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Overview of Combustion Engine Technology and Fuel Injectors

’829 Patent and ’138 Patent
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4-Cycle Operation of Combustion Engines4-Cycle Operation of Combustion Engines
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Modernization of Engine Technology Emission Standards Modernization of Engine Technology Emission Standards 
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Engines Emission Regulations

Davis, L. Impact of the stage V off-road emissions standard on agricultural ... https://www.lube-media.com/wp-content/uploads/FINAL-Lubrizol-Lube-WEB-ONLY-Article-Mar20-Stage-Vd.pdf (accessed Jan 4, 2023). 
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Common Rail SystemsCommon Rail Systems

Common Rail for all injectors 
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Port Injection and Direct InjectionPort Injection and Direct Injection
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Port Injection: 40-75 psi Direct Injection: 2000+ psi
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Overview of Actuation for Fuel InjectorsOverview of Actuation for Fuel Injectors
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’829 Col. 1:56-63
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Hydraulic ActuationHydraulic Actuation

’829 Col. 2:14-16

’829 Col. 1:52-55
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Hydraulic Forces Do Not Necessarily Provide Hydraulic ActuationHydraulic Forces Do Not Necessarily Provide Hydraulic Actuation
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’829 Col. 7:30-42
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’138 Pat. at Col. 9:40-44

Nozzle TechnologyNozzle Technology
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~500 micron or more
’829 Col. 2:54-58
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Expansion pushes 
against piston

Piezo stack expands 
only ~mm to m

’829 Col. 6:59-61

’829 Col. 5:11-14
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’829 Col. 1:38-55

’829 Col. 2:59-61

• Greater forces to open 
and close the valve

• Greater impact forces

• High speed injection

• Duration control and 
position control

Problems AddressedProblems Addressed
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’829 Col. 11:58-60

’829 Col. 12:1-14

Problems AddressedProblems Addressed
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US Patent 6,575,138US Patent 6,298,829

Directly Actuated Injection Valve  

Westport’s Asserted PatentsWestport’s Asserted Patents
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• Alan Welch
• Technical Design Lead
• B.S. Mechanical Engineering, University of Toronto 
• M.S. Mechanical Engineering, University of Toronto 

The Named InventorsThe Named Inventors

• Mike Hebbes
• Development Engineer
• B.S. Mechanical Engineering, University of Toronto 
• M.S. Mechanical Engineering, University of Toronto 

• Irawan Rahardja
• Design and Manufacturing Engineer
• M.S. Mechanical Engineering, University of British Columbia 
• Professional Engineer License
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Westport’s patented solutionWestport’s patented solution

• High pressure fuel injection valves or injectors

• Combustion engines 

• Directly controllable actuator

• Passive hydraulic link 

’829 Col. 1:12-17

Focus of the Tutorial
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The ‘829 and ‘138 PatentsThe ‘829 and ‘138 Patents
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’829 Fig.1 ’138 Fig.3

• The injection valve

• The nozzle of the injection valve

• The valve needle

• The valve lift and 

• The passive hydraulic link

Focus of the Tutorial
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Claim 1 of the ’829 Patent Claim 1 of the ’138 Patent
An injection valve for injecting fuel into a combustion chamber of an
internal combustion engine, said injection valve comprising:

An injection valve for injecting fuel into a combustion chamber of an
internal combustion engine, said injection valve comprising:

(a) a valve housing comprising:

a fuel inlet port;

an interior chamber fluidly connected to said fuel inlet port;

a nozzle comprising a nozzle orifice providing a fluid passage from said
interior chamber to said combustion chamber;

(a) a valve housing comprising:

a fuel inlet port;

an interior chamber fluidly connected to said fuel inlet port; and

a valve seat for cooperating with a valve member to seal said interior
chamber from said combustion chamber when said injection valve is
closed;

(b) a valve needle disposed within said valve housing wherein said valve
needle is movable between a closed position at which a sealing end of
said valve needle contacts a valve seat to fluidly seal said interior
chamber from said nozzle orifice, and an open position at which said
sealing end of said valve needle is spaced apart from said valve seat
whereby said interior chamber is fluidly connected with said nozzle
orifice, wherein valve needle lift equals the distance traveled by said
sealing end away from said valve seat;

