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(54) CAM PHASERS FOR INTERNAL COMBUSTION ENGINES

(57) An internal combustion engine (12) includes a
plurality of pistons (16) housed in respective ones of a
plurality of cylinders (14), an air intake system to provide
air to the plurality of cylinders through respective ones of
a plurality of intake valves (22), and an exhaust system to
release exhaust gas from the plurality of cylinders
through respective one of a plurality of exhaust valves
(24). A cam phaser (90) is provided that is controllable to
advance or retard the exhaust valve opening/closing
timing by up to 90 crank angle degrees.
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Description

Field of the Invention:

[0001] The present invention relates to internal com-
bustion engines, and more particularly, but not exclu-
sively, relates to cam phasers for internal combustion
engines.

BACKGROUND

[0002] Internal combustion engines can be controlled
to attempt to achieve certain performance outputs during
operation that are desirable for engine braking and/or in
order to maintain desired operating temperatures for
aftertreatment subsystems. For example, thermal man-
agement of the aftertreatment system and/or engine
temperatures can provide operational benefits such as
more efficient combustion processes, more effective
aftertreatment device operations, and fuel economy.
As a result, various engine braking and thermal manage-
ment systems have been developed to better achieve
these performance outputs.
[0003] Turbochargers with variable geometry (VG) in-
lets have been used to increase exhaust temperatures.
However, VG turbochargers are costlier thanwastegated
turbochargers. Exhaust heaters can also be used, but
require additional costs and a generator to create energy
to run theheater. Exhaust throttles for enginebrakingand
thermal management also require additional costs and
have reliability concerns over time.Other strategies such
as hydrocarbon (HC) dosing and cylinder deactivation
have been used for thermal management of aftertreat-
ment systemsbut could bemoreeffective. These thermal
management and engine braking strategies can this
require multiple additional components to implement
and therefore increase the cost and complexity of the
system. Therefore, there is a continuing demand for
further contributions in this area of technology.

SUMMARY

[0004] Certain embodiments of the present application
includes unique systems, methods and apparatus relat-
ing to internal combustion engines that include one or
more camphasers. The one ormore camphasers can be
modulated or controlled to increase and/or decrease
engine thermal output to provide thermal management
of one or more aftertreatment components. The one or
more camphasers canalsoor alternatively bemodulated
or controlled to increase and/or decrease engine braking
power. Other embodiments include unique apparatus,
devices, systems, and methods involving cam phasers
and internal combustion engines that employ the same.
[0005] Inanembodiment, acamphaser isdisclosed for
advancing and retarding exhaust valves of an internal
combustion engine. The cam phaser includes a rotor
including a hub and a plurality of vanes. The plurality

of vanes extend radially outwardly from the hub. The cam
phaser also includes a stator including a rim and a
plurality of lugs. The plurality of lugs extend radially
inwardly from the rim. The rotor is positioned in the stator
so that each vane of the plurality of vanes is positioned
between a corresponding pair of lugs of the plurality of
lugs. Each vane of the rotor is positioned adjacent a first
lug of the corresponding pair of lugs to fully retard the
exhaust valves. Each vane of the rotor is positioned
adjacent a second lug of the corresponding pair of lugs
to fully advance the exhaust valves. The vanes of the
rotor rotate 45 degrees from the fully retarded position to
the fully advanced position.
[0006] In an embodiment, a method for braking an
internal combustion engine includes receiving a charge
flow into a plurality of cylinders of the internal combustion
engine to produceanexhaust gasby combustion of a fuel
provided toat least aportionof theplurality of cylinders. In
response to an engine braking request, changing phase
angles for camshafts that control an exhaust valve open-
ing/closing timing and an intake valve opening/closing
timing of one or more of the plurality of cylinders to
increase a braking power of the engine.
[0007] In an embodiment, a method for thermally
managing an aftertreatment device or an internal com-
bustion engine includes producing an exhaust gas by
combustion of fuel received in an air flow into at least a
portion of a plurality of cylinders of the internal combus-
tion engine. In response to a thermal management con-
dition for the engine or aftertreatment device, themethod
includes changing a phase angle of an exhaust camshaft
that controls an exhaust valve opening/closing timing by
more than 80 crank angle degrees.
[0008] This summary is provided to introduce a selec-
tion of concepts that are further described below in the
illustrative embodiments. This summary is not intended
to identify key or essential features of the claimed subject
matter, nor is it intended tobeusedasanaid in limiting the
scope of the claimed subject matter. Further embodi-
ments, forms, objects, features, advantages, aspects,
and benefits shall become apparent from the following
description and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009]

FIG. 1 is a schematic view of one embodiment of an
internal combustion engine including a cam phaser.
FIG. 2 is a diagrammatic and schematic view of one
embodiment of a cylinder of the internal combustion
engine of FIG. 1 and a cam phaser.
FIG. 3 is a perspective view of an embodiment of a
cam phaser connected to a camshaft for opening
andclosing the intake valvesor theexhaust valves of
the cylinder in FIG. 2.
FIG. 4 is an exploded perspective view of an embo-
diment of an exhaust cam phaser.
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FIG. 5 is a perspective view of the exhaust cam
phaser of FIG. 4.
FIG. 6 is a back elevation view of a rotor and stator
assembly of the cam phaser of FIG. 4.
FIG. 7 is a front elevation view of the rotor and stator
assembly of FIG. 6 mounted to a drive gear.
FIG. 8 is an elevation view of an embodiment of a
vane or rotor seal.
FIG. 9 is a perspective view of an embodiment of a
rotor and stator assembly for an intake cam phaser.
FIG. 10 is a schematic diagram of a portion of a fluid
flow path for providing a control fluid to control a cam
phaser.
FIG. 11 is a schematic diagram showing the control
fluid flow paths to the rotor and stator assemblies of
the intake camshaft and the exhaust camshaft.
FIG. 12 is a flowdiagramof a procedure according to
an embodiment of the present disclosure.
FIG. 13 is a flow diagram of another embodiment
procedure according to the present disclosure.

