WO 2006/086419 A1 || 000000 0 000 O 00 A

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

s ote e
(19) World Intellectual Property Organization e Iﬂ | EI

72 |00 00 OO0 OO O

International Bureau

(43) International Publication Date
17 August 2006 (17.08.2006)

(10) International Publication Number

WO 2006/086419 Al

(51) International Patent Classification:
FO02M 25/07 (2006.01)

(21) International Application Number:
PCT/US2006/004345

(22) International Filing Date: 7 February 2006 (07.02.2006)
English
English

(25) Filing Language:
(26) Publication Language:

(30) Priority Data:
60/650,752 7 February 2005 (07.02.2005) US
60/696,854 6 July 2005 (06.07.2005) US

(71) Applicant (for all designated States except US): BORG-
WARNER INC. [US/US]; 3850 Hamlin Road, Auburn
Hills, MI 48326 (US).

(72) Inventors; and

(75) Inventors/Applicants (for US only): JOERGL, Volker
[AT/US]; 1601 N. Hadley Road, Ortonville, MI 48462
(US). KIENER, Timm [DE/US]; 291 Schorn Road,
Lake Orion, MI 48362 (US). WEBER, Olaf [DE/US];

(74)

(81)

(84)

2184 Fairmont Drive, Rochester Hills, MI 48306 (US).
THORPE, Bruce [GB/DE]; Kniebisstr. 261/1, 71106
Magstadt (DE).

Agents: DZIEGIELEWSKI, Greg et al.; BORG-
WARNER INC., 3850 Hamlin Road, Auburn Hills, MI
48326 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
KG, KM, KN, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV,
LY, MA, MD, MG, MK, MN, MW, MX, MZ, NA, NG, NI,
NO, NZ, OM, PG, PH, PL, PT, RO, RU, SC, SD, SE, SG,
SK, SL, SM, SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US,
UZ,VC, VN, YU, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
7ZW), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),

[Continued on next page]

(54) Title: EXHAUST THROTTLE-EGR VALVE MODULE FOR A DIESEL ENGINE

2

0000

=

(57) Abstract: An exhaust gas module
comprising of a housing, at least one in-
let in the housing, a plurality of outlets in
the housing, and a valve inside the hous-
ing, wherein exhaust gas passes through
an EGR path when directed to a first out-
let. A single actuator is used to control the
valve. The primary valve directs the flow
of exhaust gas with respect to the EGR
path, and when the EGR path is substan-
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increase the back pressure in the inlet and
housing in order to increase the flow of
exhaust gas through the EGR path.
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EXHAUST THROTTLE-EGR VALVE MODULE FOR A DIESEL ENGINE

CROSS-REFERENCE TO RELATED APPLICATIONS
This application claims the benefit of U.S. Provisional Application No.
60/696,854, filed July 6, 2005 and U.S. Provisional Application No.
60/650,752, filed February 7, 2005.

FIELD OF THE INVENTION
The present invention relates to an exhaust gas module that directs
exhaust gas to a plurality of outlets including at least one exhaust gas

recirculation valve.

BACKGROUND OF THE INVENTION

Due to both federal and state regulations, motorized vehicles today are
limited to the amount of emissions in which they can release during operation.
One way of reducing the ’amount of emissions released by the vehicle is to
include an exhaust gas recirculation (EGR) valve in the vehicle's exhaust
system. The EGR valve redirects at least a portion of the exhaust gas from
the exhaust gas manifold of the engine, so that the exhaust gas is recirculated
into the intake manifold of the engine along with fresh air. The EGR valve is
controlled by an actuator in order to control the amount of exhaust gas
passing through the EGR valve. Furthermore, an exhaust gas throttle valve is
placed in the vehicle's exhaust gas system which further controls the amount
of exhaust gas that passes through an EGR path or through an exhaust pipe
to exit the engine assembly. Thus, the EGR valve and the exhaust gas
throttle both control the amount of exhaust gas returning to the intake side of
the engine, but are separate components and are separately controlled.

