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MMT’s Patent Owner Response (“POR”) does not overcome the strong
obviousness showing in Volkswagen Group of America’s Petition. Indeed, the
POR does little to advance arguments beyond those previously presented in the
Patent Owner Preliminary Response (“POPR”), which the Board already correctly
rejected in the Institution Decision.

The 565 patent broadly claims controlling engine torque output by fuel and
spark adjustments that compensate for the difference between a demand torque and
an estimated torque. To compensate for these differences between demand torque
and estimated torque, the *565 patent claims the combination of basic components
found in a typical engine controller—a demand torque controller, an estimator, a
comparator, a high-pass filter, and a transient torque controller—that were all well
known, as evidenced by Robichaux and Scherer. Indeed, Patent Owner’s declarant,
Dr. Leonard, acknowledged that all these recited components of the 565 patent’s
DISI engine controller (shown in Figure 3) were known in the prior art. EX1030,
24:4-26:1.

In the POR, similar to the POPR, Patent Owner directs all its arguments to a
single element—high-pass filtering a difference signal outputted from a
comparator—and focuses on Robichaux and Scherer. However, as the Board
correctly determined in the Institution Decision, Petitioner has shown “sufficiently

that a person of ordinary skill in the art would have had reason to modify
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Robichaux’s system to send torque error ... from block 218 to high pass filter 4 of
Scherer’s transient control branch ....” Decision on Institution, 37; Petition, 32-34,
47-50; EX1003, q981-92, 108-114. The Board also properly determined that the
POPR “does not demonstrate that the references criticize, discredit, or otherwise
discourage use of the invention recited in the claims of the *565 patent.” DI, 38.
The POR adds no significant new arguments beyond what was asserted—and
rejected—in the POPR.

Accordingly, the Board should find all challenged claims unpatentable.
I. Patent Owner’s Arguments Do Not Rebut Petitioner’s Compelling

Evidence Showing That the Prior Art Discloses Every Limitation of the
Challenged Claims.

Patent Owner admits that the applied prior art discloses each component of
the recited torque control device.! See generally POR; EX1030, 24:4-26:1, 27:4-
28:11, 35:3-41:18. In fact, Patent Owner’s declarant admitted that a device having
a torque demand controller generating a torque demand signal and a torque
producer receiving the torque demand signal were well known before the *565

patent. EX1030, 25:6-8, 27:8-11. Patent Owner’s declarant also admitted that using

! Patent Owner does also not contend that any elements recited in claims 2-6
are absent from the prior art. As the Board correctly found in its Institution
Decision, the dependent claims are obvious in view of Petitioner’s evidence. Pet.,

61-67, 70-87; DI, 46, 55.
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an estimator for outputting an estimated torque signal, a comparator for outputting
a difference signal based on the estimated torque signal and the demand torque
signal, and a high-pass filter for outputting a filtered signal to a transient torque
controller were well known before the *565 patent. EX1030, 25:9-20, 27:12-28:1.
Patent Owner’s declarant further admitted that using a transient torque controller
for outputting spark and fuel adjustment signals based on high-pass filtered signals
was well known. EX1030, 25:21-26:1, 28:2-11. Patent Owner’s only dispute is that
the applied prior art allegedly fails to disclose the recited arrangement of a high-
pass filter receiving a difference signal outputted from a comparator. POR, 4-5;
EX1030, 26:2-27:3.

Petitioner’s evidence convincingly shows why the combination of
Robichaux and Scherer discloses all the limitations of independent claims 1 and 7,
including the contested limitation “a high pass filter which receives as an input the
difference signal.” Pet., 26-57; DI, 36-38; EX1003, q481-129. And the POR does
not rebut the Petition’s evidence. Instead, the POR (1) individually attacks the
references and ignores what the Petition’s cited art combination suggests as a
whole; (2) applies unfounded and legally-flawed approaches for determining
obviousness; and (3) presents baseless attacks against the credibility of Petitioner’s

expert witness Dr. MacCarley. EX1031, 4932-34.
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A.  Patent Owner improperly attacks Robichaux and Scherer
individually and ignores the Petition’s combination of Robichaux
and Scherer.

The Board’s Institution Decision correctly found based on Petitioner’s
evidence that the combination of Robichaux and Scherer render obvious a high-
pass filter that receives a difference signal representing the difference between a
torque demand and an estimated torque. DI, 36-38; EX1031, 9435-48.

Patent Owner admits that Robichaux discloses a comparator that generates a
“torque error” signal by subtracting an estimated torque from a demand torque.
Pet., 45-46 (citing EX1003, 99105-107; EX1020, 940029-0030, FIG. 3); POR, 10,
22; EX1030, 59:1-60:10. Robichaux further discloses outputting the torque error
signal to a PID controller 220 that is suspended during abrupt transient conditions.
Pet., 47 (citing EX1020, 90032; EX1003, 9985-87). Suspending the PID controller
220 during trainset conditions, Robichaux invited combinations with references
disclosing transient torque control, as explained in the Petition and Dr.

MacCarley’s declaration. Pet., 47 (citing EX1003, 9987, 109); EX1031, 936.
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EX1020, FIG. 3 (annotated).

Scherer discloses a high-pass filter 4 that “filters the dynamic desired engine
torque part (Md) ... from the desired engine torque (Mdes) ... and in turn provides
the dynamic desired engine torque (Md) to the device for the ignition point
adjustment” in Figure 1 and the device for fuel adjustment in Figure 2. EX1007,
4:40-45; EX1031, 437. Scherer’s ignition point adjustment system in Figure 1 and
fuel adjustment system in Figure 2 are used “to adjust specifically that dynamic
desired engine torque component which cannot be regulated by the air-flow-rate-
regulating branch.” EX1007, 4:2-31.

And as explained in the Petition, supported by Dr. MacCarley’s declaration,

and as the Board correctly determined, a POSA would have been motivated to

-5-

PETITIONER'SEXHIBIT 1002
USPATENT NO. 6,581,565



Case IPR2020-00445
U.S. Patent No. 6,581,565

combine Scherer’s transient control branch, including Scherer’s high-pass filter 4,
with Robichaux’s controller so that Robichaux’s controller can correct torque
output during transient conditions. DI, 37; Pet., 30-36 (citing EX1003, §481-92;
EX1007, 1:7-11, 2:51-59; 4:20-52, 4:60-67; 5:10-55, FIGS. 1, 2; EX1019, 138;
EX1020 990001, 00160018, 0023, 0025, 0027, 0032—-0033, 0048, FIGS. 2, 3);
EX1031, 938. Particularly, Dr. MacCarley explains that Robichaux’s PID
controller is subject to the well-known problem of “integrator wind-up,” and that
Robichaux recognized this problem and suspends the PID controller during
transient conditions to prevent interference from other forms of control.? EX1003,
1485-87; EX1031, 939; EX1020, 40032. As such, a POSA would have sought out
other non-PID control, such as Scherer’s transient control branch, to adjust torque
output during transient conditions. EX1003, q985-87; EX1031, 939.

Indeed, combining Scherer’s transient control branch with Robichaux’s
torque controller would have yielded the predictable advantage of permitting rapid
torque adjustment during transient engine operations. Pet., 30-36, 47-50; DI, 37,

EX1003, 9982-92; EX1031, 440; EX1007, 5:9-14 (“The embodiment of FIG. 1

? Notably, neither Patent Owner nor Patent Owner’s declarant Dr. Leonard
addresses Dr. MacCarley’s testimony about the known problem of integrator wind-
up and how this would have motivated a POSA to include non-PID control

architectures for controlling torque during transient conditions.
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therefore permits a comparatively rapid engine torque adjustment which can
follow very fast desired engine torque changes|[.]”). The Petition further
demonstrated similarities between Robichaux and Scherer that would have
encouraged a POSA to combine their teachings. Namely, Robichaux and Scherer
are both in the field of engine control systems for controlling engine parameters in
accordance with monitored torque output. Pet., 30; EX1003, 482; EX1031, 940.
And as explained in the Petition, a POSA would have understood how to combine
Robichaux’s and Scherer’s teachings by simply modifying the software
instructions stored in the microcomputer of Robichaux’s controller. Pet., 34-36;
EX1003, 991; EX1031, 940; EX1030, 64:16-65:2. Indeed, supported by Dr.
MacCarley’s declaration, the Petition established that combining Scherer’s
transient control branch with Robichaux’s controller would have merely been
applying a known technique in a similar, known device in the same way to
expedite the response time for correcting the transient component of the torque
demand. Pet., 34 (citing KSR Int’l Co. v. Teleflex Inc., 550 U.S. 398, 416 (2007));
EX1003, 9982-92; EX1031, 940.

And as the Board correctly found in the Institution Decision, combining
Scherer’s transient torque control branch in lieu of Robichaux’s PID controller 220
would result in the high-pass filter 4 receiving the difference signal outputted from

Robichaux’s comparator, thereby allowing Robichaux’s controller to precisely
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control torque output in both steady-state and transient conditions. DI, 37;
EX1031, 941. When looking to combine Scherer’s transient torque control branch
with Robichaux’s torque control unit, a POSA would have configured Scherer’s
transient control branch to be parallel to Robichaux’s PID controller 220 such that
the Robichaux’s torque error signal (TQ ERROR) is inputted into Scherer’s high
pass filter during transient conditions. EX1031, 941; EX1003, 9113. As shown
below in Figure 1 Scherer, the transient control branch is configured parallel to a
steady-state PID controller 3, which is analogous to Robichaux’s PID controller

220. EX1031, 941.

EX1007, FIG. 1 (annotated).
Accordingly, when combining Scherer’s teachings with Robichaux’s
teachings, a POSA would have configured Scherer’s transient torque control

branch to be parallel with Robichaux’s PID controller 220 and to receive
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Robichaux’s torque error signal (TQ ERROR) during transient conditions.
EX1031, 942.

Moreover, a POSA would have understood that Scherer’s high-pass filter is
positioned at the input side of the transient torque controller. EX1031, 943. First, as
acknowledged by Patent Owner’s declarant, Scherer discloses that the desired
torque signal outputted from the engine torque coordination unit 1 is an “example,”
implying that other types of signals, such as a difference signal, may be inputted
into the high-pass filter. EX1007, 3:60-63 (“[ A]n engine torque coordination unit 1
provides a signal indicative, for example, of the desired engine torque (Mdes)
requested by the driver via the accelerator pedal.”)?; EX1030, 68:13-69:12.
Second, Scherer discloses particular advantages associated with high-pass filter
signal processing that are applicable to both a torque demand signal and a
difference signal. Pet., 33-36 (citing EX1007, 2:51-54, 4:20-52, 5:10-55); EX1031,
43; EX1007, 4:45-52, 5:9-14. These advantages include (1) removing the low
frequency component to permit a rapid response to correcting torque output and (2)
reducing the torque output as the transient component decays to zero. Pet., 33-36
(citing EX1007, 2:51-54, 4:20-52, 5:16-55); EX1031, 943; EX1007, 4:45-52, 5:9-
14. And a POSA would have understood that Robichaux’s difference signal would

have been further processed to translate the difference signal into a correction

3 Emphasis added unless noted.
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action to be performed by a transient torque controller. EX1031, 944. Indeed, as
shown in Figure 3, Robichaux uses the PID controller 220 to further process the
torque error signal before generating the feedback signal for throttle valve control.
EX1020, 990034-35; EX1031, 944. In view of this arrangement shown in Figure 3
of Robichaux, a POSA would have understood that the torque error signal needs to
be further processed before making adjustments to the spark timing and fuel
injection. EX1031, 944.

Accordingly, it would have been obvious to use Scherer’s high-filter 4 to
receive Robichaux’s torque error signal (a difference signal). EX1031, 945;
EX1003, 99112-114.

Attempting to evade what is taught by the Robichaux-Scherer combination,
Patent Owner attacks Scherer in isolation and ignores the Petition’s combination.
EX1031, 9946-47. However, the Federal Circuit has consistently held that “[a]
finding of obviousness... cannot be overcome by ‘by attacking references
individually where the rejection is based upon the teachings of a combination of
references.”” See Bradium Techs. LLC v. lancu, 923 F.3d 1032, 1050 (Fed. Cir.
2019); In re Merck & Co., 800 F.2d 1091, 1097 (Fed. Cir. 1986)). “[T]he test for
obviousness is what the combined teachings of the references would have
suggested to those having ordinary skill in the art.” In re Mouttet, 686 F.3d 1322,

1333 (Fed. Cir. 2012). Furthermore, “[a] claimed invention may be obvious even
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when the prior art does not teach each claim limitation, so long as the record
contains some reason that would cause one of skill in the art to modify the prior art
to obtain the claimed invention.” Malico, Inc. v. Cooler Master USA Inc., 594 F.
App'x 621, 626 (Fed. Cir. 2014); see also Hartness Int'l, Inc. v. Simplimatic Eng'g
Co., 819 F.2d 1100, 1108 (Fed. Cir. 1987) (“the inquiry is not whether each
element existed in the prior art, but whether the prior art made obvious the
invention as a whole[.]”). But this is precisely what the Patent Owner does here by
arguing that “no prior art reference relied upon by the Petitioner or the Board
discloses producing a ‘difference signal’ by comparing an ‘estimated torque signal’
and a ‘desired torque signal’ and then high-pass filtering such ‘difference signal.””
POR, 15; EX1031, 9946-47.

Pointing to the embodiments shown in Figures 1 and 2 of Scherer, Patent
Owner argues that “only the dynamic component of the desired engine torque is
high-pass filtered and no comparator is used to compare an ‘estimated torque
signal’ to the ‘desired torque signal.”” POR, 17. That is, Patent Owner ignores that
Robichaux discloses outputting a difference signal to a PID controller 220
suspended during transient conditions, and that Scherer discloses situating a high-
pass filter at an input side of a transient control branch, which when combined with
Robichaux receives the difference signal during transient mode. Pet., 47-50 (citing

EX1003, 9485-90, 109-114; EX1020, 440030-0032; EX1007, 2:51-54, 4:20-5:9,

-11 -
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5:16-55); EX1031, 947; EX1020, 90032 (The PID controller 220 “is preferably
deactivated during these transient modes”); EX1007, 4:20-24 (“In order to
adjust the dynamic desired torque component which exceeds this quasi-static part,
an ignition point adjusting branch, with the input-side high-pass filter, is provided
in parallel to the air-flow-rate-regulating branch.”)

Accordingly, as explained in the Petition and supported by Dr. MacCarley’s
declaration, a POSA would have been motivated to combine Scherer’s transient
control branch and its input high-pass filter with Robichaux’s controller to receive
Robichaux’s torque error signal during transient mode “so that the transient torque
control branch can respond to the transient circumstance in lieu of Robichaux’s
PID controller 220.” DI, 37; see also EX1003, 481-92; EX1031, 9435-48.

B. Robichaux and Scherer do not teach away from the claimed
invention.

Patent Owner asserts that Robichaux and Scherer teach away from each
other because (1) Robichaux’s controller purposely limits control of transient
torque output by deactivating the PID controller 220 during transient conditions,
and (2) Scherer’s alternative embodiment shown in Figures 3 and 4 uses a model-
based estimated value stage, instead of a high-pass filter, to determine the dynamic

desired engine torque component. POR, 12-23.
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Patent Owner’s assertions are premised on mischaracterizations of the
applied prior art, technically unsupported conclusions, and legally-flawed

approaches for determining obviousness. EX1031, §949-50.

1. Deactivation of Robichaux’s PID controller does not teach
away from the claimed invention.

Patent Owner asserts that Robichaux discourages a POSA from correcting
torque output during transient conditions because Robichaux’s controller suspends
the PID controller during certain transient torque limiting control modes. POR, 21.
But Patent Owner’s argument against Robichaux is premised on the
mischaracterization that Robichaux criticizes any attempt by an engine controller
to correct transient torque output. EX1031, 951.

First, Patent Owner’s assertion that Robichaux discourages any attempt to
correct transient torque output simply cannot be true. Otherwise, Robichaux’s
engine controller would not provide adequate fuel and spark adjustments to correct
torque output during transient conditions, such as shifting a gear or controlling idle
engine speed. EX1031, 952.

Second, Patent Owner ignores the fact that Robichaux recognizes that other
forms of controls are needed during transient conditions to adjust spark timing and
fuel injection. EX1031, 953; see EX1020, 40032. Particularly, Robichaux discloses
suspending the PID controller 220 “to prevent interference between the control

parameters for air and fuel flow and the transient torque control parameters such as
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spark retard or injector/cylinder cutout.” EX1020, 40032; EX1003, 986. As
explained in Dr. MacCarley’s declaration, Robichaux recognizes that the integrator
function of the PID typically overshoots the correction of torque output during
transient conditions, and therefore, suspends the PID controller during transient
conditions. EX1020, 40032; EX1003, 86. Accordingly, Robichaux invites other
techniques, such as Scherer’s transient control branch, that are more suitable for
correcting torque output during transient conditions to be used in lieu of the PID
controller. EX1031, 953.

Thus, the Board should reject Patent Owner’s mischaracterization of
Robichaux and its flawed legal argument that Robichaux teaches away from

transient torque control. EX1031, 454.

2. Scherer’s alternative embodiments do not teach away from
the claimed invention.

Patent Owner asserts that Scherer discourages a POSA from using a high-
pass filter with a difference signal because Scherer’s alternative embodiment
shown in Figures 3 and 4 uses a model estimation stage, rather than a high-pass
filter, to determine a dynamic component of a desired torque signal. POR, 16-18,
21-22. But Scherer’s disclosure of alternative embodiments—a high-pass filter and
a model estimation stage—for determining a dynamic component does not mean
Scherer teaches away from using a high-pass filter to receive a difference signal.

EX1031, 955.

- 14 -
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“A reference may be said to teach away when a person of ordinary skill,
upon reading the reference, would be discouraged from following the path set out
in the reference, or would be led in a direction divergent from the path that was
taken by the applicant.” Ricoh Co., Ltd. v. Quanta Comput. Inc., 550 F.3d 1325,
1332 (Fed. Cir. 2008) (quoting In re Kahn, 441 F.3d 977, 990 (Fed. Cir. 2006)). To
teach away, a prior art reference must “criticize, discredit, or otherwise discourage
the solution claimed.” In re Fulton, 391 F.3d 1195, 1201 (Fed. Cir. 2004).

However, a reference does not teach away for merely expressing a general
preference for an alternative invention. See DePuy Spine, Inc. v. Medtronic
Sofamor Danek, Inc., 567 F.3d 1314, 1327 (Fed. Cir. 2009). Moreover, “a prior art
reference that does not specifically refer to one element of a combination does not,
per se, teach away.” Syntex (U.S.A.) LLC v. Apotex, Inc., 407 F.3d 1371, 1380
(Fed. Cir. 2005).

Nowhere does Scherer criticize, discredit, or discourage a skilled artisan
from using a high-filter to receive a difference signal. EX1031, 456. Patent Owner
alleges that Scherer’s description of the embodiment shown in Figure 3
discourages a POSA from using of a high-pass filter with a comparator. POR, 17-
18, 21. This section of Scherer discloses “[t]his embodiment corresponds to that of

FIG. 1 except that, instead of the high pass filter stage, a model-based estimated
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value stage is provided to determine the dynamic desired engine torque
component.” EX1005, 6:3-12; POR, 17-18, 21.

Here, Scherer’s description of the alternative embodiment, however, would
not have discouraged a person of ordinary skill in the art from using a high-pass
filter that receives a difference signal. EX1031, 457. Rather, Scherer merely
discloses two ways—a high-pass filter and a model-based estimation value stage—
for determining a dynamic component of a torque signal. EX1031, 957. Scherer
never discloses that the model-estimation (Figures 3 & 4) stage and the high-pass
filter (Figures 1 & 2) are mutually exclusive. EX1031, 457. And Scherer does not
discredit using both a high-pass filter and an estimation stage in a torque producer
of an engine controller. EX1031, 457. Thus, Scherer’s two alternative
embodiments—high-pass filter shown in Figures 1 and 2 and the model estimation
shown in Figures 3 and 4—are not a teaching away. EX1031, 458.