DETAILED DESCRIPTION OF REPRESENTATIVE
EMBODIMENTS

[0010] While the present invention can take many dif-
ferent forms, for the purpose of promoting an under-
standing of the principles of the invention, reference will
now bemade to the embodiments illustrated in the draw-
ings and specific language will be used to describe the
same. Itwill nevertheless beunderstood that no limitation
of the scope of the invention is thereby intended. Any
alterations and further modifications of the described
embodiments, and any further applications of the princi-
ples of the invention as described herein are contem-
plated as would normally occur to one skilled in the art to
which the invention relates.
[0011] Referring to FIGs. 1‑11, a cam phaser 90 is
disclosed for advancing and retarding exhaust valves
24 of an internal combustion engine 12. The cam phaser
90 includes a rotor 140 including a hub142 anda plurality
of vanes 144. The plurality of vanes 144 extend radially
outwardly from the hub 142. The cam phaser 90 also
includes a stator 170 including a rim 176 and a plurality of
lugs174.Thepluralityof lugs174extend radially inwardly
from the rim 177. The rotor 140 is positioned in the stator
170 so that each vane 144 of the plurality of vanes 144 is
positioned between a corresponding pair of lugs 174 of
the plurality of lugs 174. Each vane 144 of the rotor 140
has a fully retarded position 192adjacent a first lug 174 of
the corresponding pair of lugs 174 to fully retard the
exhaust valves 24. Each vane 144 of the rotor 140 has
a fully advanced position 194 adjacent a second lug 174
of the corresponding pair of lugs 174 to fully advance the
exhaust valves 24. The vanes 144 of the rotor 140 rotate
45 degrees from the fully retardedposition 192 to the fully
advanced position 194.
[0012] Referring further to FIG. 12, a method for brak-
ing internal combustion engine 12 includes receiving a

charge flow into cylinders 14 of the internal combustion
engine 12 to produce an exhaust gas by combustion of a
fuel provided to at least a portion of the plurality of
cylinders 14. In response to an engine-braking request,
the method includes changing phase angles for cam-
shafts 92, 192 that control an exhaust valve 24 open-
ing/closing timing andan intake valve 22 opening/closing
timing of one or more of the plurality of cylinders 14to
increase a braking power of the engine 12.
[0013] Referring further to FIG. 13, a method for ther-
mally managing an internal combustion engine 12 or
aftertreatment device 52 includes producing an exhaust
gas by combustion of fuel in at least a portion of a plurality
of cylinders of the internal combustion engine 12. In
response to a thermal management condition for the
engine 12 or aftertreatment device 52, the method in-
cludes changing a phase angle of the exhaust camshaft
92 that controls the exhaust valve 24 opening/closing
timing by more than 80 crank angle degrees.
[0014] With reference to FIGs. 1 and 2, a system 10 is
disclosed that includes a four-stroke internal combustion
engine 12. FIG. 1 illustrates an embodiment where the
engine 12 is a diesel engine, but any engine type is
contemplated, including compression ignition, spark-
ignition, hydrogen, gasoline, natural gas, and combina-
tions of these. The engine 12 can include a plurality of
cylinders 14 that, as discussed further below, are oper-
ably connected with a cam phaser 90, 190 (FIG. 2) that
adjusts the intake and/or exhaust valve opening and
closing timing in response to a cam phaser position
command.
[0015] FIG. 1 illustrates the plurality of cylinders 14 in
anarrangement that includes six cylinders 14 in an in-line
arrangement for illustration purposes only. Any number
of cylinders and any arrangement of the cylinders suita-
ble for use in an internal combustion engine can be
utilized. The number of cylinders 14 that can be used
can range fromone cylinder to eighteenormore. Further-
more, the following description at times will be in refer-
ence to one of the cylinders 14. It is to be realized that
corresponding features in reference to the cylinder 14
described in FIG. 2 and at other locations herein can be
present for all or a subset of the other cylinders 14 of
engine 12.
[0016] As shown in FIG. 2, the cylinder 14 houses a
piston 16 that is operably attached to a crankshaft 18 that
is rotated by reciprocal movement of piston 16 in a
combustion chamber 28 of the cylinder 14. Within a
cylinder head 20 of the cylinder 14, there is at least
one intake valve 22, at least one exhaust valve 24, and
a fuel injector 26 that provides fuel to the combustion
chamber 28 formed by cylinder 14 between the piston 16
and the cylinder head 20. In other embodiments, fuel can
be provided to combustion chamber 28 by port injection,
or by injection in the intake system, upstream of combus-
tion chamber 28.
[0017] The term "four-stroke" herein means the follow-
ing four strokes - intake, compression, power, and ex-
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haust - that the piston 16 completes during two separate
revolutions of the engine’s crankshaft 18. A stroke begins
either at a topdeadcenter (TDC)positionwhen thepiston
16 is at the top of cylinder head 20 of the cylinder 14, or at
a bottom dead center (BDC) position, when the piston 16
has reached its lowest point in the cylinder 14.
[0018] During the intake stroke, the piston 16 des-
cends away from cylinder head 20 of the cylinder 14 to
abottom (not shown) of the cylinder, thereby reducing the
pressure in the combustion chamber 28 of the cylinder
14. A combustion charge is created in the combustion
chamber 28byan intakeof air through the intake valve22
when the intake valve 22 is opened.
[0019] In an embodiment, the fuel from the fuel injector
26 is supplied by a high pressure common-rail system 30
(FIG.1) that is connected to the fuel tank32. Fuel from the
fuel tank 32 is suctioned by a fuel pump (not shown) and
fed to the common-rail fuel system 30. The fuel fed from
the fuel pump is accumulated in the common-rail fuel
system 30, and the accumulated fuel is supplied to the
fuel injector 26 of each cylinder 14 through a fuel line 34.
The accumulated fuel in common rail system can be
pressurized to boost and control the fuel pressure of
the fuel delivered to combustion chamber 28 of each
cylinder 14. Other embodiments contemplate any other
type of fuel system for liquid and/or gaseous fuel.
[0020] During the compression stroke, in certain
modes of operation, both the intake valve 22 and the
exhaust valve 24 are closed. The piston 16 returns to-
ward TDC and fuel is injected near TDC in the com-
pressedair in amain injectionevent, and thecompressed
fuel-air mixture ignites in the combustion chamber 28
after a short delay. In the instance where the engine 12 is
a diesel engine, this results in the combustion charge
being ignited. The ignition of the air and fuel causes a
rapid increase inpressure in thecombustionchamber28,
which is applied to the piston 16 during its power stroke
toward the BDC. Combustion phasing in combustion
chamber 28 is calibrated so that the increase in pressure
in combustion chamber 28 pushes piston 16, providing a
net positive in the force/work/power of piston 16.
[0021] During the exhaust stroke, the piston 16 is
returned toward TDCwhile the exhaust valve 24 is open.
This action discharges the burnt products of the combus-
tion of the fuel in the combustion chamber 28 and expels
the spent fuel-air mixture (exhaust gas) out through the
exhaust valve 24. As discussed further below, the cam
phaser 90 can be adjusted to change the crank angle at
which the exhaust valve 24 is opened and closed to vary
the thermal output from engine 12 into the exhaust sys-
tem. Inaddition, thecamphasers90,190canbeadjusted
to change the crank angle at which both the intake valve
22 and the exhaust valve 24 is opened and closed to
increase the braking power of engine 12, at least during
certain operating conditions.
[0022] The intake air flows through an intake passage
36 and intake manifold 38 before reaching the intake
valve 22. The intake passage 36 may be connected to a

