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Before JAMES A. TARTAL, BARBARA A. PARVIS, and
SCOTT B. HOWARD, Administrative Patent Judges.

TARTAL, Administrative Patent Judge.

DECISION
Denying Institution of Inter Partes Review
35US.C. § 314
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L. INTRODUCTION

Volkswagen Group of America Inc. (“Petitioner”) filed a Petition
pursuant to 35 U.S.C. §§ 311-319 requesting an inter partes review of
claims 1-16 (“the Challenged Claims”) of U.S. Patent No. 6,557,540 B2
(Ex. 1001, “the °540 patent™). Paper 2 (“Pet.””). Michigan Motor
Technologies LLC (“Patent Owner”) filed a Preliminary Response. Paper 7
(“Prelim. Resp.”).

We have authority to determine whether to institute an inter partes
review. 35 U.S.C. § 314(b); 37 C.F.R. § 42.4(a). An inter partes review
may not be instituted “unless . . . the information presented in the
petition . . . shows that there is a reasonable likelihood that the petitioner
would prevail with respect to at least 1 of the claims challenged in the
petition.” 35 U.S.C. § 314(a). Moreover, a decision to institute under
35 U.S.C. § 314 may not institute on fewer than all claims challenged in the
petition. SAS Inst., Inc. v. Iancu, 138 S. Ct. 1348, 135960 (2018).

Upon consideration of the Petition, the Preliminary Response, and the
evidence of record, we conclude that the information presented does not
show a reasonable likelihood that Petitioner would prevail in showing the
unpatentability of at least one of the Challenged Claims. Accordingly, we
do not authorize an inter partes review to be instituted as to the Challenged
Claims of the 540 patent on the grounds raised in the Petition.

II. BACKGROUND
A. The ’540 Patent

The ’540 patent issued May 6, 2003, from an application filed on
December 11, 2001, and is directed to calculating a valve timing command
for an engine with variable timing valve actuators. Ex. 1001, 1:6-9, codes

(21), (22), (45). Reproduced below from the *540 patent is Figure 1,
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illustrating a “schematic of a vehicle having an engine controlled with the
method of the preferred embodiment,” and Figure 2, illustrating “a flowchart

of the method of the preferred embodiment.” Id. at 1:40—43.

FIGURE 1
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FIGURE 2

Figure 1 illustrates control unit 10, engine 12 with electromagnetic valve
actuators 14, conventional pedal 28, environmental sensor 30, and engine
sensor 32. Id. at 1:54-57, 2:6-8, 2:23-38. Figure 2 illustrates the following
“six principle actions,” each of which corresponds to a limitation in claim 1
of the *540 patent: “obtaining an engine performance command 16;

receiving an environmental conditions signal 18; determining a valve
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feedforward term 20; receiving an engine performance feedback 22;
calculating a valve feedback term 24; and calculating a valve timing
command 26 based on the valve feedforward term and the valve feedback
term.” Id. at 1:61-2:1. Control unit 10 performs the method to calculate
valve timing commands for engine 12. Id. at 1:54-57. Each of the principle
actions identified in the 540 patent is described in further detail in the
Specification, as summarized below.

“[O]btaining an engine performance command 16 preferably includes
receiving a vehicle performance command from a driver,” including “from
the foot of a driver with the use of a conventional pedal 28,” or by “deriving
the engine performance command from the vehicle performance command.”
Id. at 2:4-13. Alternatively, “the engine performance command” may be

““based on additional suitable factors, such as a traction control signal or a
cruise control signal.” Id. at 2:13—17. The “engine performance command”
may be a “desired engine torque” (i.e. “an engine torque command’) or
“another suitable variable, such as a desired engine acceleration.” Id.
at 2:17-23.

“[R]Jeceiving an environmental conditions signal 18” preferably
includes control unit 10 receiving a signal from environmental sensor 30,

2 &

such as “ambient temperature outside the vehicle,” “ambient pressure,” or
“other suitable information.” Id. at 2:23-33. Control unit 10 uses the
“environmental conditions signal 18 to determine valve feedforward term 20.
Id |
“[R]eceiving an engine performance feedback 22 preferably includes
control unit 10 receiving data, preferably engine speed, from engine
sensor 32 in the vehicle, “which uses the data to determine the valve

feedforward term and the valve feedback term.” Id. at 2:36—42. “Other

PETITIONER'S EXHIBIT 1002
US PATENT NO. 6,557,540



1PR2020-00160
Patent 6,557,540 B1

engine measurables, such as engine torque data, may be useful in the
determination of the terms,” and “engine sensor 32 may alternatively sense
other suitable information.” Id. at 2:42—47.

“[D]etermining a valve feedforward term 20 preferably includes
determining the valve feedforward term based on the engine torque
command, the ambient temperature data, and the engine speed data,” but
“may be based on other suitable factors, such as engine torque data, air-fuel
ratio data, engine combustion stability data, or ambient pressure data.” Id.
at 2:48-54. “[C]Jontrol unit 10 preferably includes a look-up table, which
has been optimized for fuel efficiency, power output, and engine emissions
based on various engine torque commands, various ambient temperature
data, and various engine speed data (or engine torque data).” Id. at 2:54-59.
Alternatively, control unit 10 may be “programmed to perform a real-time
optimization of the fuel efficiency, power output, and engine emission (or
any other suitable measurement) based on the engine torque command, the
ambient temperature data, and the engine speed data (or any other suitable
commands and measurables).” Id. at 2:59-65. .

“[C]Jalculating the valve feedback term 24 preferably includes
comparing the engine performance command and the engine performance
feedback.” Ex. 1001, 2:66-3:1 The ’540 patent further explains the
following:

By the definition of the term, the valve feedback term functions
to compare the input with the output and to calculate a correction
term based on the difference, if any. The comparison and the
calculation are preferably accomplished by the control unit 10,
but may alternatively be accomplished by a suitable separate
device.

Id at3:1-7.
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“[C]alculating a valve timing command 26 preferably includes
calculating an EVO [exhaust valve opening] command, an EVC/IVO
[exhaust valve closing / inlet valve opening] command, and an IVC [inlet
valve closing] command.” Id. at 3:10-26. “The adjustment of the timing of
the EVO, the EVC/IVO, and the IVC when used partially, separately, or
together may provide the desired fuel efficiency, power output, and
emissions from the engine 12 of the vehicle.” Id. at 3:18-21.

B.  Illustrative Claim

Petitioner challenges claims 1-16 of the *540 patent. Pet. 1. Claim 1
is the sole independent claim. Claims 2—16 depend from claim 1, which is
illustrative of the claimed subject matter and is reproduced below.

1. A method for calculating a valve timing command for an engine
of a vehicle, comprising:

obtaining an.engine performance command;

receiving an environmental conditions signal;

determining a valve feedforward term based on the engine
performance command and the environmental conditions signal;

receiving an engine performance feedback;

calculating a valve feedback term based on the engine performance
command and the engine performance feedback; and

calculating a valve timing command based on the valve feedforward
term and the valve feedback term.

Ex. 1001, 3:52—4:6.
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C.  Asserted Grounds of Unpatentability
Petitioner asserts that the Challenged Claims are unpatentable based

on the following grounds:

“Claim(s) Challenged 3508.C.§ ‘Re‘fere_hce(s)/Basis |
1,2,7,10-16 103(a) Yoshioka,! Ohkubo?
3-6,8,9 103(a) Yoshioka, Ohkubo, Reed?

Petitioner relies on the supporting Declaration of Mark Ehsani, Ph.D.,
dated November 24, 2019. Ex. 1003. Patent Owner relies on the supporting
Declaration of Russell A. Leonard, Jr., Ph.D., dated March 10, 2020.

Ex. 2001. Adfiitionally, according to Petitioner, fhe asserted references were
not considered during examination of the *540 patent, which issued without
any Office Action prior to the Notice of Allowance. Pet. 13 (citing
Ex. 1002; Ex. 1003 § 80).

D.  Related Proceedings

The parties identify the *540 patent as a subject of Michigan Motor
Technologies LLC v. Volkswagen AG, No. 2:19-cv-10485 (E.D. Mich.
2019). Pet. 2; Paper 5, 1. '

E. Real Parties in Interest

Petitioner identifies itself and Volkswagen Aktiengesellschaft as real

parties in interest. Pet. 2. Patent Owner identifies no additional real parties

N\

in interest. Paper 5, 1.

1'U.S. Patent No. 5,713, 317 (issued February 3, 1998) (Ex. 1005,
“Yoshioka”). ,

21U.S. Patent No. 4,995,351 (issued February 26, 1991) (Ex. 1006,
“Ohkubo”).

3U.S. Patent No. 6,308,671 B1 (issued October 30, 2001) (Ex. 1007,
“Reed”).
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. ANALYSIS
A.  Legal Standards

A patent claim is unpatentable under 35 U.S.C. § 103* if the
differences between the claimed subject matter and the prior art are such that
the subject matter, as a whole, would have been obvious at the time the
invention was made to a person having ordinary skill in the art to which said
subject matter pertains. KSR Int’l Co. v. Teleflex Inc., 550 U.S. 398, 406
(2007). In Graham v. John Deere Co. of Kansas City, 383 U.S. 1 (1966),
the Supreme Court set out a framework for assessing obviousness
under § 103 that requires consideration of four factors: (1) the “level of
ordinary skill in the pertinent art,” (2) the “scope and content of the prior
art,” (3) the “differences between the prior art and the claims at issue,”
and (4) “secondary considerations” of nonobviousness such as “commercial
success, long felt but unsolved needs, failure of others, etc.” Id. at 17-18;
KSR Int’l Co. v. Teleflex Inc., 550 U.S. 398, 407 (2007). At this stage of the
proceeding, neither party presents evidence or argument directed to
secondary considerations.

B.  Level of Ordinary Skill in the Art

In determining the level of ordinary skill in the art, various factors
may be considered, including the “type of problems encountered in the art;
prior art solutions to those problems; rapidity with which innovations are

made; sophistication of the technology; and educational level of active

* The relevant sections of the Leahy-Smith America Invents Act (“AIA”),
Pub. L. No. 112-29, took effect on March 16, 2013. Because the application
that issued as the *540 patent states that it was filed before March 16, 2013,
we apply the pre-AIA versions of these statutes. See 35 U.S.C. § 100(i).

8
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workers in the field.” In re GPAC Inc., 57 F.3d 1573, 1579 (Fed. Cir. 1995)
(citation omitted).

Petitioner contends that a person of ordinary skill in the art at the time
of the invention would have had a Bachelor of Science degree in Electrical
Engineering or Mechanical Engineering (or the equivalent), as well as at
least two to four years of academic or industry experience in the relevant
field of engine control systems. Pet. 13 (citing Ex. 1003 § 44). Patent
Owner asserts that a person of ordinary skill in the art would have had either
a Bachelor of Science degree in Mechanical Engineering or a closely related
field with three or more years of experience in either engine systems or
engine control systems or at least a Master of Science degree in Mechanical
Engineering. Prelim. Resp. 14 (citing Ex. 2001 q 14).

The proposals of the parties are similar with Petitioner specifying
Electrical Engineering as an alternative degree and including persons with
two years of academic or industry experience in the field of engine control
systems (Pet. 13), whereas Patent Owner’s proposal specifies as an
alternative a degree in “a closely related field” and requires at least three
years of experience or a Master of Science degree Mechanical Engineering
(Prelim. Resp. 14). Considering the subject matter of the *540 patent, the
background technical field, and the asserted prior art, we agree with
Petitioner’s proposed qualifications for an acceptable educational
background. Our view is that degrees in mechanical engineering or
electrical engineering, or some equivalent level of education, would provide
sufficient educational background in light of the technology at issue in the
’540 patent and asserted prior art. Further, we agree two to four years of
academic or industry experience in the relevant field of engine control

systems is commensurate with the scope of the ’540 patent at issue and the
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asserted prior art. Accordingly, we adopt Petitioner’s proposal of the level
of ordinary skill in the art—except that we delete the qualifier “at least” to
eliminate vagueness as to the amount of practical experience—and further
note that our determination in this decision does not turn on which definition
is selected.

C.  Claim Construction .

“In an inter partes review proceeding, a claim of a patent . . . shall be
construed using the same claim construction standard that would be used to
construe the claim in a civil action under 35 U.S.C. 282(b).” 37 C.F.R.

§ 42.100(b) (2019). That standard “includ[es] construing the claim in
accordance with the ordinary and customary meaning of such claim as
understood by one of ordinary skill in the art and the prosecution history
pertaining to the patent.” Id.; see also Phillips v. AWH Corp., 415 F.3d 1303
(Fed. Cir. 2005) (en banc).

Petitioner addresses only one claim term: “calculating a valve
feedback term.” Pet. 14—15. Patent Owner addresses the same term, as well
as “engine performance command” and “engine performance feedback.”
Prelim. Resp. 15-17.

1. “engine performance command’

Petitioner argues in a footnote that “[t]he 540 patent broadly
characterizes the claimed ‘engine performance command’ as encompassing
any variable related to engine performance, including but not limited to an
engine torque command.” Pet. 37 n.2 (citing Ex. 1001, 2:4-22;

Ex. 1003 §112). The same statement appears in Dr. Ehsani’s declaration

with no additional explanation other than a quote from the Specification of

10
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the *540 patent that includes emphasis on certain words, as reproduced, in
relevant part, below:

The action of obtaining an engine performance command 16
preferably includes receiving a vehicle performance command
from a driver. Preferably, the vehicle performance command is
received from the foot of a driver with the use of a conventional
pedal 28, as shown in FIG. 1. Alternatively, the vehicle
performance command could be received from the driver with
the use of any suitable device. The engine performance
command is preferably based on the vehicle performance
command, but may alternatively be based on additional suitable
factors, such as atraction control signal or a cruise control signal.
The engine performance command is preferably a desired engine
torque and, for this reason, the engine performance command
may be thought of as an engine torque command. The engine
performance command, however, may alternatively be another
suitable variable, such as a desired engine acceleration.

Ex. 1003 4 112 (quoting, with additional emphases, Ex. 1001, 2:4-22).
Dr. Ehsani concludes that a person of ordinary skill in the art would have

(141

understood that ““‘engine performance command’ includes any variable
related to engine performance.” Ex. 1003 §112.

Patent Owner argues that “engine performance command” means a
“command that defines a desired engine torque or other measure of engine
performance, such as engine speed or engine acceleration.” Prelim.

Resp. 15. Patent Owner further asserts that “a ‘command’ is a ‘command’
that defines some aspect of engine ‘performance,’” not “a condition, effect,
or result of a command.” Id. at 15-16.

We reject on its face Petitioner’s unreasonably overbroad and

unsupported construction of “engine performance command” as “any

variable related to engine performance” because it gives no consideration to

what constitutes a “command,” is contrary to the Specification of the *540

11

PETITIONER'S EXHIBIT 1002
US PATENT NO. 6,557,540



IPR2020-00160
Patent 6,557,540 B1

patent, and would render the limitation effectively meaningless. The
’540 patent explicitly states that the recited “engine performance command”
“is preferably a desired engine torque,” but “may alternatively be another
suitable variable, such as a desired engine acceleration.” Ex. 1001, 2:16-22.
We do not find any support for Petitioner’s implicit assertion that “any
variable related to engine performance” is a “suitable variable”
corresponding to a “desired engine torque” or “desired engine acceleration.”

We further find on this record that Patent Owner’s proposed
construction, in comparison to Petitioner’s proposed conétruction, is
supported by the Specification of 540 patent. Accordingly, we construe
“engine performance command” to mean a “command that defines a desired
engine torque or other measure of engine performance, such as engine speed
or engine acceleration.”

2. Additional Claim Terms

In view of the issues we address below, we determine that it is not
necessary to address the express interpretation of any other claim term.
See Nidec Motor Corp. v. Zhongshan Broad Ocean Motor Co., 868 F.3d
1013, 1017 (Fed. Cir. 2017); Vivid Techs., Inc. v. Am. Sci. & Eng’g, Inc.,
200 F.3d 795, 803 (Fed. Cir. 1999) (“[O]nly those terms need be construed
that are in controversy, and only to the extent necessary to resolve the

controversy.”).

12
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D.  Scope and Content of the Prior Art

Petitioner relies on Yoshioka, Ohkubo, and Reed, each of which we
briefly summarize in relevant part below.

1. Summary of Yoshioka

Yoshioka is generally directed to controlling “a continuously variable
valve timing mechanism of an internal combustion engine to continuously
and variably control the timing of an intake valve according to atmospheric
pressure.” Ex. 1005, Abstract. Yoshioka describes the following:

The method or apparatus reads an engine revolution speed NE,
an engine load GN, and an atmospheric pressure PA, refers to a
map according to the atmospheric pressure PA, to find an
atmospheric pressure correction coefficient Kpa, . . . , calculates
a corrected engine load GNpa as GNpaf-GN/Kpa, and refers to a
map according to the corrected engine load GNpa and engine
revolution speed NE, to find a target displacement to be imposed
on the open/close timing of the intake valve.

Id. Yoshioka explains that it “uses the two-dimensional map of engine load
and engine revolution speed, to continuously control the open/close timing
of the intake valve both at low and high highlands, thereby smoothing the
torque characteristics with respect to the engine load and the throttle
opening.” Id. at 9:22-27.

Figure 1 of Yoshioka illustrates “an electronically controlled internal
combustion engine having an apparatus for continuously and variably

controlling the open/close timing of a valve,” and is reproduced below.

13
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Figure 1 shows an engine with numerous features, including throttle valve 5

in throttle body 4, surge tank (intake manifold) 6, airflow meter 40,

temperature sensor 43, vacuum sensor 41, atmospheric pressure sensor 46,

throttle sensor 42 (which detects the opening of throttle valve 5), fuel

injector 60, igniter 62, ignition coil 63, spark plug 65, ignition distributor 64

(with reference position sensor 50 and crank angle sensor 51), vehicle speed

sensor 53, exhaust valve 26, catalytic converter 38, crankshaft 81 (with

buried magnet 82), first magnetic sensor 54, cam shaft 85 (with buried

magnet 93), second magnetic sensor 55, cam 87, and “continuously variable

mechanism 92 (to determine the open/close timing” of intake valve 24. Id.

at 4:6-5:13. The engine also includes electronic engine control unit (ECU)

70, which is “a microcomputer to control fuel injection, ignition timing,

idling speed, and . . . the open/close timing of a valve.” Id. at 5:21-24.

14
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According to Petitioner, “the ECU feedback-controls the hydraulic pressure
control valve 68 according to signals from first and second magnetic sensors
54 and 55 so that the cam shaft 85 of intake valve 24 maintains a required
rotational phase with respect to crankshaft 81.” Pet. 18 (citing Ex. 1005,
6:6-15; Ex. 1003 ] 87). '
Figure 9 of Yoshioka is a “flowchart showing a routine of variably

controlling the open/close timing of a valve,” and is reproduced below.

Fig. S
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¥
[ Fin0 (viDo FRoM oN anp e 210

204

206

¥
[ 1v7021 =<——1viDoxipa |~2%2
’
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Id. at 3:44-46. Figure 9 illustrates a “flowchart showing a variable valve

timing control routine,” according to Yoshioka. Id. at 7:53-55. Petitioner
provides the following description of each step in the routine:
Step 202 — “an engine revolution speed NE is calculated according to
the output of the crank angle sensor 51;”
Step 204 — “an engine load GN (the mass of intake air per engine
revolution) is calculated according to the mass flow rate of
intake air detected by the airflow meter 40 and the engine

revolution speed provided by the crank angle sensor 51;”

15
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Step 206 — “an atmospheric pressure PA is detected by the
atmospheric pressure sensor 46;”

Step 208 — “the ECU determines . . . a correction coefficient Lpa
based on the atmospheric pressure PA using a map stored in
ROM 73 of the ECU;”

Step 210 — “the ECU determines . . . an initial valve displacement
IVTDO based on the engine load GN and éngine speed NE,”
where “the engine load GN is ‘the mass of intake air per engine
revolution’ calculated according to the mass flow rate of intake
air detected by the air flow meter 40 and controlled based on
the opening of the throttle valve §5;”

Step 212 — “ECU 70 corrects the displacement IVTDO to provide a
target displacement IVTDt based on the atmospheric correction
coefficient Lpa;”

Step 214 — “ECU 70 brings the actual displacement of the intake
valve 24 to the target displacement IVTDt by feedback-
controlling the hydraulic control valve 68.”

Pet. 22-23 (citing Ex. 1005, 5:43—46, 6:38—42, 7:18-25, 7:55-60, 7:63-67
8:1-8; Ex. 1003 9 94-96).

2. Summary of Ohkubo

Ohkubo describes a “valve timing control apparatus for an internal
combustion engine capable of controlling the opening and closing timing of
the intake and exhaust valves with a high degree of preciseness, as well as
improving the air-intake and exhaust-discharge efficiency of the engine for
increased engine output power.” Ex. 1006, Abstract. Petitioner provides the

following description of the operation of Ohkubo:

16
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Figure 3 of Ohkubo illustrates the operation of the valve timing
control system including: reading the quantity of intake air Qa
(step 101); calculating the engine revolution speed N (step 102),
reading open/close timing values for the intake and exhaust
valves from a map (step 103); detecting the valve open/close
times (step 107) depending on the crank angle ®; calculating a
deviation AVt between the predetermined open/close times and
detected valve open/close times (step 108); calculating a
correction for the timing(s) if the deviation AVt is outside an
allowable range (step 111); and controlling the valve opening
and closing times based on the corrected amounts in a feedback
manner (step 112).

Pet. 25 (citing Ex. 1006, 4:66—5:57; Ex. 1003 §98).

3. Summary of Reed

Reed describes “a method of improving the operating characteristics
of an internal combustion engine equipped with an electronically controlled
throttle, a fuel injector and a variable valve timing mechanism.” Ex. 1007,
8:20-23. According to Petitioner, Reed discloses “electronic control module
(ECM) 11 controlling two continuously variable cam timing mechanisms 72
and 82, one for the intake valves and the other for the exhaust valves,” and
further provides that “the ECM varies intake valve and exhaust valve timing
based on temperature and pressure.” Pet. 26-27 (citing Ex. 1007, 5:13-22,
12:45-59, 15:28-41, Fig. 2; Ex. 1003 § 99-100).

