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Description

BACKGROUND OF THE INVENTION

1. FIELD OF THE INVENTION

[0001] The present invention relates to a fuel injector
for an internal combustion engine.

2. DESCRIPTION OF RELATED ART

[0002] Fuel injectors are used to introduce pressu-
rized fuel into the combustion chamber of an internal
combustion engine. Figure 1 shows a fuel injection sys-
tem 10 of the prior art. The injection system includes a
nozzle 12 that is coupled to a fuel port 14 through an
intensifier chamber 16. The intensifier chamber 16 con-
tains an intensifier piston 18 which reduces the volume
of the chamber 16 and increases the pressure of the fuel
therein. The pressurized fuel is released into a combus-
tion chamber through the nozzle 12.
[0003] The intensifier piston 18 is stroked by a work-
ing fluid that is controlled by a poppet valve 20. The
working fluid enters the valve through port 22. The pop-
pet valve 20 is coupled to a solenoid 24 which can be
energized to pull the valve into an open position. As
shown in Figure 2, when the solenoid 24 opens the pop-
pet valve 20, the working fluid applies a pressure to the
intensifier piston 18. The pressure of the working fluid
moves the piston 18 and pressurizes the fuel. When the
solenoid 24 is deenergized, springs 26 and 28 return the
poppet valve 20 and the intensifier piston 18 back to the
original positions.
[0004] Spring return fuel injectors are relatively slow
because of the slow response time of the poppet valve
return spring. Additionally, the spring rate of the spring
generates an additional force which must be overcome
by the solenoid. Consequently the solenoid must be pro-
vided with enough current to overcome the spring force
and the inertia of the valve. Higher currents generate
additional heat and degrade the life and performance of
the solenoid. Furthermore, the spring rate of the springs
may change because of creep and fatigue. The change
in spring rate will create varying results over the life of
the injector.
[0005] Conventional fuel injectors typically incorpo-
rate a mechanical feature which determines the shape
of the fuel curve. Mechanical rate shapers are relatively
inaccurate and are susceptible to wear and fatigue. Ad-
ditionally, fuel leakage into the spring chambers of the
nozzle and the intensifier may create a hydrostatic pres-
sure that will degrade the performance of the valve.
[0006] The graph of Figure 3 shows an ideal fuel in-
jection rate for a fuel injector. To improve the efficiency
of the engine, it is desirable to pre-inject fuel into the
combustion chamber before the main discharge of fuel.
As shown in phantom, the fuel curve should ideally be
square so that the combustion chamber receives an op-

timal amount of fuel. Actual fuel injection curves have
been found to be less than ideal, thereby contributing to
the inefficiency of the engine. It is desirable to provide
a high speed fuel injector that will supply a more opti-
mum fuel curve than fuel injectors in the prior art.
[0007] As shown in Figs. 1 and 2, the poppet valve
constantly strikes the valve seat during the fuel injection
cycles of the injector. Eventually the seat and the poppet
valve will wear, so that the valve is not properly seated
within the valve chamber. Improper valve seating may
result in an early release of the working fluid into the
intensifier chamber, causing the injector to prematurely
inject fuel into the combustion chamber. It would be de-
sirable to provide an injector valve that did not create
wear between the working fluid control valve and the as-
sociated valve seat of the injector.

