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(57) Abstract: A fuel injector device for injecting
fuel into a combustion chamber of an internal
combustion engine is provided in which the fuel
injector includes a body having an upper chamber
and a lower chamber, an annular shoulder
between the upper and lower chambers, an arma-
ture assembly disposed in the upper chamber, and
a pilot valve seat having an inlet orifice disposed
in the lower chamber and an outlet orifice dis-
posed in the upper chamber. The pilot valve seat
has a shaft extending between the outlet and inlet
orifice and an angled shoulder between the outlet
and inlet orifice. The angle shoulder of the shaft
prevents fuel flow around the shatt between the
upper and lower chambers. The armature as-
sembly is configured to move to an upward posi-
tion and to a downward position, the shaft also
being disposed within the armature assembly to
guide the armature assembly between the upward
and downward positions.
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B-LCCR INJECTOR PILOT VALVE ORIFICE, ARMATURE AND PLUNGER GUIDE
ARRANGEMENT

FIELD OF THE DISCLOSURE

(0601} The present disclosure generally relates to common-rail fuel mjector devices for
ijecting fucl into a combustion charmber of an internal combustion engine, and more particularly

to an injector pilot valve orifice, armature and plunger guide arrangement.

BACKGROUND OF THE DISCLOSURE

106062} The introduction of fuel into the cylinders of an internal combustion engine is
most comymnonly achieved using fuel injectors. A commonly used injector is 8 closed-nozzle
injector which includes a nozzle assembly having a spring-biased needle valve element
positioned adjacent the injector nozzle for allowing fucl to be injected into the cylinder of an
internal combustion engine. The needle valve elemeunt also functions to provide a deliberate,
abrupt ond to fuel injection. The needle valve is positioned in the injector body and although
biased downward by a spring force, a hydraulic force acting on the needle valve primarily holds
the needle valve in the closed position. When an actuated force exceeds the biasing hydraulic
forcee or causes a change n the magnitude of the hydraulic force, the needle valve clement moves

to allow fuel to pass through the injector nozzle, thus marking the beginning of the fuel injection

event.
{0663} {nternal combustion engine designers have increasingly come to realize that

substantially improved fuel supply systems are required in order to weet the ever increasing
governmental and regulatory requirements of emissions abatement and increased fuel economy.
As such one aspect of fuel supply systerus that has been the focus of designers is the veed to
produce alternative fuel injector designs that utilize fewer component parts and therefore
contribute to reduced manufacturing costs. If such goals are to be attained fucl injector designs
must evolve to vield reliable high quality fuel injectors that perform effectively but which are

also less expensive to produce.
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{0004} For instance, manufacturers have implemented eoxtra high pressure injection
systes, also known as XPL where the pressures can reach 2600 bar. Such high injection
pressures create smaller fuel droplets and higher injection velocity to promote more complete
burning of the fuel, which increases power and fuel cconomy. In addition, pollution 18 reduced
because the high thermal efficiencies result in low emissions of hydrocarbons (HC) and carbon
monoxide (CO). By mjecting required armounts of fucl in a shorter time frarne, a high pressure
systemy can accommodate multiple injection events during each combustion cycle. As a result,

the engine control software can tailor combustion for particular conditions.

10005] The use of very high injection pressures, however, requires conventional fuel
injectors to operate with correspoudingly high force levels. In general, to move the needle valve
into an open position and cause the injection of fuel, solenoids and their corresponding stator
asscrnblies must act against a preload foree that scals the high pressure fuel in the fuel injector.
For mstance, in one type of fuel injector design, an injector body with a lower chamber filled
with high pressure fuel is eroployed to bias the needle valve in the closed position, and the
solenoid opens a phunger valve in the upper charaber 1n order to expose the lower chamber to a
low pressure drain. When the fuel drains from the lower chamber, the pressure in the lower
charaber drops and 1s vo longer able to keep the needle valve m the closed position. In order to
open the plunger valve, the solenoid mmust act against the preload force that seals high pressure in
the lower chamber. Thus, all internal components in such fuel mjectors must work together to

provide large forces due to the high pressure which exists in the fuel injector.

