valve stem.
Concentrically mounted upon the upper
end of the valve body 9 is a vertically disposed

3

yoke or casing 28 designed to partially sur-
round or enclose the stuffing box 25 and hav-
ing an integral annular boss 29 at the lower
end to receive and snugly fit upon an enlarged
cylindrical portion 30 of the said valve body
and provided at the upper end thereof with
an integral annular guide or boss 81, where-
in-the cross head 26 is slidably mounted, said
annular guide having an interiorly enlarged
and exteriorly reduced threaded portion 32
extending upwardly thereupon in axial pro-
longation thereto.

The lower end of the yoke 28 and the flange
12 of the valve body 9 are conjointly and re-
movably secured to the upper end of the cyl-
inder head structure 4, by stud bolts 33, and
the yoke 28 is retained in fixed relation upon

the valve body 9, when the latter is removed .

from the said cylinder head structure 4, by
a set corew 34 threadably engaged within the
wall of the annular boss 29 and normally seat-
ing within the cylindrical wall of the portion
30. as shown more clearly in Figs. 4 and 7.

By providing the upper end of the valve
stem 20 with the crosshead 26 and slidably
mounting the latter in the annular guide 31
of the yoke 28, such construction functions as
a guide and anti-friction mechanism for the
sald valve stem 20, and thereby materially re-
duces side friction of the came within the ¢or-
related stuffing box 25 thereof, as will be man-
ifest and apparent.

A tubular or cylindrical casing 35 interior-
ly threaded at the lower end is mounted there-
at upon the exteriorly reduced and threaded
portion 32 of the yoke 28 and extends up-
wardly therefrom in axial alignment there-
to, said casing having the lower end of a
cylindrieal over-balance body 36 snugly fit-
ting within the upper extériorly threaded end
thereof, which body extends upwardly there-
from in axial prolongation thereto.

The lower end of the over-balance body 36
is notrmally retained in snugly fitting rela-
tion within the. exteriorly threaded upper
end of the casing 85, and for this purpose is
provided exteriorly and substantially mid-
way the length thereof with an integral an-

nular collar or shoulder 37, which normally

abuts the upper end of said casing and is
maintained in abutting relation thereon by
a union nut 38, , o

A fluid pressure actuated over-balance stem

89, preferably of a slightly larger diameter

than the mechanically actuated valve stem 20,
is concentrically mounted for sliding move-
ment. within the lower or enclosed portion of
the body 86, and at the lower end normally
abuts the cap nut 27 of said valve stem 20,

while the upper end of said over-balance stem

89 projects within the interior bore of said
body 86, and is provided thereat with a wagh-
er or annular disk 40 rigidly secured thereto,
and of a slightly lesser diameter than that of

70

75

80

[
“

95

100

105

110

115

120

120




N

4

the said interior bore, to thereby eliminate
friction therebetween. -

A stuffing box 41 for the over-balance stem
39 is provided upon the lower end of the body
36 enclosed by the casing 85, and such stuff-
ing box 41 is rendered readily accessible for
adjustment therein by an opening or aper-
ture 42 formed within the cylindrical walls
of the casing 35.

The interior bore of the body 86 is threaded
at the upper end to receive an adjusting screw
43, which latter is maintained in a selected
adjusted position within said interior bore,
by a lock nut 44.

Interposed between the washer 40 and the
inner end of the adjusting screw 43 is a rela-
tively light helical compression spring 45, the
function of which is to overcome the friction
of the working parts of the fuel injection
valve and to retain the valve stem 20 upon

* the seat thereof, so that said valve stem will

A
w

an

40

0

be sealed thereon at all times, except when
mechanically lifted or actuated to inject and
spray the fluid fuel within the combustion

5 space of the engine cylinder 2. Compression

of the spring 45 may be varied by adjusting

the screw 43, as will be readily apparent and’

manifest.