SUMMARY OF THE INVENTION

[0008] The present invention is a fuel injector which
has a double solenoid three-way or four-way spool valve
that controls the flow of a working fluid that is used to
move an intensifier piston of the injector. The fuel injec-
tor includes a nozzle which is in fluid communication
with a fuel port through a pressure chamber. The pres-
sure chamber contains an intensifier piston which can
move to decrease the volume of the chamber and in-
crease the pressure of the fuel. The pressurized fuel is
discharged into the combustion chamber of an engine
through the nozzle of the injector.
[0009] The spool valve is moved by a pair of solenoids
between a first position and a second position. Move-
ment of the spool valve provides fluid communication
between the intensifier piston and the working fluid ports
of the injector, so that the working fluid strokes the in-
tensifier piston. It has been found that the solenoid con-
trol valve of the present invention is very responsive and
provides a more optimal fuel curve than injectors in the
prior art. Additionally, the spool valve moves between
bearing surfaces of a valve housing that are separate
from the valve seats of the working fluid ports, thereby
reducing wear on the seats and insuring a repeatable
operation of the control valve.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The objects and advantages of the present in-
vention will become more readily apparent to those or-
dinarily skilled in the art after reviewing the following de-
tailed description and accompanying drawings, where-
in:

Figure 1 is a cross-sectional view of a fuel injector
of the prior art;
Figure 2 is a cross-sectional view similar to Fig. 1,
showing the fuel injector injecting fuel;
Figure 3 is a graph showing the ideal and actual fuel
injection curves for a fuel injector;
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Figure 4 is a cross-sectional view of a fuel injector
with a four-way control valve that has a spool valve
in a first position;
Figure 5 is a cross-sectional view of the fuel injector
with the spool valve in a second position;
Figure 6 is an alternate embodiment of the fuel . in-
jector of Fig. 4;
Figure 7 is a cross-sectional view of an alternate
embodiment of a fuel injector which has a three-way
control valve.

DETAILED DESCRIPTION OF THE INVENTION

[0011] Referring to the drawings more particularly by
reference numbers, Figures 4 and 5 show a fuel injector
50 of the present invention. The fuel injector 50 is typi-
cally mounted to an engine block and injects a controlled
pressurized volume of fuel into a combustion chamber
(not shown). The injector 50 of the present invention is
typically used to inject diesel fuel into a compression ig-
nition engine, although it is to be understood that the
injector could also be used in a spark ignition engine or
any other system that requires the injection of a fluid.
[0012] The fuel injector 10 has an injector housing 52
that is typically constructed from a plurality of individual
parts. The housing 52 includes an outer casing 54 that
contains block members 56, 58, and 60. The outer cas-
ing 54 has a fuel port 64 that is coupled to a fuel pressure
chamber 66 by a fuel passage 68. A first check valve 70
is located within fuel passage 68 to prevent a reverse
flow of fuel from the pressure chamber 66 to the fuel port
64. The pressure chamber 26 is coupled to a nozzle 72
through fuel passage 74. A second check valve 76 is
located within the fuel passage 74 to prevent a reverse
flow of fuel from the nozzle 72 to the pressure chamber
66.
[0013] The flow of fuel through the nozzle 72 is con-
trolled by a needle valve 78 that is biased into a closed
position by spring 80 located within a spring chamber
81. The needle valve 78 has a shoulder 82 above the
location where the passage 74 enters the nozzle 78.
When fuel flows into the passage 74 the pressure of the
fuel applies a force on the shoulder 82. The shoulder
force lifts the needle valve 78 away from the nozzle
openings 72 and allows fuel to be discharged from the
injector 50.
[0014] A passage 83 may be provided between the
spring chamber 81 and the fuel passage 68 to drain any
fuel that leaks into the chamber 81. The drain passage
83 prevents the build up of a hydrostatic pressure within
the chamber 81 which could create a counteractive
force on the needle valve 78 and degrade the perform-
ance of the injector 10.
[0015] The volume of the pressure chamber 66 is var-
ied by an intensifier piston 84. The intensifier piston 84
extends through a bore 86 of block 60 and into a first
intensifier chamber 88 located within an upper valve
block 90. The piston 84 includes a shaft member 92