10606} Additionally, as injection pressures increase, greater forces must be applied to the
injector components of the injector body to achicve the required scaling at the component
interfaces/ioints. Moreover, 1njectors often include internal component configurations which are
well suited to achieving desired high pressure performance characteristics but do so at high
design and manufacturing costs. Consequently, there is a need for a lower cost coraroon rail fuel
injector having an improved pilot valve nlet and outlet orifice arrangement and a unigue

armature and plunger guide arrangement.
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SUMMARY OF THE DISCLOSURE

{0007} The various aspects of the present disclosure may be achieved by providing a
common-rail fuel iojector which uses an jmproved pilot valve inlet and outlet orifice
arrangement as well as an improved armature and plunger guide arrangement. In one
embodiment of the disclosure, a fuel imjector 18 provided comprising a body having an upper
chamber and a lower chamber and an armature assembly disposed in the upper chamber, and a
piot valve seat having an inlet orifice disposed in the lower chamber and an outlet orifice
disposed in the upper chamber. According to one aspect of this embodiment, the fuel mjector
further includes a solenoid disposed adjacent the armature assembly and having an active state
which causes the armature assembly to move {o an upward position, thereby permitting
movement of a check ball out of scaling engagement with the outlet orifice, and an inactive state
which permits the armature asserbly to roove to a downward posttion, thereby causing the check
ball to move into sealing engagement with the outlet orifice. In a vartant of this aspect, the fuel
mjector further inchudes a needle valve reciprocally moveable 1o the body. In this variant, when
the check ball is moved out of sealing engagement with the outlet orifice, the needle valve moves
upwardly, thereby causing fuel to be delivered from the injector. In another aspect, the body
includes an aunular shoulder between the upper chamber and the lower chamber, the pilot valve
scat has an inlet end with the inlet opening, an outlet end with the outlet opening, and a shaft
extending between the inlet end and the outlet end 1o sealing engagement with the shoulder. Ina
variant of this aspect, the shaft has a machined outer surface and the armature assembly has a
central bore which reccives the shaft such that the armature assernbly 1s guided by the machined
outer surface of the shaft as the armature assembly moves between the upward position and the
downward position. In another vartant, the inlet end of the pilot valve scat has a first diameter
and the outlet end of the pilot valve seat has a second diarveter which is smaller than the first
diameter. In another variant, the pilot valve seat further includes an angled shoulder between the
inlet end and the shaft, the angled shoulder forming a seal with the annular shoulder of the body,
thereby preventing fuel flow around the shaft between the upper chamber and the lower
chamber. In another aspect of this embodiment, the pilot valve scat 1s press fit and pressure
energized within the body. In yet another aspect, the pilot valve seat further inchides a central

passage providing flow comrunication between the milet orifice and the outlet orifice. In a
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variant of this aspect, the outlet orifice is positioned directly under the check ball and integrated
within an upper end of the pilot valve seat and the central passage may extend longitudinally
towards a lower end of the pilot valve seat. In a variant of this variant, the inlet orifice is offset
drilled and jutegrated within a lower end of the pilot valve seat. The wlet orifice allows fuel to
flow from the lower chamber into an area above the needle valve, up the central passage toward
the outlet ortfice and wmmediately below the check ball. In a variant of this aspect, the fuel
injector includes a shim disposed in the upper chamber such that the stroke gap between the

stator assembly and the armature assembly is adjustable using the shim,

(0608} According to another embodiment of the present disclosure, a fuel injector is
provided comprising a body having an upper chamber, a lower chamber and an anoular shoulder
between the upper chamber and the lower chamber, an armature assembly disposed in the upper
charaber, and a pilot valve scat having a first end disposed in the lower chamber, a second end
disposed in the upper chamber, a shaft extending between the first end and the second end, and
an angled shoulder between the first ond and the shaft in scaling engagement with the annular
shoulder of the body, thereby preventing fuel flow around the shaft between the upper chamber
and the lower chamber. In one aspect of this embodiment, the fuel injector further includes a
solenotd disposed adjacent the armature assembly and having an active state which causes the
armature assembly to move to an upward position, thereby permitting fuel flow through the pilot
valve seat, and an inactive state which permits the armature assernbly to move to a downward
position, thereby preventing fuel flow through the pilot valve seat. In a variant of this aspect, the
fucl mjector further includes a needle valve that responds to movement of the arraature assembly
to the upward position by delivering fuel from the mnjector and movement of the armature
assembly to the downward position by preventing delivery of fuel from the mjector. In another
aspect of this embodiment, the angled shoulder of the pilot valve seat forms a pressure energized
annular fluid secal with the annular shoulder of the body in response to engagement by high
pressure fuel. In a variant of this aspect, the pilot valve seat is positioned n unfastened abutment
against the annular shoulder of the body such that a differential fuel pressure acts upwardly on
the pilot valve scat to sccure the pilot valve seat in place and to assist in creating the annular