C. Patent Owner’s credibility attacks on Dr. MacCarley’s testimony
are meritless.

In an attempt to distract the Board from the Petition’s merits, Patent Owner
asserts additionally that Dr. MacCarley’s testimony is inherently unreliable due to
the mechanics of how his Declaration was drafted and certain observations
concerning his cross-examination. POR, 23-28. These allegations against Dr.

MacCarley’s testimony are unfounded.
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1. Patent Owner mischaracterizes Dr. MacCarley’s testimony.

Patent Owner’s spurious attacks on the reliability of Dr. MacCarley’s
testimony are premised on mischaracterizations. Patent Owner contends that Dr.
MacCarley testified during his deposition that the starting point for creating the
declaration was holding numerous discussions with Petitioner’s counsel. POR, 23-
24 (quoting EX2003, 10:6-14:4). Patent Owner further highlights that Dr.
MacCarley acknowledged in his deposition that the prior art search was performed
by Petitioner’s counsel. POR, 24 (quoting EX2003: 17:16-18:20). From here,
Patent Owner argues “[bJased upon ... deposition testimony of Dr. MacCarley, ...
it is plain to see that what the Petitioner’s attorneys and expert have done ... is to
collaboratively prepare expert declarations ... without the expert even starting the
obviousness analysis from the proper starting point.” POR, 25.

Patent Owner selectively and deceptively removed relevant statements from
the testimony quoted in its POR. When testifying about the preparation of the
declaration, Dr. MacCarley concluded by stating “the technical content underlying
all of the arguments originates from either me or just common sense engineering
knowledge.” EX2003, 13:16-19. Furthermore, while Dr. MacCarley acknowledged
that he did not conduct the search, Dr. MacCarley noted that he provided input into

the search and that he selected the applied references—Robichaux, Scherer,
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Takahashi, and Suzuki. /d., 13:23-14:4, 16:2-11. Patent Owner removed and
ignored the statements by Dr. MacCarley that do not fit its false narrative.

The line of questions eliciting this testimony is the exact type of questions
the Board has said “generally are a waste of time” in the context of interference
proceedings. Pevarello v. Lan, Patent Interference No. 105,394, Paper 85, slip op.,
21 (B.P.A.L. Jan. 12, 2007). Furthermore, the Board has held that when the manner
of the expert’s testimony is in line with typical testimony before the Board, and the
expert’s background, analysis, and supporting evidence are credible, an inquiry
into “the mechanics of declaration preparation is ‘a waste of time, both for the
witness and the Board.’” Square, Inc. v. Think Comput. Corp., No. CBM2014-
00159, Paper 47, 26-27, (P.T.A.B. Nov. 27, 2015) (quoting Pevarello, Paper 85,
slip op. at 19-21.) Spending over forty years researching, teaching, and designing
engine control systems, Dr. MacCarley has supported each of his positions set
forth in his declaration with significant insight and secondary evidence, such as
automotive handbooks, engineering textbooks, and relevant patents.

In sum, Patent Owner’s credibility attacks against Dr. MacCarley’s
testimony are meritless and a waste of the Board’s time. The Board should

disregard Patent Owner’s specious allegations.
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2. Dr. MacCarley articulated and applied the appropriate test
for obviousness.

Patent Owner further alleges that Dr. MacCarley failed to apply the proper
framework for determining obviousness because he received prior art references
from Petitioner’s counsel. POR, 25-28. Particularly, Patent Owner argues that by
being “spoon fed the prior art references to consider,” Dr. MacCarley did not take
the proper starting point when determining whether the claims of the *565 patent
would have been obvious. /d., 26-27. These arguments lack merit.

Dr. MacCarley properly considered the requirements for determining
obviousness as it related to a POSA and the corresponding level of ordinary skill in
the art. EX1003, 9930-41. Indeed, during his deposition, Dr. MacCarley testified
that he formulated his opinion based on the framework described in the legal
standards section set forth in paragraphs 21-39 of his declaration. EX2003, 21:7-
23. He applied the proper standards in his analysis.

And Patent Owner’s assertion that Dr. MacCarley’s testimony is unreliable
because he allegedly did not “determine what prior art the POSA would have
searched for and found in the normal course of research and development,” is
legally flawed. POR, 27. It is well-settled law that there is “a presumption that a
person of ordinary skill in the art possesses knowledge of all prior art
references in the particular art.” Messerschmidt v. United States, 29 Fed. CI. 1, 27,

aff'd, 14 F.3d 613 (Fed. Cir. 1993); In re Winslow, 365 F.2d 1017, 1020 (C.C.P.A.
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1966) (“Section 103 requires us to presume full knowledge by the inventor of the
prior art in the field of his endeavor.”). Since all applied references are analogous
are in the field of engine control systems—a fact uncontested by Patent Owner—a
POSA would have had knowledge of each of the applied prior art references:
Robichaux, Scherer, Takahashi, and Suzuki. Thus, Patent Owner’s argument
contravenes established law.

Accordingly, Dr. MacCarley did not misapply the proper framework in
opining that the *565 patent claims would have been obviousness to a POSA.

II. Conclusion

For the reasons above, claims 1-7 of U.S. Patent No. 6,581,565 would have

been obvious and should be cancelled.
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1002 1y istory)
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U.S. Patent No. 5,241,855 A to Cullen et al., titled “Method and
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U.S. Patent No. 6,07,681 A to Scherer et al., titled “Process and
1007 Apparatus for Adjusting the Torque of an Internal-Combustion
Engine,” issued April 11, 2000 (“Scherer”™)
U.S. Patent No. 5,282,449 A to Takahashi et al., titled “Method
1008 and System for Engine Control,” issued February 1, 1994
(“Takahashi™)
“Bosch Fuel Injection Systems,” F. Aird, Berkeley Publishing
1009 Group, 2001, ISBN 1-55788-365-3 (“Aird”)
U.S. Patent No. 6,209,519 B1 to Melchior ef al., titled “Method
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Combustion Engine,” issued April 3, 2001 (“Melchior”)
U.S. Patent No. 5,692,471 A to Zhang, titled “Method and
1011 Arrangement for Controlling a Vehicle,” issued December 2, 1997
(“Zhang”)
“Bosch Automotive Handbook,” Robert Bosch GmbH, 2000,
1012 11BN 0-7680-0669-4 (“Bosch”)
1013 Intentionally Left Blank
1014 John B. Heywood, Internal Combustion Engine Fundamentals, 1st

Ed. McGraw-Hill, Inc., 1988. (“Heywood”)
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Exhibit No. |Description
Ronald K. Jurgen, “Automotive Electronics Handbook,” McGraw-
1015 Hill, Inc., ISBN0-07-033189-8, c.1994 (selected portions)
(“Jurgen”)
1016-1018 | Intentionally Left Blank
Understanding Automotive Electronics, Fifth Edition (1998),
1019 | William B. Ribbens, Ph.D. (“Ribbens”)
1020-1028 | Intentionally Left Blank
Amended Complaint for Patent Infringement, Michigan Motor
1029 Technologies LLC v. Volkswagen AG, Case No. 2:19-cv-10485
(E.D. Mich.), filed April 30, 2019
Transcript of the Deposition of Russell Leonard, Ph.D., January 5,
1030
2021.
1031 Second Declaration of C. Arthur MacCarley, Ph.D., P.E.
1032 Ogata, Katsuhiko. Modern Control Engineering, 4th ed., Prentice
Hall, 2002
DAE Notes, RC High-Pass Filter Circuit,
1033 https://www.daenotes.com/electronics/digital-electronics/rc-high-
pass-filter-circuit
1034-1099 | Intentionally Left Blank
1100 Agreement (CONFIDENTIAL)
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Case IPR2020-00444
U.S. Patent No. 6,581,565

L. STATEMENT OF RELIEF REQUESTED

Petitioner Volkswagen Group of America, Inc. (“VWG0A” or “Petitioner”)
and Patent Owner Michigan Motor Technologies LLC (“MMT” or “Patent
Owner”) have entered into a confidential agreement that resolves all underlying
disputes between Petitioner and Patent Owner with respect to U.S. Patent No.
6,581,565 (“the *565 patent”). A copy of the parties’ agreement is being filed with
this motion as Exhibit 1100 (the “Agreement”). The parties are concurrently filing
a separate request that the Agreement be treated as business confidential
information and be kept separate from the files of the involved patent, pursuant to
37 C.F.R. § 42.74(c).

Accordingly, the parties jointly move the Board to terminate this inter partes
review (IPR) proceeding in its entirety, without rendering a final written decision.
The Board authorized the parties to file this joint motion to terminate in an email of
March 17, 2021.

II. STATEMENT OF FACTS

On March 16, 2021, Petitioner and Patent Owner entered into a confidential

Agreement. See EX1100 (Confidential). Under the terms of the Agreement,

Petitioner and Patent Owner agreed to jointly seek termination of this proceeding.
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III. ARGUMENT

37 C.F.R. § 42.72 provides that “[t]he Board may terminate a trial without
rendering a final written decision, where appropriate, including where the trial is
consolidated with another proceeding or pursuant to a joint request under 35
U.S.C. 317(a).” Termination of the present inter partes review proceeding in its
entirety is in the interest of justice.

A.  The Board should terminate this IPR in its entirety.

Public policy favors terminating the present inter partes review proceeding.
The federal courts have expressed a strong interest in encouraging settlement in
litigation. See, e.g., Bergh v. Dept. of Trans., 794 F.2d 1575, 1577 (Fed. Cir. 1986)
(“The law favors settlement of cases.”), cert. denied, 479 U.S. 950 (1986). The
Board’s Trial Practice Guide stresses that “[t]here are strong public policy reasons
to favor settlement between the parties to a proceeding.” Office Patent Trial
Practice Guide, 77 Fed. Reg. 48,756, 46,768 (Aug. 14, 2012).

Additionally, termination of the proceeding at this stage, in view of the
Agreement, is appropriate. The USPTO can conserve significant administrative
and judicial resources by terminating the proceeding now, removing the need for
the Board to render a final written decision. The Board has terminated entire
proceedings based on joint motions to terminate, even after the merits had been

fully briefed and oral argument had occurred. See Apex Med. Corp. v. Resmed Ltd.,
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[PR2013-00512, Paper 39, at 2-3 (P.T.A.B. Sept. 12, 2014) (granting joint motion
to terminate after the parties had fully briefed the matter because the Board “has
not yet decided the merits of this proceeding, and the record is not yet closed.”);
Lam Research Corp. v. Flamm, IPR2015-01764, Paper 27, at 5 (P.T.A.B. Dec. 15,
2016) (granting motion to terminate after all briefing and oral argument when
statutory deadline for rendering final written decision is within two months of
motion).

Finally, because the Board has not decided the merits of the proceeding, the
expected normal course is to terminate the proceeding. Office Patent Trial Practice
Guide, 77 Fed. Reg. at 48,768 (“The Board expects that a proceeding will
terminate after the filing of a settlement agreement, unless the Board has already
decided the merits of the proceeding.”).

B.  Written Agreement

The parties represent that their entire agreement in connection with the
termination of this proceeding is embodied in the Agreement, which has been
made in writing. There are no collateral agreements or understandings made in
connection with, or in contemplation of, the termination of this inter partes review.
The Agreement has been filed for access by the “Parties and Board Only” due to
the highly sensitive business confidential information it contains. The parties desire

that the Agreement be maintained as business confidential information under 35
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U.S.C. § 317(b) and 37 C.F.R. § 42.74(c), and a separate joint request for such is
being filed concurrently.
IV. CONCLUSION

Petitioner and Patent Owner respectfully request that the Board grant the

parties’ Joint Motion to Terminate this proceeding in its entirety.

Respectfully submitted,
/Jason A. Fitzsimmons/

Jason A. Fitzsimmons (Reg. No. 65,367)
STERNE, KESSLER, GOLDSTEIN & Fox, P.L.L.C.

Attorney for Petitioner
Date: March 19, 2021

1100 New York Avenue, N.W.
Washington, D.C. 20005
(202) 371-2600

Respectfully submitted,

/s/ Timothy Devlin

Timothy Devlin (Reg. 41,706)
DEVLIN LAW FIRM LLC
Attorney for Patent Owner

Date: March 18, 2021

1526 Gilpin Ave.
Wilmington, DE 19806
(302) 449-9010
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CERTIFICATE OF SERVICE (37 C.F.R. § 42.6(e))

The undersigned hereby certifies that true and correct copies of the
foregoing JOINT MOTION TO TERMINATE INTER PARTES REVIEW and

Exhibit 1100 were served electronically via e-mail on March 19, 2021, on the

following counsel for Patent Owner:

Timothy Devlin (Lead Counsel)
Robyn T. Williams (Backup Counsel)
DEVLIN LAW FIRM LLC
TD-PTAB@devlinlawfirm.com
tdevlin@devlinlawfirm.com
rwilliams@devlinlawfirm.com
mmcclain@devlinlawfirm.com
fxu@devlinlawfirm.com

Respectfully submitted,

/Jason A. Fitzsimmons/

Jason A. Fitzsimmons (Reg. No. 65,367)
STERNE, KESSLER, GOLDSTEIN & Fox, P.L.L.C.

Attorney for Petitioner
Date: March 19, 2021

1100 New York Avenue, N.W.

Washington, D.C. 20005
(202) 371-2600

16370928 _1.docx
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UNITED STATES PATENT AND TRADEMARK OFFICE

BEFORE THE PATENT TRIAL AND APPEAL BOARD

VOLKSWAGEN GROUP OF AMERICA, INC.,
Petitioner

MICHIGAN MOTOR TECHNOLOGIES LLC,
Patent Owner

Case IPR2020-00444
U.S. Patent No. 6,581,565

JOINT REQUEST TO FILE AGREEMENT
AS BUSINESS CONFIDENTIAL INFORMATION PURSUANT TO 35
U.S.C. § 317(b)

Mail Stop “PATENT BOARD”

Patent Trial and Appeal Board

United States Patent and Trademark Office
P.O. Box 1450

Alexandria, VA 22313-1450
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Pursuant to 35 U.S.C. § 317(b) and 37 C.F.R. § 42.74(c), Petitioner
Volkswagen Group of America, Inc. (“VWG0A” or “Petitioner”’) and Patent
Owner Michigan Motor Technologies LLC (“MMT” or “Patent Owner”) hereby
jointly request that a true copy of their agreement, filed concurrently herewith as
Exhibit 1100 be treated as business confidential information and be kept separate
from the file of this inter partes review (IPR) proceeding. Concurrently with the
filing of this Request, Petitioner and Patent Owner are filing a Joint Motion to
Terminate this inter partes review due to the agreement between the parties.

The parties consider the agreement to contain highly sensitive business
confidential information that would substantially harm their business interests if
publicly disclosed. As such, the parties hereby jointly request that the agreement be
kept as a separate paper to be made available only under the provisions of 35
U.S.C § 317(b) and 37 C.F.R. § 42.74(c). The agreement has been filed for access
by the “Parties and Board Only.” The parties further jointly request that the Board
order that in the event a person or entity makes a written request, as stated in 37
C.F.R. § 42.74(c)(1)-(2), for access to the agreement, that any such written request

be served upon the parties on the day the written request is provided to the Board.
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Respectfully submitted,
/Jason A. Fitzsimmons/

Jason A. Fitzsimmons (Reg. No. 65,367)
STERNE, KESSLER, GOLDSTEIN & Fox, P.L.L.C.

Attorney for Petitioner
Date: March 19, 2021

1100 New York Avenue, N.W.
Washington, D.C. 20005
(202) 371-2600

Respectfully submitted,

/s/ Timothy Devlin

Timothy Devlin (Reg. 41,706)
DEVLIN LAW FIRM LLC
Attorney for Patent Owner

Date: March 18, 2021

1526 Gilpin Ave.
Wilmington, DE 19806
(302) 449-9010
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CERTIFICATE OF SERVICE (37 C.F.R. § 42.6(e))

The undersigned hereby certifies that true and correct copies of the
foregoing JOINT REQUEST TO FILE AGREEMENT AS BUSINESS
CONFIDENTIAL INFORMATION UNDER 35 U.S.C. § 317(b) was served

electronically via e-mail on March 19, 2021, on the following counsel for Patent

Owner:

Timothy Devlin (Lead Counsel)
Robyn T. Williams (Backup Counsel)
DEVLIN LAW FIRM LLC
TD-PTAB@devlinlawfirm.com
tdevlin@devlinlawfirm.com
rwilliams@devlinlawfirm.com
mmcclain@devlinlawfirm.com
fxu@devlinlawfirm.com

Respectfully submitted,
/Jason A. Fitzsimmons/

Jason A. Fitzsimmons (Reg. No. 65,367)
STERNE, KESSLER, GOLDSTEIN & Fox, P.L.L.C.

Attorney for Petitioner
Date: March 19, 2021

1100 New York Avenue, N.W.
Washington, D.C. 20005
(202) 371-2600

16370939 _1.docx

PETITIONER'SEXHIBIT 1002
USPATENT NO. 6,581,565


mailto:TD-PTAB@devlinlawfirm.com
mailto:tdevlin@devlinlawfirm.com
mailto:rwilliams@devlinlawfirm.com
mailto:mmcclain@devlinlawfirm.com
mailto:fxu@devlinlawfirm.com

UNITED STATES PATENT AND TRADEMARK OFFICE

BEFORE THE PATENT TRIAL AND APPEAL BOARD

VOLKSWAGEN GROUP OF AMERICA, INC.,
Petitioner

MICHIGAN MOTOR TECHNOLOGIES LLC,
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JOINT MOTION TO TERMINATE INTER PARTES REVIEW

Mail Stop “PATENT BOARD”

Patent Trial and Appeal Board

United States Patent and Trademark Office
P.O. Box 1450

Alexandria, VA 22313-1450
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PETITIONER’S UPDATED EXHIBIT LIST

Exhibit No. |Description
1001 U.S. Patent No. 6,581,565 B2 to Heslop et al. (“’565 Patent™)
Prosecution File History of U.S. Patent No. 6,581,565 B2 (*“’565
1002 1y istory)
1003 Declaration of C. Arthur MacCarley, Ph.D., P.E.
1004 Curriculum Vitae of C. Arthur MacCarley, Ph.D., P.E.
U.S. Patent No. 6,006,717 A to Suzuki et al., titled “Direct-
1005 Injection Spark-Ignition Type Engine Control Apparatus,” issued
December 28, 1999 (“Suzuki”)
U.S. Patent No. 5,241,855 A to Cullen et al., titled “Method and
1006 Apparatus for Inferring Engine Torque,” issued September 7, 1993
(“Cullen”)
U.S. Patent No. 6,07,681 A to Scherer et al., titled “Process and
1007 Apparatus for Adjusting the Torque of an Internal-Combustion
Engine,” issued April 11, 2000 (“Scherer”™)
U.S. Patent No. 5,282,449 A to Takahashi et al., titled “Method
1008 and System for Engine Control,” issued February 1, 1994
(“Takahashi™)
“Bosch Fuel Injection Systems,” F. Aird, Berkeley Publishing
1009 Group, 2001, ISBN 1-55788-365-3 (“Aird”)
U.S. Patent No. 6,209,519 B1 to Melchior ef al., titled “Method
1010 and Arrangement for Controlling the Quiet Running of an Internal
Combustion Engine,” issued April 3, 2001 (“Melchior”)
U.S. Patent No. 5,692,471 A to Zhang, titled “Method and
1011 Arrangement for Controlling a Vehicle,” issued December 2, 1997
(“Zhang”)
“Bosch Automotive Handbook,” Robert Bosch GmbH, 2000,
1012 11BN 0-7680-0669-4 (“Bosch”)
1013 Intentionally Left Blank
John B. Heywood, Internal Combustion Engine Fundamentals, 1st
1014 Ed. McGraw-Hill, Inc., 1988. (“Heywood”)
1015 Ronald K. Jurgen, “Automotive Electronics Handbook,” McGraw-
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Exhibit No. |Description
Hill, Inc., ISBN0-07-033189-8, c.1994 (selected portions)
(“Jurgen”)
1016-1018 | Intentionally Left Blank
Understanding Automotive Electronics, Fifth Edition (1998),
1019 | William B. Ribbens, Ph.D. (“Ribbens”)
1020-1028 | Intentionally Left Blank
Amended Complaint for Patent Infringement, Michigan Motor
1029 Technologies LLC v. Volkswagen AG, Case No. 2:19-cv-10485
(E.D. Mich.), filed April 30, 2019
Transcript of the Deposition of Russell Leonard, Ph.D., January 5,
1030 15001,
1031 Second Declaration of C. Arthur MacCarley, Ph.D., P.E.
1032 Ogata, Katsuhiko. Modern Control Engineering, 4th ed., Prentice
Hall, 2002
1033-1099 | Intentionally Left Blank
1100 Agreement (CONFIDENTIAL)
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Case IPR2020-00445
U.S. Patent No. 6,581,565

L. STATEMENT OF RELIEF REQUESTED

Petitioner Volkswagen Group of America, Inc. (“VWG0A” or “Petitioner”)
and Patent Owner Michigan Motor Technologies LLC (“MMT” or “Patent
Owner”) have entered into a confidential agreement that resolves all underlying
disputes between Petitioner and Patent Owner with respect to U.S. Patent No.
6,581,565 (“the *565 patent”). A copy of the parties’ agreement is being filed with
this motion as Exhibit 1100 (the “Agreement”). The parties are concurrently filing
a separate request that the Agreement be treated as business confidential
information and be kept separate from the files of the involved patent, pursuant to
37 C.F.R. § 42.74(c).

