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SYSTEM, METHOD AND COMPUTER READABLE MEDIA FOR
CONTROLLING AT LEAST ONE FUEL DELIVERY CHARACUTERISTIC
DURING A COMBUSTION EVENT WITHIN AN ENGINE

BACKGROUND OF THE INVENTION
{001} The mvention relates to the field of fuel mjection systems, and more
particularly, 1o a system and method for controlling at least one touel delivery

characteristic during a combustion event within an engine.

[002] A conventional common rait fuel iigection systemn 110 1s Hustrated n
FIG. 1. This conventional fuel injection system 11 includes a tank 111 for holding
fuel 120, a pump or series of punps 1S to pressurize the fuel 120 prior to delivering
the fuel 10 a combustion chamber 122 at a ugh pressure. These pumps 115 may
mechide a high-pressare common rail fuel purap, for example. An accumulator 114
having a fixed volume 116 is also included, and receives the fuel 120 which is held in
the accumulator 114 at a fixed pressure based on the fixed volume 116, A single-
acting injector valve 132 is disposed between the accamuiator 114 and a combustion
charnber 122 at a fixed position 134, based on the fixed pressure of the fuel 120
within the accunnlator 114, FIG. 2 illustrates a plot of three combustion events
126,128,130 i which the fuel 120 having the fixed pressurs is delivered to the
combustion chamber 122 through the single-acting wgector valve 132, For cach
combustion event 126,128,130, which have vespective durations (in degrees of
crankshaft rotation) of 127,129,131, the volumetric flow 124 of fuel 120 o the
combustion chamber 122 i3 a fixed amount 133, The rate of change of volumetric
flow 124 of fael 120 into the combustion chamber 122 during the combustion events
126,128,130 1s zevo, represented by the zero slope of the volumetrie flow plot during
the combustion evens 126,128,130, Additionally, the mite of change of the
volumetric flow 124 of fuel into the combustion chamber 122 experienices a sudden
merease and decrease at the respective beginning and end portions 136,138 of a
combustion event 128, Tias sudden vanation in the rate of change of the volumetric

flow 124 of fuel may damage the engine 12 and reduce its overall Hifespan,

{0031 Thus, conventional fuel injection systems only pernut 2 volometric

flow of fuel at a fixed amount, based on the fixed volume and pressure of the
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accumuldator. This has several drawbacks, such as an inability to control the
volumetric flow of fuel into the combustion chamber, 0 10 control the emissions
output of the engine based on an emission restriction, for example.  Accordingly, it
would be advantageous 1o provide a fuel injection systeny which permits adjustable
ariance of the maximum volumetric flow of fuel info the combustion chamber and
the adjustable vartance of the rate of change of volumetric flow of fuel into the

combustion chamsber, to optimize several operating characteristics of the engine.

BRIEF DESCRIPTION OF THE INVENTION

[604] One embodiment of the present invention provides a system for
controfling one or more fuel delivery characteristios during a combustion event within
an engine of a locontotive, off highway vehicle, marine diesel or stationary diesel
power plant. The system includes an aceumulator having a variable volume, where
the accumulator ix configured to hold fuel at a variable pressure based on the variable
volume. Additionally, the systeny includes & combustion chamiber coupled to the
accumulator. The vartable pressure is varied during the combustion event such that
one or more fuel delivery characteristies of the fuel delivered from the accumulator

mto the combustion chamber is varied during the combustion event.

[006]  Another emubodiment of the present invention provides a miethod for
controiling one or more fuel delivery characteristics during a combustion event within
an engine of a locomotive, off highway vehicle, marine diesel or stationary diesel
power plant. The wethod imchudes configuring an accumealator with a variable
volume, such that the accunilator is configured to bold fuel at a variable pressure
based on the variable volume. Additionally, the methed includes coupling a
combustion chamber to the accumulator. The methed further includes varying the

aartable volume during the combustion event, and varying one or more fuel delivery
characteristics of the fuel delivered from the accumulator into the combustion

chamber during the combustion event.