fluid seal between the pilot valve seat and the annular shoulder of the body.
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[0009] in yet another embodiment of the present disclosure, a fuel injector is provided
comprising a body having an upper chamber, an armature assembly disposed in the upper
chamber, the armature assembly being configured o move to an upward position and to a
downward position, and a pilot valve seat having a shaft disposed within the armature asserably
to guide the armature assembly between the upward position and the downward position. In one
aspect of this embodiment, the pilot valve seat meludes an inlet orifice disposed n a lower
chamber of the body and an outlet orifice disposed in the upper chamber. In a variant of this
aspect, the body includes an anmular shoulder between the upper chamber and the lower
chamber, the pilot valve seat having an julet end with the inlet opening, an outlet cod with the
putlet opening, the shaft extonding between the inlet end and the outlet end in sealing
engagemeunt with the shoulder. In another aspect, the shaft has a wachined outer surface, the
armature assembly having a central bore which receives the shaft such that the armature
assembly 1s guided by the machined outer surface of the shaft as the armature assembly moves

between the upward position and the downward position.
BRIEF DESCRIPTION (OF THE DRAWINGS

{00010} The above-ruentioned and other features of this disclosure and the wanner of
obtaining them will become more apparent and the disclosure itself will be better understood by
reference to the following descuption of embodiments of the present disclosure taken in

conjunction with the accompanying drawings, wherein:
1006011} FIG. 1 is a cross-sectional view of a prior art mid-range XPI fuel injector;

1006012} FIG. 2 is an enlarged cross-sectional view of an exemplary embodiment of a

common rail fuel injector according to the present disclosure; and

1006013} FIG. 3 is a cross-sectional view of another embodiment of a common rail fuel

injector including a hard shimroed stroke setting feature according to the present disclosure.
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DETAILED DESCRIPTION OF EMBODIMENTS

100014} The embodiments disclosed herein are not intended to be exhaustive or to Hmit
the disclosure to the precise forrus disclosed 1o the followmg detailed description.  Rather, the
embodiments were chosen and described so that others skilled in the art may utilize their

teachings.

106015} FIG. 1 is a cross-sectional view of a prior art mid-range XPI fuel injector 186,
Fuel injector 188 generally inchudes an armature asserobly 118, a plunger 112, an mjector body
114, and a needle valve 116. Injcctor body 114 includes upper chamber 146 and lower chamber
144 for recerving a plurality of components therein. The disclosed embodiment provides an inner
cavity within lower chamber 144 for receiving needle valve 116, a needle sleeve 124, a needle
spring 158, 3 needle scal 136, a pilot valve scat 128, and a check ball 122, The disclosed
embodiment further provides an inner cavity within upper chamber 146 for receiving armature
asscrnbly 118, plunger 112, an armature spring 152, a spring disk 138, and a stator asscrmbly 128,
Upper chamber 146 s a low pressure environmeunt of fuel injector 186 relative to the high

pressure environment below check ball 122

(06016} Stator assembly 128 is fixed within the upper chamber 146 and retained in place
by retainer 148, In the disclosed embodiment the botiom surface of stator asserobly 128 15 a
precision calibrated distance away from armature assembly 118. The other end of armature

asscrnbly 118 is supported via gbutting engagement with check ball retainer 142,

106617} The middle section of plunger 112 includes an angled shoulder disposed on the
upper surface of armature assembly 11§ thereby creating a reciprocal connection such that when
armature assembly 118 moves in the upward direction plunger 112 moves therewith. Armature
spring 182 is based against the flanged clements of arroatore assembly 118 and biases armature
assembly 118 and plunger 112 in an upwardly direction. Armature assembly 119 resides within
an nner cavity of upper charober 146 and further includes central bore 166 for receiving the
shaft of plunger 112 there through. The outer diameter of the shaft of plunger 112 is sized and
configured to provide a close or match fit in relation to the inner diamcter of central bore 166

while stil permitting sliding movement of phinger 1§2. This close/match fit inhibits fuel leakage
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between the outer diameter of the shaft of plunger 112 and the inner diameter of central bore 168

while perrottting relative shiding movement.

(00318} fnjector body 114 also includes lower chamber 144 which further includes an
inner cavity that houses needle valve 116, needle sleeve 124, needle spring 188, needle seal 136,
pilot valve scat 128, and check ball 122, Needle spring 15 biases ncedle valve 116 i a
downward direction and applics a closing spring force to needle valve 116 thereby preventing
fucl from exiting through injector orifice 158 when solenoid 132 is inactive. Necdle scal 136
includes countrol orifices 148 wntegrated within the seal. Needle seal 136 1s disposed above needle
valve 116 and includes end points that terminate adjacent needle sleeve 114, The surface of the
lower end of pilot valve scat 128 abuts the top surface of needle seal 136, while the surface of the
upper end of pilot valve seat 128 is disposed immediately below armature spring 152, Pilot valve
scat 128 further includes valve scat central passage 129, Valve seat central passage 129 extends

longitudinally from the lower end of pilot valve seat 128 towards the upper end.