compressor 40a of a turbocharger 40 and an optional
intake air throttle 42. The intake air can be purified by an
air cleaner (not shown), compressed by the compressor
40a and then aspirated into the combustion chamber 28
through the intake air throttle 42. The intake air throttle 42
can be controlled to influence the air flow into the cylin-
ders 14.
[0023] The intake passage 36 can be further provided
with a cooler 44 that is provided downstream of the
compressor 40a. In one example, the cooler 44 can be
a charge air cooler (CAC). In this example, the compres-
sor 40a can increase the temperature andpressureof the
intake air, while the CAC 44 can increase a charge
density and provide more air to the cylinders. In another
example, the cooler 44 can be a low temperature after-
cooler (LTA). The CAC 44 uses air as the cooling media,
while the LTA uses coolant as the cooling media.
[0024] The exhaust gas flows out from the combustion
chamber 28 into an exhaust passage 46 from an exhaust
manifold 48 that connects the cylinders 14 to the exhaust
passage 46. The exhaust passage 46 is connected to a
turbine 40b and a wastegate 50 of the turbocharger 40
and then into an aftertreatment system 52. The exhaust
gas that is discharged from the combustion chamber 28
drives the turbine 40b to rotate. The wastegate 50 is a
device that enables part of theexhaust gas to by-pass the
turbine 40b through a passageway 54. Less exhaust gas
energy is thereby available to the turbine 40b, leading to
less power transfer to the compressor 40a. Typically, this
leads to reduced intake air pressure rise across the
compressor 40a and lower intake air density/flow.
[0025] The wastegate 50 can include an electronically
controllable valve 56 that can be an open/closed (two
position) type of valve, or a full authority valve allowing
control over the amount of by-pass flow, or anything
between. In some embodiments, the exhaust passage
46 can further or alternatively include an exhaust throttle
58 for adjusting the flow of the exhaust gas through the
exhaust passage 46. The exhaust gas, which can be a
combination of by-passed and turbine flow, then enters
the aftertreatment system 52.
[0026] The aftertreatment system 52 may include one
or more devices useful for handling and/or removing
material from exhaust gas that may be harmful constitu-
ents, including carbon monoxide, nitric oxide, nitrogen
dioxide, hydrocarbons, and/or soot in the exhaust gas. In
some examples, the aftertreatment system 52 can in-
clude at least one of a catalytic device and a particulate
matter filter. Thecatalytic device canbeadiesel oxidation
catalyst (DOC) device, ammonia oxidation (AMOX) cat-
alyst device, a selective catalytic reduction (SCR)device,
three-way catalyst (TWC), lean NOX trap (LNT) etc. The
reduction catalyst can include any suitable reduction
catalysts, for example, a urea selective reduction cata-
lyst. The particulate matter filter can be a diesel particu-
late filter (DPF), a partial flow particulate filter (PFF), etc.
A PFF functions to capture the particulate matter in a
portion of the flow; in contrast the entire exhaust gas
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volume passes through the particulate filter.
[0027] The arrangement of the components in the
aftertreatment system 52 can be any arrangement that
is suitable for usewith the engine 12. For example, in one
embodiment, aDOCandaDPFareprovidedupstreamof
a SCR device. In one example, a reductant delivery
device is provided between the DPF and the SCR device
for injecting a reductant into the exhaust gas upstream of
SCR device. The reductant can be urea, diesel exhaust
fluid, or any suitable reductant injected in liquid and/or
gaseous form.
[0028] A controller 80 is provided to receive data as
input from various sensors, and send command signals
as output to various actuators. Some of the various
sensors and actuators that may be employed are de-
scribed in detail below. The controller 80 can include, for
example, a processor, a memory, a clock, and an inpu-
t/output (I/O) interface.
[0029] The system 10 may include various sensors
such as an intakemanifold pressure/temperature sensor
70, an exhaust manifold pressure/temperature sensor
72, one or more aftertreatment sensors 74 (such as a
differential pressure sensor, temperature sensor(s),
pressure sensor(s), constituent sensor(s)), engine sen-
sors 76 (which can detect the air/fuel ratio of the air/fuel
mixture supplied to the combustion chamber, a crank
angle, the rotation speed of the crankshaft, an engine
load, etc.), anda fuel sensor 78 todetect the fuel pressure
and/or other properties of the fuel, common rail 38 and/or
fuel injector 26. Any other sensors known in the art for an
enginesystemarealso contemplated, andoneormoreof
the sensors can be a physical sensor or a virtual sensor.
[0030] System 10 can also include various actuators
for opening and closing the intake valves 22, for opening
and closing the exhaust valves 24, for injecting fuel from
the fuel injector 26, for openingandclosing thewastegate
valve 56, for the intake air throttle 42, and/or for the
exhaust throttle 58. The actuators are not illustrated in
FIG. 1, but one skilled in the art would know how to
implement the mechanism needed for each of the com-
ponents toperform the intended function.Furthermore, in
one embodiment, the actuators for opening and closing
the intake and exhaust valves 22, 24 is operably con-
nected to respective ones of an intake camphaser 190 or
an exhaust cam phaser 90, such as shown in FIG. 3.
[0031] Referring further to FIG. 3, further details re-
garding one embodiment of an exhaust or intake cam
phaser 90, 190 is shown. Exhaust cam phaser 90 can
adjust a relative positioning and timing of the exhaust
valve opening and closing during a thermalmanagement
mode of operation to, for example, increase an exhaust
gas temperature for thermalmanagement of one ormore
components of the aftertreatment system 52. Exhaust
cam phaser 90 can also adjust a relative positioning and
timing of the exhaust valve opening and closing, in con-
junction with intake cam phaser 190 adjusting the intake
valve opening and closing, during an engine braking
mode of operation to, for example, increase an engine