Accordingly, the parties jointly move the Board to terminate this inter partes
review (IPR) proceeding in its entirety, without rendering a final written decision.
The Board authorized the parties to file this joint motion to terminate in an email of
March 17, 2021.

II. STATEMENT OF FACTS

On March 16, 2021, Petitioner and Patent Owner entered into a confidential

Agreement. See EX1100 (Confidential). Under the terms of the Agreement,

Petitioner and Patent Owner agreed to jointly seek termination of this proceeding.
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III. ARGUMENT

37 C.F.R. § 42.72 provides that “[t]he Board may terminate a trial without
rendering a final written decision, where appropriate, including where the trial is
consolidated with another proceeding or pursuant to a joint request under 35
U.S.C. 317(a).” Termination of the present inter partes review proceeding in its
entirety is in the interest of justice.

A.  The Board should terminate this IPR in its entirety.

Public policy favors terminating the present inter partes review proceeding.
The federal courts have expressed a strong interest in encouraging settlement in
litigation. See, e.g., Bergh v. Dept. of Trans., 794 F.2d 1575, 1577 (Fed. Cir. 1986)
(“The law favors settlement of cases.”), cert. denied, 479 U.S. 950 (1986). The
Board’s Trial Practice Guide stresses that “[t]here are strong public policy reasons
to favor settlement between the parties to a proceeding.” Office Patent Trial
Practice Guide, 77 Fed. Reg. 48,756, 46,768 (Aug. 14, 2012).

Additionally, termination of the proceeding at this stage, in view of the
Agreement, is appropriate. The USPTO can conserve significant administrative
and judicial resources by terminating the proceeding now, removing the need for
the Board to render a final written decision. The Board has terminated entire
proceedings based on joint motions to terminate, even after the merits had been

fully briefed and oral argument had occurred. See Apex Med. Corp. v. Resmed Ltd.,

PETITIONER'SEXHIBIT 1002
USPATENT NO. 6,581,565



Case IPR2020-00445
U.S. Patent No. 6,581,565

[PR2013-00512, Paper 39, at 2-3 (P.T.A.B. Sept. 12, 2014) (granting joint motion
to terminate after the parties had fully briefed the matter because the Board “has
not yet decided the merits of this proceeding, and the record is not yet closed.”);
Lam Research Corp. v. Flamm, IPR2015-01764, Paper 27, at 5 (P.T.A.B. Dec. 15,
2016) (granting motion to terminate after all briefing and oral argument when
statutory deadline for rendering final written decision is within two months of
motion).

Finally, because the Board has not decided the merits of the proceeding, the
expected normal course is to terminate the proceeding. Office Patent Trial Practice
Guide, 77 Fed. Reg. at 48,768 (“The Board expects that a proceeding will
terminate after the filing of a settlement agreement, unless the Board has already
decided the merits of the proceeding.”).

B.  Written Agreement

The parties represent that their entire agreement in connection with the
termination of this proceeding is embodied in the Agreement, which has been
made in writing. There are no collateral agreements or understandings made in
connection with, or in contemplation of, the termination of this inter partes review.
The Agreement has been filed for access by the “Parties and Board Only” due to
the highly sensitive business confidential information it contains. The parties desire

that the Agreement be maintained as business confidential information under 35
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U.S.C. § 317(b) and 37 C.F.R. § 42.74(c), and a separate joint request for such is
being filed concurrently.
IV. CONCLUSION

Petitioner and Patent Owner respectfully request that the Board grant the

parties’ Joint Motion to Terminate this proceeding in its entirety.

Respectfully submitted,
/Jason A. Fitzsimmons/

Jason A. Fitzsimmons (Reg. No. 65,367)
STERNE, KESSLER, GOLDSTEIN & Fox, P.L.L.C.

Attorney for Petitioner
Date: March 19, 2021

1100 New York Avenue, N.W.
Washington, D.C. 20005
(202) 371-2600

Respectfully submitted,

/s/ Timothy Devlin

Timothy Devlin (Reg. 41,706)
DEVLIN LAW FIRM LLC
Attorney for Patent Owner

Date: March 18, 2021

1526 Gilpin Ave.
Wilmington, DE 19806
(302) 449-9010
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CERTIFICATE OF SERVICE (37 C.F.R. § 42.6(e))

The undersigned hereby certifies that true and correct copies of the
foregoing JOINT MOTION TO TERMINATE INTER PARTES REVIEW and

Exhibit 1100 were served electronically via e-mail on March 19, 2021 on the

following counsel for Patent Owner:

Timothy Devlin (Lead Counsel)
Robyn T. Williams (Backup Counsel)
DEVLIN LAW FIRM LLC
TD-PTAB@devlinlawfirm.com
tdevlin@devlinlawfirm.com
rwilliams@devlinlawfirm.com
mmcclain@devlinlawfirm.com
fxu@devlinlawfirm.com

Respectfully submitted,

/Jason A. Fitzsimmons/

Jason A. Fitzsimmons (Reg. No. 65,367)
STERNE, KESSLER, GOLDSTEIN & Fox, P.L.L.C.

Attorney for Petitioner
Date: March 19, 2021

1100 New York Avenue, N.W.

Washington, D.C. 20005
(202) 371-2600

16370996 _1.docx
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Patent Owner

Case IPR2020-00445
U.S. Patent No. 6,581,565

JOINT REQUEST TO FILE AGREEMENT
AS BUSINESS CONFIDENTIAL INFORMATION PURSUANT TO 35
U.S.C. § 317(b)

Mail Stop “PATENT BOARD”

Patent Trial and Appeal Board

United States Patent and Trademark Office
P.O. Box 1450

Alexandria, VA 22313-1450
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Pursuant to 35 U.S.C. § 317(b) and 37 C.F.R. § 42.74(c), Petitioner
Volkswagen Group of America, Inc. (“VWG0A” or “Petitioner”’) and Patent
Owner Michigan Motor Technologies LLC (“MMT” or “Patent Owner”) hereby
jointly request that a true copy of their agreement, filed concurrently herewith as
Exhibit 1100 be treated as business confidential information and be kept separate
from the file of this inter partes review (IPR) proceeding. Concurrently with the
filing of this Request, Petitioner and Patent Owner are filing a Joint Motion to
Terminate this inter partes review due to the agreement between the parties.

The parties consider the agreement to contain highly sensitive business
confidential information that would substantially harm their business interests if
publicly disclosed. As such, the parties hereby jointly request that the agreement be
kept as a separate paper to be made available only under the provisions of 35
U.S.C § 317(b) and 37 C.F.R. § 42.74(c). The agreement has been filed for access
by the “Parties and Board Only.” The parties further jointly request that the Board
order that in the event a person or entity makes a written request, as stated in 37
C.F.R. § 42.74(c)(1)-(2), for access to the agreement, that any such written request

be served upon the parties on the day the written request is provided to the Board.
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Respectfully submitted,
/Jason A. Fitzsimmons/

Jason A. Fitzsimmons (Reg. No. 65,367)
STERNE, KESSLER, GOLDSTEIN & Fox, P.L.L.C.

Attorney for Petitioner
Date: March 19, 2021

1100 New York Avenue, N.W.
Washington, D.C. 20005
(202) 371-2600

Respectfully submitted,

/s/ Timothy Devlin

Timothy Devlin (Reg. 41,706)
DEVLIN LAW FIRM LLC
Attorney for Patent Owner

Date: March 18, 2021

1526 Gilpin Ave.
Wilmington, DE 19806
(302) 449-9010
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CERTIFICATE OF SERVICE (37 C.F.R. § 42.6(e))

The undersigned hereby certifies that true and correct copies of the
foregoing JOINT REQUEST TO FILE AGREEMENT AS BUSINESS
CONFIDENTIAL INFORMATION UNDER 35 U.S.C. § 317(b) was served

electronically via e-mail on March 19, 2021, on the following counsel for Patent

Owner:

Timothy Devlin (Lead Counsel)
Robyn T. Williams (Backup Counsel)
DEVLIN LAW FIRM LLC
TD-PTAB@devlinlawfirm.com
tdevlin@devlinlawfirm.com
rwilliams@devlinlawfirm.com
mmcclain@devlinlawfirm.com
fxu@devlinlawfirm.com

Respectfully submitted,
/Jason A. Fitzsimmons/

Jason A. Fitzsimmons (Reg. No. 65,367)
STERNE, KESSLER, GOLDSTEIN & Fox, P.L.L.C.

Attorney for Petitioner
Date: March 19, 2021

1100 New York Avenue, N.W.
Washington, D.C. 20005
(202) 371-2600

16370997_1.docx
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Trials@uspto.gov Paper 22
Tel: 571-272-7822 Date: April 20, 2021

UNITED STATES PATENT AND TRADEMARK OFFICE

BEFORE THE PATENT TRIAL AND APPEAL BOARD

VOLKSWAGEN GROUP OF AMERICA, INC.,
Petitioner,

V.

MICHIGAN MOTOR TECHNOLOGIES LLC,
Patent Owner.

IPR2020-00444
Patent 6,581,565 B2

Before NEIL T. POWELL, SCOTT B. HOWARD, and
SEAN P. O’HANLON, Administrative Patent Judges.

POWELL, Administrative Patent Judge.

TERMINATION
Due to Settlement After Institution of Trial
35US8.C.§317;,37C.F.R. §42.74
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On March 19, 2021, with Board authorization, Petitioner and Patent
Owner filed a joint motion to dismiss the petition and terminate the above-
captioned proceeding. Paper 20. Along with the motion, the parties filed a
copy of a Confidential Agreement (Ex. 1100), as well as a joint request to
treat the Confidential Agreement as business confidential information
(Paper 21). See 37 C.F.R. § 42.74(c) (a party to a settlement may request
that the settlement agreement be treated as business confidential and be kept
separate from the patent file).

Under 35 U.S.C. § 317(a), “[a]n inter partes review instituted under
this chapter shall be terminated with respect to any petitioner upon the joint
request of the petitioner and the patent owner, unless the Office has decided
the merits of the proceeding before the request for termination is filed.” It is
also provided in 35 U.S.C. § 317(a) that if no petitioner remains, the Office
may terminate the inter partes review.

In this case, the Board issued a decision to institute inter partes
review. Paper 12. However, the Board has not yet decided the merits of the
proceeding or entered a final written decision. In the joint motion, the
parties state that they have settled their dispute and they jointly request
termination of this inter partes review. Paper 20, 1. Accordingly, in the
circumstances present here, we determine that it is appropriate to terminate
the proceeding. 37 C.F.R. § 42.71(a). This Order does not constitute a final
written decision pursuant to 35 U.S.C. § 318(a).

The parties also ask that the Confidential Agreement be treated as
business confidential information and be kept separate from the file of the
challenged patents. Paper 21. We determine that it is appropriate to treat

the Confidential Agreement as business confidential information, and to
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keep that document separate from the files of the challenged patents,
pursuant to 37 C.F.R. § 42.74(c).

The parties further ask the Board to order that, “in the event a person
or entity makes a written request, as stated in 37 C.F.R. § 42.74(c)(1)-(2), for
access to the [Confidential Agreement], that any such written request be
served upon the parties on the day the written request is provided to the
Board.” Paper 21, 1. The statutory and regulatory provisions governing
access to such settlement agreements stand on their own, and therefore, we
deny the parties’ request here.

For the foregoing reasons, it is:

ORDERED that the joint motion is granted and this proceeding is
terminated with respect to Petitioner and Patent Owner;

FURTHER ORDERED that the joint request that the Confidential
Agreement (Ex. 1100) be treated as business confidential information, to be
kept separate from the patent file, is granted in this proceeding; and

FURTHER ORDERED that the joint request that the Board order that,
in the event a person or entity makes a written request for access to the
Confidential Agreement, that any such written request be served upon the
parties on the day the written request is provided to the Board, is denied in

this proceeding.
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On March 19, 2021, with Board authorization, Petitioner and Patent
Owner filed a joint motion to dismiss the petition and terminate the above-
captioned proceeding. Paper 20. Along with the motion, the parties filed a
copy of a Confidential Agreement (Ex. 1100), as well as a joint request to
treat the Confidential Agreement as business confidential information
(Paper 21). See 37 C.F.R. § 42.74(c) (a party to a settlement may request
that the settlement agreement be treated as business confidential and be kept
separate from the patent file).

Under 35 U.S.C. § 317(a), “[a]n inter partes review instituted under
this chapter shall be terminated with respect to any petitioner upon the joint
request of the petitioner and the patent owner, unless the Office has decided
the merits of the proceeding before the request for termination is filed.” It is
also provided in 35 U.S.C. § 317(a) that if no petitioner remains, the Office
may terminate the inter partes review.

In this case, the Board issued a decision to institute inter partes
review. Paper 12. However, the Board has not yet decided the merits of the
proceeding or entered a final written decision. In the joint motion, the
parties state that they have settled their dispute and they jointly request
termination of this inter partes review. Paper 20, 1. Accordingly, in the
circumstances present here, we determine that it is appropriate to terminate
the proceeding. 37 C.F.R. § 42.71(a). This Order does not constitute a final
written decision pursuant to 35 U.S.C. § 318(a).

The parties also ask that the Confidential Agreement be treated as
business confidential information and be kept separate from the file of the
challenged patents. Paper 21. We determine that it is appropriate to treat

the Confidential Agreement as business confidential information, and to
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keep that document separate from the files of the challenged patents,
pursuant to 37 C.F.R. § 42.74(c).

The parties further ask the Board to order that, “in the event a person
or entity makes a written request, as stated in 37 C.F.R. § 42.74(c)(1)-(2), for
access to the [Confidential Agreement], that any such written request be
served upon the parties on the day the written request is provided to the
Board.” Paper 21, 1. The statutory and regulatory provisions governing
access to such settlement agreements stand on their own, and therefore, we
deny the parties’ request here.

For the foregoing reasons, it is:

ORDERED that the joint motion is granted and this proceeding is
terminated with respect to Petitioner and Patent Owner;

FURTHER ORDERED that the joint request that the Confidential
Agreement (Ex. 1100) be treated as business confidential information, to be
kept separate from the patent file, is granted in this proceeding; and

FURTHER ORDERED that the joint request that the Board order that,
in the event a person or entity makes a written request for access to the
Confidential Agreement, that any such written request be served upon the
parties on the day the written request is provided to the Board, is denied in

this proceeding.
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On March 19, 2021, with Board authorization, Petitioner and Patent
Owner filed a joint motion to dismiss the petition and terminate the above-
captioned proceeding. Paper 20. Along with the motion, the parties filed a
copy of a Confidential Agreement (Ex. 1100), as well as a joint request to
treat the Confidential Agreement as business confidential information
(Paper 21). See 37 C.F.R. § 42.74(c) (a party to a settlement may request
that the settlement agreement be treated as business confidential and be kept
separate from the patent file).

Under 35 U.S.C. § 317(a), “[a]n inter partes review instituted under
this chapter shall be terminated with respect to any petitioner upon the joint
request of the petitioner and the patent owner, unless the Office has decided
the merits of the proceeding before the request for termination is filed.” It is
also provided in 35 U.S.C. § 317(a) that if no petitioner remains, the Office
may terminate the inter partes review.

In this case, the Board issued a decision to institute inter partes
review. Paper 12. However, the Board has not yet decided the merits of the
proceeding or entered a final written decision. In the joint motion, the
parties state that they have settled their dispute and they jointly request
termination of this inter partes review. Paper 20, 1. Accordingly, in the
circumstances present here, we determine that it is appropriate to terminate
the proceeding. 37 C.F.R. § 42.71(a). This Order does not constitute a final
written decision pursuant to 35 U.S.C. § 318(a).

The parties also ask that the Confidential Agreement be treated as
business confidential information and be kept separate from the file of the
challenged patents. Paper 21. We determine that it is appropriate to treat

the Confidential Agreement as business confidential information, and to
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keep that document separate from the files of the challenged patents,
pursuant to 37 C.F.R. § 42.74(c).

The parties further ask the Board to order that, “in the event a person
or entity makes a written request, as stated in 37 C.F.R. § 42.74(c)(1)-(2), for
access to the [Confidential Agreement], that any such written request be
served upon the parties on the day the written request is provided to the
Board.” Paper 21, 1. The statutory and regulatory provisions governing
access to such settlement agreements stand on their own, and therefore, we
deny the parties’ request here.

For the foregoing reasons, it is:

ORDERED that the joint motion is granted and this proceeding is
terminated with respect to Petitioner and Patent Owner;

FURTHER ORDERED that the joint request that the Confidential
Agreement (Ex. 1100) be treated as business confidential information, to be
kept separate from the patent file, is granted in this proceeding; and

FURTHER ORDERED that the joint request that the Board order that,
in the event a person or entity makes a written request for access to the
Confidential Agreement, that any such written request be served upon the
parties on the day the written request is provided to the Board, is denied in

this proceeding.
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On March 19, 2021, with Board authorization, Petitioner and Patent
Owner filed a joint motion to dismiss the petition and terminate the above-
captioned proceeding. Paper 20. Along with the motion, the parties filed a
copy of a Confidential Agreement (Ex. 1100), as well as a joint request to
treat the Confidential Agreement as business confidential information
(Paper 21). See 37 C.F.R. § 42.74(c) (a party to a settlement may request
that the settlement agreement be treated as business confidential and be kept
separate from the patent file).

Under 35 U.S.C. § 317(a), “[a]n inter partes review instituted under
this chapter shall be terminated with respect to any petitioner upon the joint
request of the petitioner and the patent owner, unless the Office has decided
the merits of the proceeding before the request for termination is filed.” It is
also provided in 35 U.S.C. § 317(a) that if no petitioner remains, the Office
may terminate the inter partes review.

In this case, the Board issued a decision to institute inter partes
review. Paper 12. However, the Board has not yet decided the merits of the
proceeding or entered a final written decision. In the joint motion, the
parties state that they have settled their dispute and they jointly request
termination of this inter partes review. Paper 20, 1. Accordingly, in the
circumstances present here, we determine that it is appropriate to terminate
the proceeding. 37 C.F.R. § 42.71(a). This Order does not constitute a final
written decision pursuant to 35 U.S.C. § 318(a).

The parties also ask that the Confidential Agreement be treated as
business confidential information and be kept separate from the file of the
challenged patents. Paper 21. We determine that it is appropriate to treat

the Confidential Agreement as business confidential information, and to
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keep that document separate from the files of the challenged patents,
pursuant to 37 C.F.R. § 42.74(c).

The parties further ask the Board to order that, “in the event a person
or entity makes a written request, as stated in 37 C.F.R. § 42.74(c)(1)-(2), for
access to the [Confidential Agreement], that any such written request be
served upon the parties on the day the written request is provided to the
Board.” Paper 21, 1. The statutory and regulatory provisions governing
access to such settlement agreements stand on their own, and therefore, we
deny the parties’ request here.

