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I. INTRODUCTION

Volkswagen Group of America Inc. ("Petitioner") filed a Petition

pursuant to 35 U.S.C. §§ 311-319 requesting an interpartes review of

claims 1-16 ("the Challenged Claims") of U.S. Patent No. 6,557,540 B2

(Ex. 1001, "the '540 patent"). Paper 2 ("Pet."). Michigan Motor

Technologies LLC ("Patent Owner") filed a Preliminary Response. Paper 7

("Prelim. Resp.").

We have authority to determine whether to institute an inter partes

review. 35 U.S.C. § 314(b); 37 C.F.R. § 42.4(a). An interpartes review

may not be instituted "unless ... the information presented in the

petition ... shows that there is a reasonable likelihood that the petitioner

would prevail with respect to at least 1 of the claims challenged in the

petition." 35 U.S.C. § 314(a). Moreover, a decision to institute under

35 U.S.C. § 314 may not institute on fewer than all claims challenged in the

petition. SASInst., Inc. v. Iancu, 138 S. Ct. 1348, 1359-60 (2018).

Upon consideration of the Petition, the Preliminary Response, and the

evidence of record, we conclude that the information presented does not

show a reasonable likelihood that Petitioner would prevail in showing the

unpatentability of at least one of the Challenged Claims. Accordingly, we

do not authorize an inter partes review to be instituted as to the Challenged

Claims of the '540 patent on the grounds raised in the Petition.

II. BACKGROUND

A. The '540 Patent

The '540 patent issued May 6, 2003, from an application filed on

December 11, 2001, and is directed to calculating a valve timing command

for an engine with variable timing valve actuators. Ex. 1001, 1:6-9, codes

(21), (22), (45). Reproduced below from the '540 patent is Figure 1,
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illustrating a "schematic of a vehicle having an engine controlled with the

method of the preferred embodiment," and Figure 2, illustrating "a flowchart

of the method of the preferred embodiment." Id. at 1:40-43.
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Figure 1 illustrates control unit 10, engine 12 with electromagnetic valve

actuators 14, conventional pedal 28, environmental sensor 30, and engine

sensor 32. Id. at 1:54-57, 2:6-8, 2:23-38. Figure 2 illustrates the following

"six principle actions," each of which corresponds to a limitation in claim 1

of the '540 patent: "obtaining an engine performance command 16;

receiving an environmental conditions signal 18; determining a valve

3
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feedforward term 20; receiving an engine performance feedback 22;

calculating a valve feedback term 24; and calculating a valve timing

command 26 based on the valve feedforward term and the valve feedback

term." Id. at 1:61-2:1. Control unit 10 performs the method to calculate

valve timing commands for engine 12. Id. at 1:54-57. Each of the principle

actions identified in the '540 patent is described in further detail in the

Specification, as summarized below.

"[O]btaining an engine performance command 16 preferably includes

receiving a vehicle performance command from a driver," including "from

the foot of a driver with the use of a conventional pedal 28," or by "deriving

the engine performance command from the vehicle performance command."

Id at 2:4-13. Alternatively, "the engine performance command" may be

"based on additional suitable factors, such as a traction control signal or a

cruise control signal." Id. at 2:13-17. The "engine performance command"

may be a "desired engine torque" (i.e. "an engine torque command") or

"another suitable variable, such as a desired engine acceleration." Id.

at 2:17-23.

"[R]eceiving an environmental conditions signal 18" preferably

includes control unit 10 receiving a signal from environmental sensor 30,

such as "ambient temperature outside the vehicle," "ambient pressure," or

"other suitable information." Id. at 2:23-33. Control unit 10 uses the

environmental conditions signal 18 to determine valve feedforward term 20.

Id.

"[R]eceiving an engine performance feedback 22" preferably includes

control unit 10 receiving data, preferably engine speed, from engine

sensor 32 in the vehicle, "which uses the data to determine the valve

feedforward term and the valve feedback term." Id. at 2:36-42. "Other

4
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engine measurables, such as engine torque data, may be useful in the

determination of the terms," and "engine sensor 32 may alternatively sense

other suitable information." Id. at 2:42-47.

"[D]etermining a valve feedforward term 20 preferably includes

determining the valve feedforward term based on the engine torque

command, the ambient temperature data, and the engine speed data," but

"may be based on other suitable factors, such as engine torque data, air-fuel

ratio data, engine combustion stability data, or ambient pressure data." Id.

at 2:48-54. "[C]ontrol unit 10 preferably includes a look-up table, which

has been optimized for fuel efficiency, power output, and engine emissions

based on various engine torque commands, various ambient temperature

data, and various engine speed data (or engine torque data)." Id. at 2:54-59.

Alternatively, control unit 10 may be "programmed to perform a real-time

optimization of the fuel efficiency, power output, and engine emission (or

any other suitable measurement) based on the engine torque command, the

ambient temperature data, and the engine speed data (or any other suitable

commands and measurables)." Id. at 2:59-65.

"[C]alculating the valve feedback term 24 preferably includes

comparing the engine performance command and the engine performance

feedback." Ex. 1001, 2:66-3:1 The '540 patent further explains the

following:

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

Id. at 3:1-7.
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"[C]alculating a valve timing command 26 preferably includes

calculating an EVO [exhaust valve opening] command, an EVC/IVO

[exhaust valve closing / inlet valve opening] command, and an IVC [inlet

valve closing] command." Id. at 3:10-26. "The adjustment of the timing of

the EVO, the EVC/IVO, and the IVC when used partially, separately, or

together may provide the desired fuel efficiency, power output, and

emissions from the engine 12 of the vehicle." Id. at 3:18-21.

B. Illustrative Claim

Petitioner challenges claims 1-16 of the '540 patent. Pet. 1. Claim 1

is the sole independent claim. Claims 2-16 depend from claim 1, which is

illustrative of the claimed subject matter and is reproduced below.

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

obtaining an.engine performance command;

receiving an environmental conditions signal;

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

receiving an engine performance feedback;

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

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

Ex. 1001, 3:52-4:6.
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C. Asserted Grounds of Unpatentability

Petitioner asserts that the Challenged Claims are unpatentable based

on the following grounds:

Claim(s) Challenged 35 U.S.C. § Reference(s)/Basis

1, 2, 7, 10-16 103(a) Yoshioka,' Ohkubo2

3-6, 8, 9 103(a) Yoshioka, Ohkubo, Reed 3

Petitioner relies on the supporting Declaration of Mark Ehsani, Ph.D.,

dated November 24, 2019. Ex. 1003. Patent Owner relies on the supporting

Declaration of Russell A. Leonard, Jr., Ph.D., dated March 10, 2020.

Ex. 2001. Additionally, according to Petitioner, the asserted references were

not considered during examination of the '540 patent, which issued without

any Office Action prior to the Notice ofAllowance. Pet. 13 (citing

Ex. 1002; Ex. 1003 ¶ 80).

D. Related Proceedings

The parties identify the '540 patent as a subject of Michigan Motor

Technologies LLC v. Volkswagen AG, No. 2:19-cv-10485 (E.D. Mich.

2019). Pet. 2; Paper 5, 1.

E. Real Parties in Interest

Petitioner identifies itself and Volkswagen Aktiengesellschaft as real

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

in interest. Paper 5, 1.

'U.S. Patent No. 5,713, 317 (issued February 3, 1998) (Ex. 1005,
"Yoshioka").
2 U.S. Patent No. 4,995,351 (issued February 26, 1991) (Ex. 1006,
"Ohkubo").
3 U.S. Patent No. 6,308,671 B1 (issued October 30,2001) (Ex. 1007,
"Reed").
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III. ANALYSIS

A. Legal Standards

A patent claim is unpatentable under 35 U.S.C. § 1034 if the

differences between the claimed subject matter and the prior art are such that

the subject matter, as a whole, would have been obvious at the time the

invention was made to a person having ordinary skill in the art to which said

subject matter pertains. KSR Int'l Co. v. Teleflex Inc., 550 U.S. 398, 406

(2007). In Graham v. John Deere Co. ofKansas City, 383 U.S. 1 (1966),

the Supreme Court set out a framework for assessing obviousness

under §103 that requires consideration of four factors: (1) the "level of

ordinary skill in the pertinent art," (2) the "scope and content of the prior

art," (3) the "differences between the prior art and the claims at issue,"

and (4) "secondary considerations" of nonobviousness such as "commercial

success, long felt but unsolved needs, failure of others, etc." Id. at 17-18;

KSR Int'l Co. v. Teleflex Inc., 550 U.S. 398, 407 (2007). At this stage of the

proceeding, neither party presents evidence or argument directed to

secondary considerations.

B. Level of Ordinary Skill in the Art

In determining the level of ordinary skill in the art, various factors

may be considered, including the "type of problems encountered in the art;

prior art solutions to those problems; rapidity with which innovations are

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

4 The relevant sections of the Leahy-Smith America Invents Act ("AIA"),
Pub. L. No. 112-29, took effect on March 16, 2013. Because the application
that issued as the '540 patent states that it was filed before March 16, 2013,
we apply the pre-AIA versions of these statutes. See 35 U.S.C. § 100(i).
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workers in the field." In re GPACInc., 57 F.3d 1573, 1579 (Fed. Cir. 1995)

(citation omitted).

Petitioner contends that a person of ordinary skill in the art at the time

of the invention would have had a Bachelor of Science degree in Electrical

Engineering or Mechanical Engineering (or the equivalent), as well as at

least two to four years of academic or industry experience in the relevant

field of engine control systems. Pet. 13 (citing Ex. 1003 ¶44). Patent

Owner asserts that a person of ordinary skill in the art would have had either

a Bachelor of Science degree in Mechanical Engineering or a closely related

field with three or more years of experience in either engine systems or

engine control systems or at least a Master of Science degree in Mechanical

Engineering. Prelim. Resp. 14 (citing Ex. 2001 ¶ 14).

The proposals of the parties are similar with Petitioner specifying

Electrical Engineering as an alternative degree and including persons with

two years of academic or industry experience in the field of engine control

systems (Pet. 13), whereas Patent Owner's proposal specifies as an

alternative a degree in "a closely related field" and requires at least three

years of experience or a Master of Science degree Mechanical Engineering

(Prelim. Resp. 14). Considering the subject matter of the '540 patent, the

background technical field, and the asserted prior art, we agree with

Petitioner's proposed qualifications for an acceptable educational

background. Our view is that degrees in mechanical engineering or

electrical engineering, or some equivalent level of education, would provide

sufficient educational background in light of the technology at issue in the

'540 patent and asserted prior art. Further, we agree two to four years of

academic or industry experience in the relevant field of engine control

systems is commensurate with the scope of the '540 patent at issue and the

9
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asserted prior art. Accordingly, we adopt Petitioner's proposal of the level

of ordinary skill in the art-except that we delete the qualifier "at least" to

eliminate vagueness as to the amount of practical experience-and further

note that our determination in this decision does not turn on which definition

is selected.

C. Claim Construction

"In an inter partes review proceeding, a claim of a patent. . . shall be

construed using the same claim construction standard that would be used to

construe the claim in a civil action under 35 U.S.C. 282(b)." 37 C.F.R.

§ 42.100(b) (2019). That standard "includ[es] construing the claim in

accordance with the ordinary and customary meaning of such claim as

understood by one of ordinary skill in the art and the prosecution history

pertaining to the patent." Id.; see also Phillips v. A WH Corp., 415 F.3d 1303

(Fed. Cir. 2005) (en banc).

Petitioner addresses only one claim term: "calculating a valve

feedback term." Pet. 14-15. Patent Owner addresses the same term, as well

as "engine performance command" and "engine performance feedback."

Prelim. Resp. 15-17.

1. "engine performance command"

Petitioner argues in a footnote that "[t]he '540 patent broadly

characterizes the claimed 'engine performance command' as encompassing

any variable related to engine performance, including but not limited to an

engine torque command." Pet. 37 n.2 (citing Ex. 1001, 2:4-22;

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

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

10
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the '540 patent that includes emphasis on certain words, as reproduced, in

relevant part, below:

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

Ex. 1003 T 112 (quoting, with additional emphases, Ex. 1001, 2:4-22).

Dr. Ehsani concludes that a person of ordinary skill in the art would have

understood that '"engine performance command' includes any variable

related to engine performance." Ex. 1003 1112.

Patent Owner argues that "engine performance command" means a

"command that defines a desired engine torque or other measure of engine

performance, such as engine speed or engine acceleration." Prelim.

Resp. 15. Patent Owner further asserts that "a 'command' is a 'command'

that defines some aspect of engine 'performance,"' not "a condition, effect,

or result of a command." Id. at 15-16.