Therefore, it would be desirable to develop a module which comprises
both the EGR valve and the exhaust gas throttle valve, in which both the EGR
valve and the exhaust gas throttle valve can be controlled by a single
actuator. Due to being able to use a single actuator to control both the EGR

valve and the exhaust gas throttle valve, the manufacturing process is more
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efficient due to the reduction of the number of parts. Furthermore, the
vehicle's exhaust system becomes more efficient due to having less
connections and less parts in the exhaust system in which connections can

become loose and cause leakage and pressure drops.

SUMMARY OF THE INVENTION

The present invention relates to an exhaust gas module comprising of
a housing, at least one inlet in the housing, a plurality of outlets in the
housing, an exhaust gas throttle inside the housing, an exhaust gas
recirculation (EGR) valve inside the housing, wherein exhaust gas passes
through the EGR valve when directed to a first outlet. A single actuator is
used to control both the EGR valve and the exhaust gas throttle. Thus, the
EGR valve is controlled by the actuator the majority of the time, and when the
EGR valve is fully open, the actuator can alter the position of the exhaust gas
throttle in order to increase the back pressure in the inlet and housing in order
to increase the flow of exhaust gas through the EGR valve.

Furthermore, a method for controlling the amount of exhaust gas
recirculation comprises the steps of the actuator receiving a signal from a
control system, and the actuator altering the position of the EGR valve
accordingly. Also included in the method for controlling the amount of
exhaust gas recirculation includes all of the components described above,
and the EGR valve being primarily controlled in order to control the amount of
exhaust gas passing through the first outlet.

Further areas of applicability of the present invention will become
apparent from the detailed description provided hereinafter. It should be
understood that the detailed description and specific examples, while
indicating the preferred embodiment of the invention, are intended for
purposes of illustration only and are not intended to limit the scope of the

invention.
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BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will become more fully understood from the
detailed description and the accompanying drawings, wherein:

Figure 1 is a perspective view of an exhaust throttle-exhaust gas
recirculation module;

Figure 2 is a cross-sectional perspective view of a valve and a plurality
of outlets in a preferred embodiment of the invention;

Figure 3 is a side cross-sectional view of the valve and plurality of
outlets in an alternate embodiment of the invention;

Figure 4 is a schematic diagram of an exhaust gas recirculation
system; and

Figure 5 is a block diagram of a method for controlling the flow of

exhaust gas through a plurality of outlets using a single actuated valve.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
‘ The following description of the preferred embodiment(s) is merely
exemplary in nature and is in no way intended to limit the invention, its
application, or uses.

Referring to Figures 1-3, an exhaust throttle-exhaust gas recirculation
valve module (ETVM) is generally shown at 10. The ETVM 10 has a housing
12 with an inlet 14 and at least one outlet 16. In a preferred embodiment, the
housing 12 has two outlets 16. The first outlet 16a is an exhaust gas
recirculation (EGR) path and the second outlet 16b is an exhaust path. The
housing 12 also contains valve 18 which is used to direct the flow of exhaust
gas inside the housing 12 by being placed in different positions with respect to
the EGR path 16a and the exhaust path 16b.

A single actuator 20 is used to control the valve 18. In a preferred
embodiment, the actuator 20 is operably connected to an electric motor 22 so
that the actuator 20 alters the position of the valve 18 in the desired position
with respect to the EGR path 16a and the exhaust path 16b. The use of a
single actuator 20 to control both the EGR path 16a and exhaust path 16b is

beneficial because of the reduction in the number of parts needed to operate
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the ETVM 10. For example, if the EGR path 16a and exhaust path 16b had
separate actuators, there would be an additional actuator and an additional
power source to operate the actuator in order to operate the ETVM 10. Thus,
by using a single actuator 20 the manufacturing process is more efficient
because less parts need to be produced and assembled.