The pressure actuated over-balance stent
39 is formed of slightly larger diameter than
the valve stem 20 and the contiguous ends of
said stems are maintaised in normally abut-
ting and axially aligned relation in the man-
ner herein shown and described, in order that
the over-balance stem 39 may overbalance
and provide a surplus pressure upon the valve
stem 20, and in conjunction with the compres-
sion spring 45 retain and seal the said valve
stem 20 upon the seat thereof, the ratio of
overbalance is the same at all working pres-
sures except for the slight pressure exerted
by the sald compression spring 45, which
latterisnecessary and essential when starting
at extremely low pressures, there being insuf-
ficient overbalance pressure of fluid fuel to
overcome friction of working parts.

The fluid fuel inlet passageway 13 of the
main valve body 9 is connected by a three-way
fitting or T 46 to a fluid fuel supply conduit

- 47, which latter is connected at the outer end
to a needle valve 48 interposed within a fluid

fuel manifold 49, of the correlated engine,
said manifold receiving fluid fuel under high
pressure from a common delivery conduit 50
connected at the intake end thereof to a fluid
fuel pump, not shown.

A conduit 51 connects the three-way fitting
46 with the interior bore of the over-balance
body 86, whereby free and uninterrupted
communication is established and maintained
between the fluid fuel inlet passageway 13
and said interior bore. Manifestly, there-

~fore, with fluid fuel pressure continuously

maintained in the inlet passageway 13, such

" fluid fuel pressure is similarly maintained in

1,787,975

the interior bore of the balance body 36
wherein it exerts a downwardly directed
pressure upon the over-balance stem 39,
which pressure is imparted thereby to the
valve stem 20 and serves to retain the latter
upon the seat thereof except when mechan-
ically actuated or lifted.

Fulerumed, as at 52, upon the yoke mem-
ber 28 is a stem actuating or lifting rocker
arm 53, the inner bifurcated end of which
projects within said yoke member to straddle
the valve stem 20 and normally abut the éor-
related crosshead 26 thereof, whereat the said
valve stem is actuated or lifted by the oscil-
lations of said rocker arm.

The air starting mechanism of the engine
and the valve actuating and controlling mech-
anism herein partly shown do not form part
of the subject matter of the present appli-
cation except as the same or equivalent de-
vices may be employed in co-operative asso-
ciation and combination with other parts of
the valve controlling system, the subject mat-
ter of the air starting mechanism, per se,
being fully shown and deseribed in my sep-
arate co-opending application; filed August
14, 1924; Serial No. 781,953; and the subject
matter of the valve actuating and controlling
mechanism, per se, being similarly disclosed
in my co-pending application therefor; filed
January 27, 1926; Serial No. 84,005.

So far as T am aware I am the first to pro-
vide the spraying end of a fuel injection
valve stem with an integral fluid fuel strain-
er fitting and seating within a nozzle tip re-
movably or detachably secured to the corre-
lated valve body thereof; to provide a cross-
head-guide for said valve stem exteriorly of
the stuffing box thereof ; and to provide a sep-
arable overbalance body or chamber remov-
ably or detachably secured to the fuel injec-
tion valve having unobstructed communica-

tion with the fluid fuel under high pressure

and fitted preferably with a fluid pressure
actuated spring-pressed stem of slightly
larger diameter than said valve stem and
bearing thereupon, all as herein shown and
for the purposes and uses herein described.
In this connection I desire to state that while
I have shown the overbalance stem 39 in
alignment with the valve stem 20, it is not
essential and necessary for the functioning
of such over-balance stem 389 to be in perfect
axial alignment therewith, as such stem 39
will function when slightly out of alignment,
or when angularly disposed relative to said
valve stem 20, ‘

While I have herein shown and described
my invention with sufficient detail to enable
those skilled in the art to understand the
mode of construction and the principles in-
volved, it is to be understood that there is
no intentional limitation herein to the spe-
cific form and precise details of construction
of the invention shown and described, except
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as expressly defined by the appended claims,
and that various modifications of said con-
struction may be resorted to without depart-
ing from the invention or the benefits deriv-
able therefrom. I also desire to have it un-
derstood that certain features of the inven-

_tion herein shown and described may be em-

ployed in other combinations than those here-
m shown. ’

Having thus fully described my invention
what I claim as new and desire to secure by
Letters Patents is:— .