We reject on its face Petitioner's unreasonably overbroad and

unsupported construction of "engine performance command" as "any

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

what constitutes a "command," is contrary to the Specification of the '540
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patent, and would render the limitation effectively meaningless. The

'540 patent explicitly states that the recited "engine performance command"

"is preferably a desired engine torque," but "may alternatively be another

suitable variable, such as a desired engine acceleration." Ex. 1001, 2:16-22.

We do not find any support for Petitioner's implicit assertion that "any

variable related to engine performance" is a "suitable variable"

corresponding to a "desired engine torque" or "desired engine acceleration."

We further find on this record that Patent Owner's proposed

construction, in comparison to Petitioner's proposed construction, is

supported by the Specification of '540 patent. Accordingly, we construe

"engine performance command" to mean a "command that defines a desired

engine torque or other measure of engine performance, such as engine speed

or engine acceleration."

2. Additional Claim Terms

In view of the issues we address below, we determine that it is not

necessary to address the express interpretation of any other claim term.

See Nidec Motor Corp. v. Zhongshan Broad Ocean Motor Co., 868 F.3d

1013, 1017 (Fed. Cir. 2017); Vivid Techs., Inc. v. Am. Sci. & Eng'g, Inc.,

200 F.3d 795, 803 (Fed. Cir. 1999) ("[O]nly those terms need be construed

that are in controversy, and only to the extent necessary to resolve the

controversy.").
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D. Scope and Content of the Prior Art

Petitioner relies on Yoshioka, Ohkubo, and Reed, each of which we

briefly summarize in relevant part below.

1. Summary of Yoshioka

Yoshioka is generally directed to controlling "a continuously variable

valve timing mechanism of an internal combustion engine to continuously

and variably control the timing of an intake valve according to atmospheric

pressure." Ex. 1005, Abstract. Yoshioka describes the following:

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

Id. Yoshioka explains that it "uses the two-dimensional map of engine load

and engine revolution speed, to continuously control the open/close timing

of the intake valve both at low and high highlands, thereby smoothing the

torque characteristics with respect to the engine load and the throttle

opening." Id. at 9:22-27.

Figure 1 of Yoshioka illustrates "an electronically controlled internal

combustion engine having an apparatus for continuously and variably

controlling the open/close timing of a valve," and is reproduced below.
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Fig.1
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Figure 1shows an engine with numerous features, including throttle valve 5

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

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

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

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

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

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

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

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

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

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

70, which is "amicrocomputer to control fuel injection, ignition timing,

idling speed, and. .,.the open/close timing of avalve." Id. at 5:21-24.
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According to Petitioner, "the ECU feedback-controls the hydraulic pressure

control valve 68 according to signals from first and second magnetic sensors

54 and 55 so that the cam shaft 85 of intake valve 24 maintains a required

rotational phase with respect to crankshaft 81." Pet. 18 (citing Ex. 1005,

6:6-15; Ex. 1003 T 87).

Figure 9 of Yoshioka is a "flowchart showing a routine of variably

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

Fig. 9

2 02WVVT CONTROL 
ROUTINE

READ NE 20
READ N 204

READ ,PA 206

FIND LaFO Ir-208

FFIND[IVTOo FROM GN AND NE 210

FEEDBACK-CONTROL TO IVTDt 1 214

Id. at 3:44-46. Figure 9 illustrates a "flowchart showing a variable valve

timing control routine," according to Yoshioka. Id. at 7:53-55. Petitioner

provides the following description of each step in the routine:

Step 202 - "an engine revolution speed NE is calculated according to

the output of the crank angle sensor 51;"

Step 204 - "an engine load GN (the mass of intake air per engine

revolution) is calculated according to the mass flow rate of

intake air detected by the airflow meter 40 and the engine

revolution speed provided by the crank angle sensor 51;"
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Step 206 - "an atmospheric pressure PA is detected by the

atmospheric pressure sensor 46;"

Step 208 - "the ECU determines ... a correction coefficient Lpa

based on the atmospheric pressure PA using a map stored in

ROM 73 of the ECU;"

Step 210 - "the ECU determines ... an initial valve displacement

IVTDO based on the engine load GN and engine speed NE,"

where "the engine load GN is 'the mass of intake air per engine

revolution' calculated according to the mass flow rate of intake

air detected by the air flow meter 40 and controlled based on

the opening of the throttle valve 5;"

Step 212 - "ECU 70 corrects the displacement IVTDO to provide a

target displacement IVTDt based on the atmospheric correction

coefficient Lpa;"

Step 214 - "ECU 70 brings the actual displacement of the intake

valve 24 to the target displacement IVTDt by feedback-

controlling the hydraulic control valve 68."

Pet. 22-23 (citing Ex. 1005, 5:43-46, 6:38-42, 7:18-25, 7:55-60, 7:63-67

8:1-8; Ex. 1003 TT 94-96).

2. Summary of Ohkubo

Ohkubo describes a "valve timing control apparatus for an internal

combustion engine capable of controlling the opening and closing timing of

the intake and exhaust valves with a high degree of preciseness, as well as

improving the air-intake and exhaust-discharge efficiency of the engine for

increased engine output power." Ex. 1006, Abstract. Petitioner provides the

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

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

3. Summary ofReed

Reed describes "a method of improving the operating characteristics

of an internal combustion engine equipped with an electronically controlled

throttle, a fuel injector and a variable valve timing mechanism." Ex. 1007,

8:20-23. According to Petitioner, Reed discloses "electronic control module

(ECM) 11 controlling two continuously variable cam timing mechanisms 72

and 82, one for the intake valves and the other for the exhaust valves," and

further provides that "the ECM varies intake valve and exhaust valve timing

based on temperature and pressure." Pet. 26-27 (citing Ex. 1007, 5:13-22,

12:45-59, 15:28-41, Fig. 2; Ex. 1003 ¶99-100).
E. Alleged Obviousness over Yoshioka and Ohkubo

Petitioner contends that claims 1, 2, 7, and 10-16 of the '540 patent

would have been obvious over Yoshioka and Ohkubo. Pet. 28-82.

Petitioner's contentions are supported by Dr. Ehsani. Ex. 1003 ¶T 101-199.

Patent Owner disputes these contentions. Prelim. Resp. 24-29. For the

reasons provided below we find Petitioner does not show sufficiently how

the asserted art teaches "obtaining an engine performance command," as
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required by claim 1, and, accordingly, does not show a reasonable likelihood

of prevailing in showing that any challenged claim would have been obvious

over Yoshioka and Ohkubo.

1. Claim 1

Claim 1 recites, inter alia, "obtaining an engine performance

command." Ex. 1001, 3:52-4:6. Petitioner argues that Yoshioka teaches

this limitation in three different ways:

* ECU 70 receives "a signal from the crank angle sensor 51

indicating the engine revolution speed NE,"

* ECU 70 receives "a signal from the airflow meter 40 indicating

the mass flow rate of intake air," and

* ECU 70 receives "a signal from the throttle opening sensor 42."

Pet. 37-42. Patent Owner argues that Yoshioka does not teach this

limitation. Prelim. Resp. 24-25.

With regard to the first two signals identified by Petitioner, although

such signals may correspond to a variable related to engine performance, for

the reasons provided above, we reject Petitioner's assertion that "engine

performance command" encompasses "any variable related to engine

performance." See supra §III.C.1. Petitioner otherwise fails to show how

the receipt of either signal corresponds to "obtaining an engine performance

command," as required by claim 1. Petitioner provides no explanation of

how these features relate to obtaining any command. We have considered

Dr. Ehsani's opinion in support ofPetitioner in this regard and find it

deserves little or no weight because it is conclusory, premised on

Petitioner's faulty claim construction, and fails to identify any persuasive

support evidence. See Ex. 1003 ¶ 116 (stating that ECU 70 receiving a

signal from crank angle sensor 51 or airflow meter 40 both "relate to the
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performance of Yoshioka's engine," and that a person of ordinary skill

would have understood that each corresponds to "obtaining an engine

performance command"); see also Pet. 41 (asserting the identical argument).

Petitioner's third purported disclosure in Yoshioka of "obtaining an

engine performance command" -the receipt by ECU 70 of "a signal from

the throttle opening sensor 42"-is deficient for similar reasons.' See

Pet. 41. Petitioner reasons that a person of ordinary skill in the art "would

have understood that a driver would have controlled the desired engine

acceleration by opening and closing the throttle valve 5, which is detected by

Yoshioka's throttle opening sensor 42, e.g., by depressing a conventional

accelerator pedal." Pet. 41 (citing Ex. 1001, 2:6-8; Ex. 1003 TT 117-119;

Ex. 1016, 2:7). Dr. Ehsani further discusses how other references not

asserted to show obviousness address the operation of "conventional

injection systems" and the manner in which a driver steps "down harder on

the accelerator" to accelerate, as well as how the '540 patent "acknowledges

that the claimed 'engine performance command' can be obtained from a

'conventional pedal."' Ex. 1003 TT 117-119 (citing Ex. 1011, 239;

Ex. 1012, 452, 460, 478, 498, 499, 507; Ex. 1016, 2:6-8). Critically missing

from Petitioner's analysis, as supported by Dr. Ehsani, of the general

operation of engines is how, specifically, a signal from a throttle sensor

taught by Yoshioka corresponds to the recited "obtaining an engine

performance command." In this regard we find persuasive Patent Owner's

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

5 Petitioner mischaracterizes the element it identifies as "throttle opening
sensor 42," which is expressly identified in Yoshioka only as "throttle
sensor 42." Ex. 1005, 4:20-21 ("[a] throttle sensor 42 detects the opening of
the throttle valve 5"), 5:48-50 ("throttle sensor 42").
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[Engine Control Module] (or other controller) that utilizes many variables,

including, but not limited to accelerator pedal position." Prelim. Resp. 25

(citing Ex. 2001123). Thus, although Petitioner may have shown that a

signal from a throttle sensor corresponds to a variable related to engine

performance, for the reasons provided above, we reject Petitioner's assertion

that "obtaining an engine performance command" encompasses "any

variable related to engine performance." See supra § III.C.1.

In sum, Petitioner does not show that Yoshioka's teaching of the

receipt of a signal from a crank angle sensor, an airflow meter, or a throttle

sensor by the ECU corresponds to "obtaining an engine performance

command," as required by claim 1, as opposed to merely receiving various

measures of "variables related to engine performance." For at least that

reason, we determine that the information presented does not demonstrate a

reasonable likelihood that Petitioner would prevail in showing that

independent claim 1 is unpatentable as obvious over Yoshioka and Ohkubo.

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

Each of claims 2, 7, and 10-16 depend directly or indirectly from

independent claim 1. Petitioner does not present arguments or evidence that

remedy the deficiencies identified above with regard to claim 1. See

Pet. 65-82. Accordingly, for the same reasons discussed above (see

supra § III.E.1), the information presented does not demonstrate a

reasonable likelihood that Petitioner would prevail in showing that any of

claims 2, 7, and 10-16 is unpatentable as obvious over Yoshioka and

Ohkubo.

F. Obviousness over Yoshioka, Ohkubo, and Reed

Petitioner asserts claims 3-6, 8, and 9 of the '540 patent would have

been obvious over Yoshioka, Ohkubo, and Reed. Pet. 82-101. Each of
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claims 3-6, 8, and 9 depend directly or indirectly from independent claim 1.

Petitioner does not present arguments or evidence that remedy the

deficiencies identified above with regard to Petitioner's contention that

claim 1 would have been obvious over Yoshioka and Ohkubo. See id.

Accordingly, for the same reasons discussed above (see supra § III.E.1), the

information presented does not demonstrate a reasonable likelihood that

Petitioner would prevail in showing that any of claims 3-6, 8, and 9 is

unpatentable as obvious over Yoshioka, Ohkubo, and Reed.

IV. CONCLUSION

After considering all of the evidence and arguments of the parties, we

determine that the information presented does not show a reasonable

likelihood that Petitioner would prevail in establishing that at least one of

claims 1-16 of the '540 patent is unpatentable on the grounds asserted in the

Petition.

V. ORDER

Accordingly, it is

ORDERED that the Petition is denied, and no inter partes review is

instituted.
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METHOD OFCALCUILATING A VALVE
TIMING COMMAND FOR AN ENGINE

TECHNICAL FIELD

This invention relates generally to alculating commands
for aneigine aid, more specifically,to calculating a valve
timing commandf oran enginewith variable timing valve
actuators,

BACKGROUND

In gasoline engines of most vehicles, cacti cylinderof the
engine cycles through four unique stages. In the firststage,
anirlet valve opens and a piston draws air aid fuel Irough
the inlet valve and into the cylinder. The inlet valve closes
and the piston reverses direction in the second stage to
corpressthe air and fuel mixture. In the third stage, a spark
combusts the mixture, which drives the piston (and powers
the vehicle). Art exhaust valve opuris aid the piston once
againreverses direction, in the fourth stage, to push the
combusted mixture through the exhaust valve and out of the
cylinder.