In a preferred embodiment, the flow of the ETVM 10 is primarily
controlled by the valve 18 being placed with respect to the EGR path 16a.
Thus, as exhaust gas flows into the housing 12 through the inlet 14, the valve
18 as controlled by the actuator 20, directs the exhaust gas through either or
both of the EGR path 16a and the EGR path 16b. When the valve 18 is
positioned so that the EGR path is completely open, an amount of air flow
passes through the EGR path 16a due to the back pressure in the housing 12
and inlet 14 created by the exhaust gas. However, to further increase the flow
through the EGR path 16a, the actuator 20 closes the exhaust path 16b by
repositioning the valve 18 to completely close the exhaust path 16b, which
increases the back pressure in the housing 12 and inlet 14. This increase in
back pressure causes a greater amount of exhaust gas flow through the EGR
path 16a. Furthermore, the valve 18 is placed in any position where the valve
18 completely covers, partially covers, or does not cover the EGR path 16a
and the exhaust path 16b, or any combination thereof, in order to obtain the
desired amount of exhaust gas flowing through the EGR path 16a and the
exhaust gas 16b.

Moreover, the valve 18 is positioned in order to fully close the EGR
path 16a and partially or fully close the exhaust path 16b in order to raise the
back pressure of the exhaust gas in the housing 12 and inlet 14. Raising the
pressure of the exhaust gas in the housing 12 and inlet 14 is beneficial when
the engine is being shut off or to raise the temperature of the exhaust gas in
the system. As described above, the single actuator 20 is used to control the
valve 18 in order to position the valve 18 with respect to the EGR path 16a
and the exhaust path 16b. Raising the back pressure of the exhaust gas in
this way is beneficial due to the increase in back pressure acting as an engine

shut off. Thus, the increase in exhaust gas back pressure increases the
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engine load which causes the engine to shut off. Furthermore, the raise in
temperature of the exhaust gas is beneficial because the increased
temperature acts as a catalyst to begin oxidation of the exhaust gas during
low driving cycles.

In a preferred embodiment, the valve 18 is a disc that is angled with
respect to the EGR path 16a and the exhaust path 16b. Thus, the valve 18 is
operably connected to the actuator 20 and the valve rotates about the
longitudinal axis of the housing 12 in order to block and expose the EGR path
16a and the exhaust path 16b as desired. The valve 18 has a semi-circle
shape so that the valve 18 is capable of being placed as to completely block
the EGR path 16a and the exhaust path 16b, completely open the EGR path
16a and the exhaust path 16b, partially open the EGR path 16a and exhaust
path 16b, or any combination of the above positions. Furthermore, the valve
18 is angled in order to more efficiently direct the flow of exhaust gas to the
desired location. Thus, the angle of the valve 18 is designed to reduce the
amount of resistance applied to the exhaust gas from the valve 18.

Referring to Figure 3, in an alternate embodiment, the valve 18 rotates
about a cross-sectional axis in order to close the EGR path 16a and exhaust
path 16b as desired. Similar to the disc embodiment described above, the
valve 18 is shaped as a flap so that the valve 18 is capable of being placed as
to completely block the EGR path 16a and exhaust path 16b, completely open
the EGR path 16a and exhaust path 16b, partially open the EGR path 16a
and exhaust path 16b, or any combination of the above positions. In addition,
the valve 18 is designed with an angle in order to reduce the amount of
resistance applied to the exhaust gas by the valve 18.