braking power of engine 12.
[0032] As depicted in FIG. 3, cam phaser 90, 190 is
shown with a camshaft 92, 192 that includes exhaust/in-
take camshaft lobe(s) 94, 194 and camshaft bearings 96,
196. The exhaust camshaft lobe(s) 94 and intake cam-
shaft lobes 194 are followed by rocker levers or other
motion transmitting structure (not shown) that actuate the
exhaust valves 24 and intake valves 22 accordingly. In
one embodiment, the intake camshaft lobe(s) are not
phased and remain in sync with the engine’s traditional
camshaft drive mechanism. The exhaust cam phaser 90
can be used to control the phase angle of the exhaust
camshaft lobes(s) 94 independently of the intake cam-
shaft lobe(s) 194. Likewise, the intake cam phaser 190
can be used to control the phase angle of the intake
camshaft lobes(s) 194 independently of the exhaust
camshaft lobe(s) 194.
[0033] Cam phasers 90, 190 may each include a front
camshaft bearing 98 and an actuator 102 that is config-
ured to adjust a phase angle of the exhaust camshaft
lobe(s) 94 or intake camshaft lobe(s) 194 A concentric
camshaft drive gear 100 is connected to the engine
crankshaft 18 (FIG. 2) and is driven at a specified and
constant drive ratio. The concentric camshaft drive gear
100 also serves as the housing ormount for the rotor and
stator assembly 110 of the exhaust camshaft phaser 90
or the rotor and stator assembly 210 for the intake cam-
shaft phaser 190.
[0034] During a thermal management mode of opera-
tion, the actuator 102 is configured to control exhaust
cam phaser 90 to selectively advance the phase angle of
the exhaust camshaft lobe(s) 94 to vary the timing at
which the exhaust camshaft lobe(s) 94 provide an earlier
opening and closing of the exhaust valve(s) 24 on de-
mand during the exhaust stroke of the piston 16. In
another embodiment, during an engine braking mode
of operation, the actuator for the intake cam phaser
190, in conjunction with an exhaust cam phaser 90, is
configured to selectively vary the phase angle of the
intake camshaft lobe(s) 194 and exhaust camshaft
lobe(s) 94 to vary the timing at which the intake camshaft
lobe(s) 194 and exhaust camshaft lobe(s) 94 open and
close the intake valve(s) 22 and exhaust valve(s) 24 on
demand during the intake stroke and the exhaust stroke
of the piston 16 to increase engine braking power.
[0035] Referring to FIGs. 4‑5, an embodiment of ex-
haust cam phaser 90 is shown without camshaft 92.
Exhaust cam phaser 90 includes drive gear 100 and a
rotor and stator assembly 110mounted to drive gear 100.
Drive gear 100 includes a disc-shaped body 112 with a
plurality of gear teeth 114around theouter circumference
of body 112. Body 112 includes a central hole 116 to
receive the camshaft 92, and a number of fastener bores
118 to receive fasteners 120 that mount rotor and stator
assembly 110 to drive gear 100. Body 112 further in-
cludes a locking pin receptacle 122 to movably receive a
locking pin that controllably locks and unlocks rotor and
stator assembly 110 to drive gear 100.
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[0036] Rotor and stator assembly 110 includes a re-
tainer plate 124, a bias spring 126, a cover plate 128, a
couplingmember 130, andmounting rods132.Rotor and
stator assembly 110also includes a rotor 140andastator
170. When assembled, and as discussed further below,
rotor 140 is positioned in, and rotatable relative to, stator
170 with vanes 144 of rotor 140 between corresponding
pairs of lugs 174 of stator 170.
[0037] Cover plate 128 is engaged to drive gear 100
with fasteners 120 extending through corresponding
ones of the stator bores 172 and into fastener bores
118 of drive gear 100. Rotor 140 is coupled to the cam-
shaft 92 with coupling member 130 and with mounting
rods 132 that extend through hole 136 of cover plate 128
and into slots 138 of retainer plate 124. The ends of
biasingmember 126 are linked to stator 170 through pins
133 that extend from cover plate 128. Biasing member
126 transfers a rotational force that biases stator 170 and
drive gear 100 to a desired position, such as a fully
retarded position. In the illustrated embodiment, biasing
member 126 is a spirally wound torsion spring, but other
types of biasingmembers are also contemplated and not
precluded.
[0038] FIG. 6 is an elevation view of an embodiment of
a rotor and stator assembly 110 that is looking toward the
side of rotor stator assembly 110 that is mounted to drive
gear 100. FIG. 7 is an elevation view of the rotor and
stator assembly 110 looking in the opposite direction of
FIG. 6 toward drive gear 100. Rotor 140 includes a center
hub 142, and a plurality of vanes 144 that extend radially
outwardly from center hub 142. Vanes 144 are spaced
equi-angularly from one another around center hub 142.
However, one of the vane 144 is greater in width to
accommodate lock pin 145 and to take a majority of
the load during phasing.
[0039] Center hub 142 includes a central passage 146
extending axially therethrough. Passage 146 is centered
and extends along a rotation axis of rotor and stator
assembly 110. The side of center hub 142 facing drive
gear 100 forms a pocket 147 for receipt of the camshaft
92. Center hub 144 also includes holes 148 for receiving
mounting rods 132 that couple retainer plate 124 to rotor
140.
[0040] Eachof the vanes144 includesawidth between
opposite sidewalls 152 that is tapered such that the outer
ends 150 of each vane 144 is wider than at hub 142. The
opposite sidewalls 152 extend from hub 142 to the outer
end 150 of the corresponding vane 142. Each outer end
150 includes a receptacle 154 that receives a respective
one of the vane seals 160 therein.
[0041] Rotor 140 is positioned in stator 170 with vanes
144positionedbetween lugs174 so that a control volume
178 is defined between each vane 144 and a pair of
adjacent lugs 174 located on opposite sides of the cor-
responding vane 144. Stator 170 includes a rim 176, and
each lug 174 includes opposite sidewalls 184 extending
from rim176 to its corresponding inner end180. Lugs174
extend radially inwardly from rim 176 toward hub 142 of