which has a shoulder 94 that is attached to a head mem-
ber 96. The shoulder 94 is retained in position by clamp
98 that fits within a corresponding groove 100 in the
head member 96. The head member 96 has a cavity
which defines a second intensifier chamber 102.
[0016] The first intensifier chamber 88 is in fluid com-
munication with a first intensifier passage 104 that ex-
tends through block 90. Likewise, the second intensifier
chamber 102 is in fluid communication with a second
intensifier passage 106.
[0017] The block 90 also has a supply working pas-
sage 108 that is in fluid communication with a supply
working port 110. The supply port is typically coupled to
a system that supplies a working fluid which is used to
control the movement of the intensifier piston 84. The
working fluid is typically a hydraulic fluid that circulates
in a closed system separate from the fuel. Alternatively
the fuel could also be used as the working fluid. Both
the outer body 54 and block 90 have a number of outer
grooves 112 which typically retain O-rings (not shown)
that seal the injector 10 against the engine block. Addi-
tionally, block 62 and outer shell 54 may be sealed to
block 90 by O-ring 114.
[0018] Block 60 has a passage 116 that is in fluid com-
munication with the fuel port 64. The passage 116 allows
any fuel that leaks from the pressure chamber 66 be-
tween the block 62 and piston 84 to be drained back into
the fuel port 64. The passage 116 prevents fuel from
leaking into the first intensifier chamber 88.
[0019] The flow of working fluid into the intensifier
chambers 88 and 102 can be controlled by a four-way
solenoid control valve 118. The control valve 118 has a
spool 120 that moves within a valve housing 122. The
valve housing 122 has openings connected to the pas-
sages 104, 106 and 108 and a drain port 124. The spool
120 has an inner chamber 126 and a pair of spool ports
that can be coupled to the drain ports 124. The spool
120 also has an outer groove 132. The ends of the spool
120 have openings 134 which provide fluid communica-
tion between the inner chamber 126 and the valve
chamber 134 of the housing 122. The openings 134
maintain the hydrostatic balance of the spool 120.
[0020] The valve spool 120 is moved between the first
position shown in Fig. 4 and a second position shown
in Fig. 5, by a first solenoid 138 and a second solenoid
140. The solenoids 138 and 140 are typically coupled
to a controller which controls the operation of the injec-
tor. When the first solenoid 138 is energized, the spool
120 is pulled to the first position, wherein the first groove
132 allows the working fluid to flow from the supply work-
ing passage 108 into the first intensifier chamber 88, and
the fluid flows from the second intensifier chamber 102
into the inner chamber 126 and out the drain port 124.
When the second solenoid 140 is energized the spool
120 is pulled to the second position, wherein the first
groove 132 provides fluid communication between the
supply working passage 108 and the second intensifier
chamber 102, and between the first intensifier chamber
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88 and the drain port 124.
[0021] The groove 132 and passages 128 are prefer-
ably constructed so that the initial port is closed before
the final port is opened. For example, when the spool
120 moves from the first position to the second position,
the portion of the spool adjacent to the groove 132 ini-
tially blocks the first passage 104 before the passage
128 provides fluid communication between the first pas-
sage 104 and the drain port 124. Delaying the exposure
of the ports, reduces the pressure surges in the system
and provides an injector which has more predictable fir-
ing points on the fuel injection curve.
[0022] The spool 120 typically engages a pair of bear-
ing surfaces 142 in the valve housing 122. Both the
spool 120 and the housing 122 are preferably construct-
ed from a magnetic material such as a hardened 52100
or 440c steel, so that the hystersis of the material will
maintain the spool 120 in either the first or second po-
sition. The hystersis allows the solenoids to be de-en-
ergized after the spool 120 is pulled into position. In this
respect the control valve operates in a digital manner,
wherein the spool 120 is moved by a defined pulse that
is provided to the appropriate solenoid. Operating the
valve in a digital manner reduces the heat generated by
the coils and increases the reliability and life of the in-
jector.
[0023] In operation, the first solenoid 138 is energized
and pulls the spool 120 to the first position, so that the
working fluid flows from the supply port 110 into the first
intensifier chamber 88 and from the second intensifier
chamber 102 into the drain port 124. The flow of working
fluid into the intensifer chamber 88 moves the piston 84
and increases the volume of chamber 66. The increase
in the chamber 66 volume decreases the chamber pres-
sure and draws fuel into the chamber 66 from the fuel
port 64. Power to the first solenoid 138 is terminated
when the spool 120 reaches the first position.
[0024] When the chamber 66 is filled with fuel, the
second solenoid 140 is energized to pull the spool 120
into the second position. Power to the second solenoid
140 is terminated when the spool reaches the second
position. The movement of the spool 120 allows working
fluid to flow into the second intensifier chamber 102 from
the supply port 110 and from the first intensifier chamber
88 into the drain port 124.
[0025] The head 96 of the intensifier piston 96 has an
area much larger than the end of the piston 84, so that
the pressure of the working fluid generates a force that
pushes the intensifier piston 84 and reduces the volume
of the pressure chamber 66. The stroking cycle of the
intensifier piston 84 increases the pressure of the fuel
within the pressure chamber 66. The pressurized fuel is
discharged from the injector through the nozzle 72. The
fuel is typically introduced to the injector at a pressure
between 1000-2000 psi. In the preferred embodiment,
the piston has a head to end ratio of approximately 10:
1, wherein the pressure of the fuel discharged by the
injector is between 10,000-20,000 psi.