The controlling of the inlet valve and tile exhaust valve of
eaci cylinder is a difficult task.The ungine speed, which can
exceed 6,000 rm in most vehicles, dictates that the opening
and closing of the inlet valve and the exhaust valve aust be
able to occur up to 0 times per second. In conventionl
engines, cams driven by the engine actuate the inlet valve
and the exhaust valve. Modern research, however, [tas
shown that fuel efficiency and power output ofthe engine
may be optimized with an adjustment of the valve timing for
a particular load on the engine. Some variable valve timing
engines have been proposed, hut the theoretical fuel efi-
ciencyandoutputpowerof these-engineshavunotyut beut1
reached,

BRIEF DESCRIPTION OFTHE FIGURES

FIG. I is schematic of a vehicle having an engine con-
trolled with the Method of the pieferred emhodlinetit;

FIG 2 is a flowchart of the method of the preferred
enabodimerit aid

FIG. 3 is two timing charts of the valves ofan entinem

DESCRIPTION 01 THE PREFERRED
METIODS

The following description of the two preferred method of
the invention is iot intended to linit the invulltioil to thse
preferred methods,butrather to enable any person skilled in
the art of variable valve timing control to make and use this
invention.

As shown in FIG. 1. the preferred method of theinvention
has been specifically created to be performed by a control
unit 10 to calculate valve timing commands for an engine 12
with electromagnetic valve actuators 14. The method,
however, mIy be performed by any suitable device to
calculate valve tmg ommands for any suitable engine
witha ny suitablev ariable tim)ing valves.

As snown n FIG. 2 the preferred Method of the invention
has six principle actions: obtaining an engine performance
command 16; receiving an environmental conditions signal
18; deterinting a valve feedforward ter- 20; receiving an
engine performance feedback 22; calculating a valve fed-
back term 24, and calculating a valve tining coniarind 26
based on the valve feedforward term and the valve feedback

term Themethod performed by the control unit may, of
course,include other suitable actions before, during or after
these principle actions.

The action of obtaining an engine performance command
s 16 preferably includes recuivig a vehicle perfoirrancu

conmand from a driver Preferably, the vehicle performance
conmand is received from the foot of a driver with the use
or a conventional pedal 28, as shown in FIG. 1.
Alternatively, the vehicle verformance command could be

tn received fror ithe driver with the use of ry suitable device.
The action of obtaining; an engine performance cominand
also pieferably icludes deiiving the engine peformance
coITInaidfrm the vehicle performance coniand. The
engine performance command is preferably based on the
vehicle performance command, but may alternatively be

15 based on additional suitable factors, such as a traction
control signal or a cruise control signal. The engine perfor-
maice comnand is preferably aitdesired engine torque and,
for this reason, the engine performance command may be
thougtt of as art engine torque cominarid. The engine

20 performance command, however, tmay alternatively be
another suitable variable, such as a desired engine accelera-
tion.

The action of receiving an environmental conditions
signl d18 prefurably includes receiving n environmental

2S conditions signal from an environmental sensor 30 in the
vehicle. The environniental sensor 30 preferably senses the
arbirtent temperature outside thevehicle and cnmiunicates
this data to te control unit 10. which sus the data to
determine thu valve feedforward term. Other iforniation,
such as the ambient pressure, may be useful in the determi-
nation of te valve feedforward term. or this reason, the
environmental sensor 30 may alternatively sense other suit-
ablu infornmation. The envirorniental sensor 30 is preferably
a conventional environmental sensor, but may alternativelY

be any suitable device
Similarly, the action of receiving an engie performance

feedback 22 preferably includes receiving the engine per-
forrnancefeedback from an engine sensor 32 in thu vehicle.
Theenoe sensor32preferablysensestheenginespeedand

o commniicates this data to the controlunit 10, which uses the
data to deterinu the valve feedforward term arid thu valve
feedback term. Other engine measurables, such as engine
torque data, ray be uscfulin the deterination ofthe terms.
For thisreason, the enginc sensor32 mnay alternatively sense

3 other suitable information. The engine sensor 32 is prefer-
ably a conventional erginb sensor, but may altrnatively be
any suitablesensor.

The action of deternining a valv feedforward term 20
preferably includsde termining the valve feedforward term

so based on the engine torque coommad, the abient tempera-
ture data, and the engie speed data. The deterinitation,
however, may be based on other suitable factors, suchas
engine torque data, air-fuelr atio data, engine conbustion
stability data, or ambient pressure data. The conitrol unit 10

55 preferably includes a look-up table, which has been opti-
rized for fuel efficiency, power output, and engine erris-
Sions based on various engine torque comnands, various
ambient temperature data, and various engine speed data (or
engine torque data).tire control unit 10 may alternatively be

60 programmed to perform a real-time Optimization of the fuel
efficiency, powe output, and engine emission (or any other
suitable measurement) based on the engine torque
command, the ambient temperature data, and the engine
speed data (or any other suitable commands and

is measurables)
The actio of clculatiIg the valve feedback term 24

preferabily includes comparing the engine performance com-
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mand and the engine performance feedback, By the defini-
tion of the term, the valve feedback term functions to
compare the input with the output and to calculate a cor-
rection term based on the difference, if any The comparison
and the calculation a-e preferably acconplished by the
control unit 10, bt may dternatively be accomplished by a
suitable separate device.

As shown in FIG. 3A, the position of the piston in the
cylinder can be traced as a sinusoidal wave over a time
period. The evets of the opening of the xhaust valve I
("EVO"), the closing of the exhaust valve ("EVC), the
opening of the inlet valve ("IVO"), and the closing of the
inet valve ("IVC") can be placed on iis sinusoidal wave.
As shown in FIG. 3B, the events of the EVO, the EVC, the
IVO, ard the IVC nay be shifted within the time period 5

(note that the shift in the EVC and the IVO preferably mirror
each another, but may alternatively be separately
controlled). The adjustment oF the ntinrg of the EVO, the
EVCIVO, and the VC when used partially, separately, or
togetherm iay provide the desired fuel efficiency, power
output,and emissions from the engine 12 ofthe vehicle. The
action of calculating a valve timing conmand 26 preferably
includes calculating art EVO cominand, an EVC/IVO
command, and an IVC command The control unit 10, of
course, may alternatively include other suitable parameters 2
for the control ofthe variable timing valves.

The second preferred method of the invention includes the

principle actions of the first prcferrel method and the
additional principle action of receiving fuel conversion data
andengin emissions data. These preferably include recev-
ing the fuel conversion data and engine emissions data from
suitable enassion sensors (not shown) in the cylinder or the
exhaust port ofthe engie 12.'The emission sensors prefer-
ably sense the amount of NO, in the exhaust nd commiu-
nicates this data to the control unit 10. The control unit 10
preferably uses this information to modify the output value
from the look-up table, but may alternatively use this
information to continually adjust the values in the look-up
table. 'The controt unit 10 may alternatively rise this infor-
mation as another factor in the deternination of the valve 4
feedback term.'The ernission sensorsare preferably conven-
tional emission sensors, but may alternatively be any suit-
able sensor.

As any person skilled in the art of variable valve engine
control will recognize from the previous detailed description
and from the figures and claims, modifications and changes
can be made tothe preferred methods without departing
from the scope of tins invention defined in the following
clindms.

We claim:
1. A tmehod for calculating a valve tining. command for

an engine of a vehicle, comprising:

obtaining a engine performance command;

receiving an environmental conditions signal;

determining a valve feedforwardtru based on the engine
performance command and the environmentail condi-
nons signal;

4
receiving an engine performance feedbackl;

cdcuating a valve feedback term based on the engine
perforrmance cormmand and the engine perormance
feedback; and

calculating a valve tning command based on tre valve
feedforward term and the valve feedbac lerm.

2. The method of cim 1whereir said obtaitg at
engine performance corirand includes receiving a vehicle

o perforaice coinmand fror a driver of the vehicle and
deriving the engine performance command based on the
vehicle performance command.

3. The method of claim 1 wherein said receiving an
environmental conditions signali cludes receiving ambient

t temperature data
4 'The method of claim 3 wherein said determining a

valve feedforward termt includes deterninirgthe valve
feedforward terin based on the abiert terperature data.

5. The method of clait 4 wherein said deterinininga
0 valve fecedforward terim includes deterrmining the valve

feedforward teir based on the engineperformace feed-
back.

6, The method of claim 5 wherein said determining a
valve feedforward term includes referencing a took-up table

5 with the engine performance command, the ambient
temperature, and the engine performance Feedbck

7The method of claim 1 wherein said receivnganegne
performance feedback includes receiving engine speed data.

8. The method of clai I wherein said obtainng an
engine performance coinand includes obtaining an engine
torque command; and wherein receiving art engire perfor-
raance feedback includes receiving engine torque data.

9. The nthod of clai 8 wherein calculating a valve
s feedback term includes calculating a valve feedback term

based on the engine torque command ad the engie torque
data.

10. The method of claim I wherein said calculating a
valve timing command includes calculating an EVO
coinand, an EVC/1VO comrtmandarid at IV cornrand.

11. The iethod of clatm 1 further comprising receiving
tuel conversion data,

12. The method of claim 11 wherein said deternniing a
valve feediforward term includes determining a valve feed-

* forward term based on the fuel conversion data.
13. Te method of clairr 11 wherein said calculating a

valve feedback term includes calculating a valve feedback
term based on the fuel conversion data,

14. The method of claim 1 further comprising receiving
o engine emissions data.

15. The imelhod ofclai 14 wherein said determining a
valve feedforward term includes determini a valve feed-
forwardterr based on the engice erissions data.

16. The method of claim 11 wherein said calculatinc a
s valve feedback termincludes calculating a valve feedback

terir based on the engine emissions cata.
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ENGINE TORQUE CONTROLLEIR

TECHNICAL FIELD

This invention relates to an engine torque controller for

spark ignition internal combustion engines arid more spe-
cifcally tor direct injection engines,

BACKGROUND

An engine torque controller is comprised of a torque
demanrd controller ard a torque producer. Tie torque
demand controller determines a required target torque in
accordance witi an accelerator pedal position, current
engine speed, externl loads and other factors, This deter- is
mined torque is then used by the torque prodlicer to produce
the desired torque by controlling the spark amle rodtire
air/fuel ratio.

Direct Injection Spark Ignition (DIS) engines inject fuel
directly into cylinders where it is ignited by a spark froma
spark plug. D18 engines operate it a stratified mode or a
homogenous rode. When a DISI engine is in the stratified
mode. the combustion chambers contain stratified layers
having different air/fuel rixtures. The strata closest to the
spark plug contains a stoichiometric mixture, which isa 25
mixture in which the exact amount of air to ombist the
amount of fuel ispresent, i.e. when tie conbustion leaves no
excess oxygen or unburned fiel. Subsequent strata contain
progressively leanerrraixtures. Operation in a stratified rode
occurs at lower speeds and lower load conditions. Sn

When theengine is in a hormogenous riode, a honog-
enous mixture of air and fuel is introduced into the corn-
bustion chamber. Homogenous operation may be either lean
of stoichnioetry(. higher air fuel ratio), at stoichiometry,
or rich of stoichiometry (i.e. lower air fuel ratio).