1. In a fuel injection valve, in combina-
tion, a valve body, a valve stem seated there-
in having a longitudinally and peripherally
grooved fluid fuel strainer formed thereon

with the longitudinal and peripheral grooves

thereof disposed in intersecting relation, and

~an actuator for said valve stem. . '

20

25

30

35

2. In a fuel injection valve, in combina-
tion, a valve body, a valve stem seated there-
in having an integral longitudinally and
peripherally grooved fluid fuel strainer
formed upon the discharge end thereof with
its longitudinal and peripheral grooves dis-
posed in intersecting relation, and means to
actuate said valve stem. : '

3. In a fuel injection valve, in combina-
tion, a valve body a nozzle tip secured there-
on, a valve stem disposed within said valve
body having a longitudinally and periph-
erally grooved fluid fuel strainer snugly
fitting within said nozzle tip with its lon-
gitudinal and peripheral grooves disposed
in intersecting relation, and an actuator for

" said valve stem.

40
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4. Tn a fuel injection valve, in combina-
tion, a valve body, a nozzle tip secured there-
on having a spraying orifice and a valve seat
formed therein, a valve stem disposed with-
in said valve body having a longitudinally
and peripherally grooved fluid fuel strainer
snugly fitting within said nozzle tip with the
terminal thereof seating upon said valve seat
and with its longitudinal and peripheral
grooves disposed in intersecting relation, and
means to actuate said valve. -

5. In a fuel injection. valve, in combina-
tion, a valve body, a nozzle tip removably
secured thereon having a plurality of radial-
ly disposed spraying orifices formed therein,
a valve stem disposer within said valve body
having an integral fluid fuel strainer snugly
fitting and seating within said nozzle tip,
and means to actuate said valve stem.

6. In a fuel injection valve, in combina-
tion, a valve body; a nozzle tip removably

- secured thereon having an internal bore of

60

two diameters, the smaller of said bores hav-
ing a discharge orifice; a valve seat formed
within said nozzle tip at the juncture of
said bores; a valve stem: disposed within said
valve body having a fluid fuel strainer snug-

~ly fitting within said nozzle tip with the

65

terminal -thereof seating upon said valve

seat; and means to actuate said valve stem.

7. In a fuel injection valve, in combina-
tion, a valve body; a nozzle tip removably
secured thereon having an internal bore of
two diameters, the smaller of said bores hav-
ing a plurality of radially disposed orifices;
a valve seat formed within said nozzle tip

5

l

70

at the juncture of said bores; a valve stem

disposed within said valve body having an
integral fluid fuel strainer snugly fitting
within the larger of said bores and provided
upon the extremity thereof with a portion of
reduced diameter having the terminal there-
of seated upon said valve seat; and means to
periodically actuate said valve stem.

8. In a fuel injection valve, in combina-.
tion, a valve body having an interiorly en-
larged and exteriorly threaded discharge
terminal ; a nozzle tip fitting and seating at
the inner end thereof within said discharge
terminal and having an interior bore of two
diameters, the smaller perforated bore of
which forms and constitutes the fuel outlet
chamber of said nozzle tip; a valve seat
formed within said nozzle tip at the juncture
of said bores; a union nut threadably en-
gaged upon the exteriorly threaded dis-
charge terminal of said valve body to main-
tain the inner end of said nozzle tip in fitting
and seating relation therein; a valve stem
disposed within said valve body having an
integral fluid fuel strainer snugly fitting
within the larger of said bores and provided
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upon the extremity thereof with a cylindri-

cal portion of reduced diameter forming

* thereat conjointly with the lower end of

said larger bore, a fuel collecting chamber
for said nozzle tip and having the terminal
thereof seating upon said valve seat; and
means to actuate said valve stem.