{0071 Another embodiment of the present invention provides a computer
readable mediom containing program instructions for controlling one or more fuel
delivery characteristics during & combustion event within an cogine. An accunulator

s configured with a variable volume, such that the accumulator is coupled to a
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combustion chamber and is configured to hold fuel at a variable pressure based on the
variable volume. An injector valve is positioned between the accumulator and the
combustion chamber. Additionally, a controlier 18 coupled to the accunulator and the
injector valve. The computer readable medivm includes a computer program code for
arving the position of the injector valve to adjust a variable rate of volumetric flow
of fuel from the accumulator to the combustion chamber. The computer readable
medivnm further inchades a computer progran code for varving the variable volume
and variable pressure of fuel within the accumulator 1o adjust the variable rate of

volumetric flow of fuel from the accumulator to the combustion chamber.

BRIEF DESCRIPTION OF THE DRAWINGS

[008] A more particular description of the invention briefly described above
will be rendered by reference to spectfic enmbodiments thercof that are iHlustrated in
the appended drawings, These drawings depict only typical embodinents of the

fvention and are not therefore to be considerad to be limiting of its scope.

[009] FIG. 1 is a schematic view of a conventional common mil fuel

njection sysveny;

[0010] FIG. 2 a plot of the vohametric flow of fuel during three combastion

events of the conventional common rail fuel njection system iflastrated in FIG. 1,

{0011] FIG. 3 15 a schematic view of an exemplary embodiment of 4 system
for controlling at least one fuel delivery characteristic during a combustion event

within an engine of a locomotive;

[6012] FIG. 4 {5 a plot of the volumetnic flow of fuel durtng three combustion

events of the system Wusirated W FIG. 3;

{0013] FIG. 3 s a schematic view of an exeraplary embodiment of a system
for controlling at least one fuel delivery characteristic during a combustion event

within an engine of a locomwotive; and
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[0014] FIG. 6 is a flow chart iflustrating an exemplary embodiment of a
method for controlling at least one fuel delivery characteristic during a combustion

event within an engine of a locomotive.

DETAILED DESCRIPTION OF THE INVENTION

{0015] Reference will now be made in detail 1o the embodimonts consistent
with the fmvention, examples of which are illastrated i1 the sccompanyving drawings.
Wherever possible, the same reforence numerals ased throughout the drawings refer

to the same or like parts.

{6G16] The cabodiments of the present invention disouss systems and
methads for controlling at least one fuel delivery chavacteristic daring a comwbustion
event within an engine. For example, & high-pressure fuel injection system and
method is disclosed that regutates such fuel delivery characteristics as fuel flow rate,
volume, flame propagation time, initial fame emperature, fame temperature change
over finwe, corbustion pressure over time and combustion gaseous emissions. The
embodiments of the system of the present invention allow for the precise control of
the combustion event in reciprocating engines through a continually variable
transducer that modifies the fluid flow charactenistics of @ mechanical fuel injector
systent. Some advantages of the embodintents of the system and method of the
present invention include decreased fuel consumption per HP¥Hr, decreased post
combustion emissions {(NOx), and increased injector reliability, for example. Other
notable advantages of the embodiments of the system and methed of the present
mvention include an increased injector Hie through Hrotting pilot and post injection
events due to the enhanced control resolution on the main injection event as provided
by the variable accumulator volume. Additionally, the embodiments of the system
and method of the present invemion further provide a reduction of the mechanical

injector tip teraperature due to flow rate shaping and combustion chanber dynanucs

{00171 The embodiments of the present invention encompass the dynamie
conirol of fuel delivery characteristics, such as injection pressure, fuid flow, and fluid
temperature, for example, by the addition of control surfaces 1o the typical common
rail fiyection system.  The efficiency and the volume of post combustion emissions

are dependant on the interactions of the combystion characteristics,
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[0018] FIG. 3 illustrates an exemplary embodiment of a svstem 10 for
controiling a fuel delivery charactenistic, such as a volumetric flow 24 of fuel 20, for
exarple, during a combustion event 26,28 30 within an engine 12 of a locomotive,
The system 10 includes a fuel tank 11 for delivering fuel 20 at high pressure to an
accumulator 14, using a series of pumps 15 and a restriction valve 13, as appreciated
by one of skill in the art, Although the embodiments of the present nvention discuss
a system as it relates to locomotive engines, the erabodiments of the present invention
may be utilized with any engine which employs a high-pressure sccumulator and
combustion chamber such as in Off Highway vehicles, marme and stationary power
apphications. As tustrated in FIGL 3, the system 10 includes an accunudator 14
having a variable vohane 16, The varable volume 16 of the acoumulator may be
accomplished by expanding the dimensions of the sccunwlator 14, or may be
accormplished by simply opening internal valves or otherwise opening up internal
volume without expanding the outer dumenstons of the accumulator 14, for example.
The accunnilator 14 is configured to bold firel 20 at a vanable pressure based on the
variable volume 16, Also, as illustrated in FIG. 3, a combustion chamber 22 18
coupled to the accumufator 14, and once the variable pressure of the fuel 20 45 varied
within the accunmilator 14 during a combastion event 26,2830, the volumetric flow
24 of the fuel 20 from the accunuslator 14 into the combustion chamber 22 is varied

during the combustion event 26,28,30.