[0026] After the fuel is discharged from the injector the
first solenoid 138 is again energized to pull the spool
120 to the first position and the cycle is repeated. It has
been found that the double solenoid spool valve of the
present invention provide a fuel injector which can more
precisely discharge fuel into the combustion chamber of
the engine than injectors of the prior art. The increase
in accuracy provides a fuel injector that more closely ap-
proximates the square fuel curve shown in the graph of
Fig. 3. The high speed solenoid control valves can also
accurately supply the pre-discharge of fuel shown in the
graph.
[0027] Figure 6 shows an alternate embodiment of a
fuel injector of the present invention which does not
have a return spring for the needle valve. In this embod-
iment the supply working passage 108 is coupled to a
nozzle return chamber 150 by passage 152. The needle
valve 78 is biased into the closed position by the pres-
sure of the working fluid in the return chamber 150.
When the intensifier piston 84 is stroked, the pressure
of the fuel is much greater than the pressure of the work-
ing fluid, so that the fuel pressure pushes the needle
valve 78 away from the nozzle openings 72. When the
intensifier piston 84 returns to the original position, the
pressure of the working fluid within the return chamber
150 moves the needle valve 78 and closes the nozzle
72.
[0028] Figure 7 shows an injector 160 controlled by a
three-way control valve 162. In this embodiment, the
first passage 108 is connected to a drain port 164 in
block 90, and the intensifier piston 84 has a return spring
166 which biases the piston 84 away from the needle
valve 78. Movement of the spool 168 provides fluid com-
munication between the second passage 106 and either
the supply port 110 or the drain port 124.
[0029] When the spool 168 is in the second position,
the second passage 106 is in fluid communication with
the supply passage 108, wherein the pressure within the
second intensifier chamber 102 pushes the intensifier
piston 84 and pressurized fuel is ejected from the injec-
tor 160. The fluid within the first intensifier chamber 88
flows through the drain port 164 and the spring 166 is
deflected to a compressed state. When the spool 168 is
pulled by the first solenoid 138 back to the first position,
the second passage 106 is in fluid communication with
the drain port 124 and the second intensifier chamber
102 no longer receives pressurized working fluid from
the supply port 110. The force of the spring 166 moves
the intensifier piston 84 back to the original position. The
fluid within the second intensifier chamber 102 flows
through the drain port 124.
[0030] Both the three-way and four-way control
valves have inner chambers 126 that are in fluid com-
munication with the valve chamber 132 through spool
openings 134, and the drain ports 124 through ports
130. The ports inner chamber and openings insure that
any fluid pressure within the Valve chamber is applied
equally to both ends of the spool. The equal fluid pres-
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sure balances the spool so that the solenoids do not
have to overcome the fluid pressure within the valve
chamber when moving between positions. Hydrostatic
pressure will counteract the pull of the solenoids, there-
by requiring more current for the solenoids to switch the
valve. The solenoids of the present control valve thus
have lower power requirements and generate less heat
than injectors of the prior art, which must supply addi-
tional power to overcome any hydrostatic pressure with-
in the valve. The balanced spool also provides a control
valve that has a faster response time, thereby increas-
ing the duration interval of the maximum amount of fuel
emitted by the injector. Increasing the maximum fuel du-
ration time provides a fuel injection curve that is more
square and more approximates an ideal curve.
[0031] As shown in Fig. 4, the ends of the spool 120
may have concave surfaces 170 that extend from an
outer rim to openings 134 in the spool 120. The concave
surfaces 170 function as a reservoir that collects any
working fluid that leaks into the gaps between the valve
housing 122 and the end of the spool. The concave sur-
faces significantly reduce any hydrostatic pressure that
may build up at the ends of the spool 120. The annular
rim at the ends of the spool 120 should have an area
sufficient to provide enough hysteris between the spool
and housing to maintain the spool in position after the
solenoid has been de-energized.
[0032] While certain exemplary embodiments have
been described and shown in the accompanying draw-
ings, it is to be understood that such embodiments are
merely illustrative of and not restrictive on the broad in-
vention, and that this invention not be limited to the spe-
cific constructions and arrangements shown and de-
scribed, since various other modifications may occur to
those ordinarily skilled in the art.