E.  Alleged Obviousness over Yoshioka and Ohkubo

Petitioner contends that claims 1, 2, 7, and 10—16 of the *540 patent
would have been obvious over Yoshioka and Ohkubo. Pet. 28-82.
Petitioner’s contentions are supported by Dr. Ehsani. Ex. 1003 9 101-199.
Patent Owner disputes these contentions. Prelim. Resp. 24-29. For the
reasons provided below we find Petitioner does not show sufficiently how

the asserted art teaches “obtaining an engine performance command,” as

17

PETITIONER'S EXHIBIT 1002
US PATENT NO. 6,557,540



IPR2020-00160
Patent 6,557,540 B1

required by claim 1, and, accordingly, does not show a reasonable likelihood
of prevailing in showing that any challenged claim would have been obvious
over Yoshioka and Ohkubo.

I Claim 1 '

Claim 1 recites, inter alia, “obtaining an engine performance
command.” Ex. 1001, 3:52-4:6. Petitioner argues that Yoshioka teaches
this limitation in three different ways:

e ECU 70 receives “a signal from the crank angle sensor 51
indicating the engine revolution speed NE,”
e ECU 70 receives “a signal from the airflow meter 40 indicating
the mass flow rate of intake air,” and
e ECU 70 receives “a signal from the throttle opening sensor 42.”
Pet. 37-42. Patent Owner argues that Yoshioka does not teach this
limitation. Prelim. Resp. 24-25.

With regard to the first two signals identified by Petitioner, although
such signals may correspond to a variable related to engine performance, for
the reasons provided above, we reject Petitioner’s assertion that “engine
performance command” encompasses “any variable related to engine
performance.” See supra §III.C.1. Petitioner otherwise fails to show how
the receipt of either signal corresponds to “obtaining an engine performance
command,” as required by claim 1. Petitioner provides no explanation of
how these features relate to obtaining any command. We have considered
Dr. Ehsani’s opinion in support of Petitioner in this regard and find it
deserves little or no weight because it is conclusory, premised on
Petitioner’s faulty claim construction, and fails to identify any persuasive
support evidence. See Ex. 1003 9 116 (stating that ECU 70 receiving a

signal from crank angle sensor 51 or airflow meter 40 both “relate to the
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performance of Yoshioka’s engine,” and that a person of ordinary skill
would have understood that each corresponds to “obtaining an engine
performance command”); see also Pet. 41 (asserting the identical argument).
Petitioner’s third purported disclosure in Yoshioka of “obtaining an
engine performance command” —the receipt by ECU 70 of “a signal from
the throttle opening sensor 42”—is deficient for similar reasons.” See
Pet. 41. Petitioner reasons that a person of ordinary skill in the art “would
have understood that a driver would have controlled the desired engine
acceleration by opening and closing the throttle valve 5, which is detected by
Yoshioka’s throttle opening sensor 42, e.g., by depressing a conventional
accelerator pedal.” Pet. 41 (citing Ex. 1001, 2:6-8; Ex. 1003 {{ 117-119;
Ex. 1016, 2:7). Dr. Ehsani further discusses how other references not
asserted to show obviousness address the operation of “conventional
injection systems” and the manner in which a driver steps “down harder on
the accelerator” to accelerate, as well as how the *540 patent “acknowledges
that the claimed ‘engine performance command’ can be obtained from a
‘conventional pedal.”” Ex. 1003 §{ 117-119 (citing Ex. 1011, 239;
Ex. 1012, 452, 460, 478, 498, 499, 507; Ex. 1016, 2:6-8). Critically missing
from Petitioner’s analysis, as supported by Dr. Ehsani, of the general
operation of engines is how, specifically, a signal from a throttle sensor
taught by Yoshioka corresponds to the recited “obtaining an engine
performance command.” In this regard we find persuasive Patent Owner’s

unrefuted argument that “the opening of a throttle valve is an output of the

3 Petitioner mischaracterizes the element it identifies as “throttle opening
sensor 42,” which is expressly identified in Yoshioka only as “throttle

sensor 42.” Ex. 1005, 4:20-21 (“[a] throttle sensor 42 detects the opening of
the throttle valve 5”), 5:48-50 (“throttle sensor 42”).
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[Engine Control Module] (or other‘controller) that utilizes many variables,
including, but not limited to accelerator pedal position.” Prelim. Resp. 25
(citing Ex. 2001 § 23). Thus, although Petitioner may have shown that a
signal from a throttle sensor corresponds to a variable related to engine
performance, for the reasons provided above, we reject Petitioner’s assertion
that “obtaining an engine performance command” encompasses “any
variable related to engine performance.” See supra § III.C.1.

In sum, Petitioner does not show that Yoshioka’s teaching of the
receipt of a signal from a crank angle sensor, an airflow meter, or a throttle
sensor by the ECU corresponds to “obtaining an engine performance
command,” as required by claim 1, as opposed to merely receiving various
measures of “variables related to engine performance.” For at least that
reason, we determine that the information presented does not demonstrate a
reasonable likelihood that Petitioner would prevail in showing that
independent claim 1 is unpatentable as obvious over Yoshioka and Ohkubo.

2. Dependent Claims 2, 7, and 10-16

Each of claims 2, 7, and 10-16 depend directly or indirectly from
independent claim 1. Petitioner does not present arguments or evidence that
remedy the deficiencies identified above with regard to claim 1. See
Pet. 65-82. Accordingly, for the same reasons discussed above (see
supra § IIL.E.1), the information presented does not demonstrate a
reasonable likelihood that Petitioner would prevail in showing that any of
claims 2, 7, and 10-16 is unpatentable as obvious over Yoshioka and
Ohkubo.

F. Obviousness over Yoshioka, Ohkubo, and Reed

Petitioner asserts claims 3-6, 8, and 9 of the *540 patent would have
been obvious over Yoshibka, Ohkubo, and Reed. Pet. 82-101. Each of
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claims 3-6, 8, and 9 depend directly or indirectly from independent claim 1.
Petitioner does not present arguments or evidence that remedy the
deficiencies identified above with regard to Petitioner’s contention that
claim 1 would have been obvious over Yoshioka and Ohkubo. See id.
Accordingly, for the same reasons discussed above (see supra § II1.E.1), the
information presented does not demonstrate a reasonable likelihood that
Petitioner would prevail in showing that any of claims 3-6, 8, and 9 is
unpatentable as obvious over Yoshioka, Ohkubo, and Reed.
IV. CONCLUSION

After considering all of the evidence and arguments of the parties, we
determine that the information presented does not show a reasonable
likelihood that Petitioner would prevail in establishing that at least one of
claims 1-16 of the >540 patent is unpatentable on the grounds asserted in the
Petition.

V. ORDER
Accordingly, it is
ORDERED that the Petition is denied, and no inter partes review is

instituted.

21

PETITIONER'S EXHIBIT 1002
US PATENT NO. 6,557,540



IPR2020-00160
Patent 6,557,540 B1

FOR PETITIONER:

Michael Specht

Jason Fitzsimmons

Daniel Yonan

Christopher O’Brien

STERNE, KESSLER, GOLDSTEIN & FOX, P.L.L.C.
Mspecht-ptab@sternekessler.com
Jfitzsimmons-ptab@sternekessler.com
Dyonan-ptab@sternekessler.com
Cobrien-ptab@stenekessler.com

FOR PATENT OWNER:

Timothy Devlin
DEVLIN LAW FIRM LLC
tdevlin@devlinlawfirm.com

22

PETITIONER'S EXHIBIT 1002
US PATENT NO. 6,557,540



P

Case 4

AO 120 (Rev. 08/10)

1-ov-00512-S00 Document 2

ge Lof 1 Pageil # 547

MICHIGAN MOTOR TECHNOLOGIES LLC

TO: Mail Stop 8 REPORT ON THE

’ Director of the U.S. Patent and Trademark Office FILING OR DETERMINATION OF AN

P.O. Box 1430 ACTION REGARDING A PATENT OR
Alexandria, VA 22313-1450 TRADEMARK
In Compliance with 35 U.S.C. § 290 and/or 15 U.S.C. § 1116 you are hereby advised that a court action has been
filed in the U.S. District Court For the Eastern District of Texas on the following
[ Trademarks or [ Patents. ( [ the patent action involves 35 U.S.C. § 292.):
DOCKET NO. DATE FILED U.S. DISTRICT COURT
4:21-cv-512 7/2/2021 For the Eastern District of Texas

PLAINTIFF DEFENDANT

TATA MOTORS LTD., and JAGUAR LAND ROVER
NORTH AMERICA, LLC

PATENT OR DATE OF PATENT
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK
1 U.S. 6,557,540 B1 5/6/2003 Michigan Motor Technologies LLC
2 U.S. 6,581,565 B2 6/24/2003 Michigan Motor Technologies LLC
3 U.S. 6,558,260 B1 7/8/2003 Michigan Motor Technologies LLC
4 U.S.6,581,574 B1 6/24/2003 Michigan Motor Technologies LLC
5 U.S.6,736,122 B2 5/18/2004 Michigan Motor Technologies LLC
6 U.S. 8,909,482 B2 12/19/2014 Michigan Motor Technologies LLC
In the above—entitled case, the following patent(s)/ trademark(s) have been included:
DATE INCLUDED INCLUDED BY
[0 Amendment [0 Answer [ Cross Bill [J Other Pleading
PATENT OR DATE OF PATENT
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK
1
2
3
4

In the above—entitled case, the following decision has been rendered or judgement issued:

DECISION/JUDGEMENT

CLERK

(BY) DEPUTY CLERK DATE

Copy 1—Upon initiation of action, mail this copy to Director
Copy 2—Upon filing document adding patent(s), mail this copy to Director

Copy 3—Upon termination of action, mail this copy to Director
Copy 4—Case file copy

PETITIONER'S EXHIBIT 1002
US PATENT NO. 6,557,540




Case: 1:22-cv-03804 Document #: 7 Filed: 07/26/22 Page 1 of 53 Pagelld #2143
AQ 120 (Rev. 08/103
O Mail Stop 8 REPORT ON THE
’ Bireetor of the U.8. Patent and Trademark OGifice FILING OR DETERMINATION OF AN
P.0. Box 1456 ACTION REGARDING A PATENT OR
Alexandria, VA 22313-145¢ TRADEMARK
In Compliance with 35 U.S.C. § 290 and/or 15 U.5.C. § 1116 vou are hereby advised that a court action has been
filed tn the U.S, Distuict Court Northern District of Hlinois on the following
& Trademarks or ] Patents.  ( ] the patent acBon invelves 35 U.8.C. § 202
DOCKET NO. DATE FILED U8, DISTRICT COURT
9%enAR04 T7I22/5022 Northern District of lilinois
PLAINTIFF DEFENDANT
Michigan Motor Technologies, LLC Bayerische Motoren Werke AG et al
FATENT OR DATE OF PATENT . D AT DEMARK
TRADEMARK NQO, OR TRADEMARK HOLDER OF PATENT OR TRADEM!
1 See Attachments
2
4
5
In the above—cntitled case, the following patent(s) trademark(s) have been included:
DATE INCLUDED NCLUDED BY
1 Amendment [ Answer 3 Cross Bill ] Other Pleading
PATENT OR DATE OF PATENT S S
TRADEMARK NGO, R TRADEMARK HOLDER OF PATENT OR TRADEMARK
i
3
4
5

inthe above-—euntitled case, the following decision has been rendered or judgement issued:

DECISIONJUDGEMENT

CLERK (BY) DEPUTY CLERK DATE
Thomas G. Bruton J. Hollimon 7126/2022

Copy I—Upon initiation ¢f action, mail thic copy to Director  Copy 3—Upon termination of action, mail this copy te Birector
{opy 2—Upon filing document adding patent(s), mail this copy to Birector Copy 4—Case file copy

PETITIONER'S EXHIBIT 1002
US PATENT NO. 6,557,540



03804 Document # 7 Filed: 07/26/22 Page 2 of 53 Pageil #214

PETITIONER'S EXHIBIT 1002
US PATENT NO. 6,557,540



)

ase: 1:22-cw-d

o L4

a2 United States Patent

Mianzo ¢f al,

US 6,557,546 BX
May 6, 2003

(16 Patent No.:
(45) Drate of Patent:

(21
{22)
(51)
(52)
(58)

4700684 A

METHOD OF CALCULATING A VALVE
TIMING COMMANI FOR AN ENGINE
fnventors: Lawrence A. Mianzo, Plymouih, MI
{US}; Brett B. Collins, Ypsilanti, Ml
{US); Ibrahim Haskara, Brownstows,
MI (US)

Assignes:  Yisteon Global Technologies, Inc,,
Drearborn, M (US)

Notice:

3

Subject to any disclaimer, the term of this

patent 8 extended or adjusted under 35

171.8.C. 154{b) by O days.

Appl. Ko
Filed:

16/614,286
Prec. 11, 2001

References Cited
U.S. PATENT DOCUMENTS

103/1987 Pischinger of al.

123/678, 96.15,
123/90:19; 701/103

5,743,221 A 4/1998  Schmits

5,752,491 A 5/1998 Schmitz et al.

6,053,137 A * 4/2000 Trzmiel et sl ... 1239047

6,196,174 BL * 3/2001 Wada eval. ... 12359015

6,330,859 B1 * 12/2001 Yoshiki et al. ... 123/90.15
2001/0004884 At * Tachibam et sl ... 1 (.15
2001/0083324 A% * Y Yoshizawa et al. ...... 123/80.16
2002/0092488 A * 2 Acyama etal. ... 123/80.46

¥ cited by examiner

Primary Examiner—Enck Solis
{74y Artorney, Agens, or Firm—Brinks Hofer Gilson &
iione

G

A method to calenlate valve timing commands for an engine
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includes determining a valve feedforward term based on an
engine performance command and an environmental conds-
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engine performance coramand and an engine perforrance
fecdback, and calculating a valve timing command based on
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the valve feedforward terny and the valve feedback term.
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METROD OF CALCULATING A VALYE
TIMING COMMAND FOR AN ENGINE

TECHNICAL FIELD

This invention relates generally 1o calculating commands
for an engine and, more specifically, to calculating a valve
timing command for ap engine with variable tming valve
actuators,

BACKGROUND

In gasoline engioes of most velicles, eact cylinder of the
engine cycles through four nnique stages. In the first stage,
an inlet valve opens arxd 2 piston draws air and fuel throngh
the inlet valve and into the cylinder. The inlet valve closes
and the piston reverses direction in the second stage to
compress the air and fue] mixtare. {o the third stz 3 sparck
combusts the '\“ixt'lre which drives the piston {and powers
the vehicle). An cxhaust valve opous and the piston once
again reverses direction, 1o the fourth stage, (o push the

combusted mixhire through the exhaust valve and out of the
cylinder

The controlling of the inlet valve and the exhaust valve of
cach cylinder is a difficult task. The engine s i)md, which can
exceed 6,000 rpm in most vehicles, dictates that the opeting
and closing o £ the inlet valve and the exhaust vaive must be
abL 0 occur up fo 50 times per second. In conventional

ngines, cams driven by the engine actuats the inlet valve
and the exhaust valve. Modern resecarch, however, has
shown that fuel efficiency and power output of the engine
may be optimized with an adjustment of the valve timing for
a particular Joad on the engine. Some vanable valve timiog
engines have been proposed, bul the theoretical fnel effi-
ciency and output power of these engines have not yet been
reached.

BRIEF DESCRIPTION OF THE FIGURES

FIG.

trolled

FIG. 2 is & flowchart of the method of the preferred
cmbodiment; and

1 is schematic of a vehicle having an engine con-
with the method of the preferred embodiment;

FIG. 3 1s two timiing charts of the valves of an engine.

DESCRIPTION OF THE PREFERRED

METHODS

The following description of the two preferred method of
the 1nvention is not intended to limit the invention to these
preferred methods, but rather to enable any person skilled in
the art of variable valve timing control to make and use this
invention.

As shown 1o FIG. 1, the preferred method of the invention
has been specifically created to be perforrued by a coutrol
vt 18 1o caleulate valve timing commands for an engine 12
with clectromagnetic valve actators 14, The method,
however, may be perﬁ)rmcd by any suitable device fo
caiculate valve Hming commands for any suitable eagine
with any suitable variable timing valves.

1 FIG. 2, the preferred method of the invention
has six principle actions: obtaining an engine perfotmance
command 1§&; receiving an envircnmental conditions signal
18; determning a valve feedforwarnd term 26; receiving an
engine performance feedback 22; calenlating a valve feed-
back term 245 and calculating a Vaiw timing command 26
based on the valve feedforward term aud the valve feedback

2
term. The method perfotmed by the control untt may, of
counrse, inchude other suitable actinus before, during, orafier
these principle actions.

The action of obtataing an engine pecformance command
16 preferably includes zccciviﬁg a vehicle performance
comrpand frors a driver. Preferably, the vehicle performance
comrpand 1S received from the foot of & driver with the use
of & conventionsl pedal 28, as shown in FIG. 1.
/\}ter'\aiiw'ﬁ‘y the vehicle ner"nrm:mce command could be
received from the driver with the use of any suitable device.
The action of obtamning au engloe pcri wmance command
also mcf&.whly includes dauvmg the engine performance
command from the vehicle ;uformance command. The
engine performance command is preferably based on the
vehicle performance comimand, but may alternatively be
based on additional suitable factors, such as a fraction
nal or a cruise control signal. The engine perfor-
mance cominand is preferably a desired engine forque and,
for this reason, the engioe performance command rasy be
thought of as an engine torque commaund. The wg ine
performance command, however, may aliernatively be
another suitable variable, such as a desired enging accelera-
tion.

The action of receiving an environmental coaditions
signal 18 preferably includes receiving an euvirommental
couditions signal from an envircomental sensor 3 in the
cehicle. The L.nvn(mme'xtai sensor 38 preferably senses the
ambrent emperature outsxde the vel hicle and (.\‘?r‘fnhfl]bdfp
this data to the controf unit 1§, which uses the data

ctermiae the valve feedforward term. Othe (fuimaufm
such as the ambient pressure, may be ushn-l in the determi-
nation of the valve feediorward term. Yor this reason, the
environmental seusor 389 may alternatively sense other suit-
able information. The environmental sensor 30 is preferably
a conventiona} environmental sensor; but may alternatively
be any suitable device.

Siraslacdy, the action of receiving an engite performance
feedback 22 preferably includes receiving the engine per-
-formafxce feedback from an engine sensor 32 in the vehicle.
The engine sensor 32 preferably senses the cogloe speed and
communicates this data to the control unit 1§, which uses the
data to determine the valve feedforward term and the valve
feedback term. Gther engine measurables, such as engiue
torgue data, may be useful in the determination of the terms.
For this reason, the engine sensor 32 may alternatively sense
other suitable information. The engine sensor 32 is prefer-
ably a conventional engine sensor, but may altematively be
any suitable sensor.

The action of determining a valve feedforward term 20
preferably neludes deterrning the valve feedforward term
based on the engine torque command, the ambient termpera-
ture datfa, and thc engine speed data. The determination,
however, may be based on other suitable factors, such as
engine forque data, air-fuel ratic data, engine combustion
stability data, or ambient pressure data. The control unit 18
preferably includes a look-up table, which has been opti-
raized for fuel efficiency, power oulput, and engine eruis-
sions based op vatous engine iorgue commands, viarious
ambient temperature data, and various engine speed data {or
engine torque data). The control vait 18 may alternatively be
programmed to perform a real-tirpe optimization of the fuel
efficiency, power cutput, and engine emission {or any other
suitable measurement) based on the engine torque
command, the ambient temperature data, and the engine
speed data {or apy other suitable commaunds and
measurables).

The action of calculating the valve feedback term 24
preferably includes comparing the engine performance com-
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mand and the engine performance feedback. By the defini- receiving an engine performance feedback;

tion of the term, the valve feedback term functions to calculnting a valve feedback term based on the engine
compare the put with the oulput and to calculate a cor-
reciion term based on the difference, if any. The comparison
and the calculation are preferably accomplished by the s
control unit 1, bul may alternatively be accomplished by 2
suitable separate device.

erformance command and the engine performance
cedback; and

calculating a vaive timing comumand based on the valve
cedforward term and the valve feedback term.
2. The method of clamm 1 wherein said obtaining an

cugine performance command iochides recerving a vehicle

"“"""“"U

As shown {o FIG. 3A, the position of the piston in the
cylinder can be traced as a sinuscidal wave over a time . ) - A :
poriod. The cvests of the opening of the exhaust valve 10 POIIOHance command from a driver of the vehicle and

ol KD 1 o . o ey Crivin e il cony R d o he
(“EVO™, the closing of the exhaust valve (“EVC7), the deriving m‘: ngine performance command based on the
npm ing of the inlet vaive {“IVO”), and the closing of the ~ vebicle performance command.

nlet vadve (“IVC™) can be placed on this sinusoidal wave. 3 Tk‘e method of claim 1 wherein said receiving an
A;«, shows in FIG. 3R, the events of the EVO, the EVC ﬁk environmental conditions signal includes receiving ambient
IVO, and the IV may be shifted within the time period 1S temperature dala.
(no{e that the shilt in the EVC and the IVO preferably mirror 4. The method of claim 3 wherein said determining a
each another, but may alternatively be separately valve feediveward tegm includes determuning the valve
comroiicd). The adjustment of the tmrag of the EVQ, the feedforward term based on the ambient femperature data.
EVCAVO, and the IVC when used pdrtml\ﬂ separ atdv, oF 5. The method of claim 4 wherein said determining a
together may provide the desired fuel efficicocy, power 20 vq feedforward term ruchudes determinmng the valve
ouiput, and entissions from the engine 12 of the vehicle. The feedfor did term based on the engine performance feed-
action of calenlating a valve timing command 26 preferably back.
includes calculating an EVO command, an EVC/AVO 6. The method of claim § wherein said determining 2

command, and an IVC command. The control unit 1, of
course, may alternatively include other suitable parameters
for the control of the variable timi ing valves.

valve f““dfOIWJId term includes referencing & look-up table
with the engine pedormance command, the ambient

temperature, and the engine performance feedback:
The second preferred method of the invention includes the 7. The method of claim T wherein said receiving an engine
principle actions of the fiest preferred method and the performance fesdback includes receiving engios speed data.
additional principle action of receiving fuel conversion data 8 The method of claim 1 wherein siid obiaining an

and engine enyissions data. These preferably include receiv-
ing the fuel conversion data and engine emissions data from
suitable emission sensors {not shown) 3 in the cylinder or the
exhaust port of the engine 12, The eruission sensors prefer
ably sense the amount of NO o the exhaust and commiu-

engine performance command inchudes obtaining an engine

torgue coramand, and wherewn recerving au engise perfor-
maance feedback ncludes receiving engine torque data.