For the foregoing reasons, it is:

ORDERED that the joint motion is granted and this proceeding is
terminated with respect to Petitioner and Patent Owner;

FURTHER ORDERED that the joint request that the Confidential
Agreement (Ex. 1100) be treated as business confidential information, to be
kept separate from the patent file, is granted in this proceeding; and

FURTHER ORDERED that the joint request that the Board order that,
in the event a person or entity makes a written request for access to the
Confidential Agreement, that any such written request be served upon the
parties on the day the written request is provided to the Board, is denied in

this proceeding.
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Case 4:21-cv-00512-5300 Document 2 Filed Q70221 Page 1 of 1 Pagelld # 547
AQ 120 (Rev. 08/10)
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

MICHIGAN MOTOR TECHNOLOGIES LLC 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 LL.C

In the above—entitled case, the following patent(s)/ trademark(s) have been included:
DATE INCLUDED INCLUDED BY
[J Amendment [J Answer [ Cross Bill [ Other Pleading
PATENT OR DATE OF PATENT
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK

1

2

3

4

5

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 3—Upon termination of action, mail this copy to Director
Copy 2—Upon filing document adding patent(s), mail this copy to Director Copy 4—Case file copy
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P.O. Box 1450 ACTION REGARDING A PATENT OR
Alexandria, VA 22313-145¢ TRADEMARK
in Compliance with 35 U.8.C. § 290 and/or 15 U.5.C. § 1116 vou are hereby advised that a court action has been
filed in the U.S, Distuict Court Northern District of Hilinois on the following
¥ Trademarks or ] Patents.  ( ] the patent action invelves 35 U.8.C. § 292.):
DOCKET NO. DATE FELED U8, DISTRICT COURT
9%enAR04 T7I22/5022 Northern District of lilinois
PLAINTIFF DEFENDANT
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PATENT OR DATE OF PATENT . N P DEMARK
TRADEMARK NQ, OR TRADEMARK HOLDER OF PATENT OR TRADEM:
I See Attachments
2
4
5
In the above—cntitled case, the following patent(s) trademark(s) have been included:
DATE INCLUDED INCLUDED BY
1 Amendment [ Answer [ Cross Bill ] Other Pleading
PATENT OR DATE OF PATENT AT TR (N D AT DEMARK
TRADEMARK NO, R TRADEMARK HOLDER OF PATENT OR TRADEM:
i
3
4
5

{nthe above-—eutitled 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 this copy to Birector  Copy 3—Upon termination of action, mail this copy to Director
Copy 2—Upon filing document adding patent(s), mail this copy o Birector Copy 4—LCase file copy
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A method to calenlate valve timing commands for an engine
with variable valve tming is bereby disclosed. The method
includes determining a valve feedforward term based on an
engine performance command and an environmental cond-
tions signal, calenlating a valve feedback term based on the
engine performance coramand and an engine performance
fecdback, and calculating a valve timing command based on
the valve feedforward term: and the valve feedback term.
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METHOD OF CALCULATING A VALYE
TIMING COMMAND FOR AN ENGINE

TECHNICAL FIELD

This invention relates generally to calculating commands
for an engine and, more specifically, to calculating a valve
timing command for an engine with variable timing 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 a piston draws air and fuel through
the inlet valve and infe the cylinder. The inlet valve closes
and the piston reverses direction in the second stage to
comptess the air and fue] mixtare. {o the third stz i spagk
combusts the '\“ixt'lre which drives the piston {and powers
the vehicle). Au exhaust valve opens and the piston once
again reverses direction, 1o the fourth stage, t© push the
combusted mixtire through the exhaust valve and out of the
cylinder.

The co ‘EruHAng of the wlet valve and the exhaust valve of
cach cylinder is a difficuit task. The engine s i)ccd, which can
exceed 6,000 rpm in most vehicles, dictates that the opeting
and closing of the inlet valve and the exhaust valve must be
able o oceur up. to 50 times per second. In conventonal
engines, cams driven by the engine actuate the julet valve
and the cxhaust valve. Modern rese 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, but the theoretical fuel effi-
ciency and output power of these engines have not yet been
reached.

BRIEF DESCRIPTION OF THE FIGURES
FIG.
trofled

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 is two tinung charts of the valves of an engine.
DESCRIPTION OF THE PREFERRED
METHODS

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

As shown 1 FIG. 1, the preferred method of the invention
has been specifically created to be ]‘C{‘f(““’ti@d by a coairo}
vuit 18 to caleudate valve timing commands for an engine 12
with clectromagnetic valve actnators 14, The method,
however, may be performed by any suitable device to
calculate valve Hming commands for any suitable engine
witl any suitable variable timing valves.

1 FIG. 2, the preferred method of the invention
has six principle actions: obfaining an engine performance
command 16; reccw;ng an environmental conditions signal
18; determmning a valve feedforward termy 20; receiving 2o
engine performance feedback 22; calenlating a valve feed-
back term 245 and calculating a \/aiw timng command 26
based on the valve feediorward term aud the valve feedback

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

The action of obtataing an engine pedformance command
16 preferably includes zeccivmg a vehicle performance
comraand frorm a driver. Preferably, the vehicle performance
command 1s received from the foot of & driver with the use
of & conventionsl pedal 28, as shown in FIG. 1.
/\}tfr'\aiix'f‘v the vehicle r)er"nrm:mce command could be
received from the driver with the use of any suitable device.
The action of obtaming 2u engloe pcri wmance command
also mcfmahly includes df_uvmg the engine performance
command from the vehicle ;uformance command. The
engine performance command is preferably based on the
vehicle performance command, but may alternatively be
based on additional suitable factors, such as a fraction
nal or a cruise control signal. The engine perfor-
niance connand is prcis_ rably a desired engine torque and,
for this reason, the engioe performance command raay be
thought of as an engine torque command. The wg ine
performance command, however, may alternatively be
another suitable variable, such as a desired enging accelera-
tion.

The action of receiving an environmental conditions
signal 18 preferably includes receiving an environmental
couditions signal from an envircomental sensor 3 1o the
chicle. The L.m'n(mr,ne'xtai sensor 38 preferably senses the
arnbient temperatire outside the vel hicle and c\-mmumbafp
this data to the control unit 16, which uses the data

ctermine the valve feedforward term. Othe (fuimalmn
such as the ambient pressure, may be us\Ib,l in the determi-
nation of the valve feediorward term. Yor this reason, the
environmental sensor 389 may alternatively sense other suit-
able information. The environmental sensor 38 is preferably
a conventional environmental sensor; but may alfernatively
be any suitable device.

Siruilardy, 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 engloe speed and
communicates this data to the control it 16, Whl(‘h uses the
data to determine the valve feedforward term and the V-a(= ve
feedback term. Gther engine measurables, such as engiue
torgue data, may be useful in the determnanon of the term
For this reason, the engine sensor 32 may altematbively sense
other suttable nformation. The engine sensor 32 is prefer-
ably a conventional engine sensor, but may alternatively be
any suitable sensor.

The action of determining a

valve fecdforward terny 26

preferably neludes deterrning the valve feedforward term
based on the engine terque command, the ambient tempera-
& x

ture data, and the engine speed data. The determination,
haowever, may be based on other suitable factors, such as
engine torque data, air-fuel ratio data, engine combustion
stability data, or ambient pressure data. The control unit 18
preferably includes a look-up table, which has been opti-
rized for fuel efficiency, power oulput, and engine eruis-
sions based on vatous enging torque commands, various
ambient emperature data, and various engine speed data {or
gngine torque data). The control uait 38 may alternatively be
programmed to perform a real-time optimization of the fnel
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 commands and
measurables).
The action of

ca kuiatmg the vaive feedback term 24
preferably includes ¢

omparing 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 input with the output and to calculate a cor- .
reciion term based on the difference, if apy. The comparison
and the calculation are preferably accomplished by the s
countrol unit 1, bul may alternatively be accomplished by 2
suitable separate device.

erformance command and the engine performance
cedback; and

calculating a vaive tming 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 2 vehicle

’-\'-"-uﬂ

As shown 1o FIG. 3A, the position of the piston in the
cylinder can be waced as a sipuscidal wave over & time " . I O ;
period. The events of the opening of the exhaust valve 10 Porionmance command from a driver of the vehicle and
(“F‘v'()") the closing of the exhaust valve (“EVC™), the deriving t'i:? aging performance command based on the

f\pm ing of the inlet valve {“IVG™), and the closmg of the  vebicle performance command.

nlet valve (“IVC™) can be placed on this sinusoidal wave. 3 Tt‘e method of claim 1 wherein said receiving an
be showp io FIG. 3B, the events of the EVO, the EVC ﬂk environmental conditions signal includes receiving ambient
IVO, and the IVC may be shifted within the time period 1S temperature data.
(no{e that the shilt in the EVC and the IV preferably mirror 4. 'The method of claim 3 wherein said defermining a
cach apother, but may alternatively be separately vajve feedforward teon includes deterruining the valve
comroiicd‘). The adjustment of the tmrag of the EVQ, the fecdforward term based on the ambient temperature data.
EVCAVO, and the IVC when use" partia'{l ¥ separatdy, (34 5. Ehg -'[-\, thod of claimm 4 wherein said detero ]‘mng a
together may provide the desired fuel efficicocy, power 20 g ard term iocludes determining the valve
ouiput, and emissions from the engine 12 of the vehicle. The feedfor did term based on the engine perforraance feed-
action of calenlating a valve timing command 26 preferably back.
includes calcubating an EVO command, an EVC/AVO 6. The method of claim § wherein said determining a

command, and an IVC command. The confrol unit 16, of
course, may allernatively include othier suitable parameters
for the control of the variable timing vaives.

valve tQQdfomar'i term includes referencing & leok-up table
with the engine performance command, the ambient

temperature, and the engine performance feedback.
The second preferred method of the invention includes the 7. The method of claim 1 wherein said receiving an engine
principle actions of the fiest preferred method and the performance feodback includes receiving engioe speed data.
additional p'-'mC"pls, action of receiving fuel conversion data 8 The method of claim 1 wherein siid sbiaining an

and engine enissions data. These p«.h,mbiv include receiv-

g the fuel conversion data and engine emissions data from
sui tab:e smission sensors (not shown) ) in the cylinder or the
exhaust port of the engioe 12, The cruission sensors prefer
ably sense the amount of N o the exhausi and commiu-

engine performance command includes obtaining an engine
torgue coramand, and wheren recerving au engise perfor-
mance feedback wncludes receiving engine torque data.

9. The method of claim 8 whereinn calculating a valve

35 feedback term includes calenlating a valve feedback term

nicaies this data to the control umt 16, The control wait 19 . T : ‘ :
preferably uses this information to modify the output value based on the engine forque command and the engine torque
from. the 100k-up table, but may alie matlma:y use this data. ] o . . .
information to continually adjust the values in the look-up 18. The method of claim 1 wherein said calculating a
table. The comfrol unit 18 muay ahternatively nse this infor- valve timing command includes calculating an EVOQ
fation as agother Tacior in the determination of the vaive °° colmand, an EVC/IVO command, and an IVC command.
- i~ The o o N PN g M e g oot
feedback term. The emission sensots are preferably conven- 11 'The method of clam 1 furdher comprising roceiving
tional emission sensors, but may alternatively be any suit- el copversion data. o .
able sensor. 12 The method of claim 11 wherein said determining a

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

13, The method of claim 11 wherein sad caleulating
valve feedback term includes calculating a valve feedback
tenm based on the fuel conversion data.

14. The method of claim 1 further 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 claims, modifications and changes
can be made to the preferred methods without departing
from the scope of this rovention defined in the following

s, 50 o o
We claim: 50 engine emissions data. ‘ ‘ , . o
1. A method for calculating a valve timing command for 15. 4 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-
i . . forward terin based on the cugiue cmssions data.

obtalning an engine performance commaud; 16. The method of claim 11 wherein saidl calculating 2
receiving an environmental conditions signal; 55 yalve feedback term includes caleulating a valve feedback
determiniog a valve feedforward terma based on the engine term based on the cogloe emissions data.

performance command and the envirvonmental condi-

tions signal; N
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i
ENGINE TORQUE CONTROLLER

THCHNICAL FIELD

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

BACKGROUND

An enging torque controlier is comprised of a torgue
demand controller 2nd a torque producer. The tarque
demand controller determines s required target torgue, in
rdance with an accclerator pedal position, current
engine speed, external leads and other factors. This deter-
mined torgue is then used by the torgue producer to produce
the desired torque by controlling the spark angle and the

air/fuel ratio.

a

Direct Injection Spark Ipuition (DIST) engines inject fuel
directly into cylinders where it is ignited by 3 spark from a
spark piug. DISI engines operate in a stratiicd mode or a
homogenous mode. When a PISY engine is in the stratified
mode, the combustion chambers contsin siratified layers
having different air/fuel mixtures. The strata closest to the
spark plug confalns a stoichiometric mixture, which is a
mixiure in which the exact amount of air to combust the
amotnt of fuel 18 present, i.e. when the combustion leaves o
£XCESs OXygen or unbumed fuel Subscquent strate contain
progressively leaner maixtures. Operation in a stratified mode
cocurs at lower speeds aud lower Joad conditicns.

When the engine is i a hornogenous mode, a homog-
enous mixture of air and fuel is dntroduced 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}.

u engine torque ot -iI’OHLEb for DHST engines, when the
engine 1s operaiiug in steatifled mode, spack angle has bitle
influence on the torque produccd. The torque producer
modifies the air/fuel in order to control the forque produced.
Conversely, when the engine is operating v homogenous

mode, the air/fuel ratio s controlied i ghtly in order 1o
maintain cowrect ()peratx()n of the catalytic converter to

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

A problem occur
when there 38 a steady

sfate e

demanded and the estimate of the torque prod

the torgue
mced. In the
mode 1f a fuel adiustment occurs due to such a
will not be ideal and

stratified
etsadv state error then the air/fuel ratio

fuel econom 1y wiil suffer and pedformance of the catalytic
converter will detumra--; u the bomogenous mode, if the
tirging, of tl spark ignition is aliered due to such a steady
staie torque erior ihc.n the fuel economy will once again

suifer and the engine is more likely 1o stall when a load
rmposed. Therefore, there 15 a need for a method of corre:
tion for a stcady state ercor between the torque 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 controlier is
arranged to receive a combustion mode signal radicating
whether the engine is operaiing 1n & stratified mode or 2
bomogeneous raode. I the signal mdicates that the engine s
operating i the siratified mode then the fuel and spark

2z

controiler is artanged to control the fuel adjustment signal.
If the signal indicates that the e'lgme is operating 1n the
homogeneous raode then the fuel and spark countroller s
arranged to control the spark adjustment signal

Prefsrah‘y th-s controller also has an air charge controller
arranged o réceive an air charge demand signal, a t"n‘oitie
position S]g[iéi], an engite speed signal, a manifold pressur
signal and an air charge temperature signal and alrmged 10
output the estimated air charge signal. Preferably, there is
also an air charge demand controller arranged o receive the

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

demand signal

According 10 another aspect of the invention, there is
provided a method of controlling torgue for an engine. The
methad fucludes estimating a current torgue signal in depen-
dence upon a received current spark angle signal, a received
current air/fuel ratio signal and a received estimated air
charge signal, comparing the estimated current torgue signal
Wit h a desired torgue signal to provide a difference signal,
and filtering low freguency components from the difference
signal. Fmaﬂy, controlling & fuel adjustment signal and a
spark adjustruent signal in dependence npon the filtered
difference signal.

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

BRIEY DESCRIPTION OF THE FIGURES

FIG. 1isablack d:agram illustrating part of an engine and
an engine controller, iy accordance with the present inven-
tion;

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

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

DETAILED DESCRIPTION

FIG. 1 ilusirates 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

contrailer,

1S
¢ will

edal and sensor asserubly 2, au engine speed seusor 3, an
engine femperature sensor 4, an air charge fewperature

sensor 5, 4 manifold absolite sensor 119 and a
throttle position indicator 6.

A fuel mnjector 138 wjects fuel directly into a combustion
charnber ¥98. The njected fuel mixes with an air charge
which enters thr “‘1gh an air intake valve 102 via an air intake
manifold 182, The air charge is controlled by a throttle § and
the {uel mjected is contrelled by a fuel purap 8. A spatk
coutrol unit 7 controls a spark ;‘hw 1836, to generate
for ignition of the alr/lud mixture. B
resulting combustion exit via an exh
exhaust manifold 134, The exhaust manifold
way cat

FIG, 2 {llustrates an embodiment of a torque demand
controiler 31 that is part of the engine controller I. The
torque demand countroller 11 calculates a required cutput
torque signal 13, based on an accelerator pedal position
signal received from the accelerator pedal and sensor assernn
bly 2, an engme speed signal receivesd from the engine speed
sensor 3 and an engine teraperature signal received from the
enigine femperature sensor 4. A loss load 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 2 torgue demand signal
13.

pressure

ust ‘/at;g 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 inputs What 13 claimed is:
the torque demand signal 15 and a pumping losses signal 16, 1. A device for controlling & torque output of an engine,
WIS PR - Gt b : o . .. h
which represents losses due fo the inherent losses (o the the device comprising:
engine cycle (1.e. due to the energy reguired to draw air in
and to pui{h nl‘-t exhaust gases). The adder 17 outputs a a tonque dernand conmtroller for gemerating a torgie
desired torque . demand signal; and
a > Hi ceives as inputs the

An air charge ] ‘mdumt ctler 27 receives as inputs the 4 torque producer which receives the torque demanid

desired torgue & ignial, a desired spark angle signal 25 and a

= 5 sigual, the torque producer meludes:
desired air fuel ratio signal 26. The desired spark angle oot i K
an cstimator which receives as t urrent spark

signal 28 and the desired air fuel ratio signal 26 are calou- an estimator which receives as inpuis a current spat
lated eisewhere in the engine controller ¥ and depend upon 19 angle signal, a current air/fuel ratio signal and an
signals such as engine speed, engine Ioad and engine tem- estimated air charge signal and outputs an estimated
perature. torque signal;

The air charge demand controller 27 generates an al a comparator which receives as inputs the cstimated
charge demand signal that is reccived by au air charg torque signal and a desired torque signal and ouipuis
coniroller 29. The air charge controlier 29 also receives as 18 a difference signal;
inputs a signal indicating throtic position that 1s received a high pass filier which receives as an input the differ-

from the throftic position indicator & (FIG. 1}, the engine
speed sensor 3, the manifold absolute pre«me sensor $14p
and air charge temperature meter 5. The air charge

coutroller 29 generafes a sigual indicating desired theotile 24

ence signal and outputs a filtered dif iiere'\c e signal in
which low frequency components are abs«,un, and
a transient torque controller which receives as an oput

position tmt is sent o “ ile ® (NG 1) and a sigoal thc: filiered .dlfit){‘(:‘.]]CC signal al‘(i ()utputg 3 fuel
represes an estimnate of the air charge. adyustiment signal and a spark adjustment signal.
The csti na[c: air bha[gb may be different from the air 2. The device 10 claim 1, wherein the estumated air charge
charge demanded by the air uxaig' demand confroller 27 due signal i pi‘oduccc by an atr charge controlier which receives
to delays in the engine 184, such as the time taken for the ,g 88 inpuis an air Chargc demand signal, a throtile posmur
throttie % to mave, the time taken for the pressure in the air signal, an engine speed signal, a manifold pressure signal
intake manifold 152 to use or fali, or any errors in position and an air charge temperature signal.
of the throttle. The air charge estimate signal is sent o 2 3. The device 1w claim 2, wherein the air charge demand
current lorque estimator 22. signal is produced by ap air charge demand controfler which

The cumrent torque esttmator 22 uses the air charge receives as inputs the desired torque signal, & desired spark

cstimate signal, together 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@ o generate a signal representing an estimate of injection s spat ark ignition engine, wherein the transient mrqu»
the curreat terque. controfler i arranged to receive a combustion made ¢

The estimate of the cwrent torgue is compared to the mdicating whether the engine is operating in a stratifi
desired forgie. signal by a coruparator 18 to generate an * mode or a homogeneous mode, and
signal which is then filtered by a high pass filter 28. 7 wherein the transient torque controller is arranged to
rcsulimg filtered error signal is used by a fransient jorue courol the fiiel adjustment signal whes the combustion
c‘()ntioi} er 21 to generate 51gudl:s for temporanly adjusting mode signal indicates that the engine is operating i the
the torque pi‘gﬁuccd by ti}c engine 1()?}. ‘ stratified wmode, and