In engine torque controllers for DISI engies, when the
engine is operating in stratijiei mode, spark angle has little
influence on the torque produced. The torque producer
rnodifies the air/fuel in order to control the torque produced.
Conversely, when the engine is operating in homogenous
mode, the aifuel ratio is co1trolled tightly it order to
maintain correct operation of the catalytic converter to
reduce noxious emission. The torque producer modifies the
tirring of the spark ignition in order to control the torque

produced.
A problern occurs in either of these rmodes of opertion,

when there is a steady slate error between the tornue
demanded and the estimate of the torque produced, In the
stratified modef a fuel adiustnent occurs due to such a
steady state error then therair/uetratio will not be ideal and
fuel econoriy will suffer aind performanc of the catalytic
converter will deteriorate. In the homogenous mode, if tie
timing of the spark ignition is atered due to such a steady
state torque error then tie fuel economy vill once again
suffer and the engine is more likely to stall when a load is
imposed. iherefore, there is a ieed for a orethod of correc-
tion for a steady state error between the torque dernanded
and an estimate of the torque produced,

SUMMARY
In a preferred embodiment, the engine isa direct injection

spark ignition engine and the transient torque controller is
arratged to receive a cmbustion rnode signal ilicating
whether the engine is operating in a stratified mode ora is
honiogeneous o mde. If the signal indicates thatthe engine is
operating in the stratified nmode then the fuel and spark

2
controller is arranged to control Ehe fuel adjustment signal.
If the signal indicates that the engine s operating in the
homogeneous mode then the the! and spark controller is
arranged to control the spark adistmenrsignal

Preferably, the conlroller also hIs In air charge controller
arranged to receive anair charge demand signal a throttle

iosition signal, an engine speed s a Irmafold pressure
signal and an air charge temperature signal and arranged to
oruput the estimated air charge signal Pr[erably, there is
also a air charge demand controller arraneed to receive the
desiredtorquesignal, adesired spark angle signal and 3
desired air/uel ratio signal ani to output the air charge
demand signal

According to another aspect of the invention, there is
provided a method of controlling torque for an engine. The
method includes estimating a current torque signal in depen-
dence upon a received current spark angle signal, a received
current airfuel ratio signal and a received estmaed air
charge signal, comparing the estimated current torque signal
with a desired torque signal to provide a difference signal,
and filtering low frequency componeots from the difference
signal. Finally, controlling a fuel adjustment signal and a

spark adjustment signal in lependence upon the filtered
difference signal.

These and other aspects and advantages of the present
invention will become apparent upon readingthe following
detailed description of the invention i combination with the
accompanying figures.

BRIEF DESCRIPTION OF THE FIGURES

FIG.Iisablockdiagramillustrating partofanengineand
an engine controller, in accordance with the present inven-
tion;

FIG. 2 is a block diagram of a torque demand controler,
in accordance with the present invention; and

FI. 3 is a block diagraa of a torque producer, in
accordance with tepesent invention.

DElAILED DES(RIPTION

FIG. I illustrates an ebodient of a direct ijection
spark ignition engine 100 which has an enginec ontroller 1.
The engine controller I receives signals from an accelerator
pedda nd sensor assembly 2, an engine speed sensor 3, an
engine temoperature sensor 4, an air charge temoperature
sensor 5,:marnfold absolute pressure sensor 110 and a
throttle position indicator 6.

A fuel injector 130 injects fuel directly into a couistio
chariber 108. The injected fuel mixes with an air chirge
which enters through an air intake valve 102 via an air intake
manifold 152. The air charge is controlled by a throttle 9 and
the fuel injected is controlled by a fuel pimp 8, A spark
controt unit 7 controls a spark plug 106, to generatea spark
for ignition of htie air/fuel mixture. Exhaust gases forn the
resultir conbustion exit via an exhlust valve 104 into an
exhaust manifold 154. The exhaust manifold 154 has a three
way catalytic converter 142 and a Nox trap/catalyst 144.

FIG. 2 illustrates an embodiment of a torque demand
controller 11 that is part of the engine controller 1. The
torque demand controller 11 calculates a required output
torque signal 13, based on an accelerator pedal position
signal received fron theacceleratorpedalt and sensorassem-
hly 2, an engine speed signal received from tie engine speed
sensor 3 and an engine terriperature signal received fron the
engine tenperature sensor 4. A loss load torque signal 12,
which represents losses due to losses in the egine and
powertrain system, is added to the required output torque
signal 13 by an adder 14 to generate a torque demand signal
15
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Referring now to FIG. 3, an adder 17 receives as inputs
the torque demand signal15 anda pumping losses signal1l6,
which represents losses due to the inherent losses in the
engine cycle (ije. due to the energy required to draw airin
and to puish out exhaust gases). The adder 17 outputs a

sired torque signal
An air charge demand controller 27 receives as inputs the

desired torque signal, a desired spark angle signal 25 and a
desired air fuel ratio signal 26 The desired spark angle
signal 25 and the desired air fuel ratio signal 26 are calcu-
lated elsewhere in the engine controller 1 and depend upon to
signals such as engine speed, engine load and enginetem-
perature.

'The air charge demand controller 27 generates an ain r
charge demand signal that is received by an air carge
cntoller 29. Ie air charge controller 29 also receives as 15
inputs a signal indicating throttle position that is receivu
from the throttle oposition indicator 6 (FIG 1), the engine
speed sensor 3. the manifold absolute pressure sensor 110
and the air charge temperature meter 5. The air charge
controller 29 generates a signal indicating desired ithrottle
position ttat is sent to throttle 9 (FIG. 1) and a signal
representing an estimate of the air charg.

The estimated air charge may be different from theair
charge demandedby the aiiuhaigedemandcontrolicr27due
to delays in the engine 100, such as the time taken for the
throttle 9 to move, the time taken for the pressure in the air
intake manifold 152 to rise or fall, or any errors in Position
of thethrottle. The air charge estimate signal is sent to a
current torque estimator 22.

'the curreint torque estriator 22 uses the air charee
stimae signal, together with a signal representing the

current spark angle arid a signal representing thu current
ar-fuel ratio to generate a signal representing an estimate of
the currunt torque.

The estimate of the current torque is compared to the
desired torque signalby a comparator18 to generate anerar
signal which is ther iltred by a high pass filter 20. The
resulting ilterecd error signal is used by a transientt orque
contioller 21 to generate signals for trporarily adjusting
the torque pioduced by the eigine 100.

A combustion mode sigial 19, which is nioduced else- 4
where in the engine controller 1, indicates whether the
engine 100 is operating in a stratified mode or in a homog-
enous mode. If the engine 100 isoperating inthestratified
mode then a fue adIjustment signal is generated and sent to
tie fuel pump 8 in order to adjust the arnourit offuel winch
is injected into the combustion chamber 108 by the fuel
irector 130. If the engine 100 is operating in the homog-
enous mode tlen a spark adjustment signal is generated and
sent to the spark contro init 7 to adjust the timing of the
ignition spark generated by the spark piug 106.

The signal representing the current spark angle is calcu-
lated by a alculator 23 ising the desired spark angle and
any spark adjustment signal received frorn the transient
torque controller 21. The signal representing the current Ar
ful ratio is calculated by a calculator 24 using the desired
air fuel ratio and any fuel adjustment signal received front
the transient torque Controller 21. When the engine 100 is
operating in stratified mode the current spark angle will be
equal to the desired spark angle 25. When the engine 100 is
operating in homogenous mode the current air/fuel ratio will
be equal to the desired air fuel ratio 26. 6o

As Any person skilled in the art of systerns and methods
of controlling the torque output of al engine will ecognize
from the previous detailed description and from the figures
and claims, modifications and changes can be made to the
preferred enbodinents of the invention without departing 65
from the scope of this invention defined in the following
claims

4
What is claimed is:
1. A device for controlling A torque output of Antegine,

the device comprising:

a torque dermand controller for generating a torque
dernani signal; and

a torque producer which receives the torque demand
signal, the torque producer includes:
artestiriatorwhici ruceives as inputs a current spark

angle signal, a cuireit airfuel ratio signal and at
estimated air charge signal and outputs at estimated
torque signal;

a comparator which receives as inputs the estimated
torque signal and a desired torque signal and outputs
a difference signal;

a high pass filter which receives as at input the differ-
ence signal and outputs a filtered difference signal in
which low frequency componients are absent; and

a transient torque controller which receives as an input
the iltred diifierence signal and outputs a fuel
adjustimnent signal aid a spark adjustnrent signal.

2. The device in clain 1, wherein the estiratud air charge
signal is produced by an air charge controller which receives
as nputs an air charge denand signal, a throttle position
signal, an engine speed signal, a manifold pressure signal
and an air charge temperature signa.

3. Ie device in claim 2, wherein tie air charge demand
signa 1is produced by nair chargeemnd controller which
receives as inputs the desired torque signal. a desired spark
angle signat and a desired air/fuel.

4. The device of claim 1, in which the engine isa direct
injectiorispark ignition engine, wherein the transient torque
controller is arranged to receive a combustion mode signal
inldicatig whether th gie is operating iiastatified

ode or a hornogeeous rode, and

wherein the transient torque controller is arraigudto
control tlc fuel adiustient signal wl the combustion
Mode signal indicates that the engine is operating in the
stratifiedr mode, and

wherein the transient torque controller is arranged to
control the spark adjustiment signal when the cornibus-
tion mode signal indicates that the engine is operating
in the homogeneous node.

5 T.he device in clairm 4,wherein the esirnatedcair charge
signal is produced by air rrcharge controller whici receives
as inputs ar air charge deriand sigoal, a throttle position
signal, an engine speed signal, a manifold pressure signal
ann an air charge temperature signal.

6. The device in claim 5, wherein the air charge demand
signal is produced by an air charge demand controller which
receives as mpuis thec esired torque signal, a desired spark
angle signal and a desired air/Fuel.

7. A method for controlling a torque output of art engine,
the method comprising:

estimating a current torque signal from a received current
spark angle signal, a received current air/tel ratio
signal and a received estimated air charge signal;

coriparing the estimated current torque signal with a
desired torque signal to output a difference sign;t

filterin out a plurality fh low frequency coipohnuts from
the difference signal; and

controlling a fuel adjustment signal and a spark adjust-
ment signal in dependence upon a fitered differnce
signal.
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(57) ARSTRACT

A rnethod of controlling the fuel pressure within a fuel
delivery system having a fuel pump that delivers fuel to a
.e -irail of an internal combustion engine includes providing
a set-point tuel pressure, generating a feed forward signal
having a set of fuel pump motor control parameters based
upon th set-point fuel pressure and the desired fuel flow
rate, providing a pressure sensor to measure thc fuel rail

pressure, comparing the fuel rail pressure to the sut-poit
tuel pressure and generating an error valuebasedupon the
difference between the fuel rail pressure and the set-point
fuel pressure, providing a feed back controlier aapted to
receive the error value and to enerate a feed back control
signal, coibining the feedbackcontrol signal and the feed
torward control signal to generate auoiorcotrolersignal.
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METHOD FOR CONTROLLINC FUEL RAIL
PRESSURE

ITCHNICAL1 FIELD

The present invention generally relates a method of
controlling the fuel pressure within the fuel tail of an interll
combustion engine.

BACKGROUND

Within an internal combustion engine fuel delivery
systerrn,a fielrailodelivers foelto fiel injectors that inject the
fuel into the cylinders of the engine. The pressure of the fuel
being injected through thfuel injectors is critical, therefore
it is irrortant to keep the pressure withinthe fuel rail as
consistent aspossible. Closed lop control systems for
controlling the fuel pressure within fuel rails have been
developed, but do not adapt to system varations suich as

part-to-part tolerance differences and wear. Therefore, there
is a reed [or a improved nethod of controlling te fuel
pressure within the fuel rail of an internal combustion
engine.

BRIEL DESCRIPTION OFTHE DRAWINGS

FIG. I is a schematic view of a first preferred embodiment
of a uel rail delivery system of the present invention;

FIG. 2is a schematic view of a secod preferred embodi-
nient of a thel rail delivery system of the present invention;

FIG. 3 is a control diagram illustrating the mrethodi of
controlling the fuiel delivery system ofthe preferred embodi-
merit;

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

FIG. 5is a cotrol diagrar similar to FIG. 4 whereini a
adaptive learning algorithn receives additional feedback
inforratioil; and

FIG 6 is a control diagram for the second preferred
emubodimernt.

DELALED DESCRIPTION OF THE
PREFLRRED EMBODIMENTS

The following description of the preferred embodimerits
of the invention is not intended to limit the scope of'the
invention to these preferred embodihents, but rther to
enable any person skilled in the art to make and use the
invention.

Referring to FIG, 1, a fuel delivery system 10 of the
present rivention includes a fuelrail 12 adapted to deliver
fel to fuel injectors 14 of aninternal combustion engine, a
fuel pump 16 adapted to deliver fuel to the fuel rail 12, a fuel
pressure sensor 18, and a fuel pump motor controller 20.

Referring to FIG. 3, the fiel pump motor controller 20is
aprocessor that is adapted to control the fuel pump 16,
Mainly, the fuel pump ootor controller 20 controls the speed
ofa motor15thatdrivesteifuelpump 16.Te fuel pressure
sensor IS measures the pressure within the fuel rail 12 The
fuel purmp mrotor controller 20 receivesthefuel pressure arid
calculates the difference between a set-point pressure and
the fuel rail pressure. Thisdifference is the fuel rail pressure
error sinal25 which is used to control the fuel pump speed.