rotor 140. Each of the lugs 174 includes a width between
opposite sidewalls 184 that is tapered such that the inner
ends 180 of each lug 144 is narrower than at rim176. The
inner end 180 of each lug 174 includes a receptacle 182
that receives a respective one of the stator seals 190
therein.
[0042] The vanes 144 and lugs 174 are configured so
that a rangeofmotionR is provided for thecamshaft 92 its
associated exhaust camshaft lobes 94. In an embodi-
ment, the range of motion R is 45 degrees, allowing the
exhaust camshaft lobes94 tobeadvancedor retardedby
up to 90 crank angle degrees of crankshaft 18. In the
illustrated embodiment, the width of each vane 144 be-
tween opposite sidewalls 152 and the width 184 of each
lug 174 between sidewalls 184 are configured to provide
a control volume 178 sized to allow rotational displace-
ment of up to 45 degrees of rotor 140 relative to stator
170.
[0043] In the illustrated embodiment, there are four
vanes 144 on rotor 140 and four lugs 174 on stator
170. Other embodiments contemplate three or fewer
vanes and lugs, or more than four vanes and lugs, so
long as cam phasing is possible up to 90 crank angle
degrees.
[0044] In an embodiment, the rotor 140 is locked in a
starting position that is the fully retarded position 192, as
shown inFIG. 7, inwhich rotor 140 is rotated clockwise so
that a sidewall 152 of each vane 144 is positioned ad-
jacent to or against a sidewall 184 of a corresponding lug
174. Rotor 140 canbe rotated counterclockwise toward a
fully advanced position, as indicated at 194, with control
fluid supplied to and removed from the control volume
178 on opposites sides of each vane 144. Rotation of
rotor 140 can also be stopped at any rotational position
between the fully advanced and fully retarded position to
provide the desired cam phasing.
[0045] The capability to rotate rotor 140 relative to
stator 170 to provide up to 90 crank angle degrees of
phasing of the exhaust camshaft lobes 194 provides a
cost-effective thermal management device, such as
maintaining desired operating efficiencies of the after-
treatment system 52 during cold start, idle, keep warm,
and/or motoring conditions of engine 12. For example,
the turbine outlet temperature of turbine 40b can be
maintained at or near a desired threshold temperature
during cold start, idle, and/or motoring conditions by
advancing the exhaust valve opening time up to 90 crank
angle degrees using cam phaser 90 with rotor and stator
assembly 110.
[0046] In a specific embodiment, a desired threshold
temperature of about 300 degrees Celsius at the turbine
outlet can bemaintained by utilizing the 90 degree range
of authority provided by rotor and stator assembly 110 of
cam phaser 90 to make engine 12 work harder and
increase the pumping work of engine 12. In certain em-
bodiments, using rotor and stator assembly 110 of cam
phaser 90 allows exhaust gas recirculation and/or vari-
able geometry turbine (VGT) control to increase after-
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treatment temperatures during cold start and other con-
ditionsmay be eliminated, or reduced. In certain embodi-
ments, EGR systems and/or VGT’s can be eliminated in
systems employing the cam phaser 90 with rotor and
stator assembly 110.
[0047] In a specific embodiment, exhaust flow during
motoring or idle conditions of engine 12 is reduced to
keep aftertreatment system 52 warm by utilizing the 90
degree range of authority provided by rotor and stator
assembly 110 of cam phaser 90. For example, the ex-
haust flow at idle can be reduced tomake engine 12work
harder at idle and increase exhaust temperature, or air
flow throughcylinders14canbe reducedduringmotoring
to reducecoolingofaftertreatment system52.Asa result,
the camphaser 90with rotor andstator assembly 110can
eliminate the use of intake air throttle/exhaust throttle
valve control during idle and motoring conditions,
although the use of the same is not precluded in all
embodiments.
[0048] In an embodiment, wastegate 50 is used in
conjunction with rotor and stator assembly 110 of cam
phaser 90 during certain operating conditions. For ex-
ample, wastegate 50 and rotor and stator assembly 110
of camphaser 90canbecontrolled tomaintainengineout
NOxwithin prescribed limits.Utilizing thewastegate 50 in
conjunction with the cam phaser 90 with rotor and stator
assembly 110 can reduce drawbacks associated with
using cam phasers in general, such as higher intake
manifold temperature, noise, valve load, and reduced
fuel economy, such as may occur during engine loading
greater than 20% of rated or maximum load.
[0049] An embodiment of rotor seal 160 and/or stator
seal 190 is shown in FIG. 8. Seals 160, 190 can include
the same configuration as shown, but other configura-
tions are possible, so long as the seals 160, 190 are
configured to be received in the corresponding recepta-
cles 154, 182 and provide sealing engagement between
theends of the vanes 144with rim176, and/or the ends of
lugs 174 with hub 142.
[0050] Each seal 160, 190 includes an elongated body
192 having an outer side 194 facing outwardly from seal
receptacle 154, 182. Theelongatedbody192alsohasan
inner side 196 facing inwardly into the seal receptacle
154, 182. The inner side 196 has a cavity 198 located
between opposite end flanges 200, 202 of the elongated
body192.A spring204 is located in the cavity 198.Spring
204 contacts the corresponding vane 144 or lug 174 in
the receptacle 154, 182.Thespring204outwardly biases
the outer side 194 of the elongated body 192 into sealing
contact with the adjacent rim 176 or hub 142.
[0051] In an embodiment spring 204 is a coil spring. In
an embodiment, spring 204 is a leaf spring. Other embo-
diments contemplate other types, configurations, and/or
shapes for spring 204.
[0052] In an embodiment, one or more of seals 160,
190 is comprised of plastic material. In an embodiment,
one or more of seals 160, 190 is comprised of powdered
metal material. Other embodiments contemplate other