Claims

1. An upper fuel injector unit coupled to a lower fuel
injector unit that has a nozzle coupled to a fuel port
that receives a fuel, comprising:

a housing that has a supply working port and a
return working port for receiving and releasing
a working fluid;
an intensifier that moves from a return position
and a power position, wherein said intensifier
increases a fuel pressure to the nozzle when in
the power position, said intensifier being adja-
cent to a first intensifier chamber and a second
intensifier chamber;
a spool that moves between a first position and
a second position, said spool being operatively
connected to said working fluid ports and said
intensifier chambers so that said first intensifier
chamber is in fluid communication with said
supply working port and said second intensifier

chamber is in fluid communication with said re-
turn working port when said spool is in said first
position, wherein said first intensifier chamber
is pressurized and said intensifier moves to the
return position, and said first intensifier cham-
ber is in fluid communication with said return
working port and said second intensifier cham-
ber is in fluid communication with said supply
working port when said spool is in said second
position, wherein said second intensifier cham-
ber is pressurized and said intensifier moves to
the power position; and,
solenoid means for moving said spool between
said first position and said second position.

2. The upper fuel unit injector unit as recited in claim
1, wherein said solenoid means includes a first so-
lenoid that moves said spool from said second po-
sition to said first position, and a second solenoid
that moves said spool from said second position to
said first position.

3. The upper fuel unit injector as recited in claim 1,
wherein the working fluid is also the fuel.

4. The upper fuel unit injector as recited in claim 1,
wherein said housing has a supply working passage
between said supply working port and said spool, a
return working passage between said return work-
ing port and said spool, a first intensifier passage
between said first intensifier chamber and said
spool valve and a second intensifier passage be-
tween said second intensifier chamber and said
spool, said spool having a first groove that provides
fluid communication between said supply working
passage and said first intensifier passage when
said spool is in said first position and fluid commu-
nication between said supply working passage and
said second intensifier passage when said spool is
in said second position, said spool also having a
pair of passages and an internal chamber that pro-
vide fluid communication between said second in-
tensifier passage and said return working passage
when said spool is in said first position, and fluid
communication between said first intensifier pas-
sage and said return working passage when said
spool is in said second position.

5. The upper fuel injector unit as recited in claim 1, fur-
ther comprising a valve housing which has a pair of
bearing surfaces, said spool being cylindrical in
shape with a pair opposite ends that engage said
bearing surface and an outer longitudinal wall be-
tween said ends which contain the groove and the
passages.