'the set-point pressure is the pressure at which the fuel
delivery system 10 works most efficiently In order to
achieve proper fuel ijection caracteristics such as spray
penetrationand spray pattern, it is important thatthe fiel

delivered to the fel injector nozzles 14 remains at the
appropriate pressure. This optimum pressure is the set-point
pressure, and is pre-determined based upon the injector
reatures and the specifications of the particular application

5 Aset-poirtpressuresigrul21issenttothefuelpumpmotor
controller 20.

The fiel pump motor controller 20 calculates and outputs
a motor drive signal 31 to the fuel pump motor 15. The
motor drive signal 31 is calculated fror rthe desired fuel

10 pressure and average fuel flow demand, and attempts to
drive the fuel purrp mtor 15 at a speed that will provide e
desired fuel pressure at the desired fuel flow rate.

The fhel pump roior controller 20 icludes a feed for-
ward controller 22, a feedback controller 26, and afuel

1pumprotor controller driver 30. Thefeedforward control-
ler 22 uses a hnctionr alorithm, such as a look-up table
with an interpolation routine, to output a feed forward
control sigrai 23. Tre feed forward controller 22 inputs the
set-point pressure and the average fuel flow demandedinto

20 the function or algorithm and calculates the feed forward
control signal 23,

The fiel rail pressure error signal 25 is calculated by
subtracting the fuel pressure sensor signal 19 from the
set-poirr pressure siginal 21. This calculatio is performed
by a first surrmming junction 24 The fuel rail pressre error
signal 25 is input to the feed back controller 26. In turn, the
feedback controller 26 calculates a feedback control sigail
27. The feed back controller 26 can be any suitable
controller, such as a Proportional Integratior ard Differen-
0ial or model based controller,

'the feed forward control signal 23 and the feed back
cortrol signal27 are suned in a second suaringjunction
28,tthereby eeratingarrotorcontrollersignal29.Threfuel

35pump motor controller driver 30 receives the motor control-
ler signal 29 aid generates a motor drive signal 31 that
controls the speed of the ftel pump motor 15.

liraanornrinalfuel svstem'rwith the desired fuel rail pressure
at a given fuel flow rate, the feed forward cortrol signal 23
and then otor controller signal 29 would be the same. The
feedback controller 26 rodifies the feed forward control
signal 23 to compensate for system variations due to part to
part tolerances and system aging, etc.

Afirst preferred erbodirmet ofthe irvetior is shown in
FIG. 3, wherein the fuel pressure sensor IS is a relatively
tow barldwidth sensor that is rounted onto the fuel rail 12
to directly measire the fiel pressure therein. Referring to
FIG. 4, in a variation of the irst preferred embodinft, the
fuei purp motor controller 20 further includes an adaptive

Seaning controller 32 which uses an algorithm to monitor
the conditons of the fuel delivery systeria10 and updates tle
feed forward controller 22 when the system is operating in
a steady state condition.

The algoritirr of the adaptive learning controller 32
5s receives the set-point pressure signal 21, the averagefuel

flow, thefuerail pressure error 25, and the motor controller
signal 29 as inputs The algorithm then compares thenotr
controller signal 29 to the feed forward control signal 23
corresponding to the current set-point signaland the average

6) fuel flow within the feed forward controller 22, and updates
the values within the feed forward controller 22 appropri-
artely.

The algorithm of the adaptive learning controller 32
receives the error sional 25 and te feed forward cortroler

6s 22 is only updated when the error has stabilized and is below
a pre-determiieed threshold. Referrig to PIG. 5,
additionally, the speed of the fuel purmp 16 and the pressure
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from the pressure sensor 18 can also be received ey Ehe
adaptive learning controller 32 to provide additional param-
eters for more accurate updating of'the feed forward con-
troller 22.

A second preferred embodiment is shown in FIG. 2, 5
wirereli like elements are numbered the same as the fist
preferred emnodirenl. [he second preferred embodiment
includes a fel pressure sensor 34 mounted at the fte pump
16 to measure the fuel pressure within the fuel delivery
system 10 at the fuel pno 16, The fuel pressure sensor 34 10
of the second preferred embodiment is a relatively wide
bandwidth sensor.

Referring to FIG. 6, a fuel pump rotor controller 36 of
the second preferred embodiment is similar to the fuel pump
motor controller 20 of the first preferred eroboditent, how- 15

ever the second preferred embodiment also includes a tuel
system mode 38, a low-pass filter 40, and a device 42 to
calculate the average fuel flow. lhe uel! system model 38
receives the fuel pressure as measured by the pressure sensor
34 a, the fuel pump 16 and the fuel system model 38 20
estimates the fuel rail pressure based upon the pressure at the
fuel pmp 16

The widen badwidth pressure sensor 34 will measure both
the average fuel pump outlet pressure as well as pressure
pulses caused by the opening and closing of the fuel injec-
tors 14. the low-pass filter 40 filters out pulses in the

pressure readings due to te opening and closing ofthe fuel
intectors 14, so the feed back controller 26 does not respond
to these inector plsations. The fuel system model 38 canl
also include inpit of the fuel rail 12 temperatirre. The
temperature of the fuel rail 12 influences tie fuel rail
pressure estimation, so the fuel systemn model 38 canl take
this temperature tito consideration to more accurately
appoxirrate the ressure within the fuel rail 12 based unoi
the pressure measured at the fuel pump 16 The wide band
pressure from tlie pressure sensor 34 isalso used by the
device 42 to calculate the average fuel flow. Frun the
pressure pulsations caused by the opening and closing of the
injectors,ther iector frequency and on-tne duration car be
obtained, By using this informationalong with the injector
flow rate, the average fuel flow rate canh e calculated,
thereby eliminating the need for external iaverige felHow
information.

It is to be understood, that the processors, sensors, fuel
puip, and controllers are orrventiorrl devices that are
common in the industry and are described herein merely to
provide examples of how the method of the present inven-
tion car be practiced.

'the foregoing discussion discloses and describes twos

preferred embodiments. One silled in the art will readily
recognize from sucl discussion, arrd fror the accompanying
drawings and clains, that changes and rtodifications can he
made to the preferred embodiments without departing from
the true spirit and fair scope of the invertve concepts as
defined in the following claims. The preferred embodiments
have been described in an illustrativem tanier, and it is to be
understood thatthe terminology which has been ascd is
intended to be in the nature of words of description rather
than of limitation. 60

We claim:
1. A method of controding the fuel pressure within a fuel

delivery system htavir. a fuel purmp wich delivers fuel to a
fuel rail of an internal combustion engine comprising:

providing a set-point fuel pressurre; 65

tovidingthe estirated average fuel flow through the
system;

4
generating a feed forward control signal based upon the

set-point ftel pressure and the average fuel flow;
mreasuring the fuel rail pressure with a fuel pressure

sensor;
filtering the output of the fuel pressure sensor to filter ou

pulses due to the opening and closing of the ftel
injectors;

comnparirgthe fuel rail pressure to thesetpoint fuel
pressure and generating an error signal based upon the
difference between the fuel rail pressure and the set-

point tfel pressure; and
maodifying the feed forward control signal based upon the

error sigralthereby generating a motor controllersig-
nal and sending the motor control signal to the fuel
pumlip rmoor.

2. Themethod of claim 1 wherein generating a feed
forward comtrol signal includes providing a feed forward
controIler wfich provides established fuel purrp miotor
control parameters at particular set-point pressure and aver-
age fuel flow rate values, wherei the set-point pressure and
average fuel fiow are input to the feed forward controller and
a feed forward control signal having set of corresponding
fuel pump motor control parameters is tereby generated.

3, The method of claim I further incuding:
corrparing threr otorcotroi signal to the fuel purrp

motor control parameters within thee iced forward con-
troller which correspoId to the set-point pressure ard
the averagefriel flow; and

updating the feed forward controller with new uel purip
mxotor mtol nrrpa-ameters.

4. The method of claim 3 firther icluding monitoring the
error signal, and updating the feed forward controller after
tireerror signal fas stabilized and is below a pre-deterined
level

5. The retlod of claim I wiereir measuring the fuel rail
pressure includes measuring the fiel pressure at the fuel
pump and estimating the fuel rail pressure based upon the
fue pressure as rreasured at the fuel pump.

6, The method of claim further incuding:
detectig pulses in tre signal frorr the fuelpressure sersor

to establish when the injectors open and close;
leasurngthe time between wied ar injector opens and

closes to determine how long tie injector is open;
using the iniector flow rate and the injector open time to

calculate the average fuel flow.
iA fiel delivery system comprising:
a fuel rail adapted to deliver fuel to fuel injectors of an

autorotive vehicle, a fuel pump adapted to deliver fuel
to said fuel rail, a fuel pressure sensor adapted to
measure the fuel rail pressure, a low-pass filter adapted
to filter the ortput of said fuel pressure sensor to filter
out pulses due to the opening arid closing of the fuel
injtectors, and a fuel pump miotor controler iaving,:
a feed forward controller adapted to provide a feed

forward signal having fuel puip motor control
parameters based upon a set-pointhfuel pressure and
tre average fuel flow tlrough said system;

afirstsurming junction adapted to corpare the fuel
rail pressure to the set-point fuel pressure and to
generate art error value based upon the difference
between the fuel rail pressure and the set-point thel
pressure;

a feed back controller adapted to receive tie error value
and to generate a feed back control signal.

a second suimring urctio adapted to receive the feed
back control signal romn said feed back controller
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and the feed forward control signal from Ehe feed
forward controller and to modify the fueli pump
motor control parameters of the feed forward control
signal based upon the eedback control signal to
gueiate a motor coiaollur signal; and 5

a fuel pi mp motor controller driver adapted to receive
the motor controller signal and to control the speed
of said fuel purp based uponthe otor controller
signal.

8. The fuel delivery system of claim 7 wherein said fuel to
pressure sensor ismounted at said frel rail to directly
measure the fuel pressure within said fuel rail.

9. The flel delivery systern ofclaim 7 wherein said feed
back controller is a proportional integration and differetial
closed loop con;troller.

10. Theu fel delivery system of claim 7 further inciding
an adaptive learning controller having an algorithm which is
adapted to rionitor the conditions of the fueldelivery sysere
and to update said fed forward controller.

11. The fuel delivery systurn of claim 7 wherein said fuel 20
pressure sersor is routed at said fuel pump to measure the
fel pressure within the fuel delivery system at said fuel

pump.
12. The fueldelivery system ofclaim 11 further including

a fuel systemfimodel adapted to estiratu the fuel pressure 25
wirhir said fuel rail based upon te fuel pressure as mea-
sured at said fuel pump.

13. Armethod of controlling the fuel pressure withirin a fuel
delivery system havinga fuelpump which delivers flet toa
fuel rail and fuel injectors of an internal combustion engine
comrprising:

providing a set-point fuel pressure:;

providing the estimated average fuel flow trougthie
system;.

generating a feud forward control signal based uponthe
set-point fuel pressiure and the average fuel flow;

reasuring te fuel rail pressure with a fuel pressure
setsor;

comparing the fuel rail pressure to the set-point fuel an
pressure and generating ai error signalbaseduponthe

diference between the fuel rail pressure and the set-
point fnel pressure;

modifying the feed forward control signal based upon the
error signal thereby generating a motor controller sig-
nal aid sending the itor contr-ol sigral to the fhei
pump motor;

detecting pulses in tesignal fror the fuel pressure sensor
to establish when 13c fuel injectors open and Cl)Se;

measuring the tune between whetn a inector opens and
closes to determine how long the injector is open;

usingthe injector flow rate and the injector open time to
calculate the avei-age fu flow.

14. The method of claim 13 wherein generating a feed
forward control signal includes providing a feed forward
controller wich provides established fuel punp motor
control parameters at particular set-point pressure and aver-
age fuel flow rate values, whrein the set-point pressure and
average fuel flow are input to the feed forward controllerand
a feed forward control signal ha'ving set of corresponding
fuelpump motorcontparaeters is terehy geerated.

15. The method of claim 13 fUrther including:

comparing the motor control signal to the fuel pump
rmotor control pararmeters within the feed forward con-
troler which correspond to the set-point pressure and
the average fuel flow; and

updating the feed forward controller with new fuel pump
lotor control parameters.

16. The method of claim 15 rthur including monitoring
the error signal, and updating the feed forward controller
after te error signal has stahilized and is below a pre-
determined level

17. The method of claim 13 werei mIUasuring the fuel
rail pressure includes measurgthe fuel pressure It thefel
pump and estimating the fuel rail pressure based upon the
tuetpressure as measured at the iel pump.