(b) said valve member having one end disposed within said valve
housing and an opposite end extendable from said valve seat toward said
combustion chamber, wherein said valve member comprises a sealing
surface that fluidly seals against said valve seat when said injection
valve is closed and that is liftable away from said valve seat when said
injection valve is open;

(c) a needle spring associated with said valve needle, wherein said
needle spring applies a closing force to said valve needle for biasing said
valve needle in said closed position;

(c) a biasing mechanism associated with said valve member, said biasing
mechanism applying a closing force to said valve member when said
valve member is in said closed position;

(d) an actuator assembly associated with said valve needle, wherein said
actuator assembly may be activated to apply an opening force to said
valve needle stronger than said closing force, for moving said valve
needle to said open position; and

(d) an actuator assembly associated with said valve member, wherein
said actuator assembly may be actuated to apply an opening force to said
valve member stronger than said closing force, for moving said valve
member to said open position; and

(e) a hydraulic link assembly comprising a passive hydraulic link having
a hydraulic fluid thickness through which said opening and closing
forces are transmitted, whereby said hydraulic fluid acts substantially as
a solid with said thickness being substantially constant while said
actuator assembly is activated and wherein said thickness of said
hydraulic link is adjustable while said actuator is not activated in
response to changes in the dimensional relationship between
components of said injection valve to maintain a desired valve needle
lift upon activation of said actuator assembly.

(e) a hydraulic link assembly comprising a passive hydraulic link having
a hydraulic fluid thickness through which said opening and closing
forces are transmitted, whereby said hydraulic fluid acts substantially as
a solid with said thickness being substantially constant while said
actuator assembly is actuated and wherein said thickness of said
hydraulic link is adjustable while said actuator assembly is not actuated
in response to changes in the dimensional relationship between
components of said injection valve to maintain a desired valve lift upon
actuation of said actuator assembly.
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’829 Fig.1 ’138 Fig.3

The ‘829 and ‘138 Patents: Exemplary Illustrations The ‘829 and ‘138 Patents: Exemplary Illustrations 
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’829 Fig.1

Claim 1 of the ’829 Patent Claim 1 of the ’138 Patent
An injection valve for injecting fuel into a combustion chamber of an
internal combustion engine, said injection valve comprising:

An injection valve for injecting fuel into a combustion chamber of an
internal combustion engine, said injection valve comprising:

(a) a valve housing comprising:

a fuel inlet port;

an interior chamber fluidly connected to said fuel inlet port;

a nozzle comprising a nozzle orifice providing a fluid passage from said
interior chamber to said combustion chamber;

(a) a valve housing comprising:

a fuel inlet port;

an interior chamber fluidly connected to said fuel inlet port; and

a valve seat for cooperating with a valve member to seal said interior
chamber from said combustion chamber when said injection valve is
closed;

(b) a valve needle disposed within said valve housing wherein said valve
needle is movable between a closed position at which a sealing end of
said valve needle contacts a valve seat to fluidly seal said interior
chamber from said nozzle orifice, and an open position at which said
sealing end of said valve needle is spaced apart from said valve seat
whereby said interior chamber is fluidly connected with said nozzle
orifice, wherein valve needle lift equals the distance traveled by said
sealing end away from said valve seat;

(b) said valve member having one end disposed within said valve
housing and an opposite end extendable from said valve seat toward said
combustion chamber, wherein said valve member comprises a sealing
surface that fluidly seals against said valve seat when said injection
valve is closed and that is liftable away from said valve seat when said
injection valve is open;

(c) a needle spring associated with said valve needle, wherein said
needle spring applies a closing force to said valve needle for biasing said
valve needle in said closed position;

(c) a biasing mechanism associated with said valve member, said biasing
mechanism applying a closing force to said valve member when said
valve member is in said closed position;

(d) an actuator assembly associated with said valve needle, wherein said
actuator assembly may be activated to apply an opening force to said
valve needle stronger than said closing force, for moving said valve
needle to said open position; and

(d) an actuator assembly associated with said valve member, wherein
said actuator assembly may be actuated to apply an opening force to said
valve member stronger than said closing force, for moving said valve
member to said open position; and

(e) a hydraulic link assembly comprising a passive hydraulic link having
a hydraulic fluid thickness through which said opening and closing
forces are transmitted, whereby said hydraulic fluid acts substantially as
a solid with said thickness being substantially constant while said
actuator assembly is activated and wherein said thickness of said
hydraulic link is adjustable while said actuator is not activated in
response to changes in the dimensional relationship between
components of said injection valve to maintain a desired valve needle
lift upon activation of said actuator assembly.