9. The method of claim 8 wherein calculating a valve

35 feedback term includes calenlating a valve feedback term

nicaies this data to the control umt 16, The control wnit 18 . T : ‘ X
preferably uses this information to medify the output value based on the engine forque command and the engine torque
from. the loﬂk-up table, but may alie matlvc:y use this data. ] o . . .
information to continually adjust the values in the look-up 18. The method of clazm 1 wherein said calculating a
table. The comfrol unit 1§ may ahternatively use this infor valve timing command iocludes calculating an EVO
wation as agother Tacior in the determination of the vaive 9 colmand, an EVC/AVO command, and an IVC command.
~ ‘ g o o N P g Her oo 11 oot
feedback term. The ermission sensors are preferably conven- 11 'The method of clame 1 furdher comaprising receiving
tional emission sensors, but may alternatively be any suit- el copversion dafa. o .
ahle sensor. 12, The method of claim 11 wherein said determiaing a

valve feedforward term inchudes determining a valve feed-
45 forward termt based on the fuel conversion data.

13, The method of clawn 11 wherein sud calenlating
valve feedback term inchudes calculating a valve feedback
tenm based on the fuel conversion data.

14. The methad of claim 1 furtber comprising receiving

As any person skilled 1n the art of variable valve engine
control will recogmize from the previous detailed description
and from the figures and c¢laims, modifications and changes
can be made 1o the preferred methods without departing
from the scope of this rovention defined in the following

s, 5 o o
We claim: 50 engine emissions data. ‘ o o
1. A method for caleulating a valve timing command for 15. h"”‘ method of claim 14 wherew said determiniog N
an engine of a vehicle, comprising: Yza]ve feedforward term mchlde§ de{ertm]rmng a valve feed-
e . . forward tertn based on the cugiue cmssions data.

obtaining an cugine performance command; 16. The wethod of claim 11 wherein satd calculating 2
receiving an envirommental conditions signal; 55 walve feedback term includes c.f-k‘ulating a vaive feedback
determining a valve feedforward term based on the engine term based on the cogloe emissions dat

performance command and the environmental condi-

tions signal; N
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This invention relates 1o an engine torgue controller for
spatk ignition intetnal combusiion engines and more spe-