18. The method of claim 13 further including filtering the
signal sent from thefuel pressure sensor to filter out pulses
due to the opening and closing of the tel infjectors.
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(57) ABSTRACT

A method for testing the integrity of an electronic throttle
disable function begins by disabling the drive electronics
responsible for controlling the throttle motor. The micro-
controller doing the plate position control commands full
closing voltage rom throttle motor dnvelectronics (while
those electronics are disabled). Then the throttle position
voltage is recorded. If the disable system is working, the
Il-driver wvi output Zero volts even though a full motor
closing voltage is requested. The throttle position voltage is
then compared to a predetermined default throttle position
voltage. If there is a significant difference between the two
voltages, then failure mode management is engaged.
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El ECTRONIC THROTTLE DISABLE
CONTROL TEST SYSTEM

TECHNICAL FIELD s

Tbe present inveition relates generally to controlsystems
for internal comrbustion engines, and more particulary, to an
electronic throttle disable control test system.

BACKGIROUND.ART' 1o

Many previously known rotor vehicle throttle controls
have a direct physical linkage between an accelerator pedal
and tile throttle bodyso that the throttle plate is pulled open
by the accelerator cable as the driver presses the pedal. The is
direct mechanical linkage includes biasing that defaults the
linkage to a reduced operating position, also known asIle,
in a manner consistent with regulations. Nevertheless, such
mechanisns are often simple and unable to adapt fuci
consumption efticiency, minimize regulated emissions. 2
improve driveability to changing traveling conditions, and
add significant weight and conponents to the motor vehicle.

An alternative control for improving throttle control and
tile flicient introduction of fuel airruixtures into the rtgine
cylinders is presented by electronic throttle control The
electronic throttle control includes a throttle controlunit that
positioOns the throttle plate by anactuator controlled by a
nucroprocessor using position feedback sensors. The micro
controllers (or micro processos) are often included as part
ofapowertrannelectroniccontrolthatcanadjst the fuel and
air intake and ignition in response to changing conditions of
vehicle operation as well as operator control. Protection rray
be provided so that an electronic system does not misread or
nsdirect the control and so that uintended oration is
avoided when portions of the electronic control sffer a
faihtre.

One previously known type of protection to avoid un-
tended actuation of excessive throttle is to use a disable
function of the electronic throttle drive electronics. lre
disable function allows the PCM to shut down the electronic
throttle drive electronics in the event that the PCM senses a
throttle position differing from expected throttle position
Unfortunately, typical electronic throttle systens do not test
the integrity of the disable function.

The disadvantages associated with these conventional
electronic throttle disable techniqus have oade it apparent
that a new technique for testing thc electronic throttle
disable function is needed. The new technioue should not
intrude oi nornual throttle operation while verifying function
integrity at least once each time the vehicle is powered up.
The present invention isdirected to these ends.

SUMNARY OF TIE INVENTION

It is, therefore,an object of the invention to provide an
improved and reliable electronic throttle disable control test
system. Another object of the invention is to test the elec-
tronic throttle driver disable tunction. And additional object
of the invention is to not intrude upon normal throttle
operation. io

In accordance with the oiects of this invention. an
electronic throttle disable control test system is provided. In
one embodiment of theinvention, a nethod for testing the
integrity of an electronict trottle disable function begins by
disabling the electronic throttle notor's drive elctronics 6s

(which is an integrated Il-driver in the preferred
embodiment). The l-driver is comranded to apply dli

closing voitage, however, since the T-driveris disabled, no
voltage is applied to the motor and the throttle remains at its
default position. Thethrottle position voltage is tlen con-
pared to a predetermined default position voltage If there is
a significant difference between ite two voltages, then
failure mode management is engaged. These voltages can be
either "absolute" meaning relative to systen ground or
relative"nmeanine. relative to the throttle position sensor

voltage output at closed throuttle, default position, or open
stop position. This allows one to detect the voltage differ-
ence between delatil and closed stop.

At this point, wehaveverifiethat te throttle does not
move when disabled. Then we have to verify that it does
move when enabied.

The presenat invention thus achieves an inproved elec-
tronicthrottle disable control test system. The presentinven-
tion is advantageous in that the integrity of the electronic
throttle disable function is tested at least once each tie the
vehicle is powered up.

Additional advantages and features of the present inven-
tior will become apparent forn tIe dscrition that follows,
and may be realized by means of the instrumentalities and
combinations particularly pointed out in the appended
claims, taken it comiunction with the accompanying draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

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

FIG, Iis an eletronic throttle disable control test system
naaccordance withoneo ebodiment of the present inven-

tion; and
FI. 2 is a flow chart or a electronic throttle disable

control test in accordance with one embodiment of the
present inventiorn.

BEST MODES FOR CARRYING OUTTHE
INVENTION

In the following figures, the same reference numerals will
be used to identify identical components in the various
views.'The present invention is illustrated with respect to an
electronic throttle disable control test system, particularly
suitd for tho autonotive field. Howevor, rte present inven-
tion is applicable to various other uses that may require
electrouc throttle disable control test systenis.

Referring toFIG. 1. a motorvehicle powerrain systei 10
including electronic throttle control system 12 includes an
electrouc control umt 14. In the preferred embodiment, the
electronic conirol nnit 14 includes a powertrain control
itnodule (PCM) 16 including a main processor and art
electronic titrottle monitor (ETM) I including an indepen-
dent processor. The PCM and ETM share sensors 19 and
actuators that are associated wvith the powetrain systen 17
and control module 16.,Preferably, the electronic throttle
monitor IS includes a processor physically located within
the powertrain control module housing, althougha separate
housing, separate locations and other embodimonts can also
be ornployod in practicing the invention. Moreover; while
the electronic throttle monitor 18 and the powertrain control
Module 16 have independent processors, they share the
inpits and outputs ofpowertrain sensors 19 and actuators21
and34, respectively, for independent processing.

A wido variety of inputs are representd in Ite FIG. 1
diagram by the diagrammatic representation of redundant
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pedal position sensors 20. The sensors 20 are couiped
through inputs 22 and are representative of many different
driver controls that nay demonstrate the demand for power.
In addition, the electronic control unit 14 includes inputs 26a
and 26b for detecting throttle position. Avariety of ways for s
providing such indications is diagrammatically represented
in FIG. 1 by a first throttle position sensor 24a and a
redundant second thirottle position sensor 24b toobtain a
power output indication As aresult of the many inputs
represented at 19, 22, 26a and 26b. the electronic controller to
14 provides outputs for liiting output power so that output
power does not exceed power demand. Avariety of outputs
are also diagrarimatically represented in FIG. 1 by the
illustrated example of inputs to a throttle control unit 28 that
in turn powers an actuator and motivc interface 30 for i
displacing the throttle plate 34. For example,an actuator and
interface may comprise redundant drive motors powering a
gear interflace to change the angle of the throttle plate 34 it
the throttle body 36.

Likewise, the responsive equipmient like motors may also 2
provide feedback. For example, the motor position sensor 38
or the throttle position sensors 24a and 24b may provide
feedback to the throttle control unit 28, as shown at 37, 27a
and 27b, respectively, to determine whether alternative
responses are required or to maintain information for service
or repair.

The purpose of the present invention is to establish a
method with which to test the ability to take an action(wich
is taken upon failure detection). For a nuinber of detected
electronac control system failures, the throttle plate 34
position control disables the drive electronics for thethrottle
motor 30. In normal operation, the systema would never take
this action.

Thchallenge is to design a test that does not intrude in
normal throttle control operation. Since disabling the driver
results in the plate 34 going to default to test this function
non-intrusively,one musttest when the system is off-linehbut
powered (initialization or shut-down) or when defaultis
requested anyway. An advantage over previous technology
is that the driver disable function (which is a significant
contributor to system predictability when a systemn failure iS
detected) can now be tested at least once each time the
vehicle ispowered up

Referring to FIG 2, a flow ciart for an electronic throttle
oisable control test 40 in accordance with one ernbodrient
of the present invention is illustrated In the present
invention, control test 40 begins with step 42 and iimedi-
ately proceeds to step 44 where PCM 16 learns theli TPS
outputvage for the default position of throttle plate 36 o
(At this poin, no notor voltage is applied so that the plate
will have attained the default position.) The sequencethen
proceeds to step 46.

In step 46, PCM 16 disables the drive electronics respon-
sible for actuating motor 30. [be sequence then proceeds to 5s
step 48 wherePC 16 commands full closing motor vot-
age. PCM 16 waits approximately 30 milliseconds andthe
records the resulting throttle position sensor voltage. The
sequence then proceeds to step 50

In step 50, the throttle position voltage corresponding to 6o
the default position of throttle plate 34, determined in step
44,iscomparedatohe throttlepositionvoltageobtainedafter
disabling the drive electronics. If the two voltages are
significanily different, it rears that the motor drove the
plate to a new vosition and the disable function is not 65
working and then the PCM 16 will engage failure rode
management in step 52 and proceed to the end of the

4
secuence 64, If, however, the two voltaoes are not signifi-
cantly different, then the sequence proceeds to step 54.

In step 54, PCN 16 corrrnands zero volts and proceeds to
step 56 whee it enables the H-driver. In step 58 PCM 16
applies approximately five volts in the closing directionto
throttle motor 30. PCM 16 then waits 30 milliseconds before
applying full voltage in the closing direction to throttle
motor 30. PCM 16 then waits another 30 miliseconds before
learning the output voltage corresponding to a close stop of
throttle plate 34. PCM 16 the records the close stop TPS
output voltage and the sequence proceeds to step 60.

In step 60, the voltage corresponding to the default
position of throttle plate 34, determined in step 44, is
compared to the close stop voltage obtained in step 58 If the
two voltages are not significatntly different, then the
sequence proceeds to end step 64. If., however, the two
voltagesare significantily different, then throtleplate34may
be potentially frozen. In this case, PCI 16 engagesfailure
mode management in step 62, including ice breaking strat-

egy.
While the presenit invention is shown with respect to

testing the integrity of the drive electronics disable function
after learning the default voltage corresponding to the
default position of throttle plate 34, one skilled in the art
would realize that testing may also occur before learing the
defaulh.voltage by simply cormaring the voltage obtained in
step 48 with the close stop voltage. One skilled id the art
would also recognize that various routine functions, such as
checking memoiy, may occur before or after the test.

The present invention thus achieves an improved and
reliable electronic throttle disable control test systern by
means to test the disable function without inaruding on
normal throttle operation.' he present invention does this at
least once each irre the vehicle is powered up.

From the foregoing, it can be seen that there has been
brought to tie art a new an improved electronic throttle
disable control test system. It is to be understood that the
precedingdescription of the preferred embodiment ismerely
illustrative ofsome of the tiany specific eirbodirients that
represent applications of the principles of the present inven-
tion. Cleariy' numerousand other arragerrents would be
evident to those skilled in the art without departing from the
scope of the invention as defined by the following claims:

Whatis claired is:
1. An electronic throttle control apparatus for testing

intexity of a motor drive electronics disable feature corm-
prisang'

aPC having drive electronics for controing a motor
couped to an electronic throttle plate, said PCIM aving
control logic to disable said drive electronics and return
said electronic throttle plate to a default position,
determine a defaulathrottle position sensor (TPS) orl-
put voltage corresponding to said default position,
comnand a full closirg motor voltage, corrpre a full
closing TPS output voltage to said default TPS ouitput
voltage, and engage failure node nanagerent whet
said full closing TPS output votage and said default
TS output voltage are significantly different from each
other.

2, The electronic throttle control apparatus of claim 1,
wherein said PCN further includes control logic operativeto
enable said drive electronics.

3. The electronic throttle control apparatus of claim 1,
wherein said PCM further includes control loic oe ratve to
apply close stop voltage to said motor

4. The electronic throttle control apparatus of clain 3,
whereinsaidPCMfurtherincludescontrollogicoperativeo
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compare said ull closing TPS output voltage to said close
stop TPS output voltage.

5. The electronic throttle control apparatus of claim 4,
wherein said PCM includes control logic operative to
engage failure mode management when said full Closing s
[PS output voltage and said close stop TPS output voltage
are significantly different.

6. [helectronic throttle control apparatus of claim 1,
wherein sai PCM includes control logic operative to test
said motor drive electronics disable feature before leaning to
said default throtteposition sensor output voltage.