{0019] FIG. 3 forther Hlastrates that the system 10 mcludes an mjector valve
32 positioned between the accumulator 14 and the combustion chamber 22, The
mjector valve 32 is configured to vary a rate of the vohanetric flow 24 of fuel 20 from
the accumulator 14 inte the combustion chamber 22 based on a position 34 of the
mjector valve 32 relative o the acammulator 14, Additionally, the position 34 of the
njoctor valve 32 may determine the droplet size of the fuel 20 entering the
cotbustion chamber 22, for exanyple. In one cxemplary embodiment of the system
10, the position 34 of the mjector valve 32 relative to the accumulator 14 is variable
based on the variable pressare of the fuel 20 within the acoumulator 14, Thus, i the
exenplary emnbodiment, by adjusting the vartable volume 16 of the accunnslator 14,

the variable pressure, the volumetric flow 24 rate of fuel 20 into the combustion

M
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chamber 22, and the rate of the volumetric flow 24 of fuel mto the combustion

chamber 22 is correspondingly adjusted,

[6020] Tn one exemplary embodiment the vartable vohume, variable pressure
and variable delivery is accomplished by at least one piezoclectric device that is

coupled to the enging control systen.

{0021] In another exeraplary embodiment fuel pressure wave shaping 1s
accomplished by time variant activation of at least one piezoclectric device coupled to
the engine controller that changes the fuel flow characteristics and delivery to the

combustion event,

[0022] s another embodiment of the present intvention, s variable area or
variable volume may be mechanically controlled by a conventional spring / damper
systern. i this embodiment, the variable geometry fijection system is not actively
controlled bat does provide the capability o control the flow rate more acourately that

a conventional system,

[6023] FIG. 4 illustrates an exempiary embodiment of a plot sequence of the
volumetrie flow 24 rate of fuel 20 into the combustion chamber 22 during several
combustion events 26,28 30, By dvnamically varving the variable volume 16 and
fixing the position 34 of the injector valve 32 or dynamically varying the position 34
of the injector valve 32 and fixing the vartable vohuve 16 during the nuddle
combustion event 28, the variable pressure and the rate of volumetric flow 24 of fuel
20 from the accumulator 14 to the combustion chamber 22 is adjustably varied during
the combustion event 28, This adjustable variance of the volumetric flow 24 rate 3s
apparent by the varving slope of the volumetric flow 24 rate at a beginning portion 36
{i.c., slope of the plot flattens out toward the center of the comsbustion event 28) of
the combustion event 28. Unlike the corresponding conmbustion event 128 {(FIG, 2) of
the conventional system 110, where the volumetric flow 124 of fuel 120 s constant
and the rate of the volumetric flow 124 of fuel 120 nto the combustion chamber 122
is zero, both the volumetric flow 24 of fuel 20 and the rate of the volumetnic flow 24
of fuel 20 are varied durmg the combustion event 28, This adjustable variance allows

for numeroys ways to control the volumetric flow 24 of fuel 20 into the combustion

6
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chamiber 22, I an example, the volumetric flow 24 of fuel 20 and the rate of
volumetric flow 24 of fuel 20 may be adjustably varied at a beginning 36 and an end
38 portion of the combustion event 28 sach that the rate of vohuvetric flow 24 of fuel

20 15 less than a maximnum threshold flow rate.