(e) a hydraulic link assembly comprising a passive hydraulic link having
a hydraulic fluid thickness through which said opening and closing
forces are transmitted, whereby said hydraulic fluid acts substantially as
a solid with said thickness being substantially constant while said
actuator assembly is actuated and wherein said thickness of said
hydraulic link is adjustable while said actuator assembly is not actuated
in response to changes in the dimensional relationship between
components of said injection valve to maintain a desired valve lift upon
actuation of said actuator assembly.
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’138 Fig.3’829 Fig.1

Claim 1 of the ’829 Patent Claim 1 of the ’138 Patent
An injection valve for injecting fuel into a combustion chamber of an
internal combustion engine, said injection valve comprising:

An injection valve for injecting fuel into a combustion chamber of an
internal combustion engine, said injection valve comprising:

(a) a valve housing comprising:

a fuel inlet port;

an interior chamber fluidly connected to said fuel inlet port;

a nozzle comprising a nozzle orifice providing a fluid passage from said
interior chamber to said combustion chamber;

(a) a valve housing comprising:

a fuel inlet port;

an interior chamber fluidly connected to said fuel inlet port; and

a valve seat for cooperating with a valve member to seal said interior
chamber from said combustion chamber when said injection valve is
closed;

(b) a valve needle disposed within said valve housing wherein said valve
needle is movable between a closed position at which a sealing end of
said valve needle contacts a valve seat to fluidly seal said interior
chamber from said nozzle orifice, and an open position at which said
sealing end of said valve needle is spaced apart from said valve seat
whereby said interior chamber is fluidly connected with said nozzle
orifice, wherein valve needle lift equals the distance traveled by said
sealing end away from said valve seat;

(b) said valve member having one end disposed within said valve
housing and an opposite end extendable from said valve seat toward said
combustion chamber, wherein said valve member comprises a sealing
surface that fluidly seals against said valve seat when said injection
valve is closed and that is liftable away from said valve seat when said
injection valve is open;

(c) a needle spring associated with said valve needle, wherein said
needle spring applies a closing force to said valve needle for biasing said
valve needle in said closed position;

(c) a biasing mechanism associated with said valve member, said biasing
mechanism applying a closing force to said valve member when said
valve member is in said closed position;

(d) an actuator assembly associated with said valve needle, wherein said
actuator assembly may be activated to apply an opening force to said
valve needle stronger than said closing force, for moving said valve
needle to said open position; and

(d) an actuator assembly associated with said valve member, wherein
said actuator assembly may be actuated to apply an opening force to said
valve member stronger than said closing force, for moving said valve
member to said open position; and

(e) a hydraulic link assembly comprising a passive hydraulic link having
a hydraulic fluid thickness through which said opening and closing
forces are transmitted, whereby said hydraulic fluid acts substantially as
a solid with said thickness being substantially constant while said
actuator assembly is activated and wherein said thickness of said
hydraulic link is adjustable while said actuator is not activated in
response to changes in the dimensional relationship between
components of said injection valve to maintain a desired valve needle
lift upon activation of said actuator assembly.