9. In a fuel injection valve, in combina-
tion, a valve body, a nozzle removably se-
cured thereon, a valve stem disposed within.
said body having an integral fluid fuel .
strainer snugly fitting and seating within said
nozzle, a stuffing box for said valve stem dis-
posed within said body, a guide for said
valve stem disposed exteriorly of said stuffing
box, and an actuator for said valve stem.
~10. In a fuel injection -valve, in combina-

tion, a valve body, a valve stem seated there-

in, a stuffing box for said valve stem dis-
posed within said body, a crosshead adjust-
ably secured upon the end of said valve stem
exteriorly of said stuffing box, a lock nut
threadably mounted upon said stem for abut-
ment, with said crosshead, a guide for said
crosshead secured to said valve body, and an
actuator for said valve stem. .

11. In a-fuel ifjection valve, in combina-
tion, a valve body, a valve stem seated there-

100

105 .

110

115

120

128

in, a stuffing box for said valve stem dis- -

posed within the upper end of said body, a
yoke fitting upon and fixedly secured to the:

upper end. of said valve body, a cylin_drical '

130




‘20 seat thereof adjustable compression spring .

.85 mally seal the same upon the seat thereof, a-

6

 crosshead adjustably secured upon the upper
end of said valve stem' exteriorly of said
stuffing box and guided for reciprocation
- within the upper end of said yoke, a lock nut

g threadably mounted upon said stem for

. abutment with said crosshead, and an actu-

_ over-balance stem s'lidablfy
30 said over-balance body o

ator for said valve stem. )
12. In a fuel injection valve, in combina-

. tion, a valve body, a valve stem seated there-
10 in, a -separable over-balance body removably

secured upon said valve body and commu-
nicating with the fluid fuel supply of said
valve, a fluid fuel pressure actuated over-
balance stem disposed within said over-bal-

15 ance body of a slightly larger diameter than
said valve stem with the adjacent ends of said
- stems normally in contact to over-balance

and provide a surplus pressure upon said
valve stem to normally seal the same upon the

means for said overbalance stem, and mech-
anism to lift said valve stem. :
13. In a fuel injection valve, in ‘combina-

- tion, a valve body, a valve stem seated there-

25 1n, a separable over-balance body removably

secured upon said valve body and communi-
cating with the fluid fuel supply of said valve
under pressure, a fluid pressure actuated
"disposed within
a slightly larger
diameter than said valve stem having the
lower end thereof contacting with the upper
end of said valve stem to over-balance and
provide a surplus pressure thereon to nor-

compression spring interposed between the

1,787,975

upper ends with the interior of said valve
body and the other grooves of said series com-

municating at their lower ends with said

fuel collecting .chamber, said threaded and
grooyed portion being adapted to snugly fit
within said valve body whereby the fluid
fuel passing therethrough is strained and
“foreign particles suspenided therein are inter-
cepted; and means to reciprocate said valve
stem. o
17. A valve stem for a fluid fuel injection
valve having a strainer for fluid: fuel inte-
grally formed thereon. :

18. A walve stem for a fluid fuel injec-

tion valve having a strainer for fluid fuel in-.

tegrally formed upon the inner terminal por-
tion thereof. o :
In testimony whereof I affix my signature.
ADRIAN C. ESTEP.

~upper ends of the over-balance body and -

correlated stem thereof to overcome friction
‘of working parts of said valve at extremely

40 low pressures means to regulate said com-

pression spring, and mechanism to 1lift said

vilve stem..
14. In an airless fluid fuel

. 14 Tno injection valve,
n combination,

a.valve body, a valve stem

45 seated -therein having a fluid fuel strainer

integrally formed thereon, and an actuator
for said valve stem. o T

v 15, In a hydraulic injection val%re, for in-

jecting fluid fuel under pressure into the
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50. combustion chambers of internal combustion

he

" threaded

60 chamber formed

engines;, in combination, a valve body, a re-
ciprocable valve stem seated therein having
a fluid fuel strainer integrally formed there.
on and snugly fitting within said valve body

.55 for intercepting foreign particles carried in

suspension by the fluid fuel, and means to re-
. ciprocate said valve stem. .

_16. In'a fuel injection valve, in c:)mbinsi- .
tion, a valve body having a fuel collecting -

d within the discharge end
thereof, ‘a reciprocable” valve stem seated
therein 7

~cut. in said. threaded- portion, alternate

85 grooves of said series communicating at their

having its inner terminal portion
and a geries of longitudinal grooves.
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