materials for one or more of seals 160, 190, including
metal materials, elastomers, composite materials, and
combinations of these.
[0053] FIG. 9 is a perspective of another embodiment
rotor and stator assembly 210. In an embodiment, rotor
and stator assembly 210 is provided on cam phaser 190
connected to the intake camshaft 192 having cam lobes
194 that control the opening and closing timing of the
intake valves 22. In the illustrated embodiment, rotor and
stator assembly 210 includes a rotor 212 having a plur-
ality of vanes 214 extending from central hub 216. Rotor
and stator assembly 210 also includes a stator 220 in-
cluding a plurality of lugs 222 extending radially inwardly
from rim 224. Rotor 212 is positioned within stator 220 so
that eachvane214 is located inacontrol volumebetween
an adjacent pair of lugs 222.
[0054] Control fluid, such as oil, is provided to and
drained from control volume 218 to rotate rotor 212
relative to stator 220 along a range of motion 226 to
retard or advance the opening and closing timing of
the intake valves 22. In an embodiment, the range of
motion 226 is 25 degrees, allowing the opening and
closing timing of the intake valves 22 to be advanced
or retarded over a range of 50 crank angle degrees.
[0055] In an embodiment, rotor and stator assembly
210 isemployedonan intakecamphaser190 that is used
to adjust the intake valve opening and closing timing over
a range of 50 crank angle degrees, in conjunction with
rotor and stator assembly 110 being employed on an
exhaust cam phaser 90 that is used to adjust the exhaust
valve opening and closing timing over a rangeof 90 crank
angle degrees. The intake valve opening/closing timing
may be retarded in conjunction with advancing the ex-
haust valve opening/closing timing in order to increase a
braking power of engine 12 during certain engine oper-
ating conditions.
[0056] In an embodiment, the certain engine operating
conditions in which the intake valve opening and closing
timing is retarded and the exhaust valve opening and
closing timing is advanced to increase engine braking
power output is an engine speed that is between 1000
RPMs and 2500 RPMs. In an embodiment, while be-
tween 1000 RPMs and 2500 RPMs, the exhaust cam
phaser 90 is rotated to advanceand/or retard theexhaust
valve opening/closing timing up to 20degrees, and/or the
intake cam phaser 190 is rotated to advance and/or
retard the intake valve opening/closing timing up to 25
degrees.
[0057] FIG. 10 provides an example of part of a flow
circuit 300 for providing control fluid to control volumes
178, 218. A perimeter flow path 302 is formed around
camshaft 92, 192, and radially inwardly extending pas-
sages 304. The radially inwardly passages 304 provide
the control fluid to the annular space 306 between cam-
shaft 92, 192 and the hub 142, 216 of the respective rotor
140, 210. A second set of similarly arranged radially
inwardly extending passages in camshaft 92, 192 may
also provide control fluid to a set of axially extending
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passages 308 along the camshaft 92, 192.
[0058] Referring further to FIG. 11, the rotors 140, 210
include retard passages 320 and advance passages 322
in hubs 142, 216. The retard passages 320 provide
control fluid to the corresponding control volume 178,
218 in order to retard the corresponding exhaust valves
24 or intake valves 22, while the corresponding advance
passages 322 simultaneously drain control fluid from the
control volume 178, 218. Conversely, the advance pas-
sages 322 provide control fluid to the corresponding
control volume 178, 218 in order to advance the corre-
sponding exhaust valves 24or intake valves 22,while the
corresponding retard passages 320 simultaneously
drain control fluid from the control volume 178, 218.
[0059] It should be understood that cam phasers 90,
190 can be operated simultaneously to advance the
exhaust valve opening/closing timing while retarding
the intake valve opening/closing timing. For example,
as shown inFIG. 11, theexhaust camphaser 90 is parked
with the rotor 140 in a full retard position, and the intake
cam phaser 210 is parked with the rotor 210 in the full
advance position. During an engine braking event, the
exhaust camphaser 90 can be operated to advance rotor
140 to a mid-stop position, such as up to 20 crank angle
degrees, while rotor 210 is retarded to a mid-stop posi-
tion, such as up to 25 crank angle degrees.
[0060] Referring to FIG. 12, a flow diagram of one
embodiment of a procedure 1200 for engine braking of
engine 12 is provided. The procedure 1200 includes an
operation 1202 that includes operating the internal com-
bustion engine12. In anembodiment, engine 12 includes
a plurality of cylinders 14 that receive a charge flow from
intake passage 36. Furthermore, at least a portion of the
plurality of cylinders 14 receives fuel from fuel system 30
in response to a vehicle or engine speed request.
[0061] Procedure 1200 continues at conditional 1204
to determine the presence or absence of an engine
braking request. The determination of the engine braking
request being present can result from, for example, an
input from a vehicle operator such as a brake pedal
position, accelerator pedal position, or engine brake re-
quest input switch. If conditional 1204 is negative, pro-
cedure 1200 returns to operation 1202.
[0062] In response to conditional 1204 determining an
engine braking request being present, procedure 1200
can continue at operation 1206 to change phase angles
for camshafts 92, 192 that control an exhaust valve 24
opening/closing timing and an intake valve 22 opening/-
closing timing of one or more of the plurality of cylinders
14 to increase a braking power of the engine 12.
[0063] In one embodiment of the procedure 1200,
changing the phase angles includes operating the ex-
haust cam phaser 90 connected to exhaust camshaft 92
having one or more exhaust cam lobes 94 to advance
and/or retard the exhaust valve opening/closing timing;
and operating intake cam phaser 100 connected to an
intakecamshaft 192havingoneormore intakecam lobes
194 to advance and/or retard the intake valve 22 open-

ing/closing timing. In an embodiment, the exhaust cam
phaser 90 is parked in one of a fully advanced or fully
retarded condition, and the intake cam phaser 190 is
parked in one of a fully advanced or fully retarded con-
dition.
[0064] In an embodiment, changing the phase angle
includes changing the phase angle in response to the
enginebraking requestwhileanenginespeed isbetween
1000 RPMs and 2500 RPMs. In an embodiment, chan-
ging the phase angle includes changing the phase angle
in response to the engine braking request only when the
engine speed is between 1000 RPMs and 2500 RPMs.
[0065] In an embodiment, changing phase angles in-
cludes rotating exhaust cam phaser 90 connected to
exhaust camshaft 92 having one or more exhaust cam
lobes 94 to advance and/or retard the exhaust valve
opening/closing timing up to 20 degrees. In an embodi-
ment, changing phase angles includes rotating intake
cam phaser 190 connected to intake camshaft 192 hav-
ing one or more intake cam lobes 194 to advance and/or
retard the intake valve 22 opening/closing timing up to 25
degrees.
[0066] Referring to FIG. 13, a flow diagram of one
embodiment of a procedure 1300 for controlling cam
phaser 90 to provide thermal management of one or
more of engine 12, aftertreatment device 52, or other
component of system 10 is provided. The procedure
1300 includes an operation 1302 that includes operating
the internal combustion engine 12. In an embodiment,
engine 12 includes a plurality of cylinders 14 that receive
a charge flow from intake passage 36. Furthermore, at
least a portion of the plurality of cylinders 14 receives fuel
from fuel system 30 in response to a vehicle or engine
speed request.
[0067] Procedure 1300 continues at conditional 1304
to determine the presence or absence of a thermal man-
agement condition. The determination of the thermal
management condition being present can result from,
for example, a deviation of a temperature of an after-
treatment component or turbine outlet from a target tem-
perature, a cold start condition, an idle condition, and/or a
motoring condition. If conditional 1304 is negative pro-
cedure 1300 returns to operation 1302.
[0068] In response to conditional 1304 determining a
thermal management condition being present, proce-
dure1300continuesatoperation1306 tochangeaphase
angle of the exhaust camshaft 92 that controls exhaust
valve 24 opening/closing timing by more than 80 crank
angle degrees. In an embodiment, the exhaust valve
opening/closing timing is changed during an exhaust
stroke of oneormore cylinders of the internal combustion
engine.
[0069] In an embodiment, the exhaust valve opening/-
closing timing is changed by 90 crank angle degrees. In
an embodiment, in response to an engine braking re-
quest, the phase angle for the exhaust camshaft 92 and
the phase angle for the intake camshaft 192 that controls
intake valve 22 opening/closing timing of one or more of
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the plurality of cylinders 14 is changed to increase a
braking power of the engine 12.
[0070] In an embodiment, the control procedures
1200, 1300 are implemented by the controller 80, such
as by a processor of controller 80 executing program
instructions (algorithms) stored in the memory of the
controller 80. In certain embodiments, the system 10
further includes a controller 80 structured or configured
to perform certain operations to control system 10 in
achieving one or more target conditions such as a cam
phaser position. In certain embodiments, the controller
80 forms a portion of a processing subsystem including
one or more computing devices having memory, proces-
sing, and communication hardware. The controller 80
may be a single device or a distributed device, and the
functions of the controller 80 may be performed by hard-
ware and/or by instructions encodedona computer read-
able medium.
[0071] In certain embodiments, the controller 80 in-
cludes one or more modules structured to functionally
execute the operations of the controller. The description
herein including modules emphasizes the structural in-
dependence of the aspects of the controller, and illus-
trates one grouping of operations and responsibilities of
the controller. Other groupings that execute similar over-
all operations are understood within the scope of the
present application. Modules may be implemented in
hardware and/or software on a non-transient computer
readable storage medium, and modules may be distrib-
uted across various hardware or other computer compo-
nents.
[0072] Certain operations described herein include
operations to interpret or determine one or more para-
meters. Interpreting or determining, as utilized herein,
includes receiving valuesbyanymethodknown in theart,
including at least receiving values from a datalink or
network communication, receiving an electronic signal
(e.g. a voltage, frequency, current, or PWM signal) in-
dicative of the value, receiving a software parameter
indicative of the value, reading the value from a memory
location on a non-transient computer readable storage
medium, receiving the value as a run-time parameter by
any means known in the art, and/or by receiving a value
bywhich the interpreted or determined parameter can be
calculated, and/or by referencing a default value that is
interpreted or determined to be the parameter value.
[0073] Various aspects of the present disclosure are
contemplated. For example, in one aspect a cam phaser
for advancing and retarding exhaust valves of an internal
combustion engine is provided. The camphaser includes
a rotor includingahubandapluralityof vanesandastator
including a rim and a plurality of lugs. The plurality of
vanes extending radially outwardly from the hub, and the
plurality of lugs extending radially inwardly from the rim.
The rotor is positioned in the stator so that each vane of
the plurality of vanes is positioned between a corre-
sponding pair of lugs of the plurality of lugs. Each vane
of the rotor is positioned adjacent a first lug of the corre-