ABSTRALT

2520 T 31306301 cifically for direct mjoctmﬁ e Ell’bb The mvention provides
- ) . o a torgue controliec and a method of controlling torque for a
4%/ . 1 . . <
~~~~~~~~~~~~~~~~~~~~~~~~~~ FO2 41/14; FO2R 17/00 engine in which torgue is contrelled in dependence upon a
PE 1 L AIADE IR 19, ) PPN R -\ s *. N
e £23/285; 123/406.23; 123/ 400 47; filtered difference signal where the filtered difference signal
i the difference between a2 desired torque sigual and a signal
(53\; Field of Search ... 123/39:), 3)30, ELpELbCllUD\_ an estimate of the current torgue.
123/352, 399, 406.23, 436.47, 406.55, 478,
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1
ENGINE TORQUE CONTROLLER

THCHNICAL FIELD

This invention relates to an engine torque coniroller for
spark igostion internal combustion engines and more spe-
ically for direct injection engines.

cif
BACKGROUND

An engine torque controlier is comprised of a torgue
demand controller and a torque producer. The torque
demand controller determines a required target torgue, in

rdance with an accclerator pedal position, current
engine speed, external loads and other factors. This deter-
mined torgue is then used by the torque producer to produce
the desired torque by controlling the spark angle and the
air/fuel ratio.

a

Direct Injection Spark Ipuition (DIST) engines inject fucl
directly 1nto cylinders where it is igunited by 3 spark from a
spark plug. DISI engines operate in a stratiicd mode or 2
homogenous mode. When a DISY engine 3s in the stratified
mode, the combustion chambers contain siratified layers
baving different air/fuct mixtures. The strata closest 1o the
spark plug contains a stoichiometric mixture, which is a
mixiure in which the exact amount of air to combust the
amonat of Tuel 18 present, i.e. when the combustion leaves oo
EXCESs OXygen or unburmed fuel Subscquent strata copiain
progressively leaner maixtures. Operation in a stratified mode
cocurs at lower speeds aud lower Joad conditions.

When the a,ng)}u. is m a hornogenous mede, a homog-
enous mixture of air apd fuel is dnroduced 3uto the com-
bustion chamber. Homogenous operation may be gither les
of stoichiometry (i.e. highor air/fuel ratio}, at stoichiomet
or rich of steichiometry {(ie. lower air fusl ratio}.

I engine torque cot -irollaib for DHSE engines, when the
engine 13 operating in steatified mode, spark angle has Bide
influence on the torque producad. The torque producer
modifies the air/fuel 1o order to control the torque produced.
Conversely, when the engiue is operating o homogenous

mode, the ai/fuel ratio s controlled tightly in order o
maintain coect ()peran()n of the Mi!alvua converier o

reduce noxious emission. The torgue producer modifies the
tiraing of the spark ignition i order to control the forque
produced.

A problem occur

when there 38 a steady sfate e h" torgue
demanded and the estimate of the torque produced. In the
stratified mode if a fuel adjustment oecurs due o such &

Qteadv state error then the aiy/fuel rat 1o will not be ideal and

fuel econom y wiil suffer and pedormance of the catalytic
converier will detux()ra-u Tu the t-- mogenous mode, if the
tirping of ﬂ spark ignition is altered due to such a steady
state torque exror ihc.n the fuel economy will once again

suifer and the engine is mare likely o stall when a load is
mposed. Therefore, there 1s a need for a method of correc-
tion for a steady state ercor between the torgue demanded

and an estimate of the torque produced.

SUMMARY

in a preferred embodiment, the eugine is a direct injection
spark ignition engine and the trapsient torgue controller is
arranged to receive a combustion mode signal radicating
whetler the engine is operating 1n & stratified mode or 2
homogencous raode. If the signal mdicates that the engine 1s
operating m the siratified mode then the fuel and sparck

2z

controiler is artanged to control the fuel adpustment signal.
If the signal indicates that the e'lgme is operaiing 1 the
homogeneous rode then the fuel and spark conwroler s
arranged to control the spark adjustment signal

Preferah‘y th-s confroller also has an air rge controller
arranged o receive an air charge demand sig),m. a throttle
position sxg,m], an engitie speed signal, a manifold pressure
signal and an air charge temperature signal and arranged 0
output the estimated axr charge sigual. Preferably, there
also an air charge demand countroller arranged 1o receive Ehe

desired torgue signal, a desired spark angle sigual and 2
desired air/iuel ratio signal and o outpul the air charge

demand signal

According 1o another aspect of the invention, there is
provided a method of controlling torgue for an engine. The
methad tncludes estimating a current torgue signal in depen-
dence upon a received current spark angle signal, 3 received
current air/fuel ratio signal and 2 received estimated anr
charge signal, comparing the estimated current torgue signal
with a desired torque signal to provide a difference signal,
and filtering low freguency components from the difference
signal. Finally, controliing a fuel adjustment signal and 2
spark adjustment sigual in dependence wpon the filtered
difference signal.

These and other aspects and advaniages of the present
wvention will become apparent upon reading the following
detatled description of the invention o cornbination with the
accormpanying figures.

BRIEY DESCRIPTION OF THE FIGURHE

FIG. Lisablock d:agram illustrating part of an

S
g ne and

an engine controter, i accordance with the present inven-
tion;

FIG. 2 is a block diagram of a torque demand controller,
i accordance with the present fnvention; and

FIG. 3 18 a block diagram of a torque producer, in
accordance with the present invention.

DETAILED DESCRIPTION
FIG. 1 illusirates an embodiment of a direct injection
spark ignition engine 188 which has an engine controlier 1.
The engine controller 1 receives signals from an accelerator

edal and sensor assemibly 2, au engine speed seusor 3, an
engine femperature sepsor 4, an air charge temperature

sensor 5, 4 mamifold absolite sensor 118 and a
throttie position ndicator 6.

A fuel tnjector 138 injects fuel directly into a combustion
charaber ¥98. The njected fuel mixes with an air charge
which enters thr “‘1gh an air intake valve 102 via an air intake
manifold 152, The air charge is controlled by a throttle § and
the {uel imjected is contralled by a fuel purap 8. A spatk
countrol unit 7 controls a spark ;‘hw 186, 1o generate
for igmtion of the alr/iud mixture. B
resulting combustion exit via an exh
exhaust manifold 154, The exhaust manifold
way cat

FIG, 2 {llustrates an embodiment of a torque demand
controfler 11 that is part of the engine controller 1. The
torque demand countroller 31 calculates a required cutput
torque signal 13, based on an accelerator pedal position
signal received from the accelerator pedal and seusor assernn
bly 2, an engine speed signal teceived from the engine speed
sensor 3 and an engine teraperature signal received from the
enigine temperature sensor 4. A loss foad torgue signal 12,
which represents losses due to losses in the engine and
powerirain system, is added to the required output torque
signal 13 by an adder 14 to generate a torgue demand signal
13.

pressure

ust ‘/at;u 104 1o

an
154 has a three
alytic converter 142 and a Nox trap/eatalyst 144
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Referring now to FIG. 3, an adder 17 receives as inpuis
the torque demand signal 15 and a pumping losses signal 16,
which represents losses due to the inherent losses i the

,_me ey clc {i.¢. due to the energy required to draw air in
and to push nr-t exhaust gases). The adder 17 outpuis a 4
desired torgque

An ait charge i md controller 27 receives as fnputs the

desired torque & gnai a desired spark angle sigual 25 and a
desired air fuel ratio signal 26. The desired spark angle
signal 28 and the desired atr fuel ratio signal 26 are calcu-

What is claimed is:
1. & device for contralling &
the device comprising:

torque output of an engine,

wrgue dernand controlier for genersting 2 forgue
demand signal; and

4 torgue producer which receives the
signal, the torque producer includes:
an estirnator which reccives as inpuis a

torque demand

current spark

lated elsewhere in the engine controller 1 and depend upon 19 angle signal, a current air/fuel ratio signal and ac
siguals such as engine speed, engine load aud engine em- estimated air charge signal and outputs an estimated

perature

The ar charge demand controller 2’7 gencrates an
charge demand signal that is received by an aie ¢t
coniroller 29. The air charge controlier 29 also receives as 1s
inputs a signal indicating th ottle position that 18 received
from the thrut’i@ position indicator & (FIG. 1}, the engine
speed senser 3, the manifold absolute pft‘ﬂ’%l@ sensor F14
and the air charge temperature meter 3. The air charge
coutroller 28 generafes a signal indicating desired theotile 24
e & (FIG. 1) and a sigoal

torque signal;

comparator which recetves as inputs the sstimated

torque signal and a desired torque signal and ouipuis

a difference signal;

a high pass filter which receives as an input the differ-
ence signal and outputs a filtered di iiere'\c e signal in
which low frequency components are abscm, and

a transient torgue controller which receives as an doput
the fltered difference signal and outputs a fucl
adyustiment signal and a spark adjustment signal.

o

position t)at is sent fo tt

re;npsp( an estirnate of the air charge.
The ¢ na[c air cha tge may be different from the air 2. The device 1a claim 1, wherein the estimated air charge
charge fc sanded by the air chiarge demand controller 27 due signal is pi‘oduccc by an air charge conteoller which receives
to delays in the engine 16, such aa the time taken for the , as inpuis an air charge demand signal, a throtile PUSiUUF

throttie ¥ to move, the time taken for the pressure in the air signal, an engine speed signal, a manifold pressure signal
intake manifold 152 to use or fa3li; or any ervors in position nd an air charge temperature signal.
of the throttle. The air charge estimate signal is sent to 2 3. The device 1 claim 2, wherein the air charge demand
current lorque estimator 22. signz'l is produced by an afr charge dernand controller which
The cumrent torque esttmator 22 uses the air charge receives as inpuis the desired torque signal, & desired spark
cstimate sigunal, logether with a signal representing the angle signal and a desired air/fuel.
current spark angle and a signal representing the current 4. The device of claim 1, in which the engine is a direct
air/fuel rati@ to generate a signal representing an estimate of injecton spark ignition engine, wherein the trasient mrqu»
the current ferque. controller 4s artanged 10 receive a combustion mode ¢
The estimate of the cwrent torgue is compared to the indicating whether the engine is operating in 2 stratifi
desired forque. signal by a coriparator 18 to generate an mode or a homogeneous m sode, aad
signal which is then fliered by a high pass filter 28. -
rc,sulimg filtered ervor signal is used by a transient otgue
coniroller 21 fo generate signals for temporanly adjusting
the torque produced by the engine 166
A combustion mode signal 18, which is produced else- 40
where 1n the ongme controiler 1, indicates whether the
engine 164 is operating in a st ranﬁc,d mode or in 2 =1omog— A . .
enous maode. If the engine 18{ is operating in the siratified tion mode signal fu ‘Cat‘?’ that the engine is operating
wode then a fusl adjusiment signal is genetated and sent G in the 1‘*9319§6115f’“5 mode. ) o
the fucl pumyp 8 i order to adjust the amount of fuel which as 3 The device su claim 4, wherein the estimated atr charge
is injecied infe the cormbustion chamber 168 by the [uel signal is p-uduc od by an ax rd}ﬂ(gc controller which receives
injecior 138, If the cogine 106 is Opudtmg‘ in the ‘rx()lrl()g_ as mpuls an a}x charge demand sign ui a throtile position
enous mode then a spark adjustmer tugﬁdl is gencrated and signal, afl eogine speed signal, 2 manifold pressure signal
sent 10 the spark controi upit 7 to adjust the timing of the am an air '\"h?fé’ﬁj temperature signal. ) .
jgnition spark generated by the spark plug 196, &. The device 1o claim 5, wherein the air charge demand

wherein the transient torgque controller is arranged to

conirol the fuel adjustment sigaal wh = the combustion

mode signal indicates that the engine is operating i the
ratified mode, and

whereiﬁ the trausient torque controller is artanged
conirol the spark adjustment signal when the combus-

wn

The signal representing the current spark anglée is calcu- 9 ! r charge demand confroller which
receives as inputs t)e desired torque signal, a desired spark
angle signal and a desired amfucl

7. A method for controlhug a torgue output o
comprising:

lated by a calcnlator 23 using the destred spark angle and
any spark adiustment signal rececived from the transient
torque controlier 21, The signal representing the current aix
fuel ratio is calculated by a calenlator 24 using the desired
air fuel ratio and any fuel adjustment signal received from
the transient torqus ccntmliei 21, When the engine 108 is
ﬂperatir‘}, in stratified mode the current spark am,lt‘ will be
equal to the desired spark augle 25. When the e'\Um\ 168 3s
operating in homogenous mode the current air/fue } tatio will
be equal to the desired air fuel ratio 26.

As any person skifled 1n the art of systems and methods
of controlling the torque ﬂu[pu[ of an engie will recognize
from the previous detailed description and from the figures
and claims, modifications and changes can be made to the
preferred embodiments of the invention without departing
fmm the scope of this invention defined in the following

o
b

signal is produced by an

f an congime,
the method
estimating a current forque s&gx al from a received current
spark angle sigoal, & recetved cwrrent air/fuel watio
signal and & received estimated air charge signal;

cornparing the estimated ciyrent torgue sigual with a
desired torgue sigual 1o ouiput a difference signal;

filtering out a plarality of low frequency components from
the difference signal; and

controlling a fuel adjustment signal and 2 spark adjust-
ment signal i dependence upon a fltered difference
signal.
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7 ABSTRACT

A methiod of controlling the fuel pressure within a fuel
delivery system having a fuel pump that delivers fusl to a
fugl rail of an internal comnbustion engine wnchudes providing
a set-point el pressure, geunerating a feed forward signal
having a set of fuel pump motor control parameters based
upon the set-point fuel pressure and the desired fuel flow
rate, providing a pressure sensot {0 measwre the fuel rail
PIEssure, Compar ing the fuel rail pressure to the set-pomt
fnel pressure and generating an ervor value based upon the
difference between the fu;,i rali pressure and the set-point
fuel pressure, providing a feed back controlier adapted o
receive the error value 'rxd 10 s:en-arai-a a feed back countrol
signal, combining the feedback control signal and the feed
forward control signal to generate a moior controller signal.

18 Clabus, 3 Drawing Sheets

Y g P
25 N om0 28
a1~ 24 \ K_ f /"28 i o 3]
2 A P J {
h \‘ \‘\ 1\ \ L\ [
\\ \ i \ 3 \ ) \ )
Fuel £ @ > 26 *"""D@‘Mb 20 o4 16 b
Pressure £ T
Set-Point ey - i_ ~ E
L 22 . L
T23 7
Average dhar = 12— Y 14—
Fuel Flow i)
18
et
'''''' o
':\/ A
e
.

PETITIONER'S EXHIBIT 1002
US PATENT NO. 6,557,540



Case: LZ2-cv-03804 Document # 7 Filed: 07/26/22 Page 19 of B3 PagelD #2311

.5, Patent Jum. 24,2003 Sheet 1 of 3 US 6,581,574 Bl
18
127 i
~. P
( m\}:“.:“
i
0 E—
- L T T s 7
14 U “14 H 14 “14
2(}“\
\\ H
| L L
) /ﬁ{ [
Fig. 1
127
.
!/ -~ »”_/-Ayn l//" ''''' (’ ””””” i
~14 U 14 U “14 U 14 U
3‘% ----- \\
36‘\\
N §
/@{ N
T

PETITIONER'S EXHIBIT 1002
US PATENT NO. 6,557,540



Case: LZ2-cv-03804 Document # 7 Filed: 07/26/22 Page

U.5. Patent Jun, 24, 2003

Sheet 2 of 3

20 of B3 PagelD #23

US 6,581,574 Bl

24725 20N 72729
21 NN N | %8 31
.\\\ \‘\ \ ‘\ 5\\ l\‘ [/
Fuel : = +__ oA 26 -3--ﬁ>ﬁD--i-e> 30 bt 15| 1 P
Pressure A il }
Set-Point I ) { I ) o E
i E\' ‘{:}i ’ {2 )
Z-Z — \\“ '/ i !
Average e = 23 13" ,f7 14—
Fuel Flow i
\
AN
—19 18
Fig. 3
I 25 20 3T 0
AN 4 - / -
NN - e
\1\ \ 4 \. E\ ‘ !l
\\ \“ } .\ \__\ \ E
M) (AL N ,
Fuﬂi g _ (B _2_;@_ e 2 i{z {4 ‘LS— l;.ﬁ_.
Pressure i T
Set-Point My o J é..(\[ " ;
]\ 22 \\\.\. - /’ 3 - 4
Average i 1 x 2 - N 14
Fuel Flow ‘J; '8
R
L 2=
\,\
19

mn

PETITIONER'S EXHIBIT 1002
US PATENT NO. 6,557,540



Case: L22-0v-03804 Document # 7 Filed: 07/26/22 Page 24 of 53 PageiD #2338

U.S. Patent Jun. 24, 2003 Sheet 3 of 3 US 6,581,574 Bl

5 25“\ Zﬁ—\\ //'_27 g 2(}
~— P h s / —
gy AT LY 28 31
R N o ! /
\\\ \\\ \. \\ \\ V’ \\ i
\ | . \ Vo o i
Fuel A o> +__ > 26 -»\—L‘Qu??»---‘-»--c) 20 >4 16
Pressurs I ’H IS 1
Set-Point ey £l i; L o N l
A fod by - /
== 23 7 7
Average g e 52,/ v 14

Fuel Flow L A 18

i
L

- Fig. §

H ‘\\ |
Fuel U 26 “3‘“{3"@“""“3" 16 L

Pressure I

Set-Point 4 | i
[N - B S / -‘/

- 23 127 14~
mmm— £ :ﬁ T e

v
M

o

Ny
/

e |
2 ,,,,, v ~ i Lo
7 ] 32
Fuel Rail -~ | I 42 P
Temperature ™ 7 .
Compensation /

PETITIONER'S EXHIBIT 1002
US PATENT NO. 6,557,540



1304 Documemt & 7

7 Filed: Q7428422

]

=t
(93]
€3

"G
o
&,
D
o
3
%)
I

Us 6,581,574 Bl

i
METHOB FOR CONTROLL
PRESSURE

NG PUEL RARL

TECHNICAL FIELD

The present invention generally relates a2 method of
controlling the fuel pressure withia the fuel rail of an mternal
combustion engine.

BACKGROUND

Within an internal combustion engine fue d livery
syster, a fuel vail delivers fuel to fuel dujectors ihzit inject the
fuel tnto the ¢ y}u‘-de s of the engine. The pressure of *ha fuel
b».mg‘m ted through the fuel 1njectors is critical, therefore
it 15 fraportant 1 keep the pressure wathin the fuel rail as
copsistent as possible. Closed loop control systems for
controlling the fuel pressure within fuel rails have been
developed, but do not adapt to system vartations such as
part-to-part tolerance differences and wear. Therefore, there
is a voed for an raproved method of controlbng the fuel
pressure within the fuel raill of an internal combustion
engine.

BRIEF DESCRIFTION OF THE DREAWINGS

FIG. 1 is 2 schematic view of a first preferred embodiment
of a fuel rail delivery system of the present invention;

FIG. 2 18 2 schematic view of a second preferced embodi-
ment of a fuel ratl delivery system of the present inveniion;

F1G. 3 is a control diagram ]iusiraimg the method o
controtling the fuel dehve\y system of the preferred enmibodi-
ment;

FIG. 4 is a control diagram for a variation of
preferred embodiment;

the first

F1G. § 18 2 control dragram similar to FIG. 4 whereln 2o
adaptive learning algorithm receives additional feedback
taf i

F1G.

6 is a
embodiment.

control diagram for the second preferred

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS
The following description of the preferred embodiments
of the vention is not intended to limit the scape of the

mvention to these preferred embodiments, but rather o
enable any person skilled in the art 1o make and use the

invention.

Referring to FIG. 4, 2 tuel delivery system 18 of the
preseqt invention inchdes a fuel ral 12 aaaptcd to deliver
fuel to fuel injectors 14 of 2n internal combustion engine, a
fuel m.mp 16 adapted to deliver fuel to the fuel rail 12, a fizel
pressure sensor 18, and a fuel pump motor controller 24,

Referring to FIG. 3, the fued pump rootor controller 28 3s
a processor that is adapted io coutrol the fuel pump 16
Mainly, the fu:i pumyp motor controller 28 controls the speed
of a motor 15 that drives the fuel pump 16. The fuel pressure
sensor 18 measures the pressure within the fuel rail 12, The
fuel pump raotor controller 20 receives the fuel pressure and
calculates the difference betw: | %ﬁ-upt)ini pressure and
the fuel rail pressure. This d fo. rence is the fuel rail pressure
error signal 25 which is used to control the fuel pump speed.

The sct-point pressure is the pressure at which the fuel
delivery system 38 works most tfimwﬂ" In order to
achieve proper fuel injection characterisiics such as spray
penelration and spray patfern, it is important that the fuel

[
en

2
delivered to the fuel iujecior nozzies 14 remains at the
appropriate pressure. This optimum pressure 1s the set-point
pressure, and is pre-determined based upon the injector
features and the specifications of the particular application.
A set-point pressure signal 21 18 seut to the feel pump motor
controfler 28.

The fuel pump motor controtier 28 calenlates and outputs
a motor drive signal 31 to the fuel pump mnm- 15 The
racior drive signal 31 is calculated frorn the desired fucel
pressure and average el flow demand, emd atfempts . to
drive the fuel purap raotor 18 at a speed that will provide the
desired fuel pressure at the desired fuel fow rate.

The fuel pump motor controller 24 jucludes a feed ff‘-r-
ward controller 22, a feedback cml-.roller 26, snd s
pumyp raotor controller drver 3¢, The feed forward f:opti‘oi-
ler 22 uses a function or algorithm, such as a look-up table
with an mtupulatmu mu.mc, to output a feed forward
controf signal 23. The feed forward controlier 22 inputs the
set-point pressure and the average fnel flow demanded into
the function or algorithm and calculates the feed forward
coutrol signal 23,

The fuel ratl pressure ervor sigoal 28 is
subtracting the fuel pressure semsor sigual 19 from the
set-poat pressure sigoal 210 This caleulation is performed
by a first surming jnaction 24. The fuel rail pressure ertor
signal 23 is input to the feed back coutroler 26. In tum, the
feed back controller 26 czz}cuizzics 2 feed back control signal
27. The feed back controller 26 can be any suitable
controfler, such as a Proportional Integration and Differen-
tial or model based countrolier.

The feed forward control signal 23 and the feed back
contro} signal 27 are summed in a second sumﬁnrxg junction
28, thereby generating a motor controlier signal 28. The fuel

el

caleulated by

pump motor controller dnver 3¢ receives th moior control-
fer signal 2% and generates a motor dave signal 31 that

controls the speed of the el pump motor 15,

{n a nominal fuel system with the desived fuel rail pressure
at a given fuel How rate, the feed forward comr()} %ivna 23
and th motor controller signal 29 would be the same. The
feed back controller 26 raodifies the feed forWﬂm control
signal 23 to compensate for system variations due o part o
part tolerances and system aging, etc.

A first preferred embodiment of the tnvention s shown in
FIG. 3, wherein the fuel pressure sensor 18 is a relatively
low bandwidih sensor that iﬂ mounted onto the fuel raxl 12
to directly m re the fuel pressure therein. Referring o
FIG 4, 10 a variation of the first preferred embodiment, the
fue ]‘ut 1p motor controller 28 further includes an adaptive
learning controller 32 which uses an algorithm 1o monitor
the conditions of the fuel delivery system 18 and updates the
feed forward controlier 22 when the system is operating in
a «teadv state condiion.

The algorithm of the adapuive learning controlier 32

receives the set-point pressure signal 21, the average fuel
flow, the fuel rail pressure error 28, and the motor controiler

signal 2% as inputs. The algorithm then compares the moior
controller signal 2% to tlu, feed forward control signal 23
f.()rrcsp(n yto the current set -pani signal and the average

fuel flow wuhm the feed forward controller 22, and updates
the values within the feed forward controller 22 appropri-
ately.

The algorithm of the adaptive learning \o-mﬂﬂ r 32
receives the error signal 28 and the feed forward controller
22 is only updated when the error has stabilized and is below
a pre-determined threshold. Referring to FIG. 8,
additionally, the speed of the fuel pump 16 and the pressure
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from the pressure seusor 18 cau also be received by the
adaptive learning controller 32 to provide additional param-
cters for more accurate updating of the feed forward con-
roller 22.

A second preferred embodiment is shown in FIG: 2,
wherein like clements are numbered the same as the first

peeferred exmbodiment. The second preferred embodiment
includes a fuel pressure sensor 34 mouvnted at the fuel pump
16 to measure the fuel pressure within the fuel delivery
system 16 at the fuel pump 16, The fuel pressure sensor 34
of the second preferred embodiment 15 a relatively wide
bandwidih sensor
Referring to FIG. 6, a fuel pump motor controller 36 of
the second preferred embodiment 15 similar to the fuel pump
motor coutroller 28 of the first preferred embodiment, how-
ever the second preferred embodiment also includes a fuel
system model 38, a low-pass filier 4@, and a devics 42 to
calculate the average fuel fow. The fuel system model 38
receives the fuel pressure as measured by the pressure sensor
t the fuel pump 16 and the fuel system model 38
estimates the fuel rail pressure based upon the pressure at the

nel pump 16,

The wide bandwidth pressure sensor 34 will measure both
the average fuel pump outlel pressure as well as pressure
pulses caused by the opening and closing of the fuel injec-
tors 14, The low-pd% filter 48 filters out pulses 1w the
pressure readings due to the opening and closing of the fuel
ctors 14, so the feed back controller 26 does not respond
se injector pulsations. The fuel system ruodel 38 can
also incinde mpu-. of the fuel rail 12 temperature. The
temperature of the fuel raal 12 infhiences the fuel cail
pressute estimation, 50 the fuel system model 38 can take
this temnperature into cousideration o more accurately
approxunate the pressure within the fuel eail 12 based upon
the pressure measured at the fuel pump 16, The wide band
pressure from the pressure sensor 34 1s also used by the