{0024] As ilfustrated in the exemplary embodiment of FIG. 3, the system 10
further mcludes a sensor 42 configured to sense an opevating parameter of the
focomotive. Additionally, the systern 10 inchades a controller 40 coupled 1o the
sensor 42, the accumulator 14 and the injector valve 32, The controller 40 is
configured to vary the position 34 of the injector valve 32 based upon the operating
parameter o adjust & vartable rate of volumetric flow 24 of fuel 20 from the
accanulator 14 to the combustion chansber 22, The sensor 42 may melude any sensor
configured to sense any operating parameter of the locontotive, such as a speed sensor
and & temperature sensor, for example. Alse, as Hustrated in the exemplary
embodiment of FHG. 3, a posttion dedermination device 44, such as a global
positioning satellite (GPS) system, for example, is positioned on the locomotive, and
is configured to determine a position of the locomotive. The controller 40 may be
tesponsive to the sensor 42 and/or the position deternvination device 44 o vary the

aariable volume 16 and variable pressure of the accunmilator 14 based on a
deternuned location to adjust the variable rate of volumetric flow 24 of fuel 20 from
the accumulator 14 1o the combustion chamber 22, In an additional exemplary
embodiment, the controlier 40 may include a memory which stores a volumetric flow
24 profile for cach location received from the position deternunation device 44, and
the controller 40 may retrieve a volumetrie flow 24 profile for a determyined location
from the memory. Once the controfler 40 has retricved the volumetric flow 24 profile
for the determined location, the controller 40 may enforce the volumetric flow 24
profile in a member of wavs, such as fixing the position 34 of the injector valve 32 and
varying the variable volume 16 of the accumudator 14 so to achieve the volumetric
flow 24 profile, for example. Alernatively, the controller 40 may enforce the
volumetric flow 24 profile by fixing the variable volume 16 of the accunmulator 14 and
varving the position 34 of the injector valve 32 to achieve the volumetrie flow 24
profile, for example. In an cxemplary embodiment, the variable pressure and the rate

of volumetrie low 24 of fuel 20 from the accunwlator 14 to the combustion chamber
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22 1s statically comtrolied by fixing the varable volume 16 and the position 34 of the

mjector valve 32 during a combustion event.

[602S] FIG. § illustrates an additional exemplary erabodiment of a system 10
for controlling a tuel delivery characteristic. Based on the determined location
provided by the position determination device 44 to the controlier 40, the controfier
40 retrieves a volumetric flow 24 profile from the coutroller memory, Based upon
this volumetric flow 24 profile, the controller 40 fixes the mjector valve position 34 at
a constant, while the controller 40 adjustably varies the variable volume 16 of the
accumubator 14 from a first volume 16 to a sccond volume 216, Inthe exemplary
enbodiment of FIG. §, the second volume 216 1s greater than the frst volume 16,
thereby reducing the varable pressure within the accumulator 14, The variable
pressure of fuel 20 within the accunulator 14 is correspondingly varied based on the
second volume 214, thereby varying the volumetric flow 24 of fuel 20 into the
combustion chamiber 22, The relationshap between the volumetric flow ¥V of fuel into
the contbustion chamber, the varable pressure Py of fuel i the accumulator, the

pressure P of the combustion chamber and the fluid density p is:

Vo= J2P ~PYip

[0026] Accordingly, the volumetric flow 24 of fuel 20 to the combustion
chamber 22 is varied from a first volumetric flow 24 amount to a second volumetric
flow 224 amount, based on the differences in the vartable pressures attributed to the

artable volumes 16,226 within the accumulator 14,

[0027] FIG. 6 illustrates an exemplary embodiment of & method 300 for
controlling a fuel delivery characteristic, such as the volumetric flow 24, for example,
during a combustion event 26,2830, within an engine 12 of a locomotive, The
method 300 begms at 301 by configuring 302 an accunnilator 14 with a variable
volume 16, where the accumulator 14 is configured to hold touel 20 at a variable
pressure based on the vartable volume 16, The method 300 further includes coupling
304 a combustion chamber 22 to the accunmudator 14, Additionally, the method 300
mclades varying 300 the variable vohuime 16 during the combustion event 28, and

srving 308 the tuel delivery characteristic of the fuel 20 debivered from the

o
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accumulator 14 mto the combustion chamber 22 during the combustion event 28,

before ending at 309,

[6028] Based on the foregmng specification, the above-discussed
cmbodiments of the invention may be implemented using computer progranuming or
engineering fechnigues including conypruter software, firmyware, hardwars or any
combination or subset thereof, wherein the techunical offect i3 to control a fuel delivery
characteristic during a combustion event within an engine. Any such resulting
prograny, having computer-readable code nieans, may be embodied or provided within
one or more computer-readable media, thereby making a computer program product,
2., an articke of manofacture, according to the discussed embodiments of the
mvention. The conygnuter readable media may be, for instance, a fixed (hard} drive,
diskette, optical disk, magnetic tape, semiconductor memaory such as read-only
memory (ROM), ete., or any transputting/reectying medium such as the Intemet ot
other communication network or Hnk., The article of manafacture containing the
computer code nay be made andfor used by executing the code direetly from oue
medium, by copving the code from one medium to another medium, or by

transtitting the code over a network.