106019} Lower chamber 144 further includes fuel entry orifice 186 which is configured to
supply fuel to the inner cavity of lower chamber 144, The inner cavity as well as cross dritled
fhud channels 126 facilitate fuel flow throughout lower chamber 144, The fuel supply pressure
may be within a pressure range of approximately 300-2600bar. Control orifices 148 function to
route fuel flow up valve seat central passage 129, When coils 118 are de-energized and solenoid
132 is in an inactive state, check ball 122 1s in sealing engagement with pilot valve seat 128.
Check ball 122 also functions as a moveable valve mernber and thus rooves out of scaling
engagement with pilot valve seat 128, When check ball 122 is in sealing engagement with pilot
valve scat 128, fuel from lower chamber 144 1s blocked from entering upper chamber 146. When
fuel is supplied to lower chamber 144 and check ball 122 15 wn sealing engagement with pilot
valve seat 128 the inner cavity of lower chamber 144 becomes a highly pressurized volume.
When check ball 122 functions as a moveable valve meraber and woves out of sealing
engagement with pilot valve scat 128, high pressure fuel flows up valve scat central passage 129

through piot valve scat 128 and into the nuer cavity of upper chamber 146.

1006620} Injector 108 utilizes necdle valve 116 in a normally closed position. When needle

valve 116 is in its normally closed position, coils 118 are de-cnergized and solenoid 132 is tn an
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inactive state. Additionally, plunger return spring 162 exerts a spring force downwardly such that
plunger 112 and armature assembly 118 exert a dowoward force oun check ball retainer 142
which thus secures and retains check ball 122 into sealing engagement with pilot valve scat 128.

Pressurized fuel is continuously supplied to the inner cavity of lower charber 144.

100021 When coils 118 are de-energized fuel from lower chamber 144 is blocked from
entering upper chamber 146 thus the inner cavity of lower chamber 144 becomes highly
pressurized. Due to the fuel supply pressure acting downwardly on needle valve 116, a large
downward hydraulic force pushes uneedle valve 116 i the downward direction. Needle spring
150 also resides in the inner cavity of lower chamber 144 and 1s compressed about the upper end
of veedle valve 116 such that when solenoid 132 s 1vactive, high pressure fuel as well as a
downward spring force on needle valve 116 both act o secure needle valve 116 against needle
valve seat 164. Sccuring needle valve 116 against needle valve seat 164 prevents high pressure

fuel from exiting injector 188 via injector orifice 158,

100022} For a fuel injection, injector 180 requires an intermediate pressure or force loss,
such as depressurizing the pressurized control volume by creating a low pressure drain flow from
the control volume. The beginning of an injection event 1s initiated by energizivg cols 118 with
an electric current. As coils 118 of solenoid 132 are energized the solenoid acts as a type of
electromagnet which then causes armoature assembly 118 to rapidly voove upwardly in magnetic
attraction with solenoid 132. Because planger 112 is disposed atop armature assembly 118, the
strength of the solenoid’s magnetic force acting on armature assermbly 118 further causes plunger
112 to move upwardly against the downward biasing force of plunger return spring 162. When
cotls 118 arc energized solenoid 132 is in an active state thereby causing armature assembly 116
and plunger 112 to move to an apward position, perrotiting roovement of check ball 122 out of
sealing engagement with pilot valve secat 128. During an injection cvent check ball 122 functions
as a moveable valve member and, when it moves out of sealing engagement with pilot valve seat
128, high pressure fuel residing in valve seat central passage 129 flows through pilot valve seat

128 into the woer cavity of upper chamber 146.

10060623} The flow of high pressure fucel from the inner cavity of lower chamber 144 to the

inner cavity of upper chamber 146 creates a pressure differential. The pressure difference
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between the high fuel supply pressure in lower chamber 144 and the low pressure in upper
charaber 146 results in significant hydraulic force acting n a divection to hft needle valve 116
and allow an injection cvent. Needle valve 116 is thercfore lifted off needle valve scat 164
allowing fuel to be injected into the engine combustion charber via injector orifice 158 which

may contain various spray outlet arrangements.