sponding pair of lugs to fully retard the exhaust valves,
and each vane of the rotor is positioned adjacent a
second lug of the corresponding pair of lugs to fully
advance theexhaust valves. The vanesof the rotor rotate
45 degrees from the fully retarded position to the fully
advanced position.
[0074] In an embodiment, the cam phaser includes a
plurality of vane seals between the plurality of vanes of
the rotor and the rim of the stator, and a plurality of lug
seals between the plurality of lugs of the stator and the
hub of the rotor.
[0075] In a further embodiment, at least one of the
plurality of vane seals and the plurality of lug seals are
comprised of plastic material.
[0076] In a further embodiment, at least one of the
plurality of vane seals and the plurality of lug seals are
comprised of powdered metal material.
[0077] In a further embodiment, each of the plurality of
vanes includes an outer end facing the rim of the stator,
and each of the plurality of vane seals is positionedwithin
a seal receptacle of a corresponding one of the outer
ends. Each of the plurality of lugs includes an inner end
facing the hub of the rotor, and each of the plurality of lug
seals is positioned within a seal receptacle of a corre-
sponding one of the inner ends.
[0078] In yet a further embodiment, at least one of the
plurality of vane seals and the plurality of lug seals
includes an elongated body having an outer side facing
outwardly from seal receptacle. The elongated body has
an inner side facing inwardly into the seal receptacle, the
inner side having a cavity located between opposite end
flanges of the elongated body. A spring is located in the
cavity that contacts the corresponding lug or vane in the
receptacle. The spring outwardly biasing the outer side of
the elongated body into sealing contact with the adjacent
rim or hub.
[0079] In an embodiment, the rotor is locked in a start-
ing position adjacent the first lug to fully retard the ex-
haust valves.
[0080] In an embodiment, the cam phaser includes a
drive gear positioned on a first side of the stator, a cover
plate positioned on a second side of the stator opposite
the first side, and a plurality of fasteners extending
through the stator and engaging the cover plate to the
drive gear.
[0081] In a further embodiment, the cam phaser in-
cludesabiasingmember engaged to the cover plate. The
biasing member biases the plurality of lugs of the stator
toward respective ones of the plurality of vanes of the
rotor.
[0082] In yet a further embodiment, the cam phaser
includes a camshaft in the hub of the rotor, and a retainer
plate connected to the camshaft, the cover plate, and the
biasing member.
[0083] Another aspect of the present disclosure in-
cludes a method for braking an internal combustion en-
gine. The method includes receiving a charge flow into a
plurality of cylinders of the internal combustion engine to
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produce an exhaust gas by combustion of a fuel provided
to at least a portion of the plurality of cylinders; and in
response to an engine braking request, changing phase
angles for camshafts that control an exhaust valve open-
ing/closing timing and an intake valve opening/closing
timing of one or more of the plurality of cylinders to
increase a braking power of the engine.
[0084] In an embodiment, wherein changing phase
angles includes: operating an exhaust cam phaser con-
nected to an exhaust camshaft having one or more ex-
haust cam lobes to advance and/or retard the exhaust
valve opening/closing timing; and operating an intake
cam phaser connected to an intake camshaft having
one or more intake cam lobes to advance and/or retard
the intake valve opening/closing timing.
[0085] In a further embodiment, the method includes
parking the exhaust cam phaser in one of a fully ad-
vanced or fully retarded condition; and parking the intake
cam phaser in one of a fully advanced or fully retarded
condition.
[0086] In an embodiment, changing the phase angles
includes changing the phase angles in response to the
enginebraking requestwhileanenginespeed isbetween
1000 RPMs and 2500 RPMs.
[0087] In a further embodiment, changing phase an-
gles includes rotating an exhaust cam phaser connected
to an exhaust camshaft having one ormore exhaust cam
lobes to advance and/or retard the exhaust valve open-
ing/closing timing up to 20 degrees.
[0088] In a further embodiment, changing phase an-
gles includes rotating an intake camphaser connected to
an intake camshaft having one or more intake cam lobes
toadvanceand/or retard the intakevalveopening/closing
timing up to 25 degrees.
[0089] Another aspect is directed to a method for ther-
mally managing an aftertreatment device or an internal
combustion engine. The method includes producing an
exhaust gas by combusting a fuel received in at least a
portion of a plurality of cylinders of the internal combus-
tion engine; and in response to a thermal management
condition for the engine or aftertreatment device, chan-
ging a phase angle of an exhaust camshaft that controls
an exhaust valve opening/closing timing bymore than 80
crank angle degrees.
[0090] In an embodiment, the exhaust valve opening/-
closing timing is changedduring anexhaust stroke of one
or more cylinders of the internal combustion engine.
[0091] In an embodiment, the exhaust valve opening/-
closing timing is changed by 90 crank angle degrees.
[0092] In an embodiment, the method includes, in re-
sponse to an engine braking condition, changing the
phase angle for the exhaust camshaft and changing a
phaseangle foran intakecamshaft that controlsan intake
valve opening/closing timing of one or more of the plur-
ality of cylinders to increase a braking power of the
engine.
[0093] While the invention has been illustrated and
described in detail in the drawings and foregoing descrip-

tion, the same is to be considered as illustrative and not
restrictive in character, it being understood that only
certain exemplary embodiments have been shown and
described. Those skilled in the art will appreciate that
many modifications are possible in the example embodi-
ments without materially departing from this invention.
Accordingly, all such modifications are intended to be
included within the scope of this disclosure as defined in
the following claims.
[0094] In reading the claims, it is intended that when
words such as "a," "an," "at least one," or "at least one
portion" are used there is no intention to limit the claim to
only one item unless specifically stated to the contrary in
the claim. When the language "at least a portion" and/or
"a portion" is used the item can include a portion and/or
the entire item unless specifically stated to the contrary.