[0029] One skitfed in the art of computer science will easily be able to
combine the software created as described with appropriate general purpose or special
purpose computer hardware, such as a microprocessor, (o create a computer system or
computer sub-system of the method embodiment of the invention. An apparatus for
nsaking, using or selling embodiments of the invention yway be one or more
processing systems including, but not imited to, a central processing untt {CPUY,
memory, storage devices, commumnication links and devices, servers, 1O deviees, or
any sub-components of oue or more processing systenss, including software,
firmsware, hardware or any combination or subset thereof, which embody those

discussed embodiments the invention.

{0030] When implementing an embodiment of & system of the present
mvention, some mplementation options include deriving an injection profile
analytically, where such a protile may include the number of ijections for a given

combustion eyele, the How tate acceleration and damping for cach injection stage, a
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target maxintum How rate for each injection stage, a flow rate deceleration and
damping for cach injection stage, and a total flow time for cach injection stage, among
other factors, The profile 1s typically embedded 1w the mjection controller, which
cafoulates a mintmum rail pressure to achieve nunimum flow rate requirements af
maxinwuim accumulator volume or maximum outlet restriction arca for a series of
combustion events, for example. The common rail pressure may be controlied to the
calculated nunimum pressure requived for the series of combustion events, The
miection controller may utilize the njector solenoid valve to control the number of
injection stages and the total flow time for cach injection stage and the total flow tme
of the entire ijection event. The igjection controller may utilize the variable volume
ot the variable arca control surface to control all other components of the injection
profile (Flow rate acceleration and damping, Target maxinum flow vate, Flow rate
deceleration and damping). The injection profile may be repeated for several
combustion events untif a new profile is selected and the common rail pressute can be
regulated to the new calculated myninwim pressure required. Inan additional
embodiment of the present fnvention, the implementation options may be stmilar to
those above, but may include a mechanical spring/damper injection system being

designed to provide the target rate of change in flow rate for all injection events.

[0031] While the invention hag been deseribed with reference to an exeraplary
cmbodiment, it will be understood by those skilled in the art that various changes,
omissions andfor additions may be made and equivalents may be substituted for
elements thereof without departing from the spirit and scope of the invention. In
addition, many modifications may be made 1o adapt a particular sitation or material
to the teachings of the nvention without departing from the scope thercof. Theretore,
it is intended that the invention not be linited to the particular embodiment disclosed
as the best mode contemplated for carryving out this invention, but that the invention

will inchide all embodiments falling within the scope of the appended claims.

10
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WHAT 1S CLAIMED 15:

1. A system for controlling at Teast one fuel delivery characteristic during
a combustion event within an engine of a locomotive, said systeny comprising:

an aceumulator having a variable volume, said accumudator is configured to
hold fuel at a variable pressure based on said vanable volume; and

a combustion chamber coupled to said accumulator;

said variable pressure is varied during said contbustion event such that at least
one fuel delivery characteristic of said fuel delivered from said accumulator into said

combustion chamber i varied duning said combustion event,

2. The system of clamm 1, further comprising an imjector valve positioned
between said accumudator and said combustion chamber, said injector valve
configured to vary a rate of said fuel delivery characteristic from said accumalator
nto said combustion chamyber based on a position of said injector valve refative to
said accunwlator.

i The system of claim 2, wherein smd position of said ijector valve is

vartable based on said variable pressure of said fuel within said acowmulator,

4, The system of claim 3, wherein said fuel delivery characteristic is a
volumetric Hlow of fuel, said volumetric flow of fuel is controlled based on said
variable pressure of said fuel within said acouwmulator, and a rate of volumetrie flow
of fuel from said accumulator to said combustion chamber is adjustably varied based

on satd position of said injector valve,

5. The system of claim 4, wherein said variable pressure and said rate of
volumetric flow of fuel from said accumulator to said combustion chaniber 18
adjustably varied based on at least one of a dvnamic variation of said variable volume
and a dyopanic variation of said position of said injector valve daring said combustion

ovent.