device 42 to calculate the average iu»] fow. From the
pressure p\ﬂSatlU[“i caused by the ope and closing of d he
mjectors, the wjector frequency and oa-t i

(3}

ime duration can be
a')biaine} By using this information along with the mjector
flow Re , the average fuel flow rate can be calculated,
thereby « hm inating the need for external average fuel flow
informatior

{t is to be understood, that the processors, sensors, fuel
pumyp, and controllers are conventional devi that are
common in the industry and are described heretn merely to
provide examples of how the method of the present mven-
tion can be practiced.

The foregorag discussion discloses and desc
preierred embodiments. One skilled {n the art will readily
recogaize from such discussion, and from the awumpanymg
drawings and clains, that changes and modifications can be
made to the preferred embodiments withowt departing from
the trme spirit and fair scope of the inventive concepls as
defined 1o the following claims. The preferted embodiments
have been described in an lfustrative maoner, and 1t isto b
naderstood that the teoninology which bas been used is
intended to be in the nature of words of description rather
than of Hraitation.

We claim:

1. A method of controlling the fuel pressure within a fuel
delivery system having a fue] pummp which delivers fuel to 2
fuel rail of an internal combustion enginge comprising:

1b oS LW

U’(D

providing a set-point fuel pressure;
providing the estimated average fuel flow through
system;

40

wn

4
generating a feed forward control signal based upon the
set-point fuel pressure and the average fuel flow;
rueasuring the fuel rail pressure with a fuel press
SEBRROT;
filtering the ountput of the fuel pressure sensor to filter out

O

pulses due to the opening and closing of the fnel
imectors;
comparing the fuel rail pressure to the sct-point fuel

pressure and generating an crror signal based upon the
12

difference between the fuel vail pressure and the sct-
point fuel pressure; and

modifying the feed forward control signal based upon the

error signal thereby generating a motor controiler sig-

al and sending the motor control signal to the
PUMP 1aotor.

2. The method of claim I whereln generating a feed
forward coutrol signal includes providing a feed fotwafd
controdler which provides established fuel pump motor
control parameters at particular sei-point pressure and aver-
age fuel flow rate values, wherein the set~-point pressure and
average fuel flow are toput 1o the feed forward controller and
a feed forward control signal having set of corresponding

fuel pump ruotor contrel parameters is thereby generated.

3. The method of claim 1 further including:

comparing the moetor control signal to the fuel pump
wotor cont m} 1 arameters within the feed forward con-

trofler which correspond to the set-point pressure and
the average fuel flow; and
updating the feed forward controller with new fuel pump

wotor control parameters.

4. The method of claim 3 further including monitoring
error signal, and updating the feed forward con irollc-'
the erroe signal bas stabilized and is below a pre-detery mmd
level.

5. The method of claim 1 wherein measurnng the fuel rail
pressure inchudes measuring the fuel pressure at the fuel
pumip and estimating the fuel rail pressure based upon the
ucl pressure as measured at the fuel pump.

&. The method of clatm 1 further including:
detecting pulses in the signal from the fuel pressure sensor
when the injectors open and close;

Pe)

measuring the time between when an injector opens and
closes to determine how long the injcc:or is opern;

using the injector flow rate and the injector open time o
calculate the average fuel flow

7. A fuel delivery system comprising:

a fuel raxl adapted to deliver fuel to fuel iyectors of an
atlomotive vehicle, 2 fu Epunm adapted to deliver fue
to said fwel rail, a fue pmﬁsmc sensor adapted to
measure the fuel rail pressure, 2 low-pass filter adapted

to filler the output of said fuel pressure seusor to filter

ont pulses due to the opening and closing of the fue
injectors, and a fael pump motor coutroller baving:

a feed forward controller adapted to provide a fee
forward signal having fuel pumyp motor contro
parameters d upon a xebpuui fuel pressure and

)...'

ot

[&% ,.... Q.

the average fuel flow through said systeny;
1o wmparc the fuel

and

a first summing junction adapted
rail pressure to the set-point fuel pressure
generate an error valie based upon the di
between the fuel rail pressure and the set-poi
pressure;

a feed back controller adapted to receive theerror vahie
and to generate a feed back control signal;

a second summing junction adapted to receive the feed
back control signal from said feed back controller

i el
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and the feed forward control signal from the feed
forward controller and to meodify the fuel pump
motor contra] parameters of the feed forward control
signal based upon the feed back control signal to
geperate a rotor controller signaly and
3 {uel pump motor controlier driver adapied to receive
the motor controlier signal and to control the speed
of sard fuel purmp based upon the motor controfler
signal.

8. The fuel delivery systemn of claim 7
pressure sensor is ruounted 2% said foel rail
measure the fuel pressure within said fuel rail.

9. The fuel delivery system of claim 7 wherein said feed
wack controller is a proportional integration and differential
closed loop controlier.

18. The fuel delivery system of claim 7 fucther includiong
an adaptive learning controller having an algorithm which is
adapted to monitor the conditions of the fael delivery system
and to update said feed forward control 16“

11, The fuel delivery system of claim 7 wherein said fuel
PISSSUTE Sens0T 13 riouried at said fuel p pump fo measure. the
fuel pressure within the fuel dehve*v system at said fuel
P,

12. The tuel delivery system of claim 11 further tncluding
a tuel systemn model adapted to estumate the fucl pressure
within said fuel rail based upoun the fuel pressure as mea-
sured at said fuel pump.

13. Amethod of controlling the fuel pressure within a fuel
delivery system having a fuel pump which delivers fuel to a
fuel rail and fuel injectors of an internal combustion engine
COMmpPLIsing:

whereln said fuel
o directly

providing s set-point fuel pressure;

providing the cstimated average fuel fiow through the

sysieni;

sed upon the
flow;

generating a feed forward control signa
set-point fuel pressure and the average fuel
the fuel rail

FROASUring pressure with a fuel pressure
SEnSOT;
to the set-point fuel

ased upon the

comparing the fuel rail pressure
pressure and generating ao errorsignal b

6

modifying the foed forward

control signal based wpon the

error signal thereby generating a motor controller sig-
12l and sending the motor control signal fo the fuel

pump mote
detecting pulses inthe s
to establish when the

signal from the fuel PIESSUIC Seasor

fuel injectors open and ©

measuring the time between when ag n jector OEJMHb and
closes to determine how long the injector is open;

lose;

using the maf\tm flow rate and the mjecmr open time to

calculate k average fuel flow.

14. The methbod of claim 13 wherein generating & feed
forward \on'ml signal includes providing & feed forwar
controdler which provides established fuel pump motor
control parameters at particular sei-point pressure and aver-
age fuel flow rate values, wherein the set~-point pressure and
average fuel flow are toput 1o the feed forward controller and
a feed forward control signal having set of corresponding
fuel pump moior contrel parameters is thereby geoerated.

13. The method of claim 13 further including:

comparing the moior control signal fo the fuel pump

motor conirol parameters within the feed forward con-
troller which cogespond to the sel-point pressure and
the average fuel flow,; and

updating the feed forward controller with new fuel pump

motor control parax*xe‘crq

NN

-

16. The method of claim 15 further including monitoring
the error signal, and updating the feed forward controller

after the error signal has stabilized and 35 below a pre-
determined level
17. The method of claim 13 whe ring the fuel
rail pressure inchudss measuring the fuel pressure at the fusl
pu-Tp and estimating the fuel rail pressure hased upon the
fuel pressure as measured at the fuel purnp.
18. The method of claim 13 further including filtering the
signal sent from the fuel pressure sensor o filter out pulses
due to the opening and closing of the el injectors.

MCas
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&) ABSTRACT

A method for testing the integrity of an electronic throtile
disable function begins by disabling the drive electronics
responsible for controlling the throttle motor. The m
controiler doing the plate position control commands fuil
closing voltage from throtile mator drive electronics (while
those electronics are disabled). Then the throttle position
voltage is recorded. If the disable system 1s working, the
H-driver will cuiput zero volts even though a full s “-ot(-r
closing voltage is reguested. The throttle posttion voliage is
then compared to a predetermined defanlt throttle position
voltage, I there is a significant difference between the two
voltages, then failure mode management is engaged.
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TRONIC THROTTLE DSABLE
CONTROL TEST SYSTEM

ELEC

TECHNICAL FIELD

The present invention relates generally to conlrol sysiems
for internal combustion engines, and more pamculariy, to an
slectronic throttle disable control test system

BACKGROUND ARY

Many previousty kaowa motor vehicle thrott le conirnls
have a direct physical linkage between an accelerator pedal
and the throttie body so that the throttle plate is puiled open
by the accelerator cable as the driver presses the pedal. The
direct mechanical linkage includes Maﬂing that defaults the
Hokage to a reduced ¢ aper ating position, also known as xdle,
in a manner consistent with regu iathns. Nevertheless, such
miechanisims are omn simple and unable to adapt fuel
consumption efficiency, minimize regulated emissions,
improve driveability to changing traveling conditions, and
add siguificant weight and components 1o the motor vehicle.

An alie

rnative control for improving throttle control and
thc efficient introduction of fuel air mixtures 1mto the ¢ngine
viinders is presented by electronic throttle coutrol. The
hx‘tmn ic throttie conirol includes a throttle control unit that
p(“-i“(“)‘s the throttle plate by an actuator controlled hy 2
microprocessor using position feedback sensors. The micro
controllers (or micro pmces&um) are often included as part
of a powertrain slecironic control that can adjust the fuel and
air intake and ignition in response to changing conditions of
vehicle operation as well as operator control, Protection ruay
be prov;ded 50 that an electronic system does not misread or

(4]

misdireet the control and so that unintended operation is
am;ldcu w}'en portions of the electronic control suffer a
failure.

e previousty known type of protectina to avoid unia-
tended actuation of excessive throtile 1s to use a disable
function of the clectrome theottle drive electronics. The
disable function allows the PCM to shut down the electronic
throttle drive elecironics in the event that the PCM senses a
throtile position differing from expected throttle position.
Unfortunately, typical eledrumu throttle systems do not test
the integrity of the disable function.

The disa(‘:vamages associated with these conventional
electronc throttle disable technigues have made it apparent
that a oew technique for festing the clectrouic throtile
disable function is needed. The new technique should not
intrude on normal throttle operation while venfying function
integrity at least once each time the vehicle is powered up.

The present invention is directed to these ends.

SUMMARY OF THE INVENTION

It i, therefore, an object of the {oventon to provide an
maproved and reliable electronic throttle disable control test
system. Another object of the tnvention s to test the clec-
trome throttle driver disable fancton. Aad additional object
of the invention is to not intrude upon normal throttle
operation.

In accordance with the objects of this inveniion, an
slectronic throttle disable control test sysien is provided. In
one embodimert of the invention, 2 method for testing the

egrity of an electronic throttle disable function bw {05 b«,
x.LSabLng the dccuomc throttle motor’s drive electio
(which is an integrated H-driver in the prct@rrcd
embodiment). The H-driver is commanded to apply dull
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closing voltage, however, since the H-driver is disabled, no
voltage 1s applied to the wiotor and the throtile remains af its
defanh position. The throttle position voltage is then corn-
pared to a predeterntined default position voltage. If there is
a significant difference between the two voltages. theo
faiture mode muanagement is engaged. These voltages can be
either “absolufe” meaning relatve 1o system ground or
“relative” roeaning relative to the theottle posifion seusor
roltage ontpnt at closed throttle, default position, or open
stop position. This allows one fo detect the voltage differ-
ence between default and closed stop.

At this point, we have verified that the throttde does ot
move when disabled, Then we have to verify that it does
riove when epabled.

The present invention thus achieves an improved elec-
tronic throttle disable control test systom. The present inve
tion is advantageous 1n that the integrity of the electronic
throttde disable function is fested at Jeast once each tme the
vehicle is powered up.

Additional advantages and features of the present mven-
tion will become apparent from the description that follows,
and may be realized '“y means of the instrumentalities and
cormnbinations p:.m(: ly pointed out in the apﬁcnx.w
clatms, taken in c(;n;.u_)m-‘)n with the accompanying draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

In order that the vention may be well understood, there
will now be described some embodiments thereof, given by
way of example, reference being made to the accompanying
drawings, in which:

FIG. 1is an electronic throttle disable control test system
in accordance with one embodiment of the present ioven-
tog; and

FH3, 2 18 a flow chart for an electromce throttle disable
control test 1o accordance with one embodiment of the
present 1nvention.

BEST MODES FOR CARRYING QUTT

IMNVENTION

In the following figures, the same reference numerals will
be used to wdentify identical comporents in the varicus
views. The present lovention is dhustrated with respect (6 an
clectronic throttle disable control test system, particularly
suited for the automotive field. Howevey, the present wven-
Hon 18 apn}ic:abie to various other unses that may require
clectronic throttle disable control test systems.

Referring 1o FIG. 1, a rootor veliclepowertrain system 18
inchac'ing electronic throttle control system 12 inchides an

fHE

electronic control unit 14, In the p'cfcx:cd embodiment, the
electronic countrol unit 14 includes & powertrain control

module (PCM) 16 including a main processor and an

eloctronie throttle monitor (8 ™M) 18 inc cludis ng an indepen-
dent processor. The PCM and ETM share sensors 1% and
actuators that are associated with the powertrain system 17
and coutrol module 16. Preferably, the electronic throtile
monitor 18 inchudes a processor phivsically located within
the powertrain control module housing, although a separate
hiousing, separate locations and other embodiments can also
be employed in practicing the invention. Moreover, while
the electronic throttle monitor 18 and the powertrain control
module 16 have independent processors, they share the
inputs and outputs of powertrain sensors 19 and actuators 21
and 34, wespectively, for independent -”Jroce*;%infr

A wide variely of 1oputs are represented in the FIG. 1
diagram by the diagrammatic r\.presen.ai\()r' of redm dant
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pedal position seusors 26. The sensors 28 are coupled
through inputs 22 and are representative of many \.lﬁbf&ﬁ{
driver contrals that may demonstrate the demand for power.
In addition, the electronic control unit 14 includes laputs 262
and 265 for d“\ccting throtile position. A vagiety of ways for
pruv-du ig such indications is diagrammaticaﬁy represented
in FIG. 1 by a first throttle position sensor 24a and a
cedundant second throttle position seasor 245 o obiald 4
power output indication. As a result of the many inputs
represented at 19, 22, 26« and 265, the electronic controller
14 provides outpuis for limiting ontput power so that oulput
power does not exceed power demand, A variety of ou-tputs
are also diagrammat 1<.ai1v represented m FIG. 1 by the
thustrated example o uts 1o a thiottle control unit 28 that
m tumn powers an actuator and motive interface 3 fo
displacing the throttie plaie 34, Porexample, an actnator and
interface may comprise redundant drive motors powering a
goar jaterface to chiange the angle of the throtile plate 34 1o
the throttle body 36.

Likewise, the rcqgwm;lve egupment like motors may also
provide feedback. For example, the motor position sensor 38
or the throtile position sensors 24a and 246 may pluVld‘f
feedback to the throttie control unit 28, as stiowa at 37, 27
and 278, respectively, 1o determine whether ;ﬂtﬁmaiive
responses are required or to roaintain information for service
OFr tepair

The purpose of the present invention is to establish a
method with which to test the ability 1o take an action {which
1s taken upcn failure detection). For a number of detected
electrome confrol system failures, the "m)ﬁ.h plate 34
position coni'()' disables the drive electronics for the theottle
motor 38, In normal operation, the system wouid never take
this action.

The challenge is to design a test that does not intrude o
normal throttie control operation. Since disabling the driver
results in the plate 34 going to default; to test this function
non-infrusively, one must test when the system is off-line but
powered {initialization or shut-down} or when default is
cequested anyway. An advantage over previous technology
is that the driver dissble function {which is a significant
coniributor to systern predif'iabliifv when a system failure 18
detected} can pow be tested at least once each time the
vehicle is powered up.

Referring to FIG. 2, a flow chart for an electronic throttle
disable control test 48 in accordance with one embodiment
('d' the present invention is illustrated. In the present

invention, control test 44 begins with step 42 and immedi-
ateiv proceeds o step 44 where POUM 16 learos the TPS
output voltage for the default position of throttle plate 36
{At this point, no maior voltage is applied so that the plate
will have attained the default posidon} The sequence then
proceeds to siep 46.

In step 46, PCM 16 disables the drive electronics respon-
sible for actuating motor 3 The sequence then proceeds o
step 48 where PCM 16 commands fudl closing motor volt-
age. PCM 16 watts approximately 30 milliseconds and then
rmordﬁ the resulting throttle position seusor voltage. The
sequence then proceeds to step S86.

In step 38, the throttle position voltage corresponding to
the default position of throtile plate 34, determined in step
44, is com rarm: 1o the throtile position voltage obtained after
disabling the drive clectronics. If the two voltages are
significant IV d fferent, 3t means that the maotor drove the
plate o a new position and the disable function is not
ing and then the PCM 16 will engage failure mode
management 10 step 32 and proceed to the end of the

7 Filed: Q7428422
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sequence 64, If, however, the two voltages are not signifl-
cantly different, then the sequence proceeds 10 step 54,

Ia step 84, PCM 16 commands zero volts and proceeds 1o
step 36 where 1t enables the H-daver. In step 38 PCM 16
apphes approximately five volts- in the clostag direction to

throttle motor 38. PCM 16 then waits 30 milliseconds before
applying full voliage 1n the closing direction to thru‘{'h,
motor 38, PCM 16 then waits another 30 mitlissconds befor
learning the outpul voltage corresponding to a close stop nf
throttde plate 34, PCM 16 then records the close stop TPS
output voltage and the sequence proceeds 1o step &,

Ia step 68, the voliage cogesponding to the default
position of thmiﬂe plate 34, determined in step 44,
compared to the close stop voltage oblatned in step 38, [fthe
two voltages are not significantly different, then the

sequence procceds 1o end step 4. If, bowever, the two
voltages are significantly different, then theottle plate 34 may
be potentially frozen. In this case, PCM 16 engages s failure
mode management 1o step 62, inc ‘mdms~ ice breaking strat-
egy.

While the present invention is shown with respect o
testing the integrity of the drive electronics disable function
after leaming th: defanit voltage cmrcqgw‘ﬂdmg o the
default position of throftle plate 34, oune skilled in the art
would realize that testing may also occur before learning the
defanlh valtage by simply corparing the voltage obtained in
step 48 Wlth the close stop voltage. Une skilled in the art
would also recogmze that varous routine functions, such as
checking memory, may occur before or after the fest.

The present invention thus achieves am improved and
reliable electrome throttle disable control test system by
meaus 10 test the disable function withoul intmding on
normal throttle operation. The present inveéntion does this at
least once each tme the vehicle 1s powered up.

From the foregoing, it can be seen that there has been
beought to the art a sew and improved electronic theotile
digsable countrol test system. It is to be understood that the
preceding descoption of the preferred embodiment 1s merely
Jlusirauvc of some of the many specific ernbodiments that
represent applications of the principles of the present inven-
tion. Clearly, numerous aud other arrangements would be
evidem to those skilled o the art without departing from the

cope of the invention as defined by the following claims:

What s clarmed 1s:

1. An electronic throttle control apparatus for tfesting
eguity of 2 motor drive electronics disable featnee cox

prising:
a PCM having drive electromes for wniro)hpg rnotor
conpled to an electronice throttle plate, said PCM E ving

control logic to disable said drive electronics and return
sad electronic throtile plate o a defunlt position,
determine a default throttle position sensor (TPS) out-
put voltage corresponding to said default position,
command a full closing motor voltage, compare a full
closing TPS output voltage to said default TPS output
voitage, and engage failure mode management wheo
said full closing TPS output voltage and said defanlt
TPS output voltage are significantly different from each
athee.

2. The clectronie throtile control apparatus
wheretn said POM further inclndes control logic
enable s3id drive electronics.

3. The electronic throtile control apparatus of siaiﬁ' 1,
wherein said PCM further tachudes contral Jogic opera
apply close stop voltage to said motor

4. The electrome throtile control apparatus
whersin satd PCM further includes control logie

0
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compare said full closing TPS output voltage to said close 18. The electronic throttle control test system of claim 8
stop TPS output voltage. wheretn said PCM iocludes control logic operative 1o test
5. The electronic throttle contrel apparatns of claim 4, disabling of said drive electronics before checking PUM
wherein said PCM includes control logic operative to mMemory.
engage failure mode management when said full closing s 11, Amethod for testing integrity of an electronic throttle
TPS cutput voltage and said close stop TBS ousput voltage plate dover disable {uticuoi vontroii ed by a powertrain
are significantly different. control module (PCM) comprising the sieps of:
§. The electronic thraitle control apparatus of claim 1, disabling said dnver;
wherein said PCM fnchudes control logic operative to test determining a fiest throttle position value with said deiver
said motor dnive electronics disable feature before leaning 10 msubkd,
said defanlt throttle position sensor cutput voltage. commanding full closing voltage;
7. The electronic throttle control apparatus of chim 1, determining a second throttle position value at said full
wheremn said PCM {ocludes control logic opeeative 1o test closing voliage;
said motor drive electionics disable feature before checking comparing said first and second throttle position values;

PCM meraory. 1S
8. An electronie throtile control test system for an auto-

mobile having and internal combustion engine, said sysiem

comprising:

d(zd
engaging failure mode
second throtiie posit

sgement when said first and
wn valaes are sigmficantly differ-

eat.

3 moterized throttde located on the mternal combustion 12. The method of claim 11, furiber comprising the step
cngiae, said motonzed throttle having a throttle plate 29 ,p enabling said driver.

C(“lplﬂ to a motor for eontrolling an amonat of aivflow 13. The method of claim 13, further comprising the step
entering the internal combustion engine; and of applying close stop ouiput voltage to a mator.

2 PCM having dave elecitouics for conteolling said motor 14. The method of claim 13, further compusiag the step
coupled tosaid throtile plate, said POM having comtrol,  of f:nmpar'ng a throtile position sensor {TPS) cuiput voltage
logic to disable said drive electromces such that said 2 at said fuil closing voltage to a TPS oufput voltage at said