A combustion rnode signal 19, which is produced ¢lse- #° . . S .
where in the engime contreller 1, indicates whether the wherein the mansient forque controller is '-n;m(rc;‘i
engine 180 is operating in a siratificd mode or in 4 homog- goriil'()l the g;)ark adjustment signal when the corebus-
enous made. If the engine 184 is operating in J-s siratified tion mode signal indicates that the engine is operating
mode then a fuel adjustment signal is generated and sent 16 in the hgmqgencf;us mode. . .
the fuel pump 8 in order to adjust the amount of fuel which as 3. The device in claim 4, whereln the estimated air charge
is ipjected infe the cormbustion charmber 168 by the fuel signal is p-uduc =d by an at Iwh”‘[gc controlier which receives
injecior 130, If the engine 106 is Opxidtlnﬁ, in the ‘rx()lrl()g_ as mpuis at d.‘]l charge demand sign ui a throtile position
cnous mode then a spark adjustmer '[K]g(idl is gencrated and signal, afl Cogine speed signal, 2 manifold pressure signal
sent 10 the spark controi unit 7 to adjust the timing of the ana"' an aw '\"h?fg? temperature signal. ) .
ienition spark gencrated by the spark plug 196. « §. The device in claim §, wherein the air charge demand

signal is produced by an air charge demand controller which

feceives as inpuis t)c desired torque signal, a desired spark
Gt c Qi al o i
any sp ark adjustment si aal received from the tragsient angle signal and

a desired a;r/fucl
~ o A v o F P ST
forgue Contrc fler 21. The signal rcprcscntmg the current air 7. A method for controlling & torque output of an engine,
fuel ratio is calculated hy a calenlator 24 using the desired

The sigual representing the current spark ;mg]e is caleu-
lated by a calculator 23 using the desired spark angle and

the method comprising:

air fuel ratio and any fuel adjustment signal rg.;ewgd from estimating a current torgue 81;_;1 al from a received current
the transient torque controlier 21, Whea the enging 108 is spark angle signal, a teceived current air/iuel ratio
operating in stratified mode the current spark angle will be signal and a received estimated air charge signal;
aral tr the red soark ancle 18 W ‘ ;
equal to xhﬁ desired spark angie 23. When the engine 168 is cornparing the estimated cirrent forgue sigual with a
operating in h()m()ge.tm)us,ma‘)de‘ the current air/fue } catio will " desired torgue signal 10 output a difference signal;
be equal to the desired air fuel ratio 26. Gl
et filtering out a plaraiity of low frequency components from

As any person skilled 1n the art of systems and methods e
. - i s T the difference signal; and
of controlling the torque c\u[pu[ of an engine will recognize - - o ) )
from the previous detailed description and from the figures controiling a fuel adjustment signal and 3 spark adjust-
and claims, modifications and changes can be made to the ment signal in dependence upou a filtered difference
preferred embodiments of the invention withowt departing 65 signal.
from the scope of this invention defined in the following
claims. L R
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67 ABSTRACT

A methiod of controlling the fuel pressure within 4 fuel
delivery system having a fuel pumyp that delivers fuel to a
fuel rail of an internal combustion engine ncludes providing
a set-point fuel pressure, generating a feed forward signal
having a set of fuel pump metor control parameters based
upon the set-point fuel pressure and the desired fuel flow
rate, providing a pressure sensotr {0 measure the fuel rail
pressure, compar ing the fuel rail pressure to the set-pomt
fuel pressure and generating an ervor value based upon the
difference betwcen the fu:,l raJ pressure and the set~-point
fuel pressure, providing a feed back controlier adapted o
receive the error value rjd 10 s:en-crai-a a feed back coutrol
signal, combiing the feedback control signal and the feed
forward control signal to generate a moior controller signal.

5237975 A % 81993 Betkietal. .oovviviiennnn. 123/497
S,579,738 A * 12/i99¢ Frischniuth ef al. ... 123/497 18 Claims, 3 Drawing Sheets
", ,,,,,
35 AN 2T 29
24~ AN 8 28 31
’} 1 BN + 4 . ; / <
e ~. \ \ t ! {
\ N 1 \ i | '
Y % { \\ \ \ [
\‘ o4 \‘ pes »—-«1“ o E1—-----4‘,‘;:4 \ o I A
Pressure IS i -
Set-Point ey = | )
. -\...'_\,,{ Il E“'V’ : E
22 N 4 #
P R - 23 - 7
Average + o 12— 14~
Fuel Flow i
18
o
““““““ o3
s 2
i
i
N
—19

PETITIONER'SEXHIBIT 1002
USPATENT NO. 6,581,565



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\}t:::“
i
0 E—
- L T T s 7
-14 U ‘14 H 14 “14
20“\
\\ 1
‘ Ll
G /ﬁ{ [
Fig. 1
12
.
0 o=
!/ -~ »”_/-Ayn l//" ''''' ] (’ ””””” i
~14 U 14 U “14 U 14 U
34 ‘‘‘‘‘ ~_
36—
\\ L ‘
LU 7 j’?

PETITIONER'SEXHIBIT 1002
USPATENT NO. 6,581,565



Case: L22-0v-02804 Document # 7 Filed: O7/26/22 Page 20 of 53 PageiD

.

U.5. Patent Jun. 24, 2603 Sheet 2 of 3 US 6,581,574 Bl

24~ 45"\\ 20 P
21— N \ \ [ 28 731
\ \ \ } 5 {
\ \ \' Ve [
Fuﬁi A I '4““ e Zﬁ -A“C}QD“LE) —3:(); A o _?_5; 1;6; S—
Pressure A 1 }
Set-Point ) | I " E
- A Sp= S )
AN 3
N 22 -3 /',’ i 7
Average ! - | 3| 14—
Fuel Flow i
\
N |
19 18
Fig. 3
g 25—, 20 2728
N N[ 2y 31
21, i ! e
N \ \ | \ ‘ /
\ 4 | \ | i E.
) ‘ LA L )
Fuel \ 'ff@i‘f—’ 26 e 3 115 116
Pressure 5 T
Set-Point Py . J i . o }
2z P\ ==
Aversge s = 23 0 14~
Fuel Flow L j 13
.—.....—.[;>. """"
\,\
19

PETITIONER'SEXHIBIT 1002
USPATENT NO. 6,581,565



Case: L22-0v-02804 Document # 7 Filed: 07/26/22 Page 24 of 33 PageiD #2338

U.5. Patent Jun. 24, 2603 Sheet 3 of 3 US 6,581,574 Bl

5 25 - Zﬁ—\\ //'_27 g 2‘:}
~ ~ / e /
2] 24 \ 4 7 28 / //"'5}
2 ~ N | 1 ( i /
\\\ \\\ \. \\ ‘\\ V’ \\ i
) | _ \ o i i
Fuel A o +m i 26 -»\-L:QNQ»---‘-»--«:) 20 £21 16
Pressure I ’H IS 1
Set-Point ey £l i; L ~ ~ l
I S = ey o ;
== 23 7 7
Average g e i g 14

Fuel Fl N
uel Flow L , 18

E

; | ",\
Fuel e 26 “l{;:@_a_{;\_ 16

Pressure I

Set-Point 4 | L i
I - hs g / -‘/
- 23 127 14-
mmm— £ :ﬁ T e

v
M

o

Ny
/

o |
‘% ,,,,, v ~ i Lo
— ] 32
Fuel Rail -~ | I 42 P
Temperature ™ 7 ’
Compensation /

PETITIONER'SEXHIBIT 1002
USPATENT NO. 6,581,565



Case: 122-0v-03804 Documert # 7

7 Filed: 0742822

Page 22 of B3 PageiD #3234

Us 6,581,574 Bl

i
METHOB FOR CONTROLLING FUEL RAIL
PRESSURE

THCHNICAL HELD

2 method of
of an wternal

The present invention gencrally relates
controlling the fuel pressure withio the fuel rail
mmbustmi engine.

g
BACKGROUND

Within an iniernal combustion engine fuel d livery
syste, a fuel vatl delivers fael to fuel dnjectors that fnject the
fuel into ‘]‘ e y}u-de s of the engine. The pressure of tha fuel
h».mg wjected through the fuel1njectors is critical, therefore
it 15 inaporfant 1 keep the pressure within the fuel rail
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 veed for an raproved method of controlhing the fuel
pressure within the fuel rail of an internal contbustion
engine.

a3

BRIEF DESCRIFPTION OF THE DRAWINGS

FIG. 1 is 2 schematic view of a first preferred embodiment
of a fuel rail delivery system of the present invention;
FIG. 2 1s 2 schematic view of a second preferred embodi-
ment of a fuel rail delivery system of the preseat invention;
F1G. 3 s a conwrol diagram ]}usiraimg the method o
controlling the fuel dehvely system of the preferred emibodi-
ment;
FIG. 4
preferred er
G, §
adaptive learn
mfl !
FIG. 6 is a
cmbodiment.

is a control diagram for a variation of the fiest
mbodiment;

to FIG. 4 whereln 2o
additional feedback

18 & conirol diagram similar
)

ing algorithm receives

conirol diagram for the second preferred

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

The following description of the preferred embodiments

of the invention is pot intended to Hr ope of the
mvention to these pref@rrcd embodime but rather to
enable any person skilled in the art o make and use the

invention.

Referring to FIG. 1, a fuel delivery system 14 of the
preseat invention includes a fuel cail 12 adapted 10 deliver
fuel to fuel injectors 14 of 20 internal combustion engine, a
fuel obmp 16 adapted to deliver fuel to the fuel rail 12, a fel
pressure sensor 18, and 2 fued pump motor controller 24

Referring to FIG. 3, the fued pump rootor controiler 28 1s
a processor that is adapted to coulrol the fuel punmp 16.
Mainly, the fuci pump motor controtler 28 controls the speed
of a motor 15 that drives the fuel pumyp 16. The fuel pressure
sensor 18 measures the pressure within the fuel rail 12, The
fuel punp raotor controller 20 receives the fuel pressure and
calculates the difference betw: | %f-upoim pressure and
the fuel rail pressure. This d fo. rence is the fuel rail pressure
error signal 28 which is used to control the fuel pump speed.

The sct-point pressure is the pressure at which the fuel
delivery system 18 works most tﬁmwﬂ" In order to
achieve proper fuel injection characterisiics such as spray
penetration and spray patfemn, it is important that the fuel

7]
en

2z

delivered to the fuel injecior nozzles 14 remains at the
appropriate pressure. Thl_ k.ptimum pressure is the set-point
pressure, and is pre-determined based upon the injector
features and the specifications of the particular application.
Aset-point pressure signal 21 18 sent to the fuel 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 frore the desired fucl
pressure and average fuel flow demand, emd atfemipts . to
drive the fuel purap raotor 13 at a speed that will provide the
desired fuel pressure at the desired fuel fow rate.

The

ward contro

fuel pump motor controller 28 suchides 2 feed fr».;-.
Her 22, a feedback con-.roller 26, snd s
pumyp motor controller driver 38. The feed forward con tiui
ler 22 uses a function or algorithm, such as a look-up table
with an mts,rpulatmu mu.mc, to output a feed forward
controf signal 23. The feed forward controlier 22 inputs the
set-point pressure and the average fuel flow demanded into
the function or algorithm and (.dlu.nal the feed lorward
couirol signal 23,

The fuel ratl pressure ervor sigoal 28 is caleulated by
subtracting the fuel pressure sensor signal 19 from the
set-pornt pressure signal 21, This calevlation is performed
by a first suraming junction 24. The fuel rail pressure error
signal 25 is input to the feed back coutroler 26. In tum, the
feed back controller 26 calenlates a feed back control signal
27. The feed bu-{ CO ntroller 26 can be any suitable
controfler, such as a Proportional Integration and Differen-
tial or model -.,ased »omm Her.

The feed forward control signal 23 and the feed back
control signal 27 are summed in a second summmg junction
28, thereby generating a motor conteolier signal 29. The fucel

el

pump motor controller dnver 3¢ receives ths, moior control-
ler signal 29 and generates a mctor drive signal 31 that

controls the speed of the el pump motor 15,

In a nominal fuel system with the desived fuel rail pressure
at a given fuel How rate, the feed forward comr()} %ivnai 23
and th motor controller signal 29 would be the same. The
feed back controller 26 modifies the feed forwm, control
signal 23 to compensate for system variations due to part o
part tolerances and sysiem aging, cte.

A fiest preferred embodiment of the inveuntion 1 shown in
FIG. 3, wherein the fuel pressure sensor 18 is a relatively
low bandwidih sensor that i‘v‘ mounted onto the fuel cail 12
to directly m re the fuel pressure therein. Referring 1o
Fl(} 4,10 a variation of the first preferred embodiment, the
fuel pump motor controller 26 further includes an adaptive
learning controller 32 which uses an algorithm to menitor
the conditions of the i
feed forward controlier 22 when the s
a ~teadv state condiion.

The algonthm of the

ol

Pdelivery system 16 and updates the

system is operating in

adaptive learning controlier 32
signal 21, the average

receives the Qef—point pressure fuel
flow, the fuel rail pressure error 28, and the motor controiler

signal 2% as inputs. The algorithm then compares the moio
controller signal 29 to ths, feed forward conirol signal 23
corrcsp(" y {0 the current set -pmnt signal and the average

fuel flow WLthm the feed forward controller 22, and v pdafcs
the values within the feed forward controfler 22 appropri-
ately.

The algorithm of the adaptive learning \o-mf\l} r 32
receives the error signal 25 and the feed forward controller
22 is only updated when the error has stabilized and is below
a pre-determined threshold. Referring to FIG. §,
additionally, the speed of the fuel pump 16 and the pressure
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from the pressure seusor 18 caun 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

preferred exmbodiment. The second preferred embodiment
includes a fuel pressure sensor 34 mounted at the fuel pump
16 to measure the fuel pressure within the fuel delivery
system 18 af the fuel pump 16, The fuel pressure sensor 34
of the second preferred embodiment 15 a relatively wide
bandwidth sensor
Referring to FIG. 6, a fuel pump motor
the second preferred embodiment 15 similar to the fuel pump
motor controlier 28 of the first preferred embodiment, how-
ever the second preferred embodiment also includes a fuel
system model 38, 2 low-pass filier 48, and a device 42 1o
cajculate the average fuel flow. The fuel system model 38
eceives the fuel pressure as measured by the pressure sensor
4 at the fuel pump 16 and the fuel system model 38
estimates the fuel ratl pressure based upon the pressure at the
fuel pump 16.
The wide bandwidth pressure
the average fuel pump outlet

Qd

nsor 34 will measure both
pmmurc as well as pressure
pulses caused by the opening and closing of the fuel injec-
tors 14. The 10\~-pd% filter 48 filicrs 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 jnclude mpu-. of the fuel rail 12 temperature. The
temperature of the fuel rail 12 influences the fuel rail
pressure estimation, 5o the fuel systeny model 38 can take
this temperature into counsideration o more accurately
approxunate the pressure within the fuel rail 12 based upon
the pressure measured at the {uel pump 16, The wide hand
pressure from the pressure sensor 34 1s also used by the
device 42 to calculate the average iud fow. From the
pressure pulSatluN caused by the ope and closing of [1 he
mjectors, the injector frequency and on-t i

o

ime durnuon can be
a')biainf} Ry using this information along with the injector

flow Re , the average fuel flow rate can be calculated,
thereby « hm inating the need for external average fuel flow
informatior

it 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 nven-
tion can be practiced.

The foregoing discussion discloses and describes two
preierred embodiments. One skilled {n the art will ¢ -iiy
recogaize from such discussion, and from the awumpanymg
drawings and clairas, that changes and wodifications can be
made to the preferred embodiments withowt departing from
the true spirit and fair scope of the inventive concepls as
defined 1o the following claims. The preferted embodiments
have been deseribed in an ilfustrative manner, and 1t is to be
uanderstood that the teominology 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] purnp which delivers fuel to 2
fuel rail of an internal combustion enginge comprising:

/’

providing 2 set-point fuel pressure;
providing the estimated average fuel flow through
system;

controlier 36 of

wn

4
generating a feed forward control signal based upon the
set=point fuel pressure and the average fuel flow;
raeasuring the fuel rail pressure with a fuel
SEDRROT;
filtering the ountput of the fuel pressure sensor to filier out

pressuxe

pulses due to the openming and closing of the fuel
imectors;
comparing the fuel rail pressure to the set-polnt fuel

pressure and generating an error signal based upon the

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

uLLfymg the feed forward control signal based upon the

error signal thereby generating a motor controiler sig-
nal and sending the motor control signal to the
pUmp rmotor.

2. The method of claim 1 wherein generating & k‘ d
forward coutrol signal includes providing a feed forw.
controdler which provides established fuel pump rmotor
control parameters at particular sei-point pressure and aver-
age fuel flow rate values, wherein the set~-point pressure and
average fuel flow are wput 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 motor control signal to the fuel pump
WOLor comnt r(:} p arameters within the feed forward con-

trofler which comespond 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 costroller
the error signal bas stabilized and is below a pre-determined
level.

5. The method of claim 1 whercin measuring the fuel rail
pressure inchides measuring the fuel pressure at the fuel
pU'np and estimating the fuel rail pressure based upon the

fucl pressure as measured at the fuel pump.

§. The method of clain 1 further including:

detecting pulses in the signal from the fuel pressure sensor
when the injectors open and close;

measuring the time between when an injector opens and
closes to determine bow long the injecior is open;

using the injector flow rate and the injector open time o
caicut' te the average fuel flow
- A fuel delivery system comprising:

a fuci rail adapted to deliver fuel to fuel injectors of an
aulomotive Vchl(_}c a fuel pump adapted to deliver fue
to said fuel rail, a fuel i pressuic sensor adapted to
measure the fuel rail pressure, 2 low-pass filicr adapted

to filter the output of said fuel pressure seusor to filter

out pulses due to the opening and closing of the fue
injectors, and a fuel pump motor controller baving:

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

,...'

et

[&% ,.... Q.

the average fuel flow through said systemy
1o compare the fucl

and

a first summing junction adapted
rail pressure to the set-point fuel pressure
gencrate an error value based upon the di
between the fuel tail pressure and the set-poir
pressure;

a feed back
and to generaie a
a second summing yur
back control signal

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

tion ada apte ed to recerve the feed
from said feed back controller
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and the feed forward control signal from the feed
forward controller and to meodify the fuel pump
motor contrel parameters of the feed forward control
signal based upon the feed back control signal to
generate a motor controller signal; and
2 {uel pump motor controlier driver adapied to receive
the motor controlier signal and to control the spee G'
of said fuel purap based upon the motor controlle
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
vack controller is a pmpomou.r:} integration and differential
closed loop controlier.

18. The fuel delivery system of claim 7 {urther includiog
an adaptive learning controller having an algorithm which is
adapted to monmtor the conditions of the fuel delivery systern
and to update said feed forward control le“

11. The fuel delivery system of clatm 7 wherein said tuel
PLessure sensor is riouried at said fued pump fo measure. the
fuel pressure within the fuel delivery system at said fusl
pump.

12. The tuel delivery system of claim 11 further including
a fuel sysiern model adapted to estimate the fuel pressure
within said fuel rail based upon the fuel pressure as mea-
sured at sawd 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:

wherelny said fuel
to directly

providing a set-powmnt fuel pressure;

providing the flow through the

sysieni;

estimated average fuel

sed upon the
flow;

generating a feed forward control signal be
set-point fuel pressure and the average fuel

measuring the fuel rail a fuel pressure

SCNNSY,

pressure with

comparing the fuel rail pressure
pressure and generating an errorsignal b

to the set-point fuel
ased upon the

6

modifying the foed forward

controf signal based upon the

error signal thereby generating a motor controller sig-
sal and sending the motor control sigpal fo the fuel

pump mote
detecting pulses inthe s
to establish when the

signal from the fuel pressure sensor

fuel injectors open and close;

measuring the time between when an n jector opens and
closes to determine how long the injector Is open;

using the injector flow rate and the mjector open time to

caiculate the average fucl flow.