(e) a hydraulic link assembly comprising a passive hydraulic link having
a hydraulic fluid thickness through which said opening and closing
forces are transmitted, whereby said hydraulic fluid acts substantially as
a solid with said thickness being substantially constant while said
actuator assembly is actuated and wherein said thickness of said
hydraulic link is adjustable while said actuator assembly is not actuated
in response to changes in the dimensional relationship between
components of said injection valve to maintain a desired valve lift upon
actuation of said actuator assembly.
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’829 Fig. 1 ’138 Fig. 2 

’138 Col. 10:8-11

’829 Col. 9:4-14
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Valve lift: Annotated Figure 1 of the ’829 Patent Valve lift: Annotated Figure 1 of the ’829 Patent 
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’829 Fig.1

Lift is less than ~0.1 
mm (100 m)

Valve sealing end

’829 Col. 8:12-17
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’829 Fig.1 ’138 Fig.3

Claim 1 of the ’829 Patent Claim 1 of the ’138 Patent
An injection valve for injecting fuel into a combustion chamber of an
internal combustion engine, said injection valve comprising:

An injection valve for injecting fuel into a combustion chamber of an
internal combustion engine, said injection valve comprising:

(a) a valve housing comprising:

a fuel inlet port;

an interior chamber fluidly connected to said fuel inlet port;

a nozzle comprising a nozzle orifice providing a fluid passage from said
interior chamber to said combustion chamber;

(a) a valve housing comprising:

a fuel inlet port;

an interior chamber fluidly connected to said fuel inlet port; and

a valve seat for cooperating with a valve member to seal said interior
chamber from said combustion chamber when said injection valve is
closed;

(b) a valve needle disposed within said valve housing wherein said valve
needle is movable between a closed position at which a sealing end of
said valve needle contacts a valve seat to fluidly seal said interior
chamber from said nozzle orifice, and an open position at which said
sealing end of said valve needle is spaced apart from said valve seat
whereby said interior chamber is fluidly connected with said nozzle
orifice, wherein valve needle lift equals the distance traveled by said
sealing end away from said valve seat;

(b) said valve member having one end disposed within said valve
housing and an opposite end extendable from said valve seat toward said
combustion chamber, wherein said valve member comprises a sealing
surface that fluidly seals against said valve seat when said injection
valve is closed and that is liftable away from said valve seat when said
injection valve is open;

(c) a needle spring associated with said valve needle, wherein said
needle spring applies a closing force to said valve needle for biasing said
valve needle in said closed position;

(c) a biasing mechanism associated with said valve member, said biasing
mechanism applying a closing force to said valve member when said
valve member is in said closed position;

(d) an actuator assembly associated with said valve needle, wherein said
actuator assembly may be activated to apply an opening force to said
valve needle stronger than said closing force, for moving said valve
needle to said open position; and

(d) an actuator assembly associated with said valve member, wherein
said actuator assembly may be actuated to apply an opening force to said
valve member stronger than said closing force, for moving said valve
member to said open position; and

(e) a hydraulic link assembly comprising a passive hydraulic link having
a hydraulic fluid thickness through which said opening and closing
forces are transmitted, whereby said hydraulic fluid acts substantially as
a solid with said thickness being substantially constant while said
actuator assembly is activated and wherein said thickness of said
hydraulic link is adjustable while said actuator is not activated in
response to changes in the dimensional relationship between
components of said injection valve to maintain a desired valve needle
lift upon activation of said actuator assembly.

(e) a hydraulic link assembly comprising a passive hydraulic link having
a hydraulic fluid thickness through which said opening and closing
forces are transmitted, whereby said hydraulic fluid acts substantially as
a solid with said thickness being substantially constant while said
actuator assembly is actuated and wherein said thickness of said
hydraulic link is adjustable while said actuator assembly is not actuated
in response to changes in the dimensional relationship between
components of said injection valve to maintain a desired valve lift upon
actuation of said actuator assembly.
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Hydraulic Fluid ThicknessHydraulic Fluid Thickness

’829 Abstract
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Passive Hydraulic LinkPassive Hydraulic Link
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’829 Fig.1

Passive Hydraulic Link: Transfers Actuation ForcesPassive Hydraulic Link: Transfers Actuation Forces

’829 Col. 7:20-22
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Another Example of Passive Hydraulic Link Another Example of Passive Hydraulic Link 
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’138 Fig.3’138 Fig. 2 
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Benefits of the Passive Hydraulic LinkBenefits of the Passive Hydraulic Link
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’829 Col. 11:41-57

’829 Col. 7:43-51
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