6. The upper fuel injector unit as recited in claim 5,
wherein said valve housing and said spool are con-
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structed from a steel.

7. The upper fuel injector unit as recited in claim 4,
wherein said spool moves within a valve chamber
of a valve housing, said spool having a pair of open-
ing that provide fluid communication between said
inner chamber and said valve chamber.

8. A fuel injector, comprising:

a housing that has a fuel port for receiving a
fuel, a supply working port and a return working
port for receiving and releasing a working fluid,
said housing further having a supply working
passage between said supply working port and
said spool valve, a return working passage in
fluid communication with said return working
port, a first intensifier passage in fluid commu-
nication with said first intensifier chamber and
a second intensifier passage in fluid communi-
cation with said second intensifier chamber;
a nozzle that discharges the fuel from said
housing;
an intensifier that moves from a return position
and a power position, wherein said intensifier
increases a fuel pressure to the nozzle when in
the power position, said intensifier being adja-
cent to a first intensifier chamber and a second
intensifier chamber;
a spool that moves between a first position and
a second position, said spool having a first
groove that provides fluid communication be-
tween said supply working passage and said
first intensifier passage when said spool valve
is in said first position and fluid communication
between said supply working passage and said
second intensifier passage when said spool is
in said second position, said spool also having
a pair of passages and an internal chamber that
provide fluid communication between said sec-
ond intensifier passage and said return working
passage when said spool is in said first posi-
tion, and fluid communication between said first
intensifier passage and said return working
passage when said spool is in said second po-
sition, wherein said first intensifier chamber is
pressurized and said intensifier moves to the
return position when said spool is in the first po-
sition and said second intensifier chamber is
pressurized and said intensifier moves to the
power position when said spool is in the second
position;
a first solenoid operatively connected to said
spool to move said spool from said second po-
sition to said first position; and,
a second solenoid operatively connected to
said spool valve to move said spool from said
first position to said second position.

9. The fuel injector as recited in claim 8, further com-
prising a valve housing which has a pair of bearing
surfaces, said spool being cylindrical in shape with
a pair opposite ends that engage said bearing sur-
face and an outer longitudinal wall between said
ends which contain the groove and the passages.

10. The fuel injector as recited in claim 8, wherein said
spool moves within a valve chamber of a valve
housing, said spool having a pair of opening that
provide fluid communication between said inner
chamber and said valve chamber.

11. The fuel injector as recited in claim 8, wherein said
housing has a passage that provides fluid commu-
nication between said fuel port and a spring cham-
ber which houses a spring that biases said nozzle.

12. The fuel injector as recited in claim 8, wherein said
housing has a passage that provides fluid commu-
nication between said supply working passage and
a nozzle return chamber.

13. The fuel injector as recited in claim 9, wherein said
valve housing and said spool are constructed from
a magnetic steel.

14. The fuel injector as recited in claim 8, wherein the
working fluid is also the fuel.

15. An upper fuel injector unit coupled to a lower fuel
injector unit that has a nozzle coupled to a fuel port
that receives a fuel, comprising:

a housing that has a supply working port and a
return working port for receiving and releasing
a working fluid;
an intensifier that moves from a return position
and a power position, wherein said intensifier
increases a fuel pressure to the nozzle when in
the power position, said intensifier being adja-
cent to a spring chamber and an intensifier
chamber, said spring chamber being in fluid
communication with said return working port;
a spring within said spring chamber, said spring
biases said intensifier to the return position;
a spool that moves between a first position and
a second position, said spool being operatively
connected to said working fluid ports and said
intensifier chambers so that intensifier chamber
is in fluid communication with said return work-
ing port when said spool is in said first position,
wherein said spring moves said intensifier to
the return position, and said intensifier cham-
ber is in fluid communication with said supply
working port when said spool is in said second
position, wherein said second intensifier cham-
ber is pressurized and said intensifier moves to
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the power position; and,
solenoid means for moving said spool between
said first position and said second position.