Referring to Figures 1-4, an engine assembly including the ETVM 10 is
generally shown at 24. An engine 26 has an exhaust gas manifold 28 where
the exhaust gas from the engine is released, such that the exhaust gas
passes through the exhaust gas manifold 28 to a turbine 30. The exhaust gas
rotates the turbine 30. In a preferred embodiment, the exhaust gas then
passes through a diesel particulate filter (DPF) 32 and into the ETVM 10. The
inlet 14 of the housing 12 is directly connected to the outlet end of the DPF 32
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in order to reduce the space occupied by the engine assembly 24. In
addition, by having the direct connection between the ETVM 10 and the DPF
32 there is less leakage of exhaust gas due to the reduction in connection
points, and which results in the prevention of a pressure drop of the exhaust
gas, and simpler assembly due to the reduction in parts. In an alternate
embodiment, the inlet end of the DPF 32 is directly connected to the EGR
path 16a and exhaust path 16b, which is beneficial for the same reasons as
described above.

No matter where the DPF 32 is located with respect to the ETVM 10,
the exhaust gas that enters the ETVM 10 through the inlet 14 is directed to
pass through one, both, or neither of the EGR path 16a and exhaust path 16b
as described above. The exhaust gas that passes through the exhaust path
16b then flows through an exhaust pipe 34 and is discharged from the engine
assembly 24. The exhaust gas that is directed through the EGR path 16a
then passes through an EGR path 36 info an EGR cooler 38. After the
exhaust gas has passed through the EGR cooler 38, the exhaust gas is
combined with fresh air through an inlet 40. The mixture of exhaust gas and
fresh air then enter a compressor 42 where the pressure of the air is
increased. The compressor 42 is operably connected to the turbine 30, such
that the exhaust gas that rotates turbine 30 causes the compressor 42 to
rotate in order to increase the pressure of the mixture of exhaust gas and
fresh air. Once the air has been compressed and exits the compressor 42,
the air passes through a charge air cooler 44 in order to further reduce the
temperature of the air. Then the air flows into an intake manifold 46 of the
engine 26. In an alternate embodiment, the ETVM 10 is placed anywhere in
the engine assembly 24 where it is beneficial to have an EGR valve and a
control mechanism for altering the flow of exhaust gas controlled by a single
actuator 20.

Referring to Figure 5, the method for controlling the amount of exhaust
gas recirculation comprises the first step of the actuator 20 receiving a signal
from a control system at decision box 48. In a preferred embodiment, the

control system is an engine control unit (ECU) (not shown), and the ECU is
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programmed to determine the desired valve 18 location and/or the air flow
through the ETVM 10. In an alternate embodiment, the control unit is the
actuator 20, which acts similar to the ECU described above in that the
actuator 20 determines the desired location of the valve 18 and/or the air flow
through the ETVM 10 and adjusts the valve accordingly. In either of the two
embodiments described above, the ECU or the actuator 20 typically receives
signals from position sensors (not shown) to determine the current location of
the valve 18. However, in an alternate embodiment, a mass air flow sensor is
used to determine the air flow through the ETVM 10 and the ECU or actuator
20 then determines the desired air flow and thus the valve 18 placement
accordingly. Thus, any type of sensor is used so long as the adjustment to
the ETVM 10 is determined to obtain the desired output from the ETVM 10.

After the actuator 20 has received a control signal, the actuator 20
alters the position of the valve 18 accordingly at decision box 50. Thus,
depending on the amount of exhaust gas that is to be directly released from
the engine assembly 24, the actuator 20 positions the valve 18 to direct
exhaust gas through the EGR path 16a and the exhaust path 16b. Next, at
decision box 52, it must be determined if the valve 18 is positioned such that
the EGR path 16a is substantially open. If it is determined that the EGR path
16a is substantially open, then at decision box 54 the actuator 20 controls the
valve 18 in order to further increase the amount of exhaust gas flowing
through the EGR path 16a by closing the exhaust path 16b. However, if it is
determined that the EGR path 16a is not substantially open, then at decision
box 56 the actuator 20 continues to control the valve 18 in order to control the
amount of exhaust gas flowing through the EGR path 16a and exhaust path
16b. After both decision box 54 and 56, the method for controlling the amount
of exhaust gas recirculation returns to decision box 48 so that the actuator 20
receives a signal in order to further control valve 18.