100024} The fuel injection event is ended by de-energizing coils 118, which results in
solenoid 132 being mactive and thus causing the downward force of plunger return spring 162 to
force plunger 112 to exert a downward force on armature asserobly 118, The downward force
exerted on armature assembly 118 via plunger return spring 162 forces check ball 122 back mto
sealing engagement with pilot valve seat 128, When check ball 122 is in secaling engagement
with ptlot valve seat 128, high pressure fuel from lower chamber 144 is once again blocked from
entering the inner cavity of upper charaber 146. As fucl is continuously supplied to lower
chamber 144 and with check ball 122 in sealing engagement with pilot valve seat 128, the mner
cavity of lower chamber 144 again becomes highly pressurized. The seal ercated by check ball
122 as well as the high pressure fuel supplied to the inner cavity of lower chamber 144 both
combine to produce a highly pressurized control volume in lower chamber 144, Due to the fuel
supply pressure acting dowowardly on needie valve 116, a large downward hydraulic force
pushes needle valve 116 back to the downward direction. Needle spring 156 further applies a
downward biasing spring force in order to expedite seating necdle valve 116 against needle valve
scat 164, thus preventing high pressure fuel from exiting injector 188 and ending the injection

gvent.

100025} FI1G. 2 provides an cxemplary cmbodiment of the present disclosure designed to
overcome one or wore shortcornngs of conventional imjectors and/or offer features noted herein
below. Fuel injector 280 generally includes an injector body 258, an armature assembly 216, a
plunger 218, a pilot valve seat 212, a check ball 214, a veedle sleeve 226, and a needle valve
228. Pilot valve seat 212 further includes an inlet end with an inlet orifice 222, an outlet end with
an outlet orifice 228, a central passage 224, and a pilot valve shaft 238 incloding a voachined
outer surface and extending between the inlet end and the outlet end. The injector body 258

mcludes an upper chamber 238 and a lower chamber 232 for receiving 8 plurality of components
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therein as well as an anmular shoulder 216 between upper chamber 238 and lower chamber 232.
The disclosed embodiment provides an inner cavity within upper chamber 238 for receiving a
stator assembly 268, a solenoid 246, a coil 234, outlet orifice 2268, an armature spring 236, and a
plunger return spring 262. The disclosed erobodiment further includes an inner cavity within
lower chamber 232 for receiving the inlet end of pilot valve seat 212, needle valve 228 and
needle sleeve 226. Upper charmber 230 1s a low pressure environment of fucl ijector 288 relative

to the high pressure environment below pilot valve seat 212,

100026} Stator asserably 264 is fixed within upper chamber 238@ and is retained in place by
retainer 316 as provided in FIG. 3. In the disclosed embodiment of FIG. 2 the bottom surface of
stator assembly 268 1s a precision calibrated distance from one end of armatare assembly 218,
The distance between stator assembly 266 and armature assembly 218 is indicated by stroke gap
2586 and 1s described in further detail in the disclosed embodiment of FIG. 3. Stator assembly 268
further inchudes solenoid 248 disposed directly above armature assembly 218, wherein solenoid
246 has an active state which permits armature assembly 218 to move to an upward position and
an inactive state which permits armature assembly 218 to move to a downward position. The
other end of armature assembly 218 mcludes a pilot valve central bore 246 which receives pilot
valve shaft 238 such that armature assembly 216 15 guided by the wachined outer surface of pilot
valve shaft 238 as armature assembly 218 moves between the upward position and the downward
position. Armature assembly 218 resides within the inner cavity of upper chamber 238 and
further includes plunger central bore 264 for receiving plunger 218 there through. Plunger 218
includes a shaft portion disposed within plunger central bore 264 of armature assermnbly 218 and
an angled shoulder 252 disposed on the upper surface of armature assembly 218 thereby creating
a reciprocal connection such that when armature assernbly 218 moves in the upward direction
plunger 218 moves therewith. The outer diarneter of the shaft of plunger 218 is sized and
configured to provide a close or match fit in relation to the inner diameter of plunger central bore
264 while still permitting shiding movemeunt of pluoger 218, This close/match fit inhibits fuel
icakage between the outer diameter of the shaft of plunger 218 and the inner diameter of plunger
central bore 264 while perroitting relative sliding movement. Armature assembly 218 further
includes flanged clements disposed directly below solenoid 248 and coils 234 as well as

armature fucl drain orifice 242 which provides a drain path for fuel to enter upper chamber 236
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during an injection event. Armature spring 236 is biased against the flanged eclements of
armature asserobly 288 and biases armature assembly 236 and plunger 218 1w an upwardly

direction.