14. The method of claim 13 wherein generating a fee
forward conirel signal includes providing a \fd OTWaT:
controiler 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 wput 1o the feed forward controller and
a feed forward control signal having set of corresponding

fuel pump ruotor contrel parameters is thereby generated.

13. The method of claim 13 further including:

comiparing the moior contrel signal o the fuel pump

motor conirol parameters withio the feed forward con-
troller which cotrespond to the set-point pressure and
the average fuel flow,; and

updating the feed forward controller with new fuel pump

motor control parax*xe'crq

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

after the error signal has stabilized and 15 below a pre-
determined level

17. The method of claim 13 whe ring the fuel

rail pressure inchudes 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 fuel injectors.

\’."..‘

-
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TTRONIC THROTTLE MSABLE
CONTROL TEST SYSTEM

ELEC

TECHNICAL FIELD

The present invention relates generally to control sysiems
for internal combustion engines, and more particularly, to an
clectronic throttie disable control test system.

BACKGROUND ARY

Muany previousty kuowa motor vehicle thrott 1e controls
have a direct physical linkage between an accelerator pedal
and the throttie body so that the throttle plate is pu -iled open
by the accelerator cable as the driver presses the pedal. The
direct mechanical linkage tncludes biasing that defaults the
Hokage to a reduced operating position, also known asdle,
in a manner consistent with regulations. Nevertheless, such
mechansms are often simple and unable to adapt fuel
consumption efficiency, minimize regulated emissions,
improve driveability to changing traveling conditions, and
add siguificant weight and components to the motor vehicle.

An alie

rnative control for improving throttle control and
thc efficient introduction of fuel air mixtures 1to the ¢ngine
vlinders is presented by electronic throttle countrol. The
hx‘tmn ic throttie conirol includes a throttle control unit that
positions the throtile plate by an actuator controlled hy 2
microprocessor using position feedback sensors. The micro
controllers (or micro pmf.x.ssors) are often included as part
of a powertrain electronic 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 raay
be PTOV;dfd so that an electronic system does not misread or

(4]

misdirect the control and so that unintended operation is
avmdac when portions of the electronic control suffer a
failure.

e previousiy known type of protection to avoid uniu-
tended actuation of excessive throtile is to use a disable
function of the clectronie throtile drive electronics. The
disable function allows the PCM to shut dewn the electronic
throttle drive electronics in the event that the BCM senses a
throtile position differing from expected throttle position.
Unfortunately, typical eledrumy throttie systems do not test
the integrity of the disable function.

The disadvantages associated with these conventional
electronic throttle disable techiriques have made it apparent
that a pew tfechnique for festing the clectrouic throtile
disable function is needed. The new technique should not
intrude on normal throttle operation while ventying 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 is, therefore, an object of the {nventon to provide an
in‘.pm‘vx.d and reliable electronic throttle disable control test
system. Another object of the tavention is to test the clec-
trome throttle driver disable fancoon. Aad additional object
of the invention is to not intrude upon normal throttle
operation.

lu accordance with the objects of this inveniton, an
slectronic throttle disable contrel test system is provided. In
one embediment of the invention, s methed for testing the

egrity of an electronic throttle disable function b@}‘ {03 bv
disabling the elecironic throttle motor’s drive electic
{which is an integrated H-driver in the prcterrcd
embodiment). The H-driver is commanded to apply dull
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closing voltage, however, since the H-driver is disabled, no
voltage 15 applied to the niotor and the throtile remains at 1ts
defach position. The throttle position voltage is then cora-
pared to a predeterndned default position voltage. If there is
a significant difference between the two voltages, then
failure mode MANagemen is engaged. These vohages can be
ither “absolute” meaning rela‘uvc 1o system ground or
relative” roeaning welative to the theotile position 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 not
move when disabled, Then we have to verify that it does
raove when enabled.

The present invention thus achieves an improved elec
tronic throttle disable contrel test system. The present inve
tion is advantageous in that the integrity of the electronic
throtile disable function i3 fested at least once each groe the
vehicle is powered up.

Additional advantages and features of the present inven-
tion will become apparent from the description that follows,
and may be realized 'r\y means of the instrumentalities and
combinations p.’.rth vy pointed out in the apnenx.w
clatms, tabeu in c(;n;.u_)m-‘)n with the accompanying draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

In order that the mvention 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:

FI1G. 1 1s an electronic throttle disable control test system
in accordance with one embodiment of the present ioven-
toa; and

FH3, 2 1s a flow chart for an electrome throttle disable
control test 1o accordance with one embodiment of the
present invention.

REST MODES FOR CARRYING QUTT
INVENTION
In the following figures, the same reference numerals will
be used to wdentify identical components in the various
views. The present lnvention is dhustrated with respect (6 an
electronic throttle disable control test system, particularly
suited for the automotive field. Howevey, the present wven-
Hon 18 a,p-”)}ic:abie to various other uses that may require
clectrome throttle disable control test systerns
Referring 1o FIG. 1, a rootor vehicle powertrain system 18
incluc'ing clectronic throttle control system 12 inchudes an

HE

electronie control unit 14, In the p"efm‘[cd embodiment, the
electronic coutro}l unit 14 includes & powerirain control

module (PCM) 16 including a main processor and an
cloctrowie throttle monitor (8 M) 18 inc cludis ng an indepen-
dent processor. The PCM and ETM share sensors 1% and
actuators that are assowiated with the powertrain system 17
and coutrol module 16. Preferably, the electronic throtile
monitor 18 inchudes a processor physically 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 sensoms 19 and acmators 21
and 34, respectively, for independent processing.

the FIG. 1
the diagrammatic representation of redundant

A wide variety of 1nputs are represented in
diagram by
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pedal position sensors 26. The sensors 28 are coupled
through inputs 22 and are representative of many dlf&rent
driver controls thatl way demonstrate the demanid for power.
In addition, the electronic control unit 14 includes iaputs 264
and 265 for detecting throtile posttion. A vagety of ways for
providing such indications is diagrammatically represented
in FIG. 1 by a first throttle position sensor 24a and a
cedundant second throtfie position seasor 245 to obiaiy 4
power output indication. As a result of the many inputs
represented at 19, 22, 264 and 265, the electronic controller
14 provides outputs for liniting output power so that output
power does not exceed power demand, A variety of cutputs
ate also diagrammat 1cai1v represeated in FIG. 1 by the
tlustrated examyple o uts (o a throttle control unit 28 that
m twmn powers an actuator and motive interface 39 fo
displacing the throttle plate 34, Por example, an actuator and
interface may comprise redundant drive motors powering a
gear nterface to chiange the angle of the throtile plate 34 1o
the throttle body 36.

Likewise, the rcqgvr)rmve equrpment like motors may also
provide feedback. For example, the motor position sensor 38
or the throtile position seusors 24a and 246 may pluVldﬁ
feedback to the throttie control unit 28, as stiown at 37, 27
and 276, respectively, to determine whether ;1itﬁmaiiVﬁ
responses are required or to roaintain information for service
Or fepair

The purpose of the presest inveation is to establish a
method with which to test the ability 1o take an action {which
is taken upon failure detection). For a number of detected
electronic control system failures, the "m)tih plate 34
position control disables the drive electronics for the throttle
motor 38. In normal operation, the system Wouid never take
this action.

The challenge is to design a test that does not intrude 1o
uormal 1hrome contrel eperation. Since disabling the driver
results in the plate 34 going to defauit; to test this function
noR-ing th\i\wlv,( ne raust fest whea the system is off-tine but
powered {initialization or shut-down} or when default is
cequested anyway. An advantage over previous technology
is that the driver disable function {which is a significant
coniributor to systern pr:;‘diﬂlabliifv when a systen failure 15
detected} can pow be tested at least once each time the
vehicle is powerad up.

Referring to FIG. 2, a flow chart for an electronic throttle
disable control test 4% in accordance with one embodiment
of the present invention is ilustrated. In the present
tvention, control test 48 begins with step 42 and immedi-
ately proceeds o step 44 uhcm PL ‘M 16 learos the TPS
output voltage for the default position of throttle plate 36.
{At this point, no maitor vo)tdg i p plied so that the plate
will have atiained the default positdon} The sequence then
proceeds o siep 46.

In step 46, PCM 16 disables the drive electronics respon-
sible for actuating motor 38 The sequence then ‘)r(zwcds 73]
step 48 where FCM 16 commands {udl closing motor volt-
age. PCM 16 waits approximately 30 milliscconds and then
cecords the resulting throttle position sensor voltage. The
sequence then proceeds to step S8.

In step 58, the throttle position voltage corresponding to
the default position of throtile plate 34, determined in step
44, is com rarcu 1o the throtile position voltage obtained after
disabling the drive electronics. If the two voltages are
significaut lv d {cmnt, 1t means that the motor drove the
plate fo a mew 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
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sequence 84, If, however, the two voltages are not signifi-
cantly different, then the sequence proceeds 10 step 54,

Iu step 84, PCM 16 commands zero volts and proceeds 1o
step S6 where 1t enables the H-driver. In step 38 PCM 16
applies approximately five volts- in the closiag direction to

throttie mofor 36. PCM 16 then waits 30 milliseconds before
applying full voliage in the closing direction to thru‘{'h,
motor 38, PCM 16 then waits another 30 nuiliseconds befor
learning the output voltage corresponding to a close stop nf
throttle plate 3. PCM 16 then records the close stop TPS
output voltage and the sequence proceeds 1o step &6,

Iu step 68, the voliage cooresponding to the default
paosition of thmitk, plate 34, determined in step 44, 1
compared to the close stop voltage oblained in step 38, [ the
two voltages are not significantly different, then the

sequence procceds 1o end step 84, If, bowever, the two
voltages are significantly different, then throttle plate 34 may
be potentially frozen. In this case, PCM 16 engages failure
mode management o step 62, inc ludms~ ice breaking strat-
egy.

While the present invealion is shown with respect o
testing the integrity of the drive electrounics disable function
after leaming the default voltage corresponding io the
default position of throftle plate 34, one skilled in the art
would realize that testing may alsc occur before learaing the
defank v ] ge by simply comiparing the voltage obtained in
step 48 w h the close stop voltage. One skilled in the art
would also recogmze that various routine functions, such as
cheeking memory, may occur before or after the fest.

The present mvention thus achieves an improved and
reliable electrome throttle disable control test system by
meaus 1o test the disable function without intmding on
normal throttle operation. The present inveéntion does this at
least once each tuie 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 theottle
disable countrol test system. It is to be understood that the
preceding descrption of the preferred embodiment s merely
Jius,irauvc of some of the many specific ernbodiments that
represent applications of the principles of the present inven-
tion. Clearly, numerous aud other arrangewents would be
evidem to those skilled 4o the art without departing from the

cope of the invention as defined by the following claims:

What 15 clatmed 1s:

1. An electronic throttle control apparatus for festing
tntegnty of a2 motor drive electronics disable featuee con
pusing:

a PCM having drive electromces for wniro)hpg
conpled to an electronice throttle plate, said PCM E aving
control logic to disable said drive electronics and return
sad electronic throttle: plate o a default position,
determaine a default throttle position sensor (TFS) out-
put voltage corresponding to saxd default position,
command 2 full closing motor voltage, corapare 2 full
closing TPS cutput voliage to said defauli TPS cutput
voltage, and engage :Aiiure mode management when
said full closing TPS output voltage and said defanlt
TPS output voltage are significantly different from each
athee.

3. The clectronie throttle conirol apparatus

wheretn said PCM further inclndes control logic
enable said drive electionics.

noIoT

0

i,

Ha)

3. The electronic throtile control apparatus of claim 1,
wherein said PCM burther foctudes control logic operative 1o
apply close stop voltage to said motor

4. The electronic throtile control apparatus of claim 3,

of
wherein satd PCM further includes control logic ope
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compare said full closing TPS output veltage to said close 18. The electronic throttle control test system of claim 8
stop TPS output voltage wheretn said PCM iochudes control logic operative to test
5. The electronic thratle conra! apparatns of claim 4, disabling of said drive electronics before checking PCM
wherein said PCM includes control logic operative to memory.
engage fatlure mode management when szid full closing s 11 Amethod for testing integrity of an electronic throttle
TPS cutput voltage and said close stop TPS ousput voltage plate dover disable futiction controlled by a powertrain
are significantly different. control module (PCM) comprising the sieps of:
6. The electronic thraitle conwrol apparatus of claim 1, disabling said driver;
wherein said PCM tnchudes control logic operative 1o test determining a fiest throttle position value with said driver
said motor dnve clectronics disable feature before leaning 10 disabled;
said defanlt throttle position sensor cutput voltage. commanding {ull closing voltage;
7. The electronic throitle control apparatus of chim 1, determining a secend throttle position value at said full
wheremn said PCM {ocludes control logic operative 1o test closing voltage;

o118 182
said motor drive electronics disable feature before checking comparing said first and second throttle position values;

PCM meraory. 1S and
8. An electronmic throttle conirol test system for an auto- . ~. R
e ~ engaging failure mode agement when said first and
mobile having and internal combustion engine, sald sysiem o

second throttie position values are sigmficantly differ-

comprising:

eat.

3 moterized throttde located on the nternal combustion 12. The method of claim 11, furiher comprising the step
cugine, said motorized throttle having a throtile plate 29 ,f enabling said driver.

C(“lplﬂj to 1 motor for eontrolling an amonat of airflow 13, The method of claim 13, further comprising the step
entering the 1nternal combustion engine; and of applying close stop outpul voltage 1o & mator.

3 PCM having duve electrouics for controlling said motor 14. The method of claim 13, further compusing the step
coupled tosaid throtile plate, said PCM having conwral,  of mmpar'ng a throtile position sensor {TPS) cuiput voltage
logic to disable said drive electronics such that said 2 at said fuil closing voltage to & TPS cufput voltage at said
throttle 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 atep
put voltage cormesponding to said defanlt position, of engaging failure mode mauagernent 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 voimﬂﬂ o said default TPS 7 outpus Vﬂ‘itdﬂb at said close stop voltage are significantly
cutput vollage, and 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 diffevent. L age.

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

wherein said PCM includes countrol logic operative to test before checking PCM me
disabling of said drive electronics before learning said

default throttle position sensor output voltage. O
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{57y ABSTRACT

The invention relates to a four stroke suterpal combustion
engine with one or more éngine operating condition sensors
wchiding an exhanst gas composition sensor  the exhaust
conduil. An engine wanagement system is arranged o
control the operation of the engine including the fuel injec-
tion system and the air/fuel tatio & for at least one cylinder.
The engine management system receives from said sensors
respective signals S; and oscillates the air/fuel ratio %

:
between a relatively rich level and a relatively lean level,
depending on the signal §, from the exhaust gas sensor. The

engine maaagement system determines the temporal char-
acteristics {(£42) of the osciliation i the ailr/fuel ratio and
determines whether or oot the engine is being fueled on the

cotrect siroke by coraparing {136) those temporal charac-
teristics with relevant engine operation data (128} stored in
the engine management System.
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MOTOR VEHICLE ENGINE
SYNCHRONIZATION

BACKGROUND OF THE INVENTION
This fnventiou relates to an engine management sysiem
capable of determining engine phase of a four-stroke inter-
nal combus
\f‘]

cn a four- %1rc)];e engine is running it is desirable to
verify that the fuel is being injecie(‘- into the cvlnder during
the correct stroke. If the fuel is injected on the wrong stroke,
the engine may still run, but engine eruissions will increase
and engine efficiency will drop

laternal combustion engines normally have a crankshaft
sensor that provides a rolation signal that can be used o
verify piston position over one complete revolution of the
cngine. However, as the enpine takes two fail revolutions to
complete one cycle of the four sirokes, this type of eagrue
sensor cannot d'simcmish between the two halves of the
cycle, soretimes referred 1o as the charge phase i which the
cvlinder s charged with air and fuel, and the power phase in
witich the air fuel charge 1s ignited and expelicd as exhaust
gas.

Curreptly, the most common method of verilying the
;nﬂms jection stroke is through the wse of a camsh ':?
100 sensor. However, a camshaft sensor with associated

g and engine machining adds cost to the engine.

i
1

Wir]
115 possible to achieve engioe stoke vertfication without
the use of a camshaft position sensor, for example as
described 1u patent document EE ¢ 990 787 A This docu-
ment describes a methad of determining engine stroke in
which ene cyhinder of the engine is made to run for one cycle
at gon-optimal conditions. This causes a sharp change in the
operating conditions for that cylinder, which can then be
detected by measuring 2 mementary change in the compo-
sition of the exhaust gas. The time at which the exhauvst gas
mpmii 0 an then be used to determine the
engine stroke on which exhaust gas is expelled by the
affected cylinder,
This method suffers from a number of p-'nblemb, primarily

the need to operate the engine in a non-ophimal masner and
the need for steady state operation before, durmg and after
the test.

SUMMARY OF THE INVENTION

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

According to the present invention there is provided 2o
internal combustion engine, comprising a number of
cylinders, the or each cylinder containing a four-stroke
reciprocating pision, au exhaust conduit, one or more engine
operating condition sensors including an exhaust gas sensor
in the exhaust conduit for measuring the \_()mpos‘tmn of the
exhaust gas, a fuel injection systeny, and an engine manage-
ment system for controlling the operation of the engine
inchnding the fuel injection system and the aiv/fuel ratio for
at least one "yl"Dder. wherein the engine management sys-
tem contains engine operation dafa, the eogloe opcration
data being relate i i expected engine opetat ion with engiae
fucling oo the correct stroke and/or engine fucling on an
incorrect stroke, aud the engine managemeni system is
arranged to:

a) receive from said seosor(s) respective signal(s);

b} oscillate the air/fuel ratio between a relatively rich level

and a refatively lean level, the exhaust gas composition
varying \.pendmg on the airfuel ratio;

2z

¢) reverse the direction of change (n 1h\

~when the exhaust gas compositic SCHSC
mndicative of rich e¢ngine -:)pcrati-:)n or
operatiorn;

d) determine the femporal characteristics of the osc

in the ajrfuel ratio; aund

¢} determine whether or not the engine is being fueled on

the correct siroke by compartug 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 no*-i—optima} rnanner o
provide the engloe ruapagement with the signals reguired 1o
retity whether or not the engine is being 1 1xcled on the
corre strokf< by comyparing.

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

The term “teraporal characteristics™ shounld be understood
as meaning period or frequency or any other time depeadent
characteristic that could be used to characterise an osciliat-
ing systemm.

1t shiould be understood that the term “measurc cxhaust
gas composition” means fo meastre one or more of the
composition characteristics of the exhaust gas coraposiiion
suuh as the concentration of oue or more of the component

air/fuel ratio
5 b@ing
lean engine

1llation

0o

to meet modem eraission standards, engine
ystems utilize a f('.-rm of closed loop control to

ol the air/fuel ratio of the cylinder charge. The use of
closed loop control is dictated by the use of three way
catalytic converters which reguire very accurate control of
the air/fuel ratio around a stoichiometnic value in order to
operate at their maximvm efficiency. Closed loop control
uses feedback from a sensor at an ouiput from a system to
conptrol an input to the system that affects the signal from the
ouiput, 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 loop control the
engine management system does not take account of the
signal from the exhaust gas seosor when setiug the air/iuel
rafto. Upen loop control may ocenr, for instance, when the
daver presses the throttle.

A simplified model of a three way catalyst is that of an
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 remove the oxygen in the N, gasses o
creale harmless N,. Some of the excess oxygen in the
extiast gases is (ds-‘ stored {o this phase. When the air
ratio is rich, the exhaust gases are rich in k‘ydruc(:rbﬂns HC
CO oand H,. The oxygen stored on the catalyst s then
released to react with these gases to form CG, and H,O.

To measure the exhaust gas composition, 1S conynon o
use a Heated Exhaust Gas Oxygen (HEGO) sensor, Com-
monly available HEGO sensors have a S‘{eep change in
ouniput around the OXYRen Conce entration resul u(-o from near

CaS

iy

¥
fuch

stoichiometric atr/fuel ratio. This resulis in the HEGO sensor
being used in a bi-stable manner to detect either rich or lean

of

combustion, rather than provide an absolute indication
air/fuel ratio.