7. The electronic throttle control apparatus of claim 1,
wherein said PCM includes control logic operative to test
said motor drive electronics disable feature before checking
PCM memory 1s

8. An electronic throttle control test systern for an auto-
mobile having and internal combustion engine, said system
comprsng:

a motorized throttle located on the internal combustion
engie, said motorized throttle having a throttle plate 2
coupled to a motor for controlline an amount of airflow
entering the internal combustion engrne; and

aPCM having drive electronics for controllingsaid motor
coupledto said throttle plate, said PCM having control,
logic to disable said drive electronics such that said
throttle plate returns to or remainsat a defamltposition,
determine a default throttle position sensor (TPS) out-
put voltage corresponding to said default position,
command a full closing motor voltage, compare said
full closing ITS output voltage tosaid default TPS
output voltage, and engage failure mode management
when said full closing TPS output voltage and said

predetermined default TPS output voltage are signiti-
cantly different.

9. The electronic throttle control test system of claim 8,
wherein said PCM includes control logic operative totest
disabling of said drive electronics before learning sai
default throttle position sersor output voltage.

10 The electronic throttle control test system of claim 8,
wherein said PCIM includes control logic operative to test
disabling of said drive electronics before checking PCM
nemory.

11. Amethod for testing integrity of an electronic throttle

plate drivr disabile function controlled by a powrtrai
control module (PCM) conprising the steps of:

disabling said driver;
determining a first throttle psition value with said driver

disabled;

commanding full closing voltage;
determining a second throttle position value at said full

closing voltage;
comparing said first and second throttle position values

and
engaging failure mode management when said first ant

second throttle position values are significantly differ-
eot.

12. The method of claim 11, further comprising the step
of enabling said driver.

13. The method of claim 11 further comprising the step
of applying closestop output voltage to a motor.

14. The method of clam 13, further comprising the step
of comparing a throttle position sensor (TPS) output voltage
at said full closing voltage to a TPS output voltage at said
close stop voltage.

15. The method of clain 14, further conprising the step
ofengaging failure enode nargement wlen said TPS
output voltage at said full closing voltage and said TPS
output voltage at said close stop voltage are significantly
different,

16. The mrethod of claia 11, wherein said testing occurs
before learning default throttle position sersor output volt-
age.

17. The method of clairn 11, wlereirn said testing occurs
before checking PCM memory.
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(57) ABSTRACT

The invention relates to a four stroke interna combustion
engine with one or more engine operating condition sensors
meluing arexhaust gas composition sensor in the exLaust
condnti An engine nanagement system is arranged to
control the operation of the engine including the fel ine-
lion system and the air/fuel ratio .for at least one cylinder.
The engine management system receives from said sensors
respective signals Si and oscillates the airtfuel ratio ?,
between a reiatively rich level and a relatively lean level,
dependino on the signal S. from the exhaust gas sensor. The
engine management system determines the temporal chir-
acteristics (142) of the oscilation in the airftel ratio and
determines whether or not the engine is being fueled on the
correct stroke by comnparing (136) those temporal carac-
teristics with relevant engine operation data (120) stored in
the engine managenent system.

8 Claims, 8 Drawing Sheets
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MOTOR VEHICLE ENGINE
SYNCHRONIZATION

BACKGROUND OF THE INVENTION

bis invention relates to an engine managementsystem
capable of determining engine phase of a four-stroke inter-
nat combustion engine.

When a four-stroke engine is running it is desirable to
verify that the tuelis being injectedb in the cylinder during Io
the correct stroke. If the fuel isinjected on the wrong stroke,
the engine may still nm,but engine emissions will increase
and engine efficiency will drop.

Internal combustion engines normally have a Crankshaft
sensor that provides a rotation signal that can be used to
verify piston position over one complete revolution of the
engine. However, asthu engine takes two full revolutions to
complete one cycle of the tour strokes, this type of engine
sensor cannot distinguish beteenthe two halves of the
cycle. sometimesi-efertud to asthec iargephaseinwhich the 20
cylinder is charged with air and fuel, and the power phase in
which the air fuel charge is ignited and expelled as exhaust
gas.

Currentlv, the rost common mhetniod of verifying theI 'io . h i hf 25
engine injectm stroke is through th use of a camshaft
positioi sensor. However, a camshaft scusor with associated
wiring and engine machining adds cost to the engine.

It is Possible to achieve engine stoke verification without
the use of a camshaft position sensor, for example as
described in patent document EP 0 990 187 A. this docu-
rnent describes a method of determining engine stroke in
which one cylinder of the engine is made to run for onu cycle
at non-optirnaconditions.'Iiscausesa sharp changein the
operating conditions for that cylinder, which can then be
detected by measuring a nomtlentary change i ithe compo-
sition of the exhaust gas The ime at which the exhaust gas
cornposition changes can then bc used to determine the
engine stroke on which exhaust gas is expelled by the
afected cylinder. 4

This method sufers from a number of problems, primarily
the need to operate theengine in a non-optirnal mnainer ando
the need for steady state operation before, during and after
the test

SUMMARY OF THE INVENTION As

The present invention seeks to provide an improved
system for engine injection stroke verification.

According to the present invention there is provided an
internal Combustion engine, comprising a number or
cylinders, the or each cylinder containing a fou-stroke
reciprocating piston, an exhaust conduit, one or more engine
operating condition sensors including an exhaust gas sensor
in tneexbaustconduit for measuring the composition of the
exhaustgasafuelinjectionsystem,andanenginemanage-
met system for controlling the operation of thu engine
including the fuel injection system and the air/fiel ratio for
at least one cylinder, wherein the engine management sys-
tem contains engine operation data, the engine operation
dta being related toexpected engine operation with engine
fueling or the correct stroke ard/or enginefuelug on an
incorrect stroke, and the engine management systemis
arranged to:

a) receive fror said sensor(s) respective signal(s);
b) oscillate the air/fuel ratio between a relatively rich level 65

ard arelatively lean level, the xhaust gas coposition
varying depending on the air/fuel ratio;

c) reverse the direction of change of the air/fuel ratio
when the exhaust gas composition is sensed as being
indicative of'rich engine operation or leari engie
operation;

d)determinethetemporalcharacteristicsoftheoscllation
in the air/fuel ratio, and

e) determine whether or not the engine is being fueled on
the correct stroke by coparirg said temporal charac-
teristics with said relevant engine operation data.

This procedure provides the advantage that there is no
need for a camshah position sensor, and the engine is no
longer requiredto operate in a non-optimal mannerto
provide the engine niaiagetent with the signals reluired to
verify whether or not the engine is being fueled on the
correct stroke by conparing.

'Ie term "engine managernent systerr" will be under-
stood to mean any electronic system capable of controlling
0r influencingthe operation of the engine.

The term "temporal characteritics"shouldbe understood
as meaningperiod or frequencyor any other tiie depudent
characteristic that coulki be used to characterise an oseiat-
iog system

It should be understood that the ter "mneasure exhaust
gas composition" means to measure one or more of the
composition characteristics of the exhaust gas cormposition
such as the concentration of one or m0ore ofthe component
gases.

a lrder to rrteet rrodern errission standards, engine
control systems tilize a form of closed loop control to
control 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 require very accurate control of
the air/fuel ratio around a stoichiornetric value in order to
operate at their maximim efficiecy. Closed loo control
uses feedback from a sensor at an output from a system to
control an input to the system that affects the signal froi the
output, sensor In this case the output sesor measures the
exhaust gas composition and the engine rianagerrient systen
variestheairliel ratioaccordingly.Inropenloopcontrolthe
engine management system does not take account or the
signalfrom the exhaust gas sensor when setting the airfuel
ratio Open loop control may occur, for instance, when the
driver presses the throttle.

A simplifie 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 NOX gases and the oxygen storage
sites inthe catalyst remove the oxygen in the NO gassesto
create iannless N, Some of the excess oxygen in the
exhaust gases is also stored in this phase. When the air fuel
ratio is mich the exhaust gases are rich in hydrocarbons HC,
COand H12. The oxygen stored on the catalyst is then
released to react with these gases to form CO, and 11,0.

To measure the exhaust gas composition, it is conunon to
use a leated Exhaust Gas Oxygen (IIEGO) sensor.om-
monly available HEGO sensors have a steep change in
output around the oxygrt cotcentiation ir-sultirg from near
stoichiometric airtfuel ratio.This results in the EGO sensor
being used in a bi-stable ariner to detect either rich or lean
coibustiori rather than provide an absolute indication of
air/fuel ratio.

In a closed lop feedback systet this bi-stable IIEGO
sensor is ideally suited to a limit cycle oerationoscillating
the airifuel ratio about the stoichiometric value. The present
invention takes advantage of the fact tiat there is already a
slight oscillation in engine operating conditions to determine
whtier or rot th engine is beir fueledo the corret
stroke. For this inventionto be applicable there is no need

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



Case: 1:22-cv-03804 Document #: 7 Filed: 07/26/22 Page 43 of 53 PagelD #:255

US 6,736,122 B2

3
for the engine to be fitted with a catalyst, but the invention
is particularly suited to an engine that does have a catalyst
fited.

The engine nianagemrentsystem nay calculate a transport
delay time fromthe period or frequency ofthe reversal of the
oscillation in the air/fuel ratio, this being indicative of the
time taken for a change in engine operating conditionsto
alter the composition of the exhaust gas at the exhaust gas
sensor This transport delay, time may then becompared
with the engine operation data stored in the engine mnatge-
mentsystern to determine whether or not the engine is being
fueled on the correct stroke.

The exhaust sensor may be an exhaust gas oxygen sensor,
bit may be any other sensor capable of detecting changes in
the composition of the exhaust gases that relate to a change
in the air/fuel ratio in the engine.

These typesof sensors are common in the field and can be
obtained cheaply. It is also usual for the engine to have an
exhaust gas oxygen sensor in the exhaust conduit as part of
the engine rmanagenent system and this method would
simply rmake greater use of it.

The period or frequencyof the reversal cycle data maybe
averaged over a plurality of oscillations in the airfuel ratio.
This reduces the effect of signal noise inherent in real
systems so that the data used in comparisons is more
reliable. 25

The period or frequency data of an oscilation in the
air/fuel ratio may he ignored by the engine management
system ifsaid period or frequency is outside a predeteratined
range. Large signalerrors and instances ofopen loop control
can then be ignored by the engine management system so
these errors do not alter the inal results.

The engine management system may have a range of

pre-deterrined engne operating conditions during which it
calculates the period or frequency of the reversal cycle or the
transport delay and stores this for future reference, This
avoids errors in readings taken at extreries ofthe operating
range of the engine,

The stored, period or frequency of the reversal cycle or
the transport delay is used to calculate an average error for
those particular engine operating conditions for which data
is recorded. The engine management syster is tenusedto
determine whether or not the engine is being fueled on the
correct stroke by corparing said temporal characteristics
with said relevant engine operation data. This provides the
same benefits as the averaging operation described above,

The fuel injection systen may be a direct injection
system, inwhichfrel is ijected directly in to the cylinders,
In a preferred errbodirrent of the invention, however, the
fuel injection systemn is an indirect injection system inwich
fuel is iniected into an inlet port for each cylinder,

According to another aspect of the invention there s
provided a method of operating an internal combustion
engine the engine comprising a number of cylinders, the or
each cylinder contairring a four-stroke reciprocating piston,
one or mote engine operating condition sensors inchiding an
exhaust gas sensor, a frel injection systemn, and an egizne
management system, wherein the engine management sys-
tem contains engine operation data, the engine operation
databeing related to expected engine operation witih egtrie
teling on the correct stroke and/or engine fueling on an 6,
incorrect stroke, wherein the nthod comparises the steps of:

a) rising the engine management systen to control the
operation of the engine including the fuel injection
system and the air/fuel ratio for at least one cylinder;

b sending to the engine management system from said 65,
sensor(s)respectivesign ) per-
ating conditions, inciludig exhaust gas compositiomn;

4
c) oscillating the airfuel ratio between a relatively rich

level and a relatively lean level, the exhaust gas com-

position varying depending on the air/fuel ratio;
d) using the engine management systen to reverse the

direction of change of the air/fuel rato when the
exhaust gas composition is sensed as being indictive
of rich engine operation or lean engine operation;

e) using the engine managerment systerin to determine the
temporal characteristicsofthe oscillation in the air/fuel
ratio; and

f) using the engine managenent system to determine
whether or notthe engine is being fueled on the correct
stroke by comparing said temporal chaacteristics with
said relevant engine operation data

'the invention will now be further described, by way of
examie with reference to the accomoanying drawingsin
which:

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. I is a schernatie view of a four-stroke internal
combustion engine according to theinvention, having, a
crank shaft sensor and an exhaust gas oxygensensorin atr
exhaust outlet, both sensors providing asignal to an engine
rranagernt system;

FIGi2 is a plot o the output of the exhaust gas sensor
against air/fiuel ratio:

FIGS. 3 and 4 illustrate a conventonal method o con-
trolling air/fuel ratio close to a stoichionmetric level for the
purposes of enission reduction, showing respectively an
idealised cyclic varition tn air/fuel ratio and a correspond-
ing deal signal generated by tne exhaust gas sensor;

FIG;S. 5 and 6 illustrate how FIGS. 3 and 4 are altered by
fueling of the engine on the incorrect engine phase;

FIG. 7 shows how the variation in air/fuel ratio changes
when the engine is set to run for lean operation;

FIGS. 8, 9 id 10 show plots of real data frorn an internal
combustion engine for, respectively, the measured inlet air

fuel ratiothe exhaust gas sensor signalandacountof
engine cycles between points where the signal from the
exhaust gas sensor alternates;

FIGS. I Iand 12 show plots of re data, respectively, of
how the count of engine cycles in FIG. 10 can be averaed
over rie to distinguish between in-phase and out-of-phase
engie operation, and how these counts change with engine
speed; and

FIG. 13 shows a flow chart illustrating a nethod accord-

ingthe invention for determining whether or not the engine
is being fueled on tlie correct stroke.