11
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6. The system of claim 4, wheremn said variable pressure and said rate of
volunmetric flow of fuel from said accumulator to said combustion chamber i3
statically controlled based on fixing said variable vohume and said posttion of said

mjector valve during sard combustion event.

7. The system of claim 4, wherein said volumetric flow of fuel and said
rate of volametric flow of Tuel are adjustably varied at a beghonng and an end portion
of said combustion event such that said rate of vohumetric How of fuel is less than a

maximun threshold flow rate.

8. The svstem of claim 2, further comprising:

a sensor configured fo sense an operating parameter of the locomotive;

a controller coupled to said sensor, satd accumulator and said mjector valve;
said controlier configured to vary said position of said injector valve based upon said
operating parameter to adjust a variable rate of volumetric Bow of fuel from said

accumulator to said combustion chamber.

9, The system of claim 8, turther comprising a position defermination
device on said locomotive, said position determination device configured to determine
a position of said locomotive;

wherein said controlier 15 responsive to at least one of said sensor and said
position deternunation device to vary said variable volume and variable pressure of
said accumulator to adjust said variable rate of volumetric flow of fuel from said

accumulator to said combustion chamber.

16, The system of elaim 8, wherein said controller is configured to
dynamically vary the position of said injector valve during said combustion event to
selectively vary said rate of volumetric flow of fuel from said accunudator o said

combustion chantber,

il The system of claim 10, wherein said variable pressure s held constant
while said controller dynanucally varses said position of said syector valve during
said combustion cvent o selectively vary said mte of volumetric flow of fuel from

satd accumulator to said combustion chamber.
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12, The svstem of claim 8, wherein said position of said injector valve is
held constant while said controller dynanucally vares said variable pressuare of fuel
within said accumulator to adjustably vary said rate of volumetric flow of fuel from

said accumulator to said combustion chamber during said combustion event.

13 A ethod for controlling at least one fuel delivery characteristic during
a combustion event within an engine of a locomotive, said method comprising:

configuring an accunwiator with a variable volume, said accunmulator being
configured to hold fuel at a vartable pressure based on said variable velume;

coupling a combustion chamber to said accumulator;

varying said variable volume durnng said combustion event; and

varying at least one fuel delivery characteristic of said fuel delivered from said

accumudator into said combustion chamber during said combustion event.

4. The method of claim 13, further comprising:

positioning an injector valve between said accumulator and said combustion
chamber; and

varving a posiion of said injector valve relative to said accumalator to vary a
rate of said fuel delivery characteristic from sard accumuolator into said combustion

chamber.

150 The wethod of claim 14, wheremn said varying of said position of said

ijector valve is based on said variable pressure of said fuel within said accumulator.

16, The method of claim 14, wherein said fuel delivery characteristic is a
volametnic flow of fuel, said method forther comprising:

controlling said volumetric flow of fuel based on said variable pressure of said
fuel within said accunwlator, and

adjustably varying said rate of volumetric flow of fuel from said accumulator

te said combustion chamber based on said position of said Ijector valve.
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17.  The method of claim 14, further comprising:

sensing an operating parameter of said locomotive with a sensor on said
focomotive;

coupling a controller to said sensor, said accumddator and said injector valve;
and

varying said position of said mjector vabve with said controller based upon
said operating parameter {0 adjust a vartable rate of volumetric fow of fuel from said

accumulator to said combustion chamiber.

18, The method of claim 17, further comprising:

determining a position of said locomotive with a position determination
device;

coupling said controller to said position determination deviee; and

dvnanically varying said variable volume and variable pressure of said
accurnulator with said controller based upon at least one of said operating parameter
and said locomotive position 1o adjust sid vartable rate of volumetric flow of fuel

from sald accunmuiator to said combustion chamber,

16, The method of clanm 17, further comprising:
dynamically varying the posttion of said injector valve with said controller
during said combustion event to selectively vary said rate of volumetric flow of fuel

from said accumulator to said combustion chamber.

20, The method of claim 19, further comprising:

fixing said variable pressure at a constant pressure; and

dynamically varying said position of said mjector valve with said controller
during said combustion event o selectively vary said rate of volumetrie flow of fuel

front said accumudator to satd conmbustion chamber.