In a preferred embodiment, it is determined if the EGR path 16a is
substantially open prior to altering the valve 18 with respect to the exhaust
path 16b because it is undesirable to increase the back pressure of the
exhaust gas to increase the flow of exhaust gas through the EGR path 16a if
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the EGR path 16a is not substantially open. Thus, if the EGR path 16a is not
substantially open, the valve 18 is placed to open the EGR path 16a to
increase the flow of exhaust gas through the EGR path 16a rather than
increasing the back pressure. In a preferred embodiment, the valve 18 is
placed so that the EGR path 16a is completely open prior to the valve 18
being placed with respect to the exhaust path 16b to alter the flow of exhaust
gas through the EGR path 16a. However, it is within the scope of the
invention to control the flow of exhaust gas through the EGR path 16a prior to
the valve 18 completely opening the EGR path 16a.

The description of the invention is merely exemplary in nature and,
thus, variations that do not depart from the gist of the invention are intended
to be within the scope of the invention. Such variations are not to be regarded

as a departure from the spirit and scope of the invention.
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CLAIMS

What is claimed is:

1. A method for controlling the amount of exhaust gas recirculation
in an exhaust gas recirculation system comprising the steps of:

providing a housing, wherein said housing has an inlet and at least one
outlet;

providing an exhaust gas manifold of a vehicle directing exhaust gas
into said inlet; |

providing a valve inside said housing, wherein said valve is used to
direct said exhaust gas to said at least one outlet;

providing a control unit that receives signals from at least one sensor,
wherein said sensor determines vehicle conditions so that said control unit
determines the position for said valve based upon said vehicle conditions; and

altering the position of said valve to control the flow of said exhaust gas
through said at least one outlet, wherein said valve is inside said housing and

said valve is controlled by a single actuator.

2. The method for controling the amount of exhaust gas
recirculation in an exhaust gas recirculation system of claim 1, wherein said at
least on outlet is a plurality of outlets, and a first outlet is an exhaust gas

recirculation (EGR) path where said exhaust gas is recirculated and a second

~outlet is an exhaust path where said exhaust gas exits an exhaust gas

system.

3. The method for controlling the amount of exhaust gas
recirculation in an exhaust gas recirculation system of claim 2, wherein the
direction of said exhaust gas is primarily controlled by said valve with respect
to said EGR path so that said EGR path is substantially open prior to said
valve closing said exhaust path.
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4. The method for controlling the amount of exhaust gas
recirculation in an exhaust gas recirculation system of claim 2 further
comprising the step of altering the position of said valve in order to reduce the
amount of said exhaust gas flowing through said second outlet in order to
increase the backpressure of said exhaust gas in said inlet after said valve
has substantially opened said EGR path, wherein the amount of said exhaust
gas flowing through said EGR path is increased when compared to the
amount of said exhaust gas flowing through said EGR path when said valve
has substantially opened said EGR path prior to reducing the amount of said

exhaust gas flowing through said second outlet.

5. The method for controling the amount of exhaust gas
recirculation in an exhaust gas recirculation system of claim 1 further
comprising the step of said exhaust gas passing through at least one filter,
wherein said at least one filter is connected to at least one of said inlet and

said outlet.

6. The method for controlling the amount of exhaust gas
recirculation in an exhaust gas recirculation system of claim 1, wherein said
valve is a disc that is shaped so that said valve is capable of being positioned
so that said plurality of outlets are fully open and fully closed, and said valve is
angled with respect to said plurality of outlets in order to create a more

aerodynamic surface for directing said exhaust gas to said plurality of outlets.

7. The method for controlling the amount of exhaust gas
recirculation in an exhaust gas recirculation system of claim 1, wherein said
valve is a two-plane flap that is shaped so that said valve is capable of béing
positioned so that said plurality of outlets are fully open and fully closed.