(00027} Referring again to FIG. 2, plunger return spring 262 resides within the inner
cavity of upper chamber 238, 1s disposed directly above plunger angled shoulder 252, and
provides a downward spring force such that plunger 218 exerts a downward force on check ball
214. The downward spring force provided by plunger return spring 262 against plunger 218
secures and retains check ball 214 into scaling engagement with outlet orifice 228, Outlet orifice
228 is positioned directly under check ball 214 and is integrated within the outlet end of pilot
valve seat 212 and central passage 224. Ceniral passage 224 exiends longitudmally between the
inlet end and outlet end of pilot valve seat 212 and provides flow communication between inlet
orifice 222 and outlet onifice 228. Pilot valve scat 212 further includes an inlet cnd with g first
diameter 248 and an outlet end with a second diameter 288 wherein the second diameter is
smaller than the first diameter. Pilot valve seat 212 further inchudes an angled shoulder 254
between the inlet end and pilot valve shaft 238 such that angled shoulder 254 forms a seal with
injector body anmular shoulder 216 thereby inhibiting fuel flow around pilot valve shaft 238
between upper chamber 238 and lower chamber 232, Pilot valve seat 212 is press fit and pressure
energized within injector body such that pilot valve angled shoulder 254 is in scaling
cogagement with mjector body annular shoulder 216. Inlet orifice 222 is offset driled and
integrated within the inlet end of pilot valve seat 212 thereby causing fuel to flow from lower
charaber 232 info an arca above needle valve 228, up central passage 224 toward outlet orifice

228, and immediately below check ball 214,

(00028} When coils 234 are de-energized and solenoid 248 is in an inactive state, the
biasing spring force of plunger return spring 262 cxerts a downward force on plunger 218 such
that check ball 214 is in scaling engagement with outlet orifice 228, Check ball 214 also
functions as a moveable valve member and thus moves out of scaling engagement with outlet
ortfice 22¢. When check ball 224 s m scaling engagement with outlet orifice 228, fuel from
lower chamber 232 is blocked from entering upper chamber 238. When fuel is supplied to lower

chamber 232 and check ball 214 15 in scaling engagement with outlet orifice 228 the muer cavity
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of lower chamber 232 becomes a highly pressurized volume. When cotls 234 are energized and
solenotd 240 1s in an active state, check ball 214 functions as a3 moveable valve mermber and
moves out of sealing cngagement with outlet orifice 228. When check ball 214 moves out of
sealing engagement with outlet orifice 228 high pressure fuel flows through pilot valve seat 212
via inlet orifice 222, After high pressure fuel enters pilot valve seat 212 via inlet orifice 222, it
travels up central passage 224, through outlet orifice 228, through armature fuel drain orifice

242, and into the inner cavity of upper chamber 230,

(00029} Fuel injector 208 further includes needle valve 228 and needle sleeve 226 which
arc fixed within the inner cavity of lower chamber 232, Needle valve 228 is reciprocally
rmoveable within lower chamber 232 such that when check ball 214 is moved out of sealing
engagement with outlet orifice 228, necdle valve 228 moves upwardly, thereby causing fuel to be

dehivered from fuel injoctor 266,

106636} For fucl injection to occur, mjector 288 requires an intermediate pressure or force
loss, such as depressurizing the pressurized control volume of lower chamber 232 by creating a
iow pressure drain flow from the control volume. The beginning of an injection event is initiated
by encrgizing coils 234 with an clectric current. As coils 234 of solevoid 248 are encrgized the
solenoid acts as a type of clectromagnet which then causes armature assembly 218 to rapidly
move upward i roagocetic attraction with solenoid 246, Because plunger 218 1 disposed atop
armature assembly 218, the strength of the solenoid’s magnetic force acting on armature
assembly 218 further causes plunger 218 to move upwardly against the downward biasing force
of plunger return spring 262. When coils 234 are energized, solenoid 248 is in an active state
thereby causing armature asserably 218 and plunger 218 to move to an upward position, thus
permitting movement of check ball 214 out of sealing engagement with outlet orifice 226,
Druring an injection cvent check ball 214 functions as a moveable valve member such that when
check ball 214 moves out of sealing cogagement with outlet orifice 226, high pressure fuel
residing inn valve scat central passage 224 flows through outlet orifice 226, through armature fucl
drain orifice 242, and into the fner cavity of upper chamber 238. The flow of high pressure fuel
from the inner cavity of lower chamber 232 to the inner cavity of upper chamber 23§ creates a

pressure differential. The pressure difference between the high fuel supply pressure in lower
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chamber 232 and the low pressure in upper chamber 230 results in significant hydraulic force

acting i a direction to lift needie valve 228 and allow an injection eveot.