21 The method of claim 18, further comprising:

fixing said position of said injector valve at a constant position; and

dynarsically varying said vanable pressure of fuel within said accumulator
with said controlier 1o adjustably vary said rate of volumetric flow of fuel from said

accummiator to said combustion chamber during said conbustion event,

14
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22, Computer readable medinny containing program instmictions for
controfling at least one fuel delivery characteristic during a combustion event within
an engine, wheve an accumulator is configured with a variable volume, said
accuntulator being coupled to a combustion chamber and being contigured to hold

fuel at a variable pressure based on said variable volume, an injector valve iz
positioned befween said accumulator and said combustion chamber and a controller 18
coupled to said accurmulator and said iyector valve, the computer readable medium
comprising:

a computer program code for varving said position of said injector valve to
adjust & variable rate of vohanetric flow of fuel from sald accumulator o said
combustion chamber, and

a computer program code for varying said variable volume and vartable
pressure of fuel within said accuanuilator to adjust said variable rate of volumetric flow

of fuel from sad accumulator to said combustion chamber.

oy
1.7
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FURTHER INFORMATION CONTINUE‘D FROM PCT/ISA/ 203

Claim 1 defines an accumulator of a fuel system having a variable volume
which produces variable pressure being varied during a combustion event
and that the accumulator is coupled to the combustion chamber.

That means that the accumulator can expand and reduce its volume very
fast to change the fuel pressure within the short time of injection.

The application documents do not disclose that subject-matter in a manner
sufficiently clear and complete for it to be carried out by a person-
skilled in the art. Therefore, it is not clear how the system should work
and what technical features should be searched. The basic idea of an
accumulator having a variable volume must be treated as a wish,
formulating a result to be achived. = : B

The figures give no indication how the volume variation could be carried
out. ‘ ‘ ‘ g s ‘
In the description on Paragraph 18 gives only vague indications without.
any clear features: o S o

 "The variable volume 16 of the accumulator may be accomplished by
expanding the dimensions of the accumulator 14," gives no advice how this
could be done having a high pressure accumulator made out of metal or
other stable material. @ - . E .
"or may be accomplished by simply opening internal valves" defines a
pressure reducing system, which does not vary the volume of the
accumulator, rather than the volume of the pressurized fuel. That
solution is contradictory to the claimed subject-matter. Further, such
bleeding system is. commonly known in the:state of the art.
"or otherwise opening up internal volume without expanding the outer
dimensions of the accumulator 14" gives also no advice how this could be
carried out. .

Paragraph 22 proposes also a conventional spring/damper system. That
system does not fall under the subject-matter of the claim since the
damper system is configured to dampen pressure variations by varying the
accumulator volume, which is the opposite of the claims intention to
provide a variable volume which produces variable pressure.

Therefore no search could be carried out on the subject-matter-defined in
claim 1. That also applies for the corresponding method claim 13 and
Computer claim 22.

Further, the coupling in the sense of the terms means mechanical
coupling. Coupling an accumulator to a space (=combustion chamber) is not
possible. If it should have read "hydraulical coupling" it should have
defined as such.

Additionally, also claim 2 contains features not sufficiently disclosed.
It defines an injector valve configured to vary the rate of the fuel
delivery characteristic based on a position of the injector valve.

That means that the valve of the injector changes its position relative
to the accumulator. It is not clear for the skilled person how the system
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FURTHER INFORMATION CONTINUED FROM PCT/ASA/ 203

could be carried out and what technical features should be searched,
since moving the valve which usually is faced to the high pressure of the
combustion chamber and against the fuel pressure is a construction which
needs disclosure for the skilled person which is not with the application
documents. It should be noted that explicitely the position of the valve
is claimed, not the position of a valve closing element which is commonly
known- in the prior art. :

The applicant's attention is drawn to the fact that claims relating to
inventions in respect of which no international search report has been
established need not be the subject of an international preliminary
examination (Rule 66.1(e) PCT). The applicant is advised that the EPO
policy when acting as an International Preliminary Examining Authority is
normally not to carry out a preliminary examination on matter which has
not been searched. This is the case irrespective of whether or not the
claims are amended following receipt of the search report or during any
Chapter Il procedure. If the application proceeds into the regional phase
before the EPO, the applicant is reminded that a search may be carried
out during examination before the EPO (see EPO Guideline C-VI, 8.2),
should the problems which led to the Article 17(2)PCT declaration be
overcome. ,
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