{n a closed icop feedback system this bi-stable HEGO
seusor is ideally sutied to a limit cycle operation oscillating
the air/fuel ratio about the stoichiometric valne. The present
ravention takes advantage of the fact that there is already 2
slight oscillation in engine ﬂpefatﬁn 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
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ior 1*1\ engine to be fitted with a catalyst, but the invention
iy suited to an eongine that does have a catalyst

<l

e engine managernent systen may caleulate a transport
delay time from the penod or frequency of the reversal of th
oscillationy in the air/iuel rato, this being indicative of the
time taken for a chanpe 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 {o the engine manage-
ment system 1o determine whether or not the engine i1s being
fueled on the correct stroke.

The exhaust sensor may be an exhaust gas oxygen sensor.
but may be a Gy other sensor capable of detecting changes in
the cnmpost{ on of the exhaust gases that relate to a change
in the air/fuel 1,5110 in the engine.

These types of sensors are common in the field and cau be
obtained anapiy. it 15 also usual for the engine o
extiaust gas oxygen sensor in the exhaust conduit as p

(D

a

=
y-- f;\ s

the engine managemeont sysiern and this meibod would
siaply make greater use of it
The period or frequency of the reversal eycle data may be

averaged over a phurality of oseillations in the aw/fuel ratio.
This reduces the effect of signal noise inherent in real
systems so that the data used in cowparisous is more
reliable.

The pericd or frequency data of an osallation in the
air/fuel ratic may be ig“u‘ ed by the engine management
system if said pcr]od or fl'f_(_]hb[-wy is outside a predeterrnined
tange. Large signal errors and instances of open loop control
can then be ignored by the engine management system so
these errors do not alter the final results.

-~

The engine management system may have a range of

pre-determined engine operating conditions during wiich it
calcitlates the period or freguency of the reversal cycle or the
transport delay and stores this for future reference. This
avaids errors in readings faken at extremes of the operating
range of the engine.

The stored, pe'mh or frequesncy of the reversal cycle or
the transport delay s used to calculate an average ereor for
cular engine operating conditions for which data
d. The engine management sysiern 18 ther used to

18 recorde
determine whether or not the engine is being fueled on the
correct stroke by cormparing 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 mjection
system, in which fuel 1s injected directly 1n to the cylinders.
iy 2 pr“- od ernbodiment of the invention, however, the
fuel imjection system 1s an indirect {gjection system in which

fuel 1s injected nto an inlet port for each cylinder,
According 1o another aspect of the invention there 3
pr(w‘ided a method of 0per"ting an internal combustion
engine the engine wrnpmbmg a nunber of cylinders, the or
cach cyvlinder containing a Tour-stroke reciprocating piston,
ofie Or More engine operating condition sensoss including an
exhaust gas sensor, a fuel injection systeny, and an engine
management system, wherein the engine muanagement sys-
tem contains engine operation data, the engine operatior
data being related to expected engine ope ram)n with engrac
fueling on the correct sircke and/or engine ineling on au
meorrect stroke, wheretn the method compr ke steps of:
a3} using the engine management system fo control the
operation of the engine including the fuel 1njection
and the ai "uc} ratio for at least one cylinder;

ating c‘mmimns, nchidu-a exhaust gas COmMPOSIHon;

]
e
=

fuel ratio between a relatively rich
the exhaust gas com-
on the air/fuel ratio;

¢y oscillating the air/
level and a 1'clatwely lean level,
position varying dependin

d) using the engine managemcnt system 1o reverse the
direction of change of the aw/fuel rattio when the
exhaust gas composition is sensed as being indicative
of rich engine operation or lean engine operation;

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

fy vsing the engine management system to determine
whether or notihe engine is being fucled on the correct
sitoke by com par'tw said tempaoral characteristics with
said relevant enging operation data.
The toventon will now be further described, by way of
exariple, with reference to the accompanying d.awmgs, it
which:

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 35 a schematic view of a four-stroke 1nterpal
combustion engine according to il invention, having, a
crank shalt sensor-and an exhaust gas oxygen sensor 1o an
exhaust outlet, both sensors providing a signal to an engine
rianagement system;

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

G138, 3 and 4 illustrate a conventional method of con-
trolling aiv/fuel ratio close to a stoichiometric level for the
purposes of emission reduction, showing respectively an
dealised cyclic variation in air/fue] vatio and a cotrespond-
ing ideal signal generated by the exhaust gas sensor;

how FIGS. 3 and 4 are alicred by

the outpnt of the exhaust gas seusor

FIGS. 5and 6 iflustrate

fueling of the engine on the incorrect engine phase;

FIG. 7 shows how the vanation 1n air/fief raio changes
wien the engine is set to run for lean operation;

FIGS. 8, % and 19 show plots of ¢
combustion engine for, respectively, the measured inlet air
fuel ratio, the exhaust gas sensor signal, and a count of
engine cycles between points where the signal from the
exhaust gas sensor alternates;

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

F13. 13 shows a flow chart iilustrating a method accord-
ing the invention for determining whether or not the engine
1s being fueled on the correct siroke.

[

cal data from an mtenn

DETAILED DESCRIPTION OF THE
PREFEREED EMBODIMENT

FIGE. 1 shows a schematic view of a four-stroke internal
combustion engine 2, having a crankshaft sensor 4 and an
exhaust gas oxvgen sensor & i an exhaust outiet 8 both
sensors providing respective signals 10, 12 to an engine
management system 14. Also shown in the drawing is a
cylinder 16 with au associated piston I8 and indircet fuct
m]\c tion mea'\s 28 for mjecting a fine mist of {uel nto the
et condmt 22, Although in this-drawing only one cylinder
18 showan, @t sn\.-uk, be understood there wilf usually be
more than one cylinder.

Air s sepplied to the cylinder 16 via an tnlet conduit 22,
the arr is mixed with fuel from the fuel mijection means 26
in a ratio defined by the engine management system 14. This
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air/fuel mixivre 13 then drawn into the cvlinder 18, com-
pressed by the piston 18 and ignited by a spark plug 24. The
ignited air/fuel mixtuee expands and forces the piston dowo
givim: power to acrankshaft 26. Exhaust gases 27 created by

his combustion event are expelied from the evlinder via the
exhaust outlet 8, where the level of oxygen present in the

exhaust gases is measured by the exhaust gas oxygen sensor
§. The ‘xhaust gas oxygen sensor sigual 12 is 1adicative of
the level of oxygen iu the exhaust gases. The engine
management system 14 also recgives 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 56 of the output signal (8) 12 of the
exbaust gas oxygen sensor & against air/fuel ratio A. The
air/fuel ratio A is defined as the actual air/fuel ratic divided
by the air/fuel ratio needed for a chemical reaction in the
correet storchiometric ratio. As cau be seen frorn the plot the
sensor ouiput signal 12 changes ¢ rldlv at.an air/fuel ratio
=1, This behaviour e c'ive}y makes the exhaust gas
oxygen sensor & hi-stable. This means that this exhaust gas
oXygen sensor § is sui‘fed for nse m closed loop control of an
englne with the atr/fuel ratio being osallated about the
st(aichiometric value h=1.
FIGS. 3 and 4 illustrate a conventional method of con-
trolling J]r/hw} raiic i close 1o a stoichiometric level d=1 for
the purposes of emission contrel, showing respectively an
idealised cyelic variation in air/fue] 3 agalost e (1) ralic
and a corresponding 1deal signal S, generated by the exhaust
gas oxygen seasor 6. 1t can be seen from FI1G. 3 that the
air/fuel ratic A varies cyclically between a rich phase 68
{(3<1y and 3 lean phase 62 (3.>1), Starting at the beginping
of one of the nich phases 68, the s,tc)u_t.xor.xmmc value 1s h=1
and thien falls at a constant rate for a tiree {5, During this time
te, the sensor output signal (S;) 12 15 steady at a low level
S=0, indicating combusiion products {rom earbier 1
engine operation are still present in the exhaust outlet §
around the exbaust gas oxygen sensor 6.

1

During tine 1, combustion products from rich operation
are trapsporied along the exhaust outiet 8 towards the
exhaust gas oxygen seusor 6. The end of the rich phase
occurs when these rich combustion products reach the
exhaust gas oxygen sensor 6 the se ignal S; tapidly
switches from low § =0 to high S=1. This swiich 15 d\ tected
by the engine management mystc.m 14 and, in response, [hc
engine management system 14 causes the aiv/fuel ratio & to
rise suddenly to the stoichiometric valus h=1. The air/fuel
ratio 4. 18 steadily 1ncreased nniil the seusor output signal 12
suddenly changes from high S=1 to low S=0, in responss fo
he combustion products from the fean operation reaching
the exbaust gas OXYEED seusoy §. At this point the air/fuel
ratio . is dropped to the stoichiometric value h=1 and then
steadily falls.

50T si

This cyele continues while the closed loo p contro] is still
1 force. The air/fuck ratio b varies between a relatively 1-»11
value 122 of about (.96 and & relatively lean value 124 of
about 1.04. This defines a standard operating range 126 for
the airffuel ratio h. The nme intervals 128 berween the
sudden changes in sensor cutput ave related to the time delay
for the combustion products to reach the exhaust gas oxygen
sensor & following 2 change 1n engine conditions. ' time
delay 120 s c::lkd the transport delay time for the engine.
F1GS. 8 aud & 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 =1 and is increased at a constant rate for a

6
time t; . Dung ﬂ“i*s me i; |, the sensor cutput 12.is sieady
at a high level 8;=1, indicating combustion products from
earher tich eugine puamon are still present v the extiaust
outlet § around the exhaust gas oxygen sensor &. When the
combustion products from the lean operation reach the
exhaust gas oxygen sensor §, the seusor ouiput signal S, will
change to low S;={0 causing a change in ‘el ratio h.

the air/
Ia this case, due W0 the fuchag of
incorrect siroke, there Is anm additional time
between the engine management system 14 altering the
air/fuel ratio ® and the combustion pmductc from this altered
ratto affecting the sensor out pu- signal 12, This additional
time delay 136 is due to the fuel injection occurring at the
incorrect engine phase, for example, pear the end of the
compression 3Luk ¢, 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 behind the inlet valve 23. Wheu the inlet valve 23
opens this pool is drawn futo the cylinder 16, Since the fuel
is 1o longer 1w a fine raist when it colers 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 cyvlinder 16.

the engine on the
delay 136

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

FEG. 7 shows bow the variation in air/fuel ratio 2. cham‘f*
when the engine is set to run for lean operation. Starting at
the beginning of one of the lean phasgs 164, the ar/fuel ratio
is the stoichiometric value h=1 and then rises at 4 constant
rate for a time t,,. When the combustion p?oducts from this
lean operation teach the exbhaust gas oxygen scasor 6 and the
sensot signal 12 changes. from hlg?h S=1 to low S=0 the
engine management system 14 drops the air/fuel ratio o 2
level above the stoichiometric value h=1. The air/iuel watio
then falls at a steady raie to begin rich operation of the
engine during a time T, unil 2 further sensor switch ds
detected. When the air/fuel ratio & sudd-snly rises 1o the
stoichiometne level k=1 and begins to rise steadily.

4
es

The extra period of lean fueling 138 gives nise o a
measured transport delay time which can take one of two
values 166, 162, During the cycle with no extra lean fueling
164, the time delay 169 is less that the time delay 162 due

fueling 158 ocaurring dwring the

0ot cause pr\.bl\.m,s n th-s ver 1.1cat15)n 5)f Whethe. or not i,hﬁ
engine 1s tueled ou the correct stroke.

F{G. 8 shows a plot of real data taken during evaluation
of the molor car wcorporating the mmvention. The plot shows
that the measwed aiv/fuel ratio 3, against iime t has a
“saw-tooth” sha')c This is 1o be expected from the conven-
tional method of closed-loop control of an engine cutlined
above. This plo[ 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
stoictiometue value h,=1. A typical jump in the air/iuel

ratto is highlighted 244 to show that even with the associated
signal uoise i 18 possible o deflue & point ab which Lhc
sudden jump in the air/fuel ratio occurs. This then allows the
calculation of the time taken between these juraps so that the
fueling siroke of the engine can be verified.
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FIG. 9 shows the actual exhaust gas sensor output S, positioned around the euglue, including a3t least one exhaust

associated with the plot in FIG. 8. The inherent aoise in the
syster can be seen since the plot is oot regular. A typical
change i the sensor ouiput is hig ghiighted 2()8 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 oceur.

FIG. 16 shows the counted numbsr of engine cycles N
between the sensor switches rising 212 and being reset 214
when a sudden change o sensoroutput is detected. "The plot
218, represents the cxpcc[ea; mumber of engine cycles
between the sensor switch events. As can be seen, the actusl
number of cogioe cycles b twwn sensor switches, defined
by the height of the peaks 216 in the plot of engine cycle
count N agarust time {, vanes above and below the expecied
uuniber of cycles 218, The difference between the peak
height 216 and the expected pwmber of engine -uydca 218
detines an error: This error could be due 0 noise, or due to
incorrect fueling of the engine producing an associated exira
ranspor! irie delay.

FIG. 11 shows how a cumulative average difference a
between the actual ouraber of engine cycles and the

cxpected number of engiue cycles between the sudden
changes in sensor output, as calculated from FIG. 18, may
be averaged to lessen the effects of poise in the system.
There are two plots 254,256 shown in FIG. 11, The first plot
254 is obtained from an engine being correctly fueled and
the second plot 256 13 obtaned from au cugiue being
incorrectly fueled. These plots show how the average errors,

i

7]

for a test carried out at & (;(,J*si-m[ engine speed, converge
over time 201, Juitially, {258] the difference 230 vavies

greatly, but the later d i
p}ot 254 from the corre

ence 250 15 relatively steady. The
1V fueled engine is consistently
closer to a zero diffc,rhn nie 258 than the plot 256 from the
meorrectly fueled mgine. This shows that after averaging
the difference between the expected delay tme aud the
actual delay ame 1t is possible to differentiate between a
correctly fueled engine and an engloe that is being incor-
recily fucled, by the mean error away from the zero differ-

nces line 258,

F} G. 12 shows two plots 364,385 of the variation in the
average difference ».,, 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 304,305 show that the
average difference a, decreases asengine speed V inere
The plu[ 354 fmm an engine that is correctly fue
cousistently above the plot 385 from an engioe that is betog
iconect:{ tut led, As a result of this distinct difference, an
ch 1"'/--.,1(/[119(1 OvED A w1de range of cugine
('.-p : ns o termas. of the 1 ak i between the
sudden Chaugﬁﬁ m epg'nc ouiput t oth correct ph&bb
fueliog and incomrect phase feling. (‘nu_ such a characteri-
sation has been made, it is possible 1o establish whether or
not the engine is being comrectly fueled by analysing the
freguency or period of the sudden changes it exhaust gas
sensor output, and then comparing this with an expecied
frequency or perind.

FIG. 13 shows a flow chart tlustrating & method aceord-
mg the inventon for determining wheiber or not the engine
13 being fueled on the correct siroke.

The engine mapagerment system is used to control the
operation of the engine 488 {ocluding the fuel injection
systemw and the ,m/fuel ratic for at least one cylinder

The engine managernent system receives signals 442
indicative of the engine operating conditions from sensors

gas composition sensot.

The air/fuct ratio is oscillated 484 berween 4 relanvely
rich level and a relatively lean level, the exhaust gas
compeosition varyiag depending on the air/fuel ratio.

The direction of change of the airffuel ratio 1s reversed
406 when the exhaust gas composition is sensed as being
indicative of tch engine operation orlean engine operation.

The teraporal chatactenistics of the oscillation 1n the
air/fuel ratio are then determined 408 and this temporal
characteristic 18 then compared 414 with stored engine
operating condition data, in order to determine 412 whether

N

o

o

ot not the engine 1s being fueled on the correct stroke. The
cycle then retumns 414 1o the start.
If 1t is determined that the engine is belng rncorrectly

fueled, the engine management system can thcn be used ©
ad}ust avtomatically the fucling stroke of the engine.
The {oveunon therefore provides a convenient way o
sense and correct fueling on an incorrect stoke of the engine.
What 1s claimed 1s:

1. An juternal combustion engine, comprising & number of
cylmsers, the or each cylinder containing a four-siroke
reciprocating piston, an extiaust conduit, one or more engine
operating condition sensors including an exhaust gas sensor
i the exhaust conduit for measuring the composition of the
exbaust gas, a fuel injection system, and an engine manage-
ment 3 for controlling the operation of the engine
;mhu,mg tt = fuel injection system and the ate/fuel rano for
at least oue cylunder, wherein the engine management sys-
tem contains cogine operation data, the ne opera[iom
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 18
arranged to:

a) receive from said sensor(s) respective signal(s);

b} osciilate the awr/fuel ratio between a relatively tich ]evei
and a relatively lean level, the exhaust gas compositio
varying depending on the air/fic ‘namo

¢} reverse the direction of change of the airfuel ratio
when the exhausi gas composition is sensed as being
indicative of rich engine operation or lean engine
operation;

d) determine the temporal characteristics

in the air/fuel ratio; aund

) detenmine whether or not the engine 1s being fueled on

the correct stroke by com par"nU satd temporal charac~
teristics with said relevant engine operation data.

2. A method of operating an internal combustion engine
the engine comprising & number of cylinders, the or each
cylinder wni&mmg a fom stroke reciprocating piston, one
or rwore engine operaling condition sensors including an
exhaust gas sepsor, a fuel injection system, and as engine
managerient system, wherein the engine management sys-
tem contains engiue operation data, the engine operation
cing related to expected engine operation with engine
fu ‘{'Jg on the correct stioke and/or engine fueling on an
mcar-'e\t stroke, wherein the method comprises the steps of:

sysiem 10 conitof the
the

of the osailiation

4) using ihc engine magagement ¢

operation of the engine including fuel injection
system and the ai/fuel ratio for at least one cylinder;

b} sending to the engiue management sysiem from said
SeNSOI{ 5} respective ngnal( s} Andlcatlvb of engine oper-
ating conditions, cluding exhaust gas composition;

¢y oscillating the air/fuel ratio between a relatively rich
level and a relatively lean level, the exhaust gas com-
postiton varving depending on the air/fuel ratio;
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d) using the engine manageraent system to reverse the
direction of change of the air/fuel ratio when the
exhaus! gas composition is sensed as being indicative
of rich engine operation or lean engine operation;

e} using the engine management system to determine the
temporal characteristics of the oscillation 1o the air/fuel
ratio; and

) using the engive management system to determine
whether or not the engine is being fueled on the correct
stroke by companug said temporal charactenstics with
said relevant engine operation data.

3. A method as claimed in 1 X, comprising the
additional 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 operating conditions o alter the composition of the
exhaust gas at the exhast gas sensor, this transport delay
time; and

claim 2

coruparing the engine ruanagement transport delay
the engine operation data stored in the engine m
ment system fo determine whether or 6ot the ¢ m-m is
being fucled on the coreeet siroke.

10

4 Ame thod as claimed 1o claim 2, wherein the exhaust

cusor is an exhaust gas o\vgu} SCHSOT.

5. Amuethod as ¢} M[.]Ld i clatm 2, wherein the period or
frequency of the reversal cycle data is averaged over a
plarality of oscillabions in the aw/fucl ratio.

§. A method 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 penied or
frequency is ouiside a pre-determined range.

7. A method as claimed in claim 2, wherein the cngine
managerient system bas a range of pre-determined engine
operating conditions during which it caleunlates the period or
frequency of the reversal evele o the tr ansport delay and
stores il for future referen
A ‘methed as claimed in claim 7, where
d w freguency of the reversal cycle or Ehe fransport
i 13 used fo calculate an average error for those parti
lar engine operating condinons for which data is recorded
and using the eugiune wanagement syslern o determine
whether or not the engine 1s being fueled on the correct
stroke by comparing said temporal character with said
relevant engine operation &

stor
8.
T
la

‘<‘

iBiCs
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ABSTRACY

A device for measuring power constmption and performance
relative to the enpviromment of a power-consuming unit is
disclosed. The device tncludes a data introduction module, a
rd for inputting data of was te pr oduction 1 the power-
u)l\s ming xmi a (Un\pm ng d vice, md a msl 1’i‘v sereet.

s mh()n noduie mci the kewboa“d he L()nmutmzf, de& ice is

also provided with a processor that includes a calculation
algorithmy of an ecological pararseter indicative of the pertor-

mauce refative o the eavironment of the power-consuming

umt. The ecolo parameter is caiculated as an adjusted
wean of thesum of the deviations of each power consumption
value with respect 10 a reference value.