throtile plate returns to or remains at a default position, close stop voltage.
determine a default throtile position sensor {TPS) out- 15, The method of claim 14, further comprising the step
put voltage comesponding to said defanlt position, of engaging failure mode mavagernent when sad TPS
command a full closing motor voltage, compare said _ output voliage ar said full closing voltage and said TPS
full closing TPS output voiixﬂﬂ o said default TPS 7 output vr‘imao at said close stop voltage are significantly
cutput vollage, aud engage failure mode management difterent.
when said full closing TPS output voltage and said 16. The method of claim 1§, wherein said testing occurs
predetermined default TPS output voltage are signifi- before learping default throtile position seasor output volt-
cantly different. . age.

9. The electronic throttle contral test system of claim §, 17, The weethod of claim 11, wherein said testing occurs

rein said PCM includes coutrol logic operative to test before checking PCM memory.
disabling of said drive electronics before learning said
default throttle position seusor output voltage. ¥k ow oW oW
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MOTOR VERICLE ENGINE
SYNCHRONIZATION

BACKGROUND OF THE INVENTION
This fnvention relates to an engine management system
capable of determining engine phase of a four-stroke inter-
nal combus
“7

cn 4 ioi'r-str()}&e engine is runping it is desiable to
verify that the fuel is being injecﬁe(‘- into the cylnder during
the correct stroke. If the fuel is injecied on the wrong stroke,
the engine may still run, but engine eraissions will increase
and engine efficiency will drop

lnternal combustion engines normally have a crankshaft
sensor that provides a rolation signal that can be used
verify piston position over one complete revolution of the
cngine. However, as the cnglne takes two full revolutions to
complete one cycle of the four sirokes, this type of eagrue
sensor cannot distir guish between the two halves of the
cyvele, sornetimes referred to as the charge phase in which the
evlinder ts charged with air and fuel, and the power phase in
witich the air fuel charge 1s ignited and expelied as exhaust

i
1

Currently, the most common method of verifying the
;nﬂmr, igjection stroke dis through the use of a camsh ':?
100 sensor, However, a camshaft scasor with associated
and engine machining adds cost to the engine.

o

115 possible o achieve engioe stoke vertfication without
the use of a camshaft position sensor, for example as
described 1u patent document EE ¢ 990 787 AL This docu-
ment deseribes a methad of determining engine stroke in
which one cyvlinder of the engine is made to run for one cycle
at gon-optitnal conditions. This causes a sharp change in the
operating conditions for that cylinder, which can then be
detected by measuring 2 momentary change 1o the compo-
sition of the exhaust gas. The time at which the exhaust gas
mpmii 0 yges can then be used to determine the
engine siroke on which exhaust gas is expelled by the
affected cylinder,

This method suffers from a number of pmbkmb, primarily

the need 1o operate the engine in a non-optimal manner and
the need for steady state operation before, durmg and after
the test.

SUMMARY OF THE INVENTION

The present tmvention seeks to provide an improved
system for engine injection stroke verification,

According to the present invention there 18 provided ao
internal combustion engine, comprising a number of
cvlinders, the or each cylinder containdng a four-stroke
reciprocating pision, au exhaust conduil; one ot more engine
operating condition sensors including an exhaust gas sensor
in the exhaust conduit for measuring the u()mpos;tmn of the
exhaust gas, a fuel injection systeny, and an engine manage-
ment system for controlling the operation of the engine
nchuding the fuel injection system and the aiv/fuel ratio for
at least one "yl"Dder. wherein the engine management sys-
tem contains engine operation data, the cogloe opf:ratioti
data being relate i i expected engine opetat Hon with engin
fucking oo the correct stroke and/or engine fucling on an
ncorrect stroke, aund the engine managemeni system is
arranged to:

ay receive feom said seosor{s) respective signal(sh

b} oscillaie the aiv/fuclratio between a relatively rich level

and a relatively lean level, the exhaust gas composition
varying \.p-andmg on the air/fuel ratio;

7 Filed: Q7428422
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¢} reverse the direction of change (n 1h\ air/fuel ratio

when the exhaust gas compositic sensed as b@ing
mdicative of rich engine -:)pcraii-:m or lean engine
operation;
d) determine the femporal characteristics of the osc
o the ajrfuel ratio; and

e} determine whether or not the engine is being fueled on
the correct sixoke by comparing said temporal charac-
teristics with said relevant engine operation data.

This procedure provides the advantage that there s
need for a camshaft position sensor, and the engine s
longer required to operate in 3 non—optima} rpanner o
provide the engloe rmanagement with the signals reguired 1o
retity whether or pot the engine is being { 1xcled on the
corre strokf< by comyparing.

The term “engine mapagement system” will be under-
stood 1o mean any clectronic system capable of controlling
or mfluencing the operation of the engine.

The term “teruporal characteristics” chmﬂd be understaod
as meaning period or frequency or any other time depeadent
characteristic that could be used to characterise an osciliat-
ing system.

1t shiould be understood that the term “measurc cxhaust
gas composition” means o measure ope or more of the
composition characteristics of the exhaust gas coraposinon
suLh as the concentration of oue or more of the component

1llation

0o

L i3
ystems utilize a f\-rm of closed loop control ¢
the air/fuel ratio of the cylinder charge. The use ut
loop. control s dictated by the use of three way
catalytic converters which reguire very accurate control of
the air/fuel ratio arovnd a stoichiometnc value in order to
operate at their maxinvm efficiency. Closed loop comtrol
uses feedback from 2 sensor 2t an cuiput from a sysiem o
controf an input fo the system that affects the signal from the
output, sensor. In this case the output sensor Measures the
exhaust gas composition and the engine manageraent system
varies the air/fuel ratio accordingly. In open Joop control the
engine management system does not take account of the
signal from the exhaust gas seosor when seting the air/iuel
rato. Upen loop control may ocenr, for instance, when the
daver presses the throttle.

A simplified model of a three way catalyst is that of ap
oxygen storage device. When the engine air fuel ratio is lean,
the exhaust gas is rich in NG, gases and the oxygen storage
sites in the catalyst remiove the oxygen in the N, gasses o
create harmless N,. Some of the cxcess oxygen in Lhc
extiast gases is (x}s-‘ stored {o this phase. When the aic fuel
ratio is rich, the exhaust gases are rich in bydrucarbﬂns H C
CO oand H,. The oxygen stored on the catalyst is then
released to react with these gases to form CG, and H,O.

To measure the exhaust gas composition, 1t 1S common 1o
use a Heated Exhaust Gas Oxygen (HEGO) sensor, Com-
monly available HEGO sensors have a S‘{eep change in
output around the oxygen concentration resulting from near
stoichiomettce air/fuel ratio. This results in the HEGO sensor
being used in a bi-stable manner to detect efther rich or lean
combustion, rather than provide an absolute mdication of
air/fuel ratio.

{n a closed ioop feedback system this bi-stable HEGO
seusor is ideally sutied to a limit eyele operation oscillating
the air/fuel ratio about the stoichiometric value. The present
ravention takes advantage of the fact that there is alecady 2
slight oscillation in engine ﬂpt‘fatin 2 conditions to determine
whether or not the engine 18 being fucled on the comect
stroke. For this fnvention to be applicable there is no need

to meet modem emission standards, engine

G
closed

CaS
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ior 1*\\ engine to be fitted with a catalyst, but the invention
iy suited o an eogive that does have a catalyst

e engine magageraent system may caleulate a transport
delay time from the penod or frequency of the reversal of th
oscillationy in the air/inel rato, this being indicative of the
time taken for a change in engine operating conditions to
alter the composition of the exhaust gas at the exhaust gas
sensor. This transport delay, time may then be compared
with the engine operation data stored 1o the engine manage-
ment system 1o determine whether or not the engine 1s being
fucled on the correct stroke.

The exhaust sensor may be an exhaust gas oxygen sensor,
but may be a 0y other seusor capable of detecting changes in
the cnmpos:{ on of the exhaust gases that relate to a change
in the air/fuel \,m() in the engine.

These types of sensors are common in the field and can be
obtained f.nwpiy. it 35 also ‘ual for thf. engl m. to a
exhaust gas OXygen Sensor i
the cugine management sysi
siraply make greater use of it

The period or frequency of the reversal eycle data may be
averaged over a pharality of oseillations in the atr/fuel ratio.
This reduces the effect of signal noise inherent in real
systems 3o that the data used in compatisous is more
reliable.

The period or frequency data of ap osalistion B the
air/fuel ratio may be ignored by the engine management
system if said period or frcqhu--uy is outside a ’)rcdct srrained

vange. Large signal exrors and L instanees of open loop control
can then be ignored by the engine management system so
these exrors do not alter the final results.

The engine managemsent system may have a range of
pre-determined engine operating conditions during witch it
calculates the period or freguency of the reversal cycle or the
transport delay and stores this for future reference. This
avoids errors in readings faken at extremes of the operating
range of the engine.

The stored, period or frequency of the reversal cycle or
the trapsport delay s ised to calculate an average eveor fox
cular engine operating conditions for which data
1s recorded. The engine management sysiera 1s then used o
determine whether or not the engine is being fueled on the
correct stroke by commparing said temporal characteristics
with said relevant engine operation data. This provides the
same benefits as the averaging operation described above,

The fuel injection system may be a direct imjection
system, in which fuel is injected directly 1n to the cylinders.
iy a p(“- od ernbodirent of the invention, however, the
fuel mjection system s an mndirect irjcctif‘fx system in whch
fuel is injected tuto an inlet port for each eylinder.

According 1o another aspect of the invention there 1
pmvided a method of 0per"tim., an internal combustion
engine the engine «,mnpnbmg a number of cylinders, the or
cach cylinder coutaining a four-stroke reciprocating piston,
ope or more engine operating condition sensoss including an
exhaust gas sensor, a fuel injection systeny, and an engine

management system, wherein the engine management sys-
tem contains engine operation data, the engine operatior
data bemg related to expected engine operation with eangrue
fueling on the correct sircke aund/or engine ineling on an
meorrect stroke, wherein the method corapr be steps of:

2} wsing the engine management sysfem 1o control the
operation of the engine including the fuel injection
system and the air/fuel catio for at least one cylinder;
b} sending to the engine management sysiem from said

sensor(s) respective signal(s) indica ve of engine oper-

sting conditions, including exhausi gas composiiion;

(D
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el ratio between a relatively rich
the ¢xhaust gas com-
ou the air/fuel ratio;

¢} oscillating the air/
level and a rf:ianvely lean level,
position varying dependin

d}. using the engine management system 1o reverse the
direction of change of the aw/fuel rato when the
exhanst gas composition is sensed as being ndicative
of rich engine operation or lean engine operation;

&) using the englue management system 1o defermiy
temporal characteristics of the oscillation 1 the aix,
ratio; and

fy using the engine management system to determine
whether or notihe engine is being fucled on the correct
siroke by cm‘apar'nd said tempaoral chatacteristics with
said relevant engine operation data.
The tovention will now be further described, by way of
exariple, with reference to the accompanying d.awmgs, it
which:

BRIEF DESCRIPTION OF THHE DRAWINGS

FIG. 1 315 a schematic view of a four-stroke iateroal
combustion engine according to ile invention, having, a
crank shalt sensor and an exhaust gas oxygen sensor 1o an
exhaust outlet, both sensors providing a signal to an engine
raanagement systemy;

FIG. 2 is a plot of
against air/fusl ratio;

FIGS. 3 and 4 illustrate a cooventional method of con-
troliing aiv/fuel ratio close o a stoichiometric level for the
purposes of emussion reduction, showing respectively an
dealised cyclic variation in air/fue] watio and a cotrespond-
ing ideal signal generated by the exhaust gas sensor;

G138, 5 and 6 llustrate how FIGS. 3 and 4 are altered by

fueling of the engine on the incorrect engine phase;

the outpnt of the exhaust gas seusor

FIG. 7 shows how the vanation 1 air/fuel raio changes
when the engine s set to run for lean operation;

FIGS. 8, % and 18 show plots of real data from an intern
combustion engine for, respectively, the measured tnlet air
fuel ratio, the exhaust gas seusor s;g,'ml, and a count of
engine cycles between points where the signal from the
exhaust gas sensor alternates;

FIGS. 11 and 12 show p}otﬂ of real data, respectively, of
how the count of engine cycles in FIG. 18 can be averaged
over time to distinguish between in-phase and out-of-phas
engine operation, an(i how these counts change with »ng:nc
speed; and

F1i%. 13 shows a flow chart ilustrating a method accond-
ing the invention for determining whether or not the engine
18 being fueled on the correct siroke.

[

DETAILED DESCRIPTION OF THE
PREFEREED EMBODIMENT

G135, 1 shows a schematic view of a four-stroke mternal
combustion engine 2, having a crankshaft seasor 4 and an
exhaust gas oxvgen sensor ¢ i an exhaust outiet & boih
sensors providing respective signals 18, 12 to au engine
management systermn 14, Also shown in the drawing is a
cylinder 16 with au associated piston 18 and indirect fue
m]\c o0 mea'\i 28 for mjecting a fine mist of {uel into the
et condmt 22, Although in this drawing only

one cylinder
18 showag, @t :n\.-ul\, be understood there will usually be
more than one cylinder.

poma

Air s sapplied to the cylinder 16 via ap inlet conduit 22,
the air is myixed with fuel from the fuel mjection means 26
in a ratio defiped by the engine management system 14. This
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air/fuel mixivee 13 then drawn into the cyvlinder 1§, com-
pressed by the piston 18 and ignited by a spark plug 24. The
ignited air/Auel mixtuee expands and forces the piston dowo
giving power to a crankshaft 28. Exhaust gases 27 created by

his combustion event are expelled from the evhinder via the
extiaust outlet 8, where the level of oxvgen present iu the

exhaust gases is measured by the exhaust gas oxygen sensor
&. The ‘xhaust gas oxygen seasor sigual 12 is yadicative of
the level of oxyvgen iu the exhaust gases. The engine
management system 14 also receives a signal 18 from the
crankshalt sensor 4, which enables the engine management
system 14 to calculate the position of the crankshaft 26 and
hence the position of the piston 186.
FIG. 2 shows a plot 36 of the output signal (S) 12 of the
exhaust gas oxygen sensor 6 against air/fuel ratio A. The
air/fuel ratio A is defined as the actual aw/fuel ratic divided
by the air/fuel ratio needed for a chemical reaction in the
coreeet stoichiometric ratio. As can be seen from the plotthe
sensor output signal 12 changes rzapid]v at an aiv/fuel ratic
=1, This behaviour ¢ c'ivc}y makes the exhaust gas
oxygen sensor § bi-stable. This means that this exhaust gas
oxXygen sensor § is sui‘{ed for use m closed loop control of an
englne with the ate/fuel ratio being osallated abont the
stoichinmettic value d=1.
FIGS. 3 and 4 illustrate a conventional methed of con-
trolling air/fuel ratio . close to a stoichiometric level 2=1 for
the purposes of emission contrel, shnwmg respectively an
idealised cyelic varlation in air/fue] A agaiost e (1) ralic
and a corresponding ideal signal S gcrera[ed by the exhaust
gas oxygen sensor 6. 1t can be seen from FI1G. 3 that the
air/fuel ratio A varies cyclically between a rich phase 68
{(3<1y and a lean phase 62 (A>1}, ‘*‘atartmg at the beginning
of one of the nich phases 68, the storchiometne value 1s h=1
and then falls at a copstant rate for a tinse {,. During this time
te, the sensor output signal (S, 12 18 staady at a low level
S=0, indicating combustion products {rom earlier 1
engine operation are still present in the exhaust outlet §
around the exbaust gas oxygen sensor 6.

1

During time t,, combustion products from rich operation
are tragsporied along the exhaust outict 8 towards the
extiaust gas oxygen seusor 6. The end of the rich phase
occurs when these rich combustion products reach the
exhaust gas oxygen sensor 6 the sensor signal S; rapidly
switches from low §,=0 to high S=1. This swiich 15 d; tected
by the engine management :«,ysmn 14 and, in response, [ho

ngine management system 14 causes the aiv/fuel ratio & to
rise suddenly to the stoichiometric valus h=1. The air/fuel
catio 4. 18 steadily 1ncreased nniil the seusor ouiput signal 12
suddenly changes from high S=1 to low 8=0, in response fo
he combustion products from the lean operation reaching
the exbaust gas OXYZED SCOs0y &. Al this point the air/fuel
ratio ) is dropped to the stoichiometric value =1 and then
steadily falls.

This cycle continues while the closed loo p contro] 1s still
m force. The air/fuch ratio . varies between a relatively x--J1
value 122 of about .96 and & relatively lean value 124 of
about 1.04. This defines a standard operating range 126 for
the airffuel ratic A. The ume intervals 12§ between the
sudden changes in sensor cutput are related to the time delay
for the combustion products to reach the exhaust gas oxygen
sensor & following 2 change in engine conditions.
delay 128 is c::iltd the transport delay time for the engine.
F1GS. 8 anud & illustrate how FIGS. 3 and 4 are altered by
fueling of the engine on the incorrect engine phase. Starting
at the beginning of one of the lean =}hascs 121, the stoichio-
meric value is A=1 and s increased at a constant rate for a

6,736,122 B2

&
time t; . Duong ﬂ“i*»:. ime i; |, the sensor cutput 12.1s sieady
at a high level S=1, indicating combustion p'c;duc‘f" from
carher tich engine opuanon are still present m the extianst
outlet § around the exbaust gas oxygen sensor &. When the
combustion products from the lean operation reach the
exhaust gas oxygen sensor §, the seusor onipnt signal S, will
change to low 5= causing a change in ‘el ratio A.

the air/
Ia this case, due W0 the fuchag of
incorrect siroke, there is an additional time
between the engine management system 14 altering the
air/fuel ratio ® and the combustion pmducti from this altered
raito affecting the sensor out pu- signal 12, This additional
time delay 136 is due to the fuel injection occurring 4t the
incorrect engine phase, for example, near the end of the
compression smsk ¢, rather than sear the end of the exhaust
stroke. As 2 result, the inlet valve 23 is not open at or shortly
after the injection of fuel into the air inlet 22, and the fuel
pools belind the inlet valve 23, Wheu the inlet valve 23
opens this pool is drawn iuto the cylinder 36, Since the fuel
is no longer 1w a fine raist when it coters the cylinder 16, the
combustion event will be less efficient. The additional time
delay 136 measured is the time between the injection of the
fuel and the introduction of the fuel into the cylinder 16.

the engine on the
delay 136

The increased time delay 142 between these sudden
changes in engtoe condition for the incorrectly fueled engine
is greaier than the iime delay 128 in the correcily fueled
engine. This leads to the air/fuel ratio ) varving over a range
144 thau {s the case for a correctly fueled engine.

FIG. 7 shows bow the variation i atr/feel rago 2 cham}p
when the engine is set to rup for lean operation. Starting at
the begianing of vae of the lean phases 164, the air/fuel atio
is the stoichiometric value h=1 and then rises at a4 constant
rate for a time t,,. When the combustion products from this
lean operation reach the exbaust gas oxvgen sensor 6 and the
sensot signal 12 changes. from hlg:,h S=1 to low S5=0 the
engine mapagement system 14 drops the air/fuel ratio to a
level above the sinichiometric value A=1. The air/iuel watio
then falls at a steady rate to begin rich operation of the
engine duxing a time T, vntd 2 further sensor switch s
detected. When the air/fuel ratio & sudd-an\y rises 1o the
stoichiometne level h=1 and begins 1o rise steadily.

The extra period of lean fucling 138 gives rise o 2
measured transport delay trae which can take one of two
values 16¢, 162, During the cycle with no extra lean fueling
164, the time delay 168 1s less that the tme delay 162 due
fueling 158 ocawrring dwring the

ot canse pr hL ms in the verif K'atmn 5)f Whethe or nnt ihe
engine is fueled ou the correct stroke.

FIG. 8 shows a plot of real data taken during evaluation
of the molor car mcorporating the mvention. The plot shows
that the measwed aiv/fuel ratio 3, agalust time t has 2
“saw-tooth” sha'}c This is 1o be gxpu,t ed from the conven-
tional method of closed-loop control of an engloe cutlined
above. This ploi shows that there is significant noise in the
sensot outputs that could potennally affect the results. I this
case, it can be seen that the measured air/fuel ratio 3., does

not osciliate symmetrically above and below about the
stoichiometue value h,=1. A typical jump in the awr/uel

ighlighted 284 to show that even with the associated

signal uoise it 18 possible to deflue & point av which the
sudden jump in the air/fuel ratio occurs. This then allows the
calculation of the time taken between these juraps so that the
fueling stroke of the engine can be verified.

raiic is hi
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FIG. 9 shows the actual exhaust gas sensor output S,
associated with the plot in FIG. 8. The inherent aoise in the
systery can be seen since the plot is oot regular. A typical
change in the sensor ouiput is hig ghiighted 298 to show that
hie sensor switch point can be determined even through
signal noise. This allows the engine management system 14
to determine the time at which the switch in engine operating
conditions should ocenr.

FIG. 16 shows the connted number of engine cycles N
between the sensor switches rising 212 and being reset 214
when a sudden change {o sensor-output is detected. The plot
218, represents the expected number of engine cycles
between the sensor switch events. As can be seen, the actual
pumber of engioe cycles between sensor switches, defined
by the height of the peaks 216 in the plot of engine cycle
count N agarast time {, vates above and below the expecied
auniber of cycles 218, The difference between the peak
height 216 and the expected pumber of engine -uyc,lu\ 218
detines an error This error could be due 10 noise, or due to
incorrect fueling of the engine producing an associated exira
ranspor! rie delay.

FIG. 11 shows how a comulative average difference a
between the actual muraber of engine cycles and the

cxpected number of engine cycles betwccn the sudiden
changes in sensor output, as calculate m FIG. 18, may
be averaged to lessen the offects c)i, poise in the system.
There are two plots 254,236 shown in FIG. 11, The first plot
254 is obtamned fromn an engine being correctly fucled and
the second plot 236 13 obtamed from au ecugiue being
incorrectly fueled. These plots show how the average errors,
for a test carried out at a constant engine speed, converge
over time 281 Toitially, [2567 the difference 23¢ varies
greatly, but the later difference 250 18 relatively steady. The
plot 254 from the comecily fucled engine s consisicntly
closer to a zero diﬁcrencc Hine 258 than the plot 236 from the
meorrectly fueled engine. This shows that after averaging
the difference between the expected delay tme aund the
actual delay ame it is possible to differentiate between a
correctly fueled engine and an engiue that is being incor-
U’C’h fueled, by the mean error away from the zero differ-

nces loe 258,

FIG. 12 shiows two plots 304,385 of the variation m the
average difference b, over a number of readings, between
the expected and actual number of engine cycles between
the sudden changes in sensor output as shown in FIG. 11 and
the engine speed V. Both plots 304,385 show that the
average difference »., decreases as engine speed V incre
The plut 354 fmm an engine that is correctly fue
cousistently above the plot 385 from an engioe that is betog

(4]
<%
r-m

incorrectly fueled, As a result of this distinct difference, an
cngine can be ch 1‘"/%\0{119(1 over a ‘NLdC range of cugine

: 05 1o ferms of the time taken between the
den (:ham,e*: m E‘PQ,‘D(, ouiput t both correct phase
@hno and incorrect phase fueling. Guce such a characteri-
sation has been made, it s possible 10 establish whether or
not the engine is belng comrectly fueled by analysing the
freguency or period of the sudden changes iu exhaust gas
sensor oufput, and then comparing this with an expecied
frequency or perind.

FIG. 13 shows 2 flow chart lhustrating & method aceord-
mg the inventon for determining whether or oot the engine
15 being fueled on the correct siroke.