16. The upper fuel injector unit as recited in claim 15,
wherein said solenoid means includes a first sole-
noid that moves said spool from said second posi-
tion to said first position, and a second solenoid that
moves said spool from said second position to said
first position.

17. The upper fuel injector unit as recited in claim 15,
wherein the working fluid is also the fuel.

18. The upper fuel injector unit as recited in claim 15,
wherein said housing has a supply working passage
connected to said supply working port and said
spool, a return working passage connected to said
return working port and said spool, a first intensifier
passage connected to said spring chamber and
said return working port and a second intensifier
passage connected to said second intensifier
chamber and said spool, said spool having a groove
that provides fluid communication between said
supply working passage and said intensifier pas-
sage when said spool is in said first position and
fluid communication between said intensifier pas-
sage and said return working passage when said
spool is in said second position.

19. The upper fuel injector unit as recited in claim 15,
further comprising a valve housing which has a pair
of bearing surfaces, said spool being cylindrical in
shape with a pair opposite ends that engage said
bearing surface and an outer longitudinal wall be-
tween said ends which contain the groove and the
passages.

20. The upper fuel injector unit as recited in claim 19,
wherein said valve housing and said spool are con-
structed from a magnetic steel.

21. The upper fuel injector unit as recited in claim 18,
wherein said spool moves within a valve chamber
of a valve housing, said spool having a pair of open-
ing that provide fluid communication between said
inner chamber and said valve chamber.

22. A fuel injector, comprising:

a housing that has a fuel port for receiving a
fuel, a supply working port and a return working
port for receiving and releasing a working fluid,
said housing further having a supply working
passage between said supply working port and
said spool valve, a return working passage in
fluid communication with said return working
port, a first intensifier passage in fluid commu-

nication with said first intensifier chamber and
a second intensifier passage in fluid communi-
cation with said second intensifier chamber;
a nozzle that discharges the fuel from said
housing;
an intensifier that moves from a return position
and a power position, wherein said intensifier
increases a fuel pressure to the nozzle when in
the power position, said intensifier being adja-
cent to a spring chamber and an intensifier
chamber, said spring chamber being in fluid
communication with said return working port;
a spring within said spring chamber, said spring
biases said intensifier to the return position;
a spool that moves between a first position and
a second position, said spool having a groove
that provides fluid communication between
said return working passage and said intensifi-
er passage when said spool valve is in said first
position, wherein said spring moves said inten-
sifier to the return position, and said intensifier
chamber is in fluid communication with said
supply working port when said spool is in said
second position, wherein said intensifier cham-
ber is pressurized and said intensifier moves to
the power position when said spool;
a first solenoid operatively connected to said
spool to move said spool from said second po-
sition to said first position; and,
a second solenoid operatively connected to
said spool valve to move said spool from said
first position to said second position.

23. The fuel injector as recited in claim 22, further com-
prising a valve housing which has a pair of bearing
surfaces, said spool being cylindrical in shape with
a pair opposite ends that engage said bearing sur-
face and an outer longitudinal wall between said
ends which contain the groove and the passages.

24. The fuel injector as recited in claim 22, wherein said
spool moves within a valve chamber of a valve
housing, said spool having a pair of opening that
provide fluid communication between said inner
chamber and said valve chamber.

25. The fuel injector as recited in claim 22, wherein said
housing has a passage that provides fluid commu-
nication between said fuel port and a spring cham-
ber which houses a spring that biases said nozzle.

26. The fuel injector as recited in claim 22, wherein said
housing has a passage that provides fluid commu-
nication between said supply working passage and
a nozzle return chamber.

27. The fuel injector as recited in claim 23, wherein said
valve housing and said spool are constructed from
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a magnetic steel.

28. The fuel injector as recited in claim 22, wherein the
working fluid is also the fuel.
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