100631} The fuel injection event is ended by de-energizing coils 234, which results in
solenoid 246 being mactive and thus causing the downward force of plunger return spring 262 to
force plunger 218 to cxert a downward force on armature asserably 218, Likewise, the
downward force exerted on plunger 21¥ via plunger return spring 262 forces check ball 214 back
into scaling cngagement with outlet orifice 228, When check ball 214 is in scaling engagement
with outlet orifice 228, high pressure fuel from lower chamber 232 is once again blocked from
entering the inner cavity of upper chamber 238, As fuel is continuously supplied to lower
chamber 232, and with check ball 214 back m sealing engagerent with outlet orifice 228, the

inner cavity of lower chamber 232 again becomes highly pressurized.

1060634} In contrast to fuel injector 1898, fuel injector 206 includes an armature assembly
218 that 1s mounted on, and supported for reciprocating motion on pilot valve seat 212 such that
plunger 218 is supported for reciprocating motion on armature assembly 218, In this way, pilot
valve scat 212 directly supports and guides armature assembly 218 and indirectly supports
plunger 218, In fuel injector 188 stator assembly 128 provides at least partial support for plunger
112, whereas in fuel injcctor 2080 a clearance gap 266 cxists between plunger 218 and stator
assernbly 268 such that plunger 218 1s ounly directly supported by armature asserably 218 which
in turn s supported by pilot valve seat 212. Moreover, in fuel injector 280 pilot valve seat 212 18
arranged in injector body 258 such that angled shoulder 284 of pilot valve seat 212 forms a
pressure energized annular fluid seal with injector body annular shoulder 216 in respouse to
engagerncnt by high pressure fucl Pilot valve scat 212 18 therefore positioned in unfastened
abutment against wjector body anuular shoulder 216 such that differcotial fuel pressure acts
upwardly on pilot valve seat 212 to secure it in place and to assist in creating the annular fluid
seal. In prior art desigos such as fuel ingector 108, pilot valve scat 128 15 held in place against the
upwardly acting fuel pressure by threaded retainer 154 to mjector body 114, whereas in fuel
injector 208, there 1s vo threaded connection between wnjector body 258 and pilot valve seat 212,
Lastly, in prior art designs such as fuel injector 186, check ball 122 was secured by check ball

retainer 142 while needic seal 136 and control orifice 148 caused fuel from lower chamber 144
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to flow up central passage 129. In fuel injector 208, needle scal 136, control orifice 148, and
check ball retainer 142 bave been chnunated and replaced with an tmproved and sirearnlined
design in which inlet orifice 222 is off-set drilled and integrated within pilot valve seat 212,
while check ball 214 1s disposed divectly below and secured by plunger 218, Fuel injector 2008
thus inciudes internal component configurations which achicve high pressure injector
performance characteristics with fewer components and with less cxpensive design and

mangfacturing costs.

(00033} FIG. 3 is a cross-sectional view of fuel injector 380 which includes a hard
shimumed stroke setting feature according to the present disclosure. Fuel injector 308 is a variant
of fuel injector 208 and geverally tucludes a stator assembly retainer 318, a stroke shiva 312, a
stator assembly 318, an armature assembly 218, and an upper chamber 238. Stator assembly 318
is disposed in upper chamber 238 directly above armature asscmbly 218 such that a stroke gap
256 exists between stator assembly 318 and armature assembly 216, Stator assembly 318 s set in
location relative to arroature assembly 218 to achieve g desired stroke and 15 then secured
place by stator retainer 318, Fuel injector 368 further includes stroke shim 312 disposed in the
upper chamber 238 such that stroke gap 256 between stator assembly 318 and armature assembly
is adjustable using stroke shimn 312, A plorality of different shims 312 may be used to provide

different stroke gaps 256.
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CLAIMS

What is claimed is:
I. A fuel injector, comprising:

a body having an upper chamber and a lower chamber;

an armature assembly disposed in the upper chamber; and

a pilot valve seat having an inlet orifice disposed in the lower chamber and an outlet
orifice disposed m the upper chamber.
2. The fuel injector of claim 1, further including a solenoid disposed adjacent the armature
assembly and having an active state which causes the armature assembly to move to an upward
position, thereby permitting moveraent of a check ball out of scaling engagement with the outlet
orifice, and an inactive state which permits the armature assembly to move to a downward

position, thereby causing the check ball to move into scaling engagerment with the outlet orifice.

3. The fuel injector of claim 2, further inchiding a needle valve reciprocally moveable in the
body; wherein wheu the check ball 1s moved out of sealing engagement with the outlet orifice,

the needic valve moves upwardly, thereby causing fuel to be delivered from the injector.