The engine mapagement systen: is used to control the
operation of the engine 488 {ocluding the fuel ingection
systemn and the aiv/fuel ratic for at least one cylinder.

The engine managernent system receives signals 482
ndicative of the engine operating conditions from sensors
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positioned around the euglue, including 3t least one exhaust
gas composition sensot.

The air/fuct ratio is oscillated 484 berween 4 relanvely

rich level and 4 e latively lean level, the exhaust gas
composition vary depu-d* g on the aie/fuel ratio.

The du@c[lun of ck ange of thc irffuel ratio 1 reversed
4846 when fhe exhaust gas composition is sensed as being
indicative of uch engine operation or lean engine operation.

The teraporal charactetistics of the oscillation in the
air/fuel ratio are then determined 408 and this temporal
characteristic s then compared 414 with stored engine
operating condition data, in order to determine 412 whether

or not the engine 1s being fueled on the correct stroke. The
evcle then returns 414 1o the start.
If 1t is determined that the engine is berng imncorrectly

fueled, the engine management system can th-sn be used o
adjust automatically the fueling stroke of the engine.

The {oveunnon thercfore provides a couvenient way o
sense and correct fueling on an incorrect stoke of the engine.

What 1s claimed 1s:

1. An juternal combustion engine, comprising a number of
cylinders, the or each cylinder contsining a four-siroke
reciprocating piston, an extiaust conduit, one or more engine
operating conditinn sensors including an exhaust gas sensor
i the exhaust conduit for measuring the composition of the
exhaust gas, a fus} injecton system, and an engine manage-
rpent 3 for controlling the operation of the engine
mc}h mg tt = fuel injection system and the ate/fuel rano for
at least oue cyluder, wherein the engine management sys-
tem contains cngine operation data, the ne operaiio(i
data being related to expecied engine operation with engine
ling on the correct stroke and/or engine fucling on an

orrect stroke, and the engine rnanagemen! system s
arranged 1o

a) receive from said sensor{s) respective sigu
b} oscillate the atr/inel ratio between a re ¥
and a relativ iy lean level, the exhaust gas composition

varying depending on the air/fuel IaUO

¢} reverse the direction of " change of the air/fuel ratio
when the exhaust gas composition is sensed as being
indicative of rich engine operation or lean engine
operation;

d) determine the tempaoral characteristic

in the air/fuel ratio; and

e} detenmine whether or not the engine 1s being fueled on

the correct stroke by comparing satd temporal charac-
teristics with said relevant engine operation data.

2. A method of operating an nternal combustion engine
the engine comprising s number of cylinders, the or each
cylinder containmng a fou stroke reciprocating piston, one
ot more engine operating condition sensors inchnding an
exhaust gas sensor, a tuel lﬂji\tlﬁl ystem, and an engine
managerient sysiem, wherein the u]gmc management sys-
tem contains engine operation data, the engine nperaiinr
cing related to expected engine operation with engine
fu Almg:, on the correct stroke and/or engine fueling on an
incorrect stroke, wherein the method campriscs the steps of:
stem 1o conteol the
the fuel injection
ieast one cylinder;

s of the oscifiation

4y using the engiue management g
operation of the engine inchu
system and the

] I
N N b
> ait/fuel ratio for at
b} sending o the engine managerment system from said

<c:1lsur(b\ respective signal(s) Andlcatva of engine oper-
ating conditions, cluding exhaunst gas composition;
¢y oscillating the air/fuel ratio between a relatively rich

level and a relatively lea
position varying depending

1 level, the exhaust gas Cont-
on the air/fuel ratio;
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d} using the engine management system (o reverse the
direction of chang the air/fuel ratic when the
exhaus! gas composition 18 sensed as being indicative
of rich engine operation or lean engine operation;

of

e} using the engine man
temporal characieris
ratio; and

agement system to determine the
of the oscillation 1n the air/fuel

) using the eonglue management system 1o d termne
whether or not the engine s being fueled on ¢
steoke by companiag said temporal charactensti
said relevant engine operation data.

3. A method as claimed in 1 L, comprising the
additonal steps of calculating the engine management sys-
tem transport delay time from the peried or frequency of the
reversal of the osciflation in the air/fuel ratio, this transport
delay time being indicative of the time taken for a change in
cngine ()pcraimg copditions to alter the composition of the
exhaust gas at the exbadst gas sensor, this transport delay
time; and

he corect
tics with

claim 2

comparing the engine management transport delay
the engine operation data stored in the engine m
ment system fo determine whether or got the ¢ m-nc is
being fucled ou the coreeet stroke.

7 Filed: Q7428422
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4. A method as claimed o claim 2, whersin the exbaust
Sensor IS an exhaust gas o\vgen SCHSOT.

5. Amethod as clatmed 1 claim 2, wherein the perind ot
frequency of the reversal cycle data is averaged over a
plarality of oscillabions in the aw/fucl ratio.

&. Amethod as claimed in claim 2, wherein the period or
frequency data of an oscillation in the air/fuel ratio is
ignored by the engine management systern if said peried or
frequency is ouiside a pre-determined range.

7. A method as claimed in claim 2, wherein the cngine
managerient sysiem bas a range of pre-determined engine
operating conditions during which it caleunlates the perind or
frequency of the reversal eyele of the i ansport delay and

stores it for future referen

8. A method as claimed in claim 7, wherein ¢
period or frequency of the reversal »ycia or Ehe fransport
delay 15 used to calculate ap average ewror for those particu-
lar engine operating condinons for which data s recorded
and using the eugine management sysie'\- to determine
whether or not the engine is being fueled on the correct
stroke by comparing said temporal characteristics with said
relevant engine operation &

16 stored

jamay
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ABSTRACY

A device for measuring power consumption and performance
relative to the epvirorment of a power-consuming unit is
disclosed. The device includes a data introduction module, a
rd for inputting data of was 2 pr oduction i the power-
u)as ming xu\i a mmpm g d vice, md a dig 1’i‘v sereet.

s wu()n noduie ,md the kewboa“d he L()nmuum{ de‘, ice ig
also provided with a processor that includes a calculation
algorithmy of an ecological pararseter indicative of the perfor-
mauce relative o the eavironwent of the power-consuming
umt. The ecolo parameter is caiculated as an adjusted
mean of thesum of the deviations of each power consumption
value with respect 10 a reference value.

18 Claims, § Drawing Sheet
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for (.akuiam-o an ecojogical parameter from the ¢

CONSUMPTION AND PERVORMANCE WITH
RESPECT TO THE ENVIRONMENT OF A
POWER-CONSUMING UNIT

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a U.S. national counterpart appheation
of Taternational Application Sevial No. PCT/IB2069/053135
filed Jul. 20, 2009, winch claims prionty to Spanish Patent
Application No. F200802159 filed Jul. 18, 2008, The disclo-
sures of PCT/IB2009/053135 and P200802155 are each
hereby incorporated herein by reference.

""" PCHNHCAL FIELD OF THE INVENTION

The invention refers to a device for measuring power con-
sumptions and the ics) ctful performance with the environ-
ment, from the measured power co”)»umrm)m and from the
residne pmdumm i a power-consuming unit, a comfort
anit (houses, comunuities, hotels and restaurants, spare e
spaces, sport spaca. private and public motor vehi
zoods vehicles, ete.) or a produchen unit.

The measurementt of this respecttol performance or not
will be carried out by what we call “ecological parameter”™,
frorn the measurements of power consumptions {direct con-
sumptions) and of residucs and wastes generated (indirect
consuraptions).

BACKGROUND OF THE INVENTION

Aot otkinds of programmable logie coptrollers (PLC yare
known, in which, from state variables, the outputs of a system
re determined {e.g. electrical or pneumatic, etc.) or another

ar
kinds of devices that, from inputs, calculate the values of
e
¢

wwarneters of mderest. Hxamples of these devaces can be the
kuown analysers of the electric waiuns that, from volte
current mtensity and imbalance signals, calenlate the elec
power consumned by an mstallaton.

However, in the current art no device or apparatis that
caleniates ecological parameters or wageitudes are known,
from powerconstmption and waste production data io instal~
lmons, if we define such parameters or magpitudes as a
devianon of an optimal work point, defined by an authority.
E.g. in which the emissions of COX or NOX are the minimum
possible according to its use.

The present invention has the objective to provide an appa-
ratus that fulfils this gap in the current ar

DESCRIPTION OF THE INVENTION

1o this end, the object of the present invention 15 a new
measuring device of power consumptions which calculates
ecological parareters from the weasred power cousump-
fions and from data of waste production, that it is chavacter-
ised in that it comprises:

a miodule for introducing data, provided with at least an
input of a value of power consumiption of a magnitude,
measured in a corres;ponding measnre apparaius of the
PpOWer-consumi

akeyboard forints uduuug data and for selecting menus, in
particular data of waste production of the power-con-
sunting unit;

cotputing means that tecetve thedata froru the ruodule for
ntroducing data and from the keyboard, and which are
provided with a processor that incorporates an algorithm

o

P

[

i

oy
<

I
<

&<

o

I
sured consumptions of power and from the introduced
data; and
play screen, communicated with the computing
means, to display the caleulated ecologmd parameter,
said ecological parameter belng caleulated ag an adjusted
raean of the supi of the dev 1;31101'15 ofeach value cfpower
consuraption measured according to a reference value.

According to another feature of the present inveniion, the
device comprises means for introductng values of waste pro-
duction.

In preferred variants, the device caun comiprise an aput
madule of a data bus of a dowstic network and/or an USB
input for a serial data bu

Inan embodiment of doruestic or industriat apphication, the
device comprises at least:

an input of water flow, from a corresponding first water

flow meter;

an iput of combustible gas or liguid flow, from a second

flow meter of combastible gases or ligoids;

an input for measuring the electric power, from a counter or

analyser of the clecme mains; and

an mput for measuring the waste weight from a

weighting scales.

in an alternative embodiment, for caleniating the ecologi-
cal parameter corresponding 1o the antomobile, the device
can comprise at least:

anioput of fuel flow, from a corresponding fuel flow meter

of the motor of an automobile; and

means for introdocing the production of wastes of the

autamobile, select ed ameng: tire rubber wastes, motor
ot wastes, coolant Hquid wastes, and iiquio‘; wastes from
closed cirenits, not being limitative, by the kevboard of
ihe device,

The device can be provided also with an input for exhaust
gases flow, from a corresponding How meterof exhaust gases
of the combustion system of the power-consuming uni, e.g.
the motor exhaust; and a gas analyser for measuring the
emission levels of gages and particles. The device compares
the result obtained with the admitied levels by the current
regulations. The incorrect combushion and the sub%equet‘t
excess of gas {CO2 and NOx) aud particle emission ts not 3
user o producer question, because they do not influence on it
but the direct responsible ts the mannfacturer of the apparatus
or combustion chamber. However, additionally, the repair ()f
said anomaly 1t is a question of the tser or ptod. ncer. Thisdoe
not affect only o explosion motors and doraestic boilers, nui,
also to production and transformation centres.

Preferably, the device wmpmes a shell, which encloses
the several components of the device, and in whose extemnal
part 1t 15 the keyboard and the screen.

a

a4 wasie

BRIEF DESCRIPTIOMN OF THE DRAWINGS

imtativ ample. Insaid drawings:
FIG a diagrammatical fronial elevation view, that
shows a d VICe vding to the present invention, with its
particulaz ci)nnecti()ns;
FIG. 2 is a block diagram that sho
siion of the device of F1G. 1; and
FIG. 3 is a diagrammatical view that shows an alternative
embodiment of the invention, to be applied to automobiles.

5

s the internal compo-

DETAILED DESCRIPTION OF THE DRAWINGS

in said drawings it can be s

B en the constitution and way of
the device for meas:

uring p()wu consumptions and for caleu-
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lating ecological parameters from the measured power con-
sumptions, directly and indirectly.
The function ofthe device of the invention is to measure the

respectiid performance or betiaviour with the environtent of

a “power-consuming onit”. The “power-consuraing wuit”
object of the measure of the possible different power mam-
festations cousumed cax be: a house, comunuity (hotel,
sports cenire, residence, sport spaces, shops, department
stores, leisure halls, office buildings and studies, adoinistra-
fton centres, etc.), ifrans f(armmon centres, garages, wate-
houses, motor velucles or transportation means, private or
public.

The basis of the operation will consist in
between the basie actual power flow 1
*l‘-ezir comioat with the nornual consumptions of the cument

regnlations (e.g. UNE, ISO standards, ete.) and/or thos
()raneL_ded by offi 1c1<z] aduhmsimhom of the place andfor
statistic data of normal power consumptions and wastes
{(hereinafter “typical consuraptions” wchuding fows of power
consuniptions and wastes by persoun or by own unit ofa preset
population).

For this comparison, the proposed systern wil] calenlate an
ecological parameter as an adjusted maean of the suun of devia-
tions of each vaite of power consu mption meastred v
r@spectt) its corresponding reference vahie.

this end, as seen in FIGS. § and 2, the 3 vice
presem' mvention s constituted by an apparatus
carcass or shell 2 that i s the following elements:

a modnie for introducing data 3, provided with inputs of
power consumption values }11, H2, H3, Hd, of roagui-
tudes, measured with corresponding measure. appara-
tuses CF, 2, C3, C4;

a keyboard § for fntroducing data and selecting menus,
particular data of the waste production;

cotiputing means 4, wiich receive the data frore the mod-
ule for introducing data 3 and the kevboard 6, and which

re provided with a procegsor that meludes a calenlation
algorithm for an ecological parameter from the mea-
sured power consumphons and from the introdnced
data; and

a display sereen 5, communicated with said computino
means 4, to dia play the calentated ecological paramete

The apparatus is provided with an electrical source 8, as it
can be seen m FIG. 1.

To introdoce values of the waste productivg one of the
wputs B4, digital o analogical, can be used, from a weight
apparatus, or they can bc introduced manually through a
keyboard 6.

The device 1 can be complemented with an input module
&4 fora data bus 9 ofa domotic petwork, and an USB input 70
fora seﬂai data bus 7, or equivaiem neans.

in adevice parnicularly devised for special applica-
iionmmz :dm rs (houses, hotel, sports centre, residence, sport

spaces, shops, department stores, leisure halls, office build-
wgs and studies, administration centres, transformation cen-
res, garages, warchouses, ete.} is shown. The shell 2 com-
ses at least the following inpu{s:
an aput for the water flow E1 frow a correspending fivs
water How meter C1:
an inpat for the flow of cornbustible gases or Hgmds B
from the second flow wmeter of combustible gases or
‘uqmdx C2;
wpnt for rusasuring electric power B3
analyser of electric mains C3; and
an input for measunug the weight ot'the wastes Hd from a
scale for weighting tes C4,
through the corresponding ports.

1 the comparison
zquired by the user for

O~

1 of the
that has a

aty I, from a meter or

o

oy
<

40

45

I
<

4

The namber of inputs will be according to the complexity
of the nstallation. H.g an industry can be provided with
several devices of this kind, each associated with a corre-
ouding section or unit of factory, warehouse, office, ete.
InFI3. 3 is shown au embodiment part iculardy devised for
automobiles, in which the device compris 5 an ~t-=)ut for fuel
flow (6, fromia fiow meter C6 of i ciated with the fuel
deposit 15; and an input of exhaust gases flow B3, from a
corresponding flow meter €5 of exhaust gases from the
stere 14 ofthe motor 13 of sn automobile 12, Inthis
he keyboard the flows of preduction of wastes of the
automobile are mtreduced manvally, e.g. rubber wastes from
tires, oil wastes for the motor, coolant liguid wastes, liquid
from closed circunits and metal wastes

The device has an input 1§ to coliect, optionally, the infor-
mation from a gas analyser 11 (FIG. 3}, to measure the emis-
sion levels of gases and particles. The device T compares the
result obtained with the levels admitted by the current regu-
lations.

The algorithm of the computing weans 4 calenlates the
total basic power flow obtained by the evaluation of the flows
of the measured power statements H1, 82, B3, B4, E5 H§, etc.
veferred to the number of people Wh,ch use the unit to be
measured ineach tnip. The calculation algerithin integrates all
the trips of a time period to be defiued or the accomulated
total.

Each fow has an incidence in the environment: the water

onsimuption reverts i ifs pr}m"mon, the fuel consumption
is assoctated to the direct emissions of CO2, NOx, . . ., the
electric copsumption to the indirect emissions of COZ,
NOx, , and the waste praduction with indirect environ-
wental 1mpact, by the guaniity of paper, glass, organic mate-
vial, plastics, oils and greases, rubbers, metals, . . expressed
in kg that the unit consames per e nmt and },-“ se who
eni()y the comfort of said hn‘i 1o be compared with préset
ns\ufrp-io% and wastes. These data, once treated by the
sorithm, 01\'“ as resultan s»oi()ga parameter (here denoted
“ecocom”), which is the measure of the conduct that
respects our enviromment, 1o provide integral or cornbined or
individual “ecocoms™ of the comioet or production vuit.

Regarding the presentation of the results, from said com-
parison the actual percentage of power consumption with
respect to the presat cor-s‘ur'\pﬁ(m 15 sbtained, indicating if the
performance if respectiul {egual to zero or lngher) or abusive
when il is negative. Both deviaions ate ieasured ¢ a per-
g,ertau(‘ Tk‘(‘ percent unit of each flow is called pusmve Q-
com’” ectful or negative if 1t 1s not. The
algou hm ()f all the flows provides the integral “ecocom™ of
the unit. As there can be difficulties 1o receive all the flows, the
algorithty of the ecometer could provide ond y “ecocoms” of
water exploitation and/or direct gases emission and/or indi-
rect gases emussion and/or waste production. It 1s also pos-
sible to measure only those flows the public administration
considers suitable to pay ecotaxes, evaluating a specific pack
(which can be called “administrative ecocow™).

The results are presented in a permanent way & s¢

indicating the periods of time on which they are based: the
day, week, month accumanlations, eic. orothers, such as those
consunied by trip in the case of vehicies, To know better the
power exploitation, by a menn the “ecocotms” can be dis-
played (day, week, m(mtb ofexploitation ot the different
power sourees in the scroen of 1o pass 10 other successive ones
with the direct or indirect exuissious or waste preduction.
As stated previously, if the consumption of ouly one or
veral =iows are calculated for installation difficulties, the
permanent screen shows that they are tndividual “ecocoms”
by power source Gr waste, combined or 1ntegral.

wastes

alg
as
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Regarding thenstallation of different measuring apparats
CY, C2, €3, C4, 8, C8, ete., the water How qeter €1 38
p ;aced downstream th company meter and upstream the
home key, with the pe ity to et impulses or analogical
or digital or light signals. The same applies to C2, flow meter
for combustible gases or liquids, to C3, eleciric measuring
equipment in the geveral board of the umt, to C5, in the case
of exhaust gases, and 1o C6, in the case of fuel tiow of an
automobile. The sarse can be said to the tlow of waste pro-

duction B4, which will be from a scale C4. The emission of

information can be wireless or wired. In the case that there is
no installation, by the keybozird 6 the flow data can be intro-
duced manually,
Algonthm for Calculating the Ecologic Parameter

It results from the adjpsted artthmetic mean of all the
quotients between the absolute value of actual flows (B, E2,
B3, H4, K5, .. ) that enter o the power-consuning unit object
of the measure of the different possible power statements,
with respect to therr flows or carresponding reference values.
The absolute valoe of \‘V\e actual flows 18 taken becanse the
iput power consump ion has & sign opposed fo & waste,
which tndieectly s associated to another external power con-
sumplicn;

therefore, as the contributions of each factor is the inter-
esting part, all are taken in flow absahute value, uo the quotient
of flows, not being compensated to each other.

it ig defined:

1—Flow of an actual input power stateruent (B1, B2, H3,
E4, BS5, E6 . . ., generally E1): As the power guantity con-
stiied by the time unit of that power statenient, by userof the
vnii to be measured. BE.g. the drinkable consumed ina home is
a power flow because 1t is obtained from the nature with
transportation, purification ¢ ; these power costs are
environmental costs associated with that constmed water.
The combusuble hgmd and g s flow consumed 15 another
actual input power flow associated with the direct emissions
of €02 and others o the ato osnhere The electrierty con-
sumph s is another power flow associated with the indirect
emissions of CO2 and other net desired gases. The wastes are
alse indicative of the enviroumenial impact and they indicate
ndirecily a power expense. E.g. itis also an nput power tlow
the quantity of glass we waste for identical reasons, but not
those that we buy and remains for the development of the
activity in the unit. Also with the paper, the organic material,
the coutatpers, the spare parts frow repates, ete.

2—Preset flows (Ct): Thev would be the average power
copsumption desired or recommended by the public adimin-
istration of the zoue where the activiiy of each it to be
measured is developed. If there is no environmental policy
defined by the admintstration, standard consumptions or sta-
tistic data of consumptions are taken, inputs as consumptior
and outputs of wastes per resident or per production unit.

33— Adiustment coefficient {Cpd): Back coefficient designs
a dewatmn percentage with respect to the preset consumption
umed power statement. But not all bave the same

ast

of ¢
1m_;oc.-rt<:nce according 1!
3.1. Habits regarding the consumptions of the umt. In cer-
atnregions there are power siatements that have an importaat
weight dug to the proximi‘(y 1o the resouree, subsidized prices
these situations 1t must take tato
specific weight that the administration
sitcal data. In the case of a motor
vehm]e, the water consuraption will be dismissed, but not the
fuel Haquids or gases consumptions, the oil and grease wastes
aud robber and metal wastes.
3.2. The power policies of the zone. According o the
administration of the place and attending if to the environ-

or 10 other sources . . . . i
accc-unt ﬂ'is_, st abla:

o

o

k=1

<

i

o

&

ment conduct is associated a tax; these quotients must be
diusted depending on which deviations the administration
could reward o pmush.

3.3. Practical ends. These coefficients can be zero, because
1h\ contribution of said \(m&;umption iq 50 Jow that is dis-
mussed, according to the cost of its measure. H.g. the quantity
of erganic wastes of an electric rain.

The adjusted coefficients are between 0 and 1.

Hence, the ecologic parameter (or “ecocoms”, in %4), for
“n” magnitudes of power consumption or wasies, is calcu-
lated applying the formula:

)><1’M
o Cr

Ecocons{9

Wherein n is the muniber of power sources or waste variables
1o be e m:d (with ad;usu wnt coefiicient different from
zero) and p the people who enjoys the comifort of thevmit to be
measured.

nterpretation of the Resulis

The resulf i3 a percentage that wheu is close to zew the
performance 1s desirable, but if it is negative and far away
froma zevo, the peribm\zmce of this undt is uot respectﬁ:l and
the distance to zero is the degree of the separation from the
degirable performance, and therelore it can be penalised and

1

] ization can be measured. Lastly, ifit is posiiive the
performance is excellent and the separation from zero 1s the
measure of its environtiental excellence.

The device for measuring power consumptions and the
rssrect ful performance, according o the present wmvention,
can be used for ne~ calendation s)E an ecois)giu parameier,
which can be nsed as basis for the application of called eco-
taxes by t he administeation.

the p
ser

What s claimed

1. A device for measiuing power consumption and perfor-
mance with respect to the environment of a power-consuming
il comprising

a data introduction medule, which receives at leasi one