16 Claims, 1 Drawing Sheet
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i p
DEVICE FOR MEASURING POWER for (.akuiam-o an ecojogical parameter from the e
CONSUMPTION AND PERFORMANCE WITH sured consumptions of power and from the introduced
RESPECT TO THE ENVIRONMENT OF A data; and

play screen, communicated with the computing
means, to display the calculated ecological parameter,

POWER-CONSUMING UNIT a

5
N Y RO said ecological parameter being caloulated as an adjusted
CROSS- R;{_}r}){;‘;g‘i;\;g}:ﬂj‘““\‘ ED meanoi"ihe sum o ft}le devmtiops ofeachvalue o fp-::wer
e s consuription measured according to a reference value.
) . o According to another feature of the present inveniion, the
"This application is a U.5. national sounterpar! application. device comprises means for intraducing values of waste pro-
of International Application Serial No. PCT/IB2009/653135 ¥ guction, "
filed Jul. 20, 2009, which claims Pinf;W to Spanish Patent Iu preferred variants, the device can comprise an iaput
Application No. F200802159 filed Jul. 18,2008, The disclo- wodule of a data bus of a domotic network and/or an USB
sures of PCT/IB2009/053135 and P200802155 are each tnput for a serial data by
hereby incorporated herein by reference. Inan embodinent of doruestic or industrial applcation, the
5 device comprises at least:
""" SCHNICAL FIELDY OF THE INVENTION an mput of water tlow, from a corresponding first water
flow meter;
The invention refers to a device for measuring power con- an ixput of combustible gas or liguid flow, from a second
sumptions and the ELS‘ ctiul performance with the environ- flow meter of \\-ml*-qshb](, gases or qui}ids;
ment, from the measured power co%umrlmm and from the 20 aninput formeasuring the electric power, fron a counter ot
residue produdxm in a power-copsuning unit, a comfort analyser of the clecma mains; and
unit (houses, communities, hotels and restaurants, spare e an nput for measoring the waste weight from a waste

weighting scales.
in an alternative embodiment, for calenlating the ecologi-
cal parameter corresponding to the antomobile, the device
can comprise at least:
andnput of fuel flow, from a corresponding fuel flow meter
of the motor of an automobile; and
means for introdocing the production of w

spaces, sport space“ private and public motor vehi
goods vehicles, etc.) or a production unit.

The measurement of this respectiul performance or w
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
consuptions ).

[
i

tes of the

0 Zi‘:ﬂ"-n("‘hi@ select cd among: tire mb}?er wastes, motor

et otl wastes, coclant Hquid wastes, and i;qu;d wastes from

BACKGROUND OF THE INVENTION closed circuits, not being limitative, hy the keyboard of
the device,

Aot otkinds of programmable logic controllers (PLC Y are The device can be provided also with an input for exhaust
known, in which, from state variables, the outputs of 2 system gases flow, frone a corresponding flow meterof exhavst gases
are determined {e.g. electrical or preumatic, etc.) or ancther 35 of the combustion system of the power-consuming unit, e.g.
kinds of devices tlm‘( from inputs, calculate the valnes of  the motor exhaust; and a gas analyser for measuring the
pararieters of nterest. Examples of these devices can be the eunssion levels of gases and particles. The device compares

knowe analysers of the electric maius that, from volk the result obtained with the admitied levels by the current

current intensity and imbalance signals, calenlate the elec regulations. The incorrect combustion and the sub%equerl
power consumed by an iwnstallation. 40 excess of gas (CO2 and NOx) aud particle emission is not a

However, in the current art no device or apparatus that user o producer question, becanse they d\, o notinfluence on it
calonlates ecological parameters or magaitudes: are known, butthe direct resporsible is the inatmfaciurer"ftt‘ezmparaﬂ:::
from power consumption and waste production data in instal~ or combustion chamber. However, additionally, ih\ repair ()f
1 lti()nb, if we define such parameters or Iildghltudt,b as a zaid an(nnaiy itisa quesiion ofthe user ()I‘pEOC:.- v Thisdoe

deviatien of an oplimal work potal, defined by an autherity. 45 pot affect only to explosion motors and domestic bmiers, mii,
E.g. in which the emissions of COx or NOx are the mininmm also to production and transformation centres.

possible according to its use. Preterably, the device comprses a shell, which enclos

The present invention has the ebjective to provide an appa- the several components of the device, and in whose extemal
ratus that fuifils this gap in the cugrent art. part it is the Keyboard and the screen.
50
DESCRIPTION OF THE INVENTION PRIEF DESCRIPTION OF THE DRAWINGS

1o this end, the object of the present invention 15 a new
measuring device of power consumptions which calculates

ecological parameters fromn the weasured power consump- 55 § p e. Insaid drawings:
tions and from data of waste production, that it is chavacter- FIG. 1 is a diagrammatical fromal elevation view, that
ised in that it comprises: shows a device rding to the present invention, with its
a module for introducing data, provided with at least an particular connections;
mput of a value of power consunmption of a magnitude, FIG. 2 is a block diagran: that shows the interpal compe-

measured in a corres;ponding measure apparaius of the 6
POWer-COnSUmir

&<

sition of the device of F1G. 1; and
FIG. 3 is a dlagramumatical view that sh

wws an alternative

akevboard forintt uduuug data and for selecting menus, in embodiment of the invention, to be applied to automobiles.
particnlar data of waste production of the power-con-
suning unit; DETAILED DESCRIPTION OF THE DRAWINGS
cotputing means that tecetve thedata fror the ruodule for 65
introducing data and from the keyboard, and which are in said drawings it can be seen the constitution and way of
provided with a processor that incorporates an algorithm the device for measuring p()wer consumptions and for caleu-
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iating ecological parameters from the measured power con-
sumptions, directly and indirectly.
The function ofthe device of the invention is to measure the

respectiud performance or betiaviour with the environtent of

a “power-consuming ovnit”. The “power-consuraing uuit”
object of the measure of the possible different power mam-
festations cousumed cax be: a house, comumuunity (hoted,
sports cenire, residence, sport spaces, shops, department
stares, leisure halls, office buildings and studies, administra-
tion centres, et((.), “:n,formati(m centres, garages, ware-
houses, motor vehicles or transportation means, private or
public.

The basis of the operation will consist in the comparison
between the basic actual power flow reg 'ch by the user for
ﬂ‘-eir comiort with the neral consumptions of the curvent

regnlations (e.g. UNE, ISO standards, ete.) and/or those rec-
()nLneLded by offi 1cm] admiaisirations of the place and/or
statistic data of normal power consumptions and wastes
{(hereinafter “typical consuraptions” wchuding flows of power
consuniptions and wastes by persouw or by own unit ofa preset
population).

For this comparison, the proposed system will caleulate an
ecological parameter as an adjusted mean of'ihe snm of devia-
tions of each vaite of power consumption Meastre od v
respect to iis corresponding reference v(. ue.

this end, as seen in FIGS. 1 and 2, the 3 vice
present vention s coustituted by an apparatus
carcass or shell 2 that i s the following elements:

a modnle for introducing data 3, provided with inputs of
power consumption vahues }11, K2, H3, Hd, of raagui-
tudes, measured with corresponding measure. appara-
tuses 1, ,2, (3, C4;

a keyboard § for mtwduung data and selecting menus,
particuiar data of 1 te production;

cotputing means 4, which receive the data frora the mod-
ule for introducing data 3 and the kevboard &, and which
are provided with a processor that inchudes a calculanon
algorithm for an ecological parameter from the mea-
sured power consumpions and from the introduced
data; and

a display sereen 8, communicated with said computino
means 4, t¢ diaple. r the caleutated ecological parameter.

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

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

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

in adevice particularly devised for special applica-
iiomnmz :dm gs (houses, hotel, sports centre, residence, sport

spaces, shops, department stores, leisure halls, office build-
1ngs and studies, administration cetres, transfortmation cen-
tres, garages, warchouses, ete.} is shown. The shell 2 com-
ises at least the following inpuls:
an aput for the water low El fro
water How meter C1;
an inpat for the flow of corabustible gases or hgnids B
from the second flow wmeter of combustible gases or
‘uqmdx C2;
wput for rueasuring electric power B3
analyser of electric mains C3; and
an input for measunug the weight of'the wastes Hd from a
scale for weighting tes C4,
through the corresponding ports.

1 of the
that has a

NC W

w2 correspending fics

aty D, from a meter or

o

oy
<

40

45

e
<

4

The samber of inputs will be according to the complexity
of the nstallation. H.g aw indusiry can be provided with
several devices of this kind, each associated with a corre-
oudiag section or unit of factory, warehouse, office, ete.
InFIG. 3 is shown au embodiment part tcularly devised for
automohiles, in which the device comprises d'l‘[-?)ut for fuel
flow (6, froma fiow meter C6 of i ciated with the fuel
deposit 15; and an input of exhaust gases flow ES, 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 wtreduced manvally, e.g. rubber wastes {rom
tires, oil wastes for the motor, coolant liguid wastes, liquid
from closed circuits and metal wastes

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

The algorithm of the computing means 4 calenlates the
tota] basic power fow obtained by ‘(h evaluation of the flows
ofthe measured power staternents H1, 82, B3, B4, E5 H§, etc.
veferred to the number of people Wn,ch use the unit to be
measured ineach tnp. The calculation algerithin integrates all
the trips of a time period to be defined or the accomulated
total.

Each fow has an incidence 10 the environment: the water

onsmuption reverts in ifs c,xp}m"mon, the fuel consumption
is associated to the direct emiissions of CO2, NOx, . . ., the
electric copsumption to the indirect emissions of COZ,
NOx, , and the waste production with indirect environ-
wental 1mpact, by the quaniity of paper, glass, organic mate-
vial, plastics, oils and greases, rubbers, metals, . . expressed
in kg that the unit consumes per tirge nmt and please who
enjoy the comfort of said wnit, 10 be compared with preset
consumptions and wastes. These data, once treated by the
algorithm, Ui\'“ as result ap ecologic parameter (here denoted
as “ecocom” the conduct that

wastes

}, which is the measure of
respects our enviromment, 1o provide integral or cornbined or
individual “ecocoms” of the comdodt or pr"duvt]m it

Regarding the presentation of the results, from said com-
parison the actual percentage of power consumption with
respect to the preset cor-s‘umpﬁon 15 shtained, indicating if the
perforrance if respectiidl (egual to zero or lngher) or abusive
when il is negative. Both deviaons ate mieasured ¢ a per-
u,ertau(‘ T}‘c 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
theunit. As there can be difficulties o receive all the flows, the
algorithmy of the ecometer could provide ond y “ecocoms” of
water exploitation and/or direct pases emission and/or indi-
rect gases enussion and/or waste production. 1t 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 “admiinistrative ecocow™).

The results are presented in a permanent way i & s¢
indicating the periods of time on which they are based: the
day, week, month accunanlations, eic. orothers, such as those
consunied by trip in the case of vehicies, To know better the
power exploitation, by a menn the “ecocoms” can be dis-
plaved (day, week, month, . .. yolexploitation ot'the different
power sources in the scroen or 1o pass to other successive ones
with the direct or indirect erissious or waste preduction.

As stated previously, if the consumption of only one or
veral flows are calculated for installation difficulties, the
permanent screen shows that they are individaal “ecocoms”™
by power source Gr waste, combined or 1ntegral.
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3

Regarding thenstallation of different mneasuring apparatas
Y, C2, C3, C4, 8, 6, ete., the water fiow rueter 1 is
D ;aced downstream th company meter and upstream the
home key, with the pe ity to et impilses 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 €5, in the case
of exhaust gases, and 1o C6, in the case of fuel tiow of an
automobile. The sarme can be said to the tlow of waste pro-

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

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

It results from the adjusted arithmetic mean of all the
quotients between the absolute value of actual flows (B, E2,
B3, H4, K5, ... ) thatenter io the power-consuming unit object
of the measure of the different possible power statements,
with respect to thewr flows or corresponding reference values.
The absolute valoe of \"\e actual flows is taken becanse the
input power consump ion has a sign opposed to a waste,
which ndieectly 1s associated to another external power con-
sumplicn;

therefore, as the contributions of each factor is the inter-
esting part, ali are taken in flow abscehite value, no the quotient
of tlows, not being compensated to each other.

it 15 defined:

1—Flow of au actual input power stateruent (B1, K2, H3,
B4, BES, E6 . . ., generally £1): As the power guantity con-
suiied by the tinie unitt of that power statesient, by userof the
vnii to be measured. BE.g. the drinkable consumed in a home is
a power flow because 1t 15 obtained {rom the nature with
ransportation, pi]r'ﬁ”.a‘ion < ; these power costs are
environmental costs as ed with that constmed water.
The comnbustbie hgmd an g s flow consumed 15 another
actual input power flow associated with the direct emissions
ot €02 and others to the au osphere. The electricity con-
sumph m is another power flow associated with the indirect
emissions of CO2 and other net desired gases. The wastes are
also indicative ol the enviconmental impact and they indicate
indirecily a power expense. E.g. itis also an input power flow
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 coutainers, the spare parts frow repatrs, etc.

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

3—Adiustment coefficient {Cpd): Bach coefficient designs
a dev;atmuncrcemagg with respect to the preset consumption
umed power statement. But not all bave the same

ast

of ¢
im _;oc.-rt(:nce according 1o
3.1. Habits regarding the consumptions of the umt. In cer-
atnregions there are power siatements that have an inportaat
weight due to the proximity to the resource, subsidized prices
oruo other sources . . . . {o these situalions 1t must take to
account the suitable specitic weight that the administration
determines or the statistical data. In the case of a motor
vehicle, the water consuruption will be disunssed, bot not the
fuel Hauids or gases consumptions, the oil and grease wastes
aad rubber and metal wastes.
3.2. The power pelicies of the zone. According 1o the
administration of the place and attending it to the environ-

o

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
ih\ contribution of said consmmption iq so Jow that s dis-
missed, aceording 1o the cost of its measure. E.z. 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 wastes, is calcu-
{ated applyving the formula:

)><1’M
o Cr

Ecocons{9

Wherein i is the nmuniber of power sources or waste variables
10 be me m:d (with adgusu wnt coefiicient different from
zero) and p the people who enjoys the comfort of theunit to be
measured.

nterpretation of the Resudis
The resulf i3 a percentage that when is close to zero the
perforrnance 1s desirable, but if it is negative and far away
from zevo, the performmce of this ondt is not fespec*tﬁ:l and
e of the separation from the
refore it can be penalised and

1

the distance to zero is the degree
degirable performance, and then
the penalization caun be measured. Lastly, if'it is positive the
peric is excellent and the separation from zero 1s the
measure of its environptiental excellence.

The device for measuring power consumptions and the
resrect ul perforinance, according © the present wvention,
can be used for ne~ calendation s)E an ecoﬁs)gm parameier,
which can be nsed as basis for the application of called eco-
taxes by t he adininisteation.

What 18 claimed

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

a data introduction medule, which receives at leasi one
power consumnption value, ineasured 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 device having
theretn a plurality o Tlfxst'u(. tions that, when executed by
the processor, cause ¢ the processor (¢

{a} receive the at least one power consunption 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 consumption value and the waste production
data, and

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

whmu'l the calculated ecological },L.ramc[cr isan adjusted
mean of the sum of the deviations of the at least one
power cousumption value with respect to a reference
value correspouding 1o the at least ene power consump-
tion value.

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

3. The device of claim 1 further comprising an input mad-

nle of a data bus in a dowotic network.

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

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

values selected from the group oft

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 measurernent input fron
analyser of electric maits; and

awaste weight rueasurement wput from a scale ot weight-

ing wastes.

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

the waste production data corresponds to one of tive rubber

wastes, motor oil wastes, coolant liguid wastes, closed
cirentt liguid wastes and metal wastes, and

the fuel flow input and the waste production data are used

to calculate the ecological parameter corresponding 10
Ehe automobile.

The device of claimn & wherein the at least oue power
conslm‘mtu)n valhie inciudes an exhanst gas Jow inpat froma
corresponding flow meter of exhaust zases of a combustion
system of the automobile.

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

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

receiving a first power consumpiion value of a power con-

surung Nuit,

l'eceivir 1 @ waste production data value,

determnining an ecological parameter based on the first

pa)“"‘ r consunption value and the waste production data
valae, and

ontpatiing the determined ecological p

ou a display screen.

one power
umption

aeter or

arameter for display

o

k=1

[

i

<

oy

i

8
16, The method of claim 9, wherein the first power con-
sumption value corresponds to ong of water tlow, combustible
gas flow, and electric power flow.
11 The method of elaim 16 v\‘hetein the waste production
data corresponds o waste weight.

12. The method of clain 9, wherein the first power Cont-
mption vahue corresponds 1 one of fuel tlow and exhaust
2as fow,

13. The method of clain
data C"‘ﬂ(::»[‘ﬂllds to one of
lignid wastes, and metal.

14. The metho i of claim 12, further comprising generating
a positive ecological nammetcar when a user expends Jess than
a rrenieu:"'x ined standard quantity of power consumed i a
tfime period

15. The method of elamm 9, further comprising generat
a negative ecological parameter when a user expends more
than a predetermined standard guantity of powerconsumed in
a tme per%od

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

based on an algorithm of the form

12, wherewn the waste production
:Jba,r wastes, oll waste, coolant

i

Parameter

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

2 predeterriined standard gquantty of power con-
smm:d in the time period,

“Cpd” is a coefficient corresponding to the predetermined
standard quanmy of power consumed 1n the time period,

“n” is a surm of a mumber of measured power sources and
waste variables, and

“p”is a number of users of the measured power scurces and

waste variables.
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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
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TOWNSHIP,MILUS

VISTEON SYSTEMS
LLC,VAN BUREN
TOWNSHIP,MI,US

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

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,
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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

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
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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

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 HESLOP, GARON NIGEL 2002-07-09 013091/0632 2002-07-09

TECHNOLOGIES

INC.,DEARBORN,MI,US DIXON, JON 2002-07-09 - -
BLACHFORD, RICHARD 2002-07-09 - -
STEPHEN

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

Corresponent: BRINKS HOFER GILSON & LIONE RAYMOND L. VIVACQUA P.O. BOX 10395 CHICAGO, IL 60610

Maintenance Status (US): CC
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Litigation (US): 2022-07-29 2022 Michigan Motor Technologies LLC Mercedes-Benz USA, LLC
N.D. lllinois 1:22¢cv03957 | 2022-07-22 2022 Michigan Motor Technologies, LLC Bayerische
Motoren Werke AG BMW of North America, LLC N.D. Illinois 1:22cv03804 | 2021-07-02 2021
Michigan Motor Technologies LLC Tata Motors Ltd. Jaguar Land Rover North America, LLC E.D.
Texas 4:21cv00512 | 2019-02-18 2019 Michigan Motor Technologies LLC Volkswagen
Aktiengesellschaft E.D. Michigan 2:19¢cv10485 | 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):

License (EP):

EPO Procedural Status:

Front Page Drawing:

i §

Ty .

cagizs canwolier

Priority Number - DWPI: EP2001306301A | US2002191641A

Priority Date - DWPI: 2001-07-23 | 2002-07-09
Assignee - Current US: MICHIGAN MOTOR TECHNOLOGIES LLC

2 Clarivate’

Copyright 2007-2022 CLARIVATE
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ENGINE TORQUE CONTROLLER

PATENT # APPLICATION # FILING DATE ISSUE DATE
6581565 10191641 07/09/2002 06/24/2003

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 06/24/2006 12/27/2006 06/25/2007 Closed Paid

7.5 Year 06/24/2010 12/28/2010 06/24/2011 Closed Paid

11.5 Year 06/24/2014 12/25/2014 06/24/2015 Closed Paid

Patent Holder Information

Customer # 163393

Entity Status UNDISCOUNTED
Phone Number 3024499010
Address Michigan Motor Tech

c/o Devlin Law Firm LLC
1526 Gilpin Ave.
Wilmington, DE 19806
UNITED STATES
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