8. An exhaust gas module comprising:
a housing;

10
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at least one inlet in said housing, wherein exhaust gas from an
exhaust gas manifold of a vehicle enters said housing through said at least
one inlet;

a plurality of outlets from said housing, wherein said exhaust
gas exits said housing through said plurality of outlets;

a valve inside said housing, wherein said valve controls the
amount of said exhaust gas that exits through said plurality of outlets; and

an actuator, wherein said actuator alters the position of said

valve.

9. The exhaust gas module of claim 8, wherein said plurality of
outlets has a first outlet that is an exhaust gas recirculation (EGR) path where
said exhaust gas is recirculated, and a second outlet is an exhaust path

where said exhaust gas exits an exhaust gas system.

10.  The exhaust gas module of claim 9, wherein when said valve is
positioned so that said EGR path is substantially open said valve is positioned
to close said exhaust path in order to reduce the amount of said exhaust gas
flowing through said exhaust path in order to increase a backpressure in said
inlet, such that the amount of said exhaust gas flowing through said EGR path

is increased

11.  The exhaust gas module of claim 8, wherein said actuator is
operable connected to an electric motor, such that said electric motor powers

said actuator to control said exhaust gas throttle valve and said EGR valve.

12.  The exhaust gas module of claim 8, wherein the direction of said
exhaust gas is primarily controlled by said valve with respect to said EGR
path so that said EGR path is substantially open prior to said valve closing
said exhaust path.

11
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13. The exhaust gas module of claim 8 further comprising at least
one filter is connected to at least one of said inlet and said outlet, wherein said

exhaust gas passes through said at least one filter.

14.  The exhaust gas module of claim 8, wherein said valve is a disc
that is shaped so that said valve is capable of being positioned so that said
plurality of outlets are fully open and fully closed, and said valve is angled with
respect to said plurality of outlets in order to create a more aerodynamic

surface for directing said exhaust gas to said plurality of outlets.

15. The exhaust gas module of claim 8, wherein said valve is a two-
plane flap that is shaped so that said valve is capable of being positioned so

that said plurality of outlets are fully open and fully closed.

16.  An exhaust gas module comprising:

a housing;

at least one inlet in said housing, wherein exhaust gas from an
exhaust gas manifold of an engine sysiem er;ters said housing through said at
least one inlet;

a plurality of outlets from said housing so that said exhaust gas
exits said housing through said plurality of outlets, wherein a first outlet is an
exhaust gas recirculation (EGR) path where said exhaust gas is recirculated
and a second outlet is an exhaust path where said exhaust gas exits an
exhaust gas system;

a filter, wherein said filter is connected to at least one of said
inlet and said outlet so that said exhaust gas passes through said filter,

a valve inside said housing, wherein said valve controls the
amount of said exhaust gas that passes through said EGR path and said
exhaust path, and said valve primarily controls flow of said exhaust gas with
respect to said EGR path; andJ

an actuator, wherein said actuator controls said valve.

12
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17.  The exhaust gas module of claim 16, wherein said actuator is
operably connected to an electric motor, such that said electric motor powers

said actuator to control said exhaust gas throttle valve and said EGR valve.

18. The exhaust gas module of claim 16, wherein the direction of
said exhaust gas is primarily controlled by said valve, such that when said
EGR path is substantially open the position of said valve is altered in order to
reduce the amount of said exhaust gas flowing through said exhaust path in
order to increase a backpressure in said inlet so that the amount of said

exhaust gas flowing through said EGR path is increased.

19. The exhaust gas module of claim 16, wherein said valve is a
disc that is shaped so that said valve is capable of being positioned so that
said plurality of outlets are fully open and fully closed, and said valve is angled
with respect to said plurality of outlets in order to create a more aerodynamic

surface for directing said exhaust gas to said plurality of outlets.
20. The exhaust gas module of claim 16, wherein said valve is a

two-plane flap that is shaped so that said valve is capable of being positioned

so that said plurality of outlets are fully open and fully closed.

13
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