power consumption value, measured by a measurement
apparatus of the power-consuming unit;

an wput device for inputting waste preduction data;

a display screen; and

a computer with a processor and a memory deviee having
theretn aplurality o -"mst'u(. tions that, when executed by
the provessor, cause { the processor (¢

{a} receive the at least one power consumption value from
the data wiroducton module,

{b) receive the waste pmd.uc: ion data,

(e} calculate an ecological parameter based on the at least
one power cousumption value and the waste productior
data, and

{d} operate the display screen o display the caleunlated
eco]o gical parameter,

whucm the calculated ecological },L.ramcicr isan adjusted
mean of the sum of the deviations of the at least one
power consumption value with respect to a reference
value correspouding to the at least one power consump-
tion value.

The device of claim 1 further comprising 2 means for
nfroducing values of waste production.

3. The device of clatin 1 further comprising an input mod-

nle of a data bus in a dowotic network.

4. The device of claim 1 further coruprising USH iuput for

a serial data bus.
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%, The device of claim 1 wherein the at least o
consunption value includes at least two power cons

values selected from the group of:

a water flow input from a corresponding first water flow

meter;

a combustible gas and liquid flow input from a secound

combustible gas and Liguid flow weter;
ag eleciric pewer measurement input fror
analyser of electric maits; and

awaste weilght rueasurement wpnt from a scale ot weight-

ing wastes.

6. The device of claim 1 wherein the at least one power
consuraption value includes a fuel fow input from a carre-
sponding flow meter from the motor of an automobile;

the waste production data corresponds to one of tive rubber

wastes, motor oil wastes, coolant lguid wastes, closed
cirenit ligudd wastes and metal wastes, and

the fuel flow input and the waste production data are used

to calculate the ecological paranieter corresponding {0
the automohile.

7. The device of claim é wherein the at least oue power
consuruption value inchudes an exhaust gas Sow inpot from a
corresponding tlow meter of exhaust gases of a combustion
system of the automobile.

8. The device of claim 1 further comprising a shell, which
encloses the« h"‘“renlL()mpa)uanb ofthe device, and in whose
external part is the tnput device and the display sercen.

9. A method of determining an ecological parameter by
PEOCessor, comprising:

receiving a first power consunmpiion value of a power con-

suruIng Boit,

receivir‘ 1 @ waste production data value,

determining an ecological parameter based on the first

po“'ﬂ rconsumption value and the waste production data
valae, and

ontpt Ymnt{ the determiried ecological parameter for display

on a display sereeu.

ope power
umption

mueter or

o

k=1

[

i

<

oy

i

8
16, The method of claim 8, wherein the first power con-
sumption value corresponds to ong o water tlow, combustible
gas flow, and electric power flow.
11. The method of claim 16 v\‘herezin the waste production
data corresponds to waste weight.

12. The methiod of claim 9, wherein the first pOWE
mption vahue corresponds 1 one of fuel tlow and exhaust
2as fow,

13. The method of claim
data C"'ﬂ@:sfﬂllds 1o one of
liguid wastes, and metal.

14. The methn i of claim 12, further comprising generating
a positive ecological mrdmetcar when anser expends less than
a rroietewx ined standard quantity of power consumed i a
time period.

15. The method of clamm 9, further comprising g
a negative ecological parameter when a user expends more
than a predetermined standard guantity of powerconsumed in
a ume peﬁ@d

16. The method of claim 9, wherein the ecological partam-
eter is determined as a percentage

based on an algorith of the form

COXt-

12, wherewn the waste production
Dbc,f wastes, oll waste, coelant

i

generat

Parameter

wherein “Hi” is a power quantity consumed in a fime
o\nc-d

a predeterniined standard quannty of power con-
Sbmed in the time peried,

“Cpd” is a coefficient corresponding to the predetermined
standard quantity of power consumed in the time period,

“n” is a sun of a number of measured power sources and
waste variables, and

“v”is a number of users of the measured power sources and

waste variables.
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performance command and an environmental conditions signal, calculating a valve feedback term
based on the engine performance command and an engine performance feedback, and
calculating a valve timing command based on the valve feedforward term and the valve feedback
term.

Language of Publication: EN

INPADOC Legal Status Table:

Gazette Date Code INPADOC Legal Status Impact
2019-12-31 IPR -

Description: AIA TRIAL PROCEEDING FILED BEFORE THE PATENT AND APPEAL BOARD: INTER PARTES REVIEW
TRIAL NO: IPR2020-00160 2019-11-25

2018-06-19 IPR -

Description: AIA TRIAL PROCEEDING FILED BEFORE THE PATENT AND APPEAL BOARD: INTER PARTES REVIEW
TRIAL NO: IPR2018-01061 2018-05-14

2017-08-31 AS -

Description: ASSIGNMENT MICHIGAN MOTOR TECHNOLOGIES LLC, MICHIGAN ASSIGNMENT OF ASSIGNORS
INTEREST; ASSIGNOR:MOBILE AUTOMOTIVE TECHNOLOGIES, LLC; REEL/FRAME:043463/0881 2017-08-28

2017-08-31 AS -

Description: ASSIGNMENT MOBILE AUTOMOTIVE TECHNOLOGIES, LLC, ALABAMA ASSIGNMENT OF ASSIGNORS
INTEREST; ASSIGNOR:GODO KAISHA IP BRIDGE; REEL/FRAME:043843/0821 2016-11-02

2017-08-31 AS -

Description: ASSIGNMENT MOBILE AUTOMOTIVE TECHNOLOGIES, LLC, ALABAMA ASSIGNMENT OF ASSIGNORS
INTEREST; ASSIGNOR:GODO KAISHA IP BRIDGE; REEL/FRAME:043463/0223 2016-09-02
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2015-04-16 AS -

Description: ASSIGNMENT GODO KAISHA IP BRIDGE 1, JAPAN ASSIGNMENT OF ASSIGNORS INTEREST;

ASSIGNOR:VISTEON GLOBAL TECHNOLOGIES INC.; REEL/FRAME:035421/0739 2015-02-13

2015-02-02 AS -

Description: ASSIGNMENT VISTEON CORPORATION, MICHIGAN RELEASE OF SECURITY INTEREST IN SPECIFIED

PATENTS; ASSIGNOR:CITIBANK, N.A.; REEL/FRAME:034874/0025 2015-02-02

2015-02-02 AS -

Description: ASSIGNMENT VISTEON GLOBAL TECHNOLOGIES, MICHIGAN RELEASE OF SECURITY INTEREST IN

SPECIFIED PATENTS; ASSIGNOR:CITIBANK, N.A.; REEL/FRAME:034874/0025 2015-02-02

2014-11-05 FPAY +

Description: FEE PAYMENT FEE PAYMENT YEAR 12

2014-06-09 AS -

Description: ASSIGNMENT VC AVIATION SERVICES, LLC, MICHIGAN RELEASE OF SECURITY INTEREST IN
INTELLECTUAL PROPERTY; ASSIGNOR:MORGAN STANLEY SENIOR FUNDING, INC.; REEL/FRAME:033107/0717
2014-04-09

2014-06-09 AS -

Description: ASSIGNMENT VISTEON CORPORATION, MICHIGAN RELEASE OF SECURITY INTEREST IN

INTELLECTUAL PROPERTY; ASSIGNOR:MORGAN STANLEY SENIOR FUNDING, INC.; REEL/FRAME:033107/0717

2014-04-09

2014-06-09 AS -

Description: ASSIGNMENT VISTEON ELECTRONICS CORPORATION, MICHIGAN RELEASE OF SECURITY
INTEREST IN INTELLECTUAL PROPERTY; ASSIGNOR:MORGAN STANLEY SENIOR FUNDING, INC.;
REEL/FRAME:033107/0717 2014-04-09

2014-06-09 AS -

Description: ASSIGNMENT VISTEON EUROPEAN HOLDINGS, INC., MICHIGAN RELEASE OF SECURITY INTEREST
IN INTELLECTUAL PROPERTY; ASSIGNOR:MORGAN STANLEY SENIOR FUNDING, INC.; REEL/FRAME:033107/0717
2014-04-09

2014-06-09 AS -

Description: ASSIGNMENT VISTEON GLOBAL TECHNOLOGIES, INC., MICHIGAN RELEASE OF SECURITY

INTEREST IN INTELLECTUAL PROPERTY; ASSIGNOR:MORGAN STANLEY SENIOR FUNDING, INC.;
REEL/FRAME:033107/0717 2014-04-09
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2014-06-09 AS -

Description: ASSIGNMENT VISTEON GLOBAL TREASURY, INC., MICHIGAN RELEASE OF SECURITY INTEREST IN
INTELLECTUAL PROPERTY; ASSIGNOR:MORGAN STANLEY SENIOR FUNDING, INC.; REEL/FRAME:033107/0717
2014-04-09

2014-06-09 AS -

Description: ASSIGNMENT VISTEON INTERNATIONAL BUSINESS DEVELOPMENT, INC., RELEASE OF SECURITY
INTEREST IN INTELLECTUAL PROPERTY; ASSIGNOR:MORGAN STANLEY SENIOR FUNDING, INC;
REEL/FRAME:033107/0717 2014-04-09

2014-06-09 AS -

Description: ASSIGNMENT VISTEON INTERNATIONAL HOLDINGS, INC., MICHIGAN RELEASE OF SECURITY
INTEREST IN INTELLECTUAL PROPERTY; ASSIGNOR:MORGAN STANLEY SENIOR FUNDING, INC;
REEL/FRAME:033107/0717 2014-04-09

2014-06-09 AS -

Description: ASSIGNMENT VISTEON SYSTEMS, LLC, MICHIGAN RELEASE OF SECURITY INTEREST IN
INTELLECTUAL PROPERTY; ASSIGNOR:MORGAN STANLEY SENIOR FUNDING, INC.; REEL/FRAME:033107/0717
2014-04-09

2014-04-18 AS -

Description: ASSIGNMENT CITIBANK., N.A., AS ADMINISTRATIVE AGENT, NEW YORK SECURITY INTEREST;
ASSIGNORS:VISTEON CORPORATION, AS GRANTOR; VISTEON GLOBAL TECHNOLOGIES, INC., AS GRANTOR;
REEL/FRAME:032713/0065 2014-04-09

2011-04-26 AS -

Description: ASSIGNMENT VC AVIATION SERVICES, LLC, MICHIGAN RELEASE BY SECURED PARTY AGAINST
SECURITY INTEREST IN PATENTS ON REEL 025241 FRAME 0317; ASSIGNOR:MORGAN STANLEY SENIOR FUNDING,
INC.; REEL/FRAME:026178/0412 2011-04-06

2011-04-26 AS -

Description: ASSIGNMENT VISTEON CORPORATION, MICHIGAN RELEASE BY SECURED PARTY AGAINST
SECURITY INTEREST IN PATENTS ON REEL 025241 FRAME 0317; ASSIGNOR:MORGAN STANLEY SENIOR FUNDING,
INC.; REEL/FRAME:026178/0412 2011-04-06

2011-04-26 AS -

Description: ASSIGNMENT VISTEON ELECTRONICS CORPORATION, MICHIGAN RELEASE BY SECURED PARTY
AGAINST SECURITY INTEREST IN PATENTS ON REEL 025241 FRAME 0317; ASSIGNOR:MORGAN STANLEY SENIOR
FUNDING, INC.; REEL/FRAME:026178/0412 2011-04-06

2011-04-26 AS -

Description: ASSIGNMENT VISTEON EUROPEAN HOLDING, INC., MICHIGAN RELEASE BY SECURED PARTY
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AGAINST SECURITY INTEREST IN PATENTS ON REEL 025241 FRAME 0317; ASSIGNOR:MORGAN STANLEY SENIOR
FUNDING, INC.; REEL/IFRAME:026178/0412 2011-04-06

2011-04-26 AS -

Description: ASSIGNMENT VISTEON GLOBAL TECHNOLOGIES, INC., MICHIGAN RELEASE BY SECURED PARTY
AGAINST SECURITY INTEREST IN PATENTS ON REEL 025241 FRAME 0317; ASSIGNOR:MORGAN STANLEY SENIOR
FUNDING, INC.; REEL/IFRAME:026178/0412 2011-04-06

2011-04-26 AS -

Description: ASSIGNMENT VISTEON GLOBAL TREASURY, INC., MICHIGAN RELEASE BY SECURED PARTY
AGAINST SECURITY INTEREST IN PATENTS ON REEL 025241 FRAME 0317; ASSIGNOR:MORGAN STANLEY SENIOR
FUNDING, INC.; REEL/FRAME:026178/0412 2011-04-06

2011-04-26 AS -

Description: ASSIGNMENT VISTEON INTERNATIONAL BUSINESS DEVELOPMENT, INC., RELEASE BY SECURED
PARTY AGAINST SECURITY INTEREST IN PATENTS ON REEL 025241 FRAME 0317; ASSIGNOR:MORGAN STANLEY
SENIOR FUNDING, INC.; REEL/FRAME:026178/0412 2011-04-06

2011-04-26 AS -

Description: ASSIGNMENT VISTEON INTERNATIONAL HOLDINGS, INC., MICHIGAN RELEASE BY SECURED PARTY
AGAINST SECURITY INTEREST IN PATENTS ON REEL 025241 FRAME 0317; ASSIGNOR:MORGAN STANLEY SENIOR
FUNDING, INC.; REEL/IFRAME:026178/0412 2011-04-06

2011-04-26 AS -

Description: ASSIGNMENT VISTEON SYSTEMS, LLC, MICHIGAN RELEASE BY SECURED PARTY AGAINST
SECURITY INTEREST IN PATENTS ON REEL 025241 FRAME 0317; ASSIGNOR:MORGAN STANLEY SENIOR FUNDING,
INC.; REEL/FRAME:026178/0412 2011-04-06

2010-10-21 FPAY +

Description: FEE PAYMENT FEE PAYMENT YEAR 8

2010-10-19 AS -

Description: ASSIGNMENT MORGAN STANLEY SENIOR FUNDING, INC., AS AGENT, NEW SECURITY AGREEMENT;
ASSIGNORS:VISTEON CORPORATION; VC AVIATION SERVICES, LLC; VISTEON ELECTRONICS CORPORATION; AND
OTHERS; REEL/FRAME:025241/0317 2010-10-07

2010-10-19 AS -

Description: ASSIGNMENT MORGAN STANLEY SENIOR FUNDING, INC., AS AGENT, NEW SECURITY AGREEMENT
(REVOLVER); ASSIGNORS:VISTEON CORPORATION; VC AVIATION SERVICES, LLC; VISTEON ELECTRONICS
CORPORATION; AND OTHERS; REEL/FRAME:025238/0298 2010-10-01

2010-10-07 AS -

PETITIONER'S EXHIBIT 1002
US PATENT NO. 6,557,540



Description: ASSIGNMENT VISTEON GLOBAL TECHNOLOGIES, INC., MICHIGAN RELEASE BY SECURED PARTY
AGAINST SECURITY INTEREST IN PATENTS RECORDED AT REEL 022575 FRAME 0186; ASSIGNOR:WILMINGTON
TRUST FSB, AS ADMINISTRATIVE AGENT; REEL/FRAME:025105/0201 2010-10-01

2010-10-06 AS -

Description: ASSIGNMENT VISTEON GLOBAL TECHNOLOGIES, INC., MICHIGAN RELEASE BY SECURED PARTY
AGAINST SECURITY INTEREST IN PATENTS RECORDED AT REEL 022974 FRAME 0057; ASSIGNOR:THE BANK OF
NEW YORK MELLON; REEL/FRAME:025095/0711 2010-10-01

2009-07-17 AS -

Description: ASSIGNMENT THE BANK OF NEW YORK MELLON, AS ADMINISTRATIVE AGE ASSIGNMENT OF
PATENT SECURITY INTEREST; ASSIGNOR:JPMORGAN CHASE BANK, N.A., A NATIONAL BANKING ASSOCIATION;
REEL/FRAME:022974/0057 2009-07-15

2009-04-21 AS -

Description: ASSIGNMENT WILMINGTON TRUST FSB, AS ADMINISTRATIVE AGENT, MIN ASSIGNMENT OF
SECURITY INTEREST IN PATENTS; ASSIGNOR:JPMORGAN CHASE BANK, N.A., AS ADMINISTRATIVE AGENT;
REEL/FRAME:022575/0186 2009-04-15

2009-04-21 AS -

Description: ASSIGNMENT WILMINGTON TRUST FSB, AS ADMINISTRATIVE AGENT,MINN ASSIGNMENT OF
SECURITY INTEREST IN PATENTS; ASSIGNOR:JPMORGAN CHASE BANK, N.A., AS ADMINISTRATIVE AGENT;
REEL/FRAME:022575/0186 2009-04-15

2009-02-27 AS -

Description: ASSIGNMENT JPMORGAN CHASE BANK, TEXAS SECURITY INTEREST; ASSIGNOR:VISTEON GLOBAL
TECHNOLOGIES, INC.; REEL/FRAME:022368/0001 2006-08-14

2009-02-27 AS -

Description: ASSIGNMENT JPMORGAN CHASE BANK,TEXAS SECURITY INTEREST; ASSIGNOR:VISTEON GLOBAL
TECHNOLOGIES, INC.; REEL/IFRAME:022368/0001 2006-08-14

2008-02-07 AS -

Description: ASSIGNMENT JPMORGAN CHASE BANK, N.A., AS ADMINISTRATIVE AGENT SECURITY AGREEMENT;
ASSIGNOR:VISTEON GLOBAL TECHNOLOGIES, INC.; REEL/FRAME:020497/0733 2006-06-13

2006-11-01 FPAY +

Description: FEE PAYMENT FEE PAYMENT YEAR 4

2003-04-17 STCF -

Description: INFORMATION ON STATUS: PATENT GRANT PATENTED CASE
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2001-12-11 AS -

Description: ASSIGNMENT VISTEON GLOBAL TECHNOLOGIES, INC., MICHIGAN ASSIGNMENT OF ASSIGNORS
INTEREST; ASSIGNORS:MIANZO, LAWRENCE A.; COLLINS, BRETT D.; HASKARA, IBRAHIM;
REEL/FRAME:012382/0565; SIGNING DATES FROM 20011101 TO 20011102

Post-Issuance (US):

Reassignment (US) Table:

Assignee Assignor Date Signed Reel/Frame Date
MICHIGAN MOTOR MOBILE AUTOMOTIVE 2017-08-28 043463/0881 2017-08-31
TECHNOLOGIES TECHNOLOGIES, LLC

LLC,SYLVAN LAKE,MILUS

Conveyance: ASSIGNMENT OF ASSIGNORS INTEREST (SEE DOCUMENT FOR DETAILS).

Corresponent: TIMOTHY DEVLIN 1306 N. BROOM STREET 1ST FLOOR WILMINGTON, DE 19806

MOBILE AUTOMOTIVE GODO KAISHA IP BRIDGE 2016-11-02 043843/0821 2017-08-31

TECHNOLOGIES
LLC,MOBILE,AL,US

Conveyance: ASSIGNMENT OF ASSIGNORS INTEREST (SEE DOCUMENT FOR DETAILS).
Corresponent: TIMOTHY DEVLIN 1306 N. BROOM STREET 1ST FLOOR WILMINGTON, DE 19806
MOBILE AUTOMOTIVE GODO KAISHA IP BRIDGE 2016-09-02 043463/0223 2017-08-31

TECHNOLOGIES
LLC,MOBILE,AL,US

Conveyance: ASSIGNMENT OF ASSIGNORS INTEREST (SEE DOCUMENT FOR DETAILS).

Corresponent: TIMOTHY DEVLIN 1306 N. BROOM STREET 1ST FLOOR WILMINGTON, DE 19806

GODO KAISHA IP BRIDGE VISTEON GLOBAL 2015-02-13 035421/0739 2015-04-16
1, TOKYO,JP TECHNOLOGIES INC.

Conveyance: ASSIGNMENT OF ASSIGNORS INTEREST (SEE DOCUMENT FOR DETAILS).

Corresponent: CPA GLOBAL LIBERATION HOUSE ST HELIER, JE1 1BL JERSEY

VISTEON CITIBANK, N.A. 2015-02-02 034874/0025 2015-02-02

CORPORATION,VAN
BUREN TOWNSHIP,MI,US

VISTEON GLOBAL = = = =
TECHNOLOGIES,VAN
BUREN TOWNSHIP,MI,US
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Conveyance: RELEASE OF SECURITY INTEREST IN SPECIFIED PATENTS | RELEASE OF SECURITY INTEREST IN
SPECIFIED PATENTS

Corresponent: SKADDEN, ARPS, SLATE, MEAGHER & FLOM LLP FOUR TIMES SQUARE JUSTIN SELLE, LEGAL
ASSISTANT NEW YORK, NY 10036 | SKADDEN, ARPS, SLATE, MEAGHER & FLOM LLP FOUR TIMES SQUARE JUSTIN
SELLE, LEGAL ASSISTANT NEW YORK, NY 10036

VISTEON MORGAN STANLEY 2014-04-09 033107/0717 2014-06-09
CORPORATION,VAN SENIOR FUNDING, INC.
BUREN TOWNSHIP,MI,US

VC AVIATION SERVICES
LLC,VAN BUREN
TOWNSHIP,MILUS

VISTEON ELECTRONICS
CORPORATION,VAN
BUREN TOWNSHIP,MI,US

VISTEON GLOBAL
TECHNOLOGIES INC.,VAN
BUREN TOWNSHIP,MI,US

VISTEON INTERNATIONAL
HOLDINGS INC.,VAN
BUREN TOWNSHIP,MI,US

VISTEON GLOBAL
TREASURY INC. VAN
BUREN TOWNSHIP,MI,US

VISTEON EUROPEAN
HOLDINGS INC.,VAN
BUREN TOWNSHIP,MI,US

VISTEON SYSTEMS
LLC,VAN BUREN
TOWNSHIP,MI,US

VISTEON INTERNATIONAL
BUSINESS DEVELOPMENT
INC.,VAN BUREN
TOWNSHIP,MI,US

Conveyance: RELEASE OF SECURITY INTEREST IN INTELLECTUAL PROPERTY | RELEASE OF SECURITY
INTEREST IN INTELLECTUAL PROPERTY | RELEASE OF SECURITY INTEREST IN INTELLECTUAL PROPERTY |
RELEASE OF SECURITY INTEREST IN INTELLECTUAL PROPERTY | RELEASE OF SECURITY INTEREST IN
INTELLECTUAL PROPERTY | RELEASE OF SECURITY INTEREST IN INTELLECTUAL PROPERTY | RELEASE OF
SECURITY INTEREST IN INTELLECTUAL PROPERTY | RELEASE OF SECURITY INTEREST IN INTELLECTUAL
PROPERTY | RELEASE OF SECURITY INTEREST IN INTELLECTUAL PROPERTY

Corresponent: SKADDEN ARPS SLATE MEAGHER & FLOM LLP FOUR TIMES SQUARE ATTN: REBECCA RODAL, ESQ.
NEW YORK, NY 10036 | SKADDEN ARPS SLATE MEAGHER & FLOM LLP FOUR TIMES SQUARE ATTN: REBECCA
RODAL, ESQ. NEW YORK, NY 10036 | SKADDEN ARPS SLATE MEAGHER & FLOM LLP FOUR TIMES SQUARE ATTN:
REBECCA RODAL, ESQ. NEW YORK, NY 10036 | SKADDEN ARPS SLATE MEAGHER & FLOM LLP FOUR TIMES
SQUARE ATTN: REBECCA RODAL, ESQ. NEW YORK, NY 10036 | SKADDEN ARPS SLATE MEAGHER & FLOM LLP
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FOUR TIMES SQUARE ATTN: REBECCA RODAL, ESQ. NEW YORK, NY 10036 | SKADDEN ARPS SLATE MEAGHER &
FLOM LLP FOUR TIMES SQUARE ATTN: REBECCA RODAL, ESQ. NEW YORK, NY 10036 | SKADDEN ARPS SLATE
MEAGHER & FLOM LLP FOUR TIMES SQUARE ATTN: REBECCA RODAL, ESQ. NEW YORK, NY 10036 | SKADDEN
ARPS SLATE MEAGHER & FLOM LLP FOUR TIMES SQUARE ATTN: REBECCA RODAL, ESQ. NEW YORK, NY 10036 |
SKADDEN ARPS SLATE MEAGHER & FLOM LLP FOUR TIMES SQUARE ATTN: REBECCA RODAL, ESQ. NEW YORK,

NY 10036

CITIBANK. N.A. AS
ADMINISTRATIVE
AGENT,GETZVILLE,NY,US

VISTEON CORPORATION, 2014-04-09 032713/0065 2014-04-18
AS GRANTOR
VISTEON GLOBAL 2014-04-09 = =

TECHNOLOGIES, INC., AS
GRANTOR

Conveyance: SECURITY INTEREST (SEE DOCUMENT FOR DETAILS).

Corresponent: KEN TAN, LEGAL ASSISTANT 80 PINE STREET C/O CAHILL GORDON & REINDEL LLP NEW YORK, NY

10005

VISTEON
CORPORATION,VAN
BUREN TOWNSHIP,MI,US

VC AVIATION SERVICES
LLC,VAN BUREN
TOWNSHIP,MI,US

VISTEON ELECTRONICS
CORPORATION,VAN
BUREN TOWNSHIP,MI,US

VISTEON GLOBAL
TECHNOLOGIES INC.,VAN
BUREN TOWNSHIP,MI,US

VISTEON INTERNATIONAL
HOLDINGS INC.,VAN
BUREN TOWNSHIP,MI,US

VISTEON GLOBAL
TREASURY INC.,VAN
BUREN TOWNSHIP,MI,US

VISTEON EUROPEAN
HOLDING INC.,VAN BUREN
TOWNSHIP,MILUS

VISTEON SYSTEMS
LLC,VAN BUREN
TOWNSHIP,MILUS

VISTEON INTERNATIONAL
BUSINESS DEVELOPMENT
INC.,VAN BUREN
TOWNSHIP,MILUS

MORGAN STANLEY
SENIOR FUNDING, INC.

2011-04-06 026178/0412 2011-04-26
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Conveyance: RELEASE BY SECURED PARTY AGAINST SECURITY INTEREST IN PATENTS ON REEL 025241 FRAME
0317 | RELEASE BY SECURED PARTY AGAINST SECURITY INTEREST IN PATENTS ON REEL 025241 FRAME 0317 |
RELEASE BY SECURED PARTY AGAINST SECURITY INTEREST IN PATENTS ON REEL 025241 FRAME 0317 |
RELEASE BY SECURED PARTY AGAINST SECURITY INTEREST IN PATENTS ON REEL 025241 FRAME 0317 |
RELEASE BY SECURED PARTY AGAINST SECURITY INTEREST IN PATENTS ON REEL 025241 FRAME 0317 |
RELEASE BY SECURED PARTY AGAINST SECURITY INTEREST IN PATENTS ON REEL 025241 FRAME 0317 |
RELEASE BY SECURED PARTY AGAINST SECURITY INTEREST IN PATENTS ON REEL 025241 FRAME 0317 |
RELEASE BY SECURED PARTY AGAINST SECURITY INTEREST IN PATENTS ON REEL 025241 FRAME 0317 |
RELEASE BY SECURED PARTY AGAINST SECURITY INTEREST IN PATENTS ON REEL 025241 FRAME 0317

Corresponent: KIRKLAND & ELLIS LLP 300 NORTH LASALLE STREET C/O DONNA GASIOROWSKI, SR. LEGAL ASST.
CHICAGO, IL 60654 | KIRKLAND & ELLIS LLP 300 NORTH LASALLE STREET C/O DONNA GASIOROWSKI, SR. LEGAL
ASST. CHICAGO, IL 60654 | KIRKLAND & ELLIS LLP 300 NORTH LASALLE STREET C/O DONNA GASIOROWSKI, SR.
LEGAL ASST. CHICAGO, IL 60654 | KIRKLAND & ELLIS LLP 300 NORTH LASALLE STREET C/O DONNA
GASIOROWSKI, SR. LEGAL ASST. CHICAGO, IL 60654 | KIRKLAND & ELLIS LLP 300 NORTH LASALLE STREET C/O
DONNA GASIOROWSKI, SR. LEGAL ASST. CHICAGO, IL 60654 | KIRKLAND & ELLIS LLP 300 NORTH LASALLE
STREET C/O DONNA GASIOROWSKI, SR. LEGAL ASST. CHICAGO, IL 60654 | KIRKLAND & ELLIS LLP 300 NORTH
LASALLE STREET C/O DONNA GASIOROWSKI, SR. LEGAL ASST. CHICAGO, IL 60654 | KIRKLAND & ELLIS LLP 300
NORTH LASALLE STREET C/O DONNA GASIOROWSKI, SR. LEGAL ASST. CHICAGO, IL 60654 | KIRKLAND & ELLIS
LLP 300 NORTH LASALLE STREET C/O DONNA GASIOROWSKI, SR. LEGAL ASST. CHICAGO, IL 60654

MORGAN STANLEY VISTEON CORPORATION 2010-10-07 025241/0317 2010-10-19
SENIOR FUNDING INC. AS
AGENT,BROOKLYN,NY,US @ VC AVIATION SERVICES, 2010-10-07

LLC

VISTEON ELECTRONICS 2010-10-07
CORPORATION

VISTEON GLOBAL 2010-10-07
TECHNOLOGIES, INC.

VISTEON INTERNATIONAL | 2010-10-07
HOLDINGS, INC.

VISTEON GLOBAL 2010-10-07
TREASURY, INC.

VISTEON EUROPEAN 2010-10-07
HOLDING, INC.

VISTEON SYSTEMS, LLC 2010-10-07

VISTEON INTERNATIONAL | 2010-10-07
BUSINESS DEVELOPMENT,
INC.

Conveyance: SECURITY AGREEMENT

Corresponent: CAROL FRASER PAUL, HASTINGS, JANOFSKY & WALKER LLP 600 PEACHTREE STREET, NE SUITE
2400 ATLANTA, GA 30308

MORGAN STANLEY VISTEON CORPORATION 2010-10-01 025238/0298 2010-10-19
SENIOR FUNDING INC. AS
AGENT,BROOKLYN,NY,US @ VC AVIATION SERVICES, 2010-10-01

LLC
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VISTEON ELECTRONICS 2010-10-01
CORPORATION

VISTEON GLOBAL 2010-10-01
TECHNOLOGIES, INC.

VISTEON INTERNATIONAL | 2010-10-01
HOLDINGS, INC.

VISTEON GLOBAL 2010-10-01
TREASURY, INC.

VISTEON EUROPEAN 2010-10-01
HOLDINGS, INC.

VISTEON SYSTEMS, LLC 2010-10-01

VISTEON INTERNATIONAL | 2010-10-01
BUSINESS DEVELOPMENT,
INC.

Conveyance: SECURITY AGREEMENT (REVOLVER)

Corresponent: CAROL FRASER PAUL, HASTINGS, JANOFSKY & WALKER LLP 600 PEACHTREE STREET, NE, SUITE
2400 ATLANTA, GEORGIA 30308

VISTEON GLOBAL WILMINGTON TRUST FSB, | 2010-10-01 025105/0201 2010-10-07
TECHNOLOGIES INC.,VAN | AS ADMINISTRATIVE
BUREN TOWNSHIP,MI,US AGENT

Conveyance: RELEASE BY SECURED PARTY AGAINST SECURITY INTEREST IN PATENTS RECORDED AT REEL
022575 FRAME 0186

Corresponent: KIRKLAND & ELLIS LLP 300 NORTH LASALLE STREET C/O DONNA GASIOROWSKI, SR. LEGAL ASST.
CHICAGO, IL 60654

VISTEON GLOBAL THE BANK OF NEW YORK 2010-10-01 025095/0711 2010-10-06
TECHNOLOGIES INC.,VAN | MELLON
BUREN TOWNSHIP,MI,US

Conveyance: RELEASE BY SECURED PARTY AGAINST SECURITY INTEREST IN PATENTS RECORDED AT REEL
022974 FRAME 0057

Corresponent: KIRKLAND & ELLIS LLP 300 NORTH LASALLE STREET C/O DONNA GASIOROWSKI, SR. LEGAL ASST.
CHICAGO, IL 60654

THE BANK OF NEW YORK JPMORGAN CHASE BANK, | 2009-07-15 022974/0057 2009-07-17
MELLON AS N.A., ANATIONAL BANKING
ADMINISTRATIVE ASSOCIATION

AGENT,IRVING,TX,US

Conveyance: ASSIGNMENT OF PATENT SECURITY INTEREST

Corresponent: STEPHEN S. LAPLANTE 150 WEST JEFFERSON SUITE 2500 DETROIT, M| 48226

11

PETITIONER'S EXHIBIT 1002
US PATENT NO. 6,557,540



WILMINGTON TRUST FSB JPMORGAN CHASE BANK, | 2009-04-15 022575/0186 2009-04-21

AS ADMINISTRATIVE N.A., AS ADMINISTRATIVE
AGENT,MINNEAPOLIS,MN, | AGENT
us

Conveyance: ASSIGNMENT OF SECURITY INTEREST IN PATENTS

Corresponent: ASHLEY B. SCIBELLI ONE FEDERAL STREET BINGHAM MCCUTCHEN LLP BOSTON, MA 02110
JPMORGAN CHASE VISTEON GLOBAL 2006-08-14 022368/0001 2009-02-27
BANK,HOUSTON,TX,US TECHNOLOGIES, INC.

Conveyance: SECURITY INTEREST (SEE DOCUMENT FOR DETAILS).

Corresponent: JENNIFER WARD, ESQ. SKADDEN, ARPS, SLATE, MEAGHER & FLOM LLP FOUR TIMES SQUARE

NEW YORK, NY 10036

JPMORGAN CHASE BANK ' VISTEON GLOBAL 2006-06-13 020497/0733 2008-02-07
N.A. AS ADMINISTRATIVE TECHNOLOGIES, INC.
AGENT,HOUSTON,TX,US

Conveyance: SECURITY AGREEMENT

Corresponent: MINDY M. LOK, ESQ. SIMPSON THACHER & BARTLETT LLP 425 LEXINGTON AVENUE NEW YORK, NY
10017

VISTEON GLOBAL MIANZO, LAWRENCE A. 2001-11-01 012382/0565 2001-12-11

TECHNOLOGIES

INC.,DEARBORN,MI,US COLLINS, BRETT D. 2001-11-01 - -
HASKARA, IBRAHIM 2001-11-02 - -

Conveyance: ASSIGNMENT OF ASSIGNORS INTEREST (SEE DOCUMENT FOR DETAILS).

Corresponent: BRINKS HOFER GILSON & LIONE JEFFREY M. COX P.O. BOX 10395 CHICAGO, IL 60610

Maintenance Status (US):

Litigation (US): 2022-07-29 2022 Michigan Motor Technologies LLC Mercedes-Benz USA, LLC
N.D. lllinois 1:22cv03957 | 2022-07-22 2022 Michigan Motor Technologies, LLC Bayerische
Motoren Werke AG BMW of North America, LLC N.D. lllinois 1:22cv03804 | 2021-07-02 2021
Michigan Motor Technologies LLC Tata Motors Ltd. Jaguar Land Rover North America, LLC E.D.
Texas 4:21cv00512 | 2020-08-27 2020 Michigan Motor Technologies LLC Volkswagen
Aktiengesellschaft Volkswagen Group of America, Inc. E.D. Tennessee 1:20cv00248 | 2019-02-
18 2019 Michigan Motor Technologies LLC Volkswagen Aktiengesellschaft E.D. Michigan
2:19¢v10485 | 2017-09-01 2017 Michigan Motor Technologies LLC Hyundai Motor Company
Hyundai Motor Group Hyundai America Technical Center, Inc. E.D. Michigan 2:17cv12901
Opposition (EP):
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License (EP):
EPO Procedural Status:

Front Page Drawing:
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Priority Number - DWPI: US200114286A
Priority Date - DWPI: 2001-12-11

Assignee - Current US: MICHIGAN MOTOR TECHNOLOGIES LLC

2 Clarivate”

Copyright 2007-2022 CLARIVATE
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United States Patent and Trademark Office

Office of the Commissioner for Patents

METHOD OF CALCULATING A VALVE TIMING COMMAND FOR AN ENGINE

PATENT # APPLICATION # FILING DATE ISSUE DATE
6557540 10014286 12/11/2001 05/06/2003

Payment Window Status

No maintenance

WINDOW STATUS FEES fees are due.
11.5 Year Closed Paid

Window First Day to Pay Surcharge Starts Last Day to Pay Status Fees

3.5 Year 05/06/2006 11/07/2006 05/07/2007 Closed Paid

7.5 Year 05/06/2010 11/09/2010 05/06/2011 Closed Paid

11.5 Year 05/06/2014 11/07/2014 05/06/2015 Closed Paid

Patent Holder Information

Customer # 24939

Entity Status UNDISCOUNTED

Phone Number 7347104669

Address VISTEON GLOBAL TECHNOLOGIES INC

Intellectual Property Department
One Village Center Drive

Van Buren Township, MI 48111
UNITED STATES
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