4. The fuel injector of claim 1, wherein the body includes an annular shoulder between the
upper chamber and the lower chamber, the pilot valve scat having an inlet end with the mnlet
opening, an outlet end with the outiet opening, and a shaft extending between the inlet end and

the outlet end in sealing engagement with the shoulder.

5. The fuel injector of claim 2, wherein the shaft of the pilot valve seat has a machined outer
surface, the armature assembly baving a ceniral bore which receives the shaft such that the
armature assembly is guided by the machined owuter surface of the shaft as the armature assembly

moves between the upward position and the downward position.
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6. The fuel injector of claim 4, wherein the inlet end of the pilot valve scat has a first
diarseter and the outlet end of the pilot valve seat has a second diameter which 1s smaller than

the first diameter.

7. The fuel injector of claim 4, wherein the pilot valve seat further includes an angled
shoulder between the inlet end and the shafi, the angled shoulder forming a seal with the annular
shoulder of the body, thereby preventing fuel flow around the shaft between the upper chamber

angd the lower chamber.

8. The fuel injector of claim 1, wherein the pilot valve seat is press fit and pressure

energized within the body.

9. The fuel injector of claim 1, wherein the pilot valve scat further includes a central

passage providing flow communication between the inlet orifice and the outlet orifice.

16, The fuel injector of claim 9, wherein the gutlet orifice is positioned directly under the
check ball and is integrated within a upper end of the pilot valve seat and the central passage

extending longitudivally towards a lower end of the pilot valve seat,

11, The fuel mnjector of claim 10, wherein the inlet onifice is offset drilled and infegrated
within a lower end of the pilot valve seat, the inlet orifice allowing fuel to flow from the lower
chamber into an arca above a needie valve, up the central passage toward the outlet orifice and

immediately below a check ball.
12, The fuel mjector of claim 1, further including a shim disposed 1n the upper chamber such
that the stroke gap between the stator assembly and the armature assembly 1s adjustable using the

shim,

13. A fuel injector, comprising:
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a body having an upper chamber, a lower chamber and an annular shoulder between the
upper chamber and the lower chamber;

an armature assembly disposed in the upper chamber; and

a pilot valve seat having a first end disposed 1n the lower charober, a second end disposed
in the upper chamber, a shaft extending between the first end and the second end, and an angled
shoulder between the first end and the shaft in scaling engagement with the annular shoulder of
the body, thereby preventing fuel flow around the shaft between the upper chamber and the

fower chamber.

14, The fuel mjector of claim 13, further including a solenoid disposed adjacent the armature
assernbly and baving an active state which causes the armature assembly t0 move to an upward
position, thereby permitting fuel flow through the pilot valve seat, and an inactive state which
perraits the armature assembly to move to a downward position, thereby preventing fucl flow

through the pilot valve seat.

15.  The fuel injector of claim 14, further inchiding a needie valve that responds to movement
of the armature assembly to the upward position by delivering fuel from the injector and
movement of the armature assembly o the downward position by preventing delivery of fuel

from the injector.

16.  The fuel injector of claim 13, wherein the angled shoulder of the pilot valve seat forms a
pressure energized anmular fluid seal with the annular shoulder of the body in response to

engagement by high pressure fuel.

17.  The fuel mjector of claim 16, wherein the pilot valve seat is posttioned in unfastened
abutment against the annular shoulder of the body such that a differential fuel pressure acts
upwardly on the pilot valve seat to secure the pilot valve seat in place and to assist in creating the

annular fluid seal between the pilot valve seat and the annular shoulder of the body.

18. A fuel injector, comprising:
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a body having an upper chamber;

an armature assernbly disposed n the upper charaber, the armature assembly being
configured to move to an upward position and to a downward position; and

a pilot valve seat having a shaft disposed within the armature assembly to gaide the

armature assembly between the upward position and the downward position.

19.  The fuel injector of claim 18, wherein the pilot valve seat includes an inlet orifice

disposed in a lower chamber of the body and an outlet orifice disposed in the upper chamber,

28,  The fuel injector of claim 19, wherein the body includes an annular shoulder between the
upper chamber and the lower chamber, the pilot valve seat having an inlet end with the inlet
opening, an outlet end with the outict opening, the shaft extending between the inlet end and the

outlct end in sealing engagement with the shoulder.

21, The fuel injector of claim 18, wherein the shaft has a roachined outer surface, the
armature assembly having a central bore which receives the shaft such that the armature
assembly is guided by the machined cuter surface of the shaft as the armature assembly moves

between the upward position and the downward position,

22 The fuel mjector of claim 1K, wherein the armature assembly includes a fuel draiu onfice
such that fuel flows into the upper chamber when the armature assembly moves to an upward

position,
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