Claims

1. A cam phaser for advancing and retarding exhaust
valves of an internal combustion engine, the cam
phaser comprising:

a rotor including a hub and a plurality of vanes,
the plurality of vanes extending radially out-
wardly from the hub;
a stator including a rimanda plurality of lugs, the
plurality of lugs extending radially inwardly from
the rim, wherein:

the rotor is positioned in the stator so that
each vane of the plurality of vanes is posi-
tioned between a corresponding pair of lugs
of the plurality of lugs;
eachvaneof the rotor is positionedadjacent
a first lug of the corresponding pair of lugs to
fully retard the exhaust valves;
eachvaneof the rotor is positionedadjacent
a second lug of the corresponding pair of
lugs to fully advance the exhaust valves;
and
the vanes of the rotor rotate 45 degrees
from the fully retarded position to the fully
advanced position.

2. The cam phaser of claim 1, further comprising:

a plurality of vane seals between the plurality of
vanes of the rotor and the rim of the stator;
a plurality of lug seals between the plurality of
lugs of the stator and the hub of the rotor.

3. The cam phaser of claim 2,

wherein at least one of the plurality of vane seals
and the plurality of lug seals are comprised of
plastic material, or
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wherein at least one of the plurality of vane seals
and the plurality of lug seals are comprised of
powdered metal material, or
wherein:

each of the plurality of vanes includes an
outer end facing the rim of the stator, and
each of the plurality of vane seals is posi-
tioned within a seal receptacle of a corre-
sponding one of the outer ends; and
eachof theplurality of lugs includesan inner
end facing the hub of the rotor, and each of
the plurality of lug seals is positioned within
a seal receptacle of a corresponding one of
the inner ends.

4. The cam phaser of claim 3, wherein at least one of
the plurality of vane seals and the plurality of lug
seals includes:

an elongated body having an outer side facing
outwardly from seal receptacle, the elongated
body having an inner side facing inwardly into
the seal receptacle, the inner side having a
cavity located between opposite end flanges
of the elongated body; and
a spring located in the cavity that contacts the
corresponding lug or vane in the receptacle, the
spring outwardly biasing the outer side of the
elongated body into sealing contact with the
adjacent rim or hub.

5. The cam phaser of claim 1, wherein the rotor is
locked in a starting position adjacent the first lug to
fully retard the exhaust valves.

6. The cam phaser of claim 1, further comprising:

a drive gear positioned on a first side of the
stator;
a cover plate positioned on a second side of the
stator opposite the first side; and
a plurality of fasteners extending through the
stator and engaging the cover plate to the drive
gear, and optionally, the cam phaser further
comprising;
a biasing member engaged to the cover plate,
wherein the biasingmember biases the plurality
of lugsof thestator toward respectiveonesof the
plurality of vanes of the rotor.

7. The cam phaser of claim 6, further comprising:

a camshaft in the hub of the rotor; and
a retainer plate connected to the camshaft, the
cover plate, and the biasing member.

8. Amethod for braking an internal combustion engine,

the method comprising:

receiving a charge flow into a plurality of cylin-
ders of the internal combustion engine to pro-
duce an exhaust gas by combustion of a fuel
provided to at least a portion of the plurality of
cylinders; and
in response to an engine braking request, chan-
ging phase angles for camshafts that control an
exhaust valve opening/closing timing and an
intake valve opening/closing timing of one or
more of the plurality of cylinders to increase a
braking power of the engine.

9. The method of claim 8, wherein changing phase
angles includes:

operating an exhaust cam phaser connected to
an exhaust camshaft having one or more ex-
haust cam lobes to advance and/or retard the
exhaust valve opening/closing timing; and
operating an intake camphaser connected to an
intake camshaft having one or more intake cam
lobes to advance and/or retard the intake valve
opening/closing timing, or.
wherein changing the phase angles includes
changing the phase angles in response to the
engine braking requestwhile an engine speed is
between 1000 RPMs and 2500 RPMs.

10. The method of claim 9, further comprising:

parking the exhaust cam phaser in one of a fully
advanced or fully retarded condition; and
parking the intake cam phaser in one of a fully
advanced or fully retarded condition.

11. The method of claim 10, wherein changing phase
angles includes rotating an exhaust cam phaser
connected to an exhaust camshaft having one or
more exhaust cam lobes to advance and/or retard
the exhaust valve opening/closing timing up to 20
degrees.

12. The method of claim 10 or claim 11, wherein chan-
ging phase angles includes rotating an intake cam
phaser connected to an intake camshaft having one
or more intake cam lobes to advance and/or retard
the intake valve opening/closing timing up to 25
degrees.

13. A method for thermally managing an aftertreatment
device or an internal combustion engine, themethod
comprising:

producing an exhaust gas by combusting a fuel
received in at least a portion of a plurality of
cylinders of the internal combustion engine; and
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in response to a thermal management condition
for the engine or aftertreatment device, chan-
ging a phase angle of an exhaust camshaft that
controls an exhaust valve opening/closing tim-
ing by more than 80 crank angle degrees.

14. The method of claim 13,

wherein the exhaust valve opening/closing tim-
ing is changed during an exhaust stroke of one
or more cylinders of the internal combustion
engine, or
wherein the exhaust valve opening/closing tim-
ing is changed by 90 crank angle degrees.

15. The method of claim 13, further comprising, in re-
sponse to an engine braking condition, changing the
phase angle for the exhaust camshaft and changing
a phase angle for an intake camshaft that controls an
intake valve opening/closing timing of one ormore of
the plurality of cylinders to increase a braking power
of the engine.

5

10

15

20

25

30

35

40

45

50

55



13

EP 4 542 012 A2



14

EP 4 542 012 A2



15

EP 4 542 012 A2



16

EP 4 542 012 A2



17

EP 4 542 012 A2



18

EP 4 542 012 A2



19

EP 4 542 012 A2



20

EP 4 542 012 A2



21

EP 4 542 012 A2



22

EP 4 542 012 A2



23

EP 4 542 012 A2


	bibliography
	abstract
	description
	claims
	drawings