DETAILED DESCRIPTION' OF THE
PREFERRED EMBODIMENT

KFIG. I shows a schematic view of a four-stroke internal
combustion engine 2, having a crankshaft sensor 4 and an
exhaust gas oxygen sensor 6 in an exhaust outlet 8. both
sensors providing respective signals 10, 12 to an engine
management system 14. Also shown in the drawing is a
cylinder 16 with an associated piston 18 and indirect fuel
inectionmeans 20 for injecting a ine mist of fuel into the
inlet conduit 22. Although intis drawing only one cylinder
ishshown, it should be understood that there will usually be
more than one cylinder

Air is supplied to the cylinder 16 via an inlet conduit 22,
the air is mixed with fuel from the fuel injection tuaris 20
in ratio defined by the engine management system 14. This
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air/fuel mixture is then drawn into the cylinder 16, com-
pressed by the piston 18 and ignited by a spark plug 24. The
ignited air/fuel mixture expands and forces the piston down;
giving power to a crankshaft 26. Exhaust gases 27 created by
this combustion evunt are expelled from the cylinder via the
exhaust outlet 8, where thelevel of oxygen present in the
exhaust gases is measured by the exhaust gas oxygen sensor
6. The exhaust gas oxygen sensor signal 12 is indicative ol
the level of oxygen in the exhiorst gases. The engine
lianagement systeI 14 also rceives a signal 10 from the
crankshaft sensor 4, which enables the engine management
system 14 to calcuilate the position of the crankshaft 26 and
hence the position of the piston 16.

FIG. 2 shows a plot 56 of the output signal (S) 12 of the
exhaust gas oxygen sensor 6 against air/fuelr ratio . The
airrfuel ratio ? is defined as theactual airuel ratio divided
by the airfuel ratio needed for a chemical reaction in the
correct stoichiornetric ratio.As can be seen fror the plot the
sensor output signal 12 changes rapidly at an airfuel ratio
J=i. This behaviour effectively iakes the exhaust gas
oxygen sensor 6 bi-stable. This means that this exhaust gas
oxygen sensor 6 is suited for use in closed loop control of an
engine with the air/fuel ratio being oscillate about te
stoichiometric valueX =.

FIGS. 3 and 4 illustrate a conventional mnethod of con-
trolling air/fielratio close to a stoichiometric level P=] for
the purposes of emission control, showing respectively an
idealised cyclic variation in air/fuel 1. agaist tine(t)rtio
and a corresponding ideal signal S, generated by the exhaust
gas oxygcr sensor 6. It can be seen fromi FIG. 3 that the
airfrel ratio ) varies cyclically between a rich phase 60
(<I) and a lean phase 62 (>1). Starting at the beginning
ofone ofthe rich phases 60, the stoichiomnetric value is k=1
and then falls at a constant rate for a ttime l. During this time
t,, the scrsor output signal (S) 12 is steady at a low level
Si=0, indicating combustion products from earlier lean
engine operation are still present in the exhaust outlet 8
around the exhaust gas oxygen sensor 6.

Duringtime t,, combustion products from rich operation
are transported alog the exhaust outlet 8 towards the
exhaust gas oxygen sensor 6. The end of the rich phase
occurs when these rich combustion products reach the
exhaust gas oxygen sensor 6 the sensor signal Srapidly
switches from low S,=0 to high S,= This switch is detected
by the engine managenut system 14 ard, iinresponse, the
engine mantgement system 14 causes the air/fuel ratio . to
rise suddenly to the stoichirometric valueo=1 The air/fuel
ratio iis steadily icreased until the sensor output signal 12
suddenly changes from high S,=1 to low S,=0, in response to
the coibustion products fron th lean operation reaching
the exhaust gas oxygen sensor 6. At this point the air/fiel
ratio . is dropped to the stoichiometric value P=1 and then
steadily falls.

This cycle continimes while the closed loop control is still
in forc. The airfu ratio ? varies btiveen a relatively rich
value 122 of ahout 0,96 and a relatively lean value 124 of
about 104. This defines a standard operating range 126 for
the airfuel ratio . 'The time intervals 120 between the
sudden changesinsensoruoutput are related to the time delay

for the coribustion products to reach the exhaust gas oxyge
sensor 6 following a change in engne conditions This time
delay 120 is called the transport delay time for the engine,

FIGS. 5 ard 6 illustrate iow FIGS. 3 and 4 are altered by
fueling of the engine on the incorrect engine phase. Starting
at the beginning ofone ofthe leanp phases 121, the stoiclio-
meric value is P=1 and is increased at a constant rate for a

time t,, During this time V, the sensor outptl12 is steady
at a high level S=1, indicating combustion products from
earlier rich engine operation are still present in the exhiaust
outlet 8 around the exhaust gas oxygen sensor 6. When the

5 combustion products from the lean operation reach the
exhaust gas oxygen sensor 6, the sensor output signal S will
change to low S=0 cautsing a change in the air/fuel ratioP.

In this case, rue to the fueling of the engine on the
incorrect stroke, there is an additional time delay 136

to between the engine nanagement systerm 14 altering the
air/fiel ratio1.and the combustion products from thisaltered
ratio affecting the sensor output signal 12. This additional
tire deltay 136 is due to the fel injection occurring al the
incorrect engine phase, for example, near the end of the

15 corpressio stroke, rather thant ear the end of the exhaust
stroke. As a result, the inlet valve 23is not open at orshortly
after the inection of fuel into the air inlet 22 and the fuel
pools behind the inlet valve 23. When the inlet valve 23
opens this pool is drawn into the cylinder 16. Since the fuel

20 is no longer in a tie rist when it rtersth 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 tie fuel int the cylinder 16.

The increased time delay 142 between these sudden
25 changes engine condition for the incorrectly fueled rngine

s greater than the time delay 120 in the correctly freled
engine, This leads to the airfuel ratio )varying over a range
144 than is the case for a correctly fueled engine.

1FIG. 7 shows how the variation in airfuel ratio e chanes
when the engine is set to n nr lean operation. Strting at
the begirning of one of th lea phases 164, the air/fuel rtio
is lhe stoichiometric value =1 and then rises at a constant
rate for a time t,. When the combustion products from this
lean operation reach the exhaust gas oxygen sensor 6 and the
sensor signal 12 changes from high S=1 to low S,=0 the
engine nanagerent system 14 drops the airfuel ratio to a
tevel above the stoiciometIic value .=. The airfuel ratio
then falls at a steady rate to begin rich operation of the

4 engine during at t'ie T, until a further sensor switch is
detected. When the airfiel ratio 1 suddenly rises to the
stotichiornetric level %= aid begirs1to isesteadiy.

The extra perloo or tean fueling 158 gives rise to a
measured transport delay time which can take one of two
values 160, 162, During the cycle with no extra lean fueling
164, the time delay 160 is less that the time delay 162 due
to the period of extra lean fueling 158 occurring during the
cycle 166.

It has been found during test track evaluation of a motor
a car incorporating therinvention, that this lean bias effect does

not cause problems in the verification of whether or not the
engineis fueled ontie correct stoke.

FIG.8 shows a plot of real dataaken during evaluation
oftie motor car incorporating the invention.Tie plot shows

5s that the measured air/fuel ratio ia against time t has a
saw-tooth" shape. [his is to be expected from the conven-

tional method of closed-loop control of an engine outlined
above. This plot shows that there is significant noise in the
sensor outputs that could potetiaily afect the results. In this

60 case, it can be seen that the measured air/fuel ratio Pa does
riot oscillate syrmetrically above aid below about the
stoichiometric value = A typical jump in the airtuel
ratio is highlighted 204 to show that even with the associated
signal noise it is possible to defiea point at which the

65s suddenjtunip in the air/fuel ratio occurs. This then allows the
calculatioi of the ,ime takenbewen tesjurrips sothat tie
tueing stroke of the engine can be verified.
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FIG 9 shows the actual exhaust gas sensor output S,
assoceated with the plot in FIG. 8.The inherent noise in the
systerm cal )e seen since thec plot is not regular. A typical
change in the sensor output is highlighted 208 to show tht
the 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 occur.

FIG 10 shows the counted number of engine cycles N
between the sensor switches rising 212 and being reset 214 Io
when a sudden change in sensor output is detected.[The plot
218, represelts the expected number of engine cycles
betveen the sensor switch events. As cat be seen, tIe actual
number of engine cycles between sensor switches, deined
by the height of the peaks 216 in the plot of engine cycle
count N against time t, varres above ard below the expected
number of cycles 218 The difference between the peak
height 216 aod the expected rumber of egine cycles. 218
defines an error This error could be due to noise, or due to
incorrect fueting of the engine producing an associated extra
transport timedelay.

FIG 11 shows how a cumulative average difference .
between tie actual number of engine cycles arid the
expected n1umber of engine cycles between the sudden
changes in sensor output, as calculated from FIG. 10, may
be averaged to lessen the effects of noise in tre syster.
There are two plots 254,256 shown in FIG11. The first plot
254 is obtained from art ngine being correctly fueled and
the second plot 256 is obtained from an engine being
incorrectly fueled. These plots show how the average errors,
for a test carried out at a constant engine speed, converge
over time 201, Initially 1250] the difference 250 varies
greatly, but the later difference 250 is relatively steady. The
plot 254 frorn the correctly fueled engine is consistentlyi
closer to a zero difference line 258 than the olot 256 from the
incorrectly fueled engine. Thisshows that after averging
the difference between the expected delay time and the
actual delay rime it is possible to differentiate between a
correctly fueled enine arid an erine that is being incor-
rectly fueled, by the mean error away from the zero differ-
ences line 258.

FIG. 12 shows two plots 304,305 of the variation in the
average difference F., 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 Botl plots 304,305 show that the
average difference ., decreasesas engine speed V increases.
The plot 304 from an engine that is correctly fueled is
consistently above the plot 305 from an enginetrat is being
incorrectly fieled. As a result of this distinct difference, an
engine can be characterized over a wide range of engine
operating conditons in terms of the time taken between the
sudden changes in engine output for both correct phase
fueling and incorrect phase fueling. Once such a caracteri-
sation has been made, it is possible to establish whether or
not the engine is being correctly fueled by analysirrg the
frequency or period of the sudiden changes in exhaust gas
sensor output, and then comparing this with an expected
frequency or period.

FIG. 13 shows a flow chart illustrating a method accord-
rug the ivenion for deterrriring whetr or not the egine
is being fueled on the correct stroke.

The engine management system is used to control the
operation of tIe engine 400 including th1e fuel injection
system and the airihiel ratio for at least one cylinder.

ThIe engine rnanagerent systern receives signals 402
indicative of the engine operating conditions from sensors

8
positioned around the engine, including at least one exhaurst
gas composition sensor.

TIre air/fuel ratio is oscillated 404 betweei relatively
rich level and a relatively lean level, the exlraust gas
cotnposition varying deperding on the air/fuel ratio

The direction of clrange of the airifuel ratio is reversed
406 when the exhaust gas composition is sensed as being
iridicativeofrichengine operaton or lean engie operation.

The temooral characteristics of the oscillation in the
air/fuel ratio are tlen determined 408 and this teruoral
characteristic is then comoared 410 with stored engine
operating condition data, inorder to determine 412 whether
or not the engine is being fueled on the correct stroke. The
cycte then returns 414 to the start.

If it is deterined that the engine is being ricorrectly
fueled, the engine management system can then beused to
adjust automatically the fueling stroke of the engine,

TIre invention therefore provides a conveniert way to
sense and correct fueling on an incorrect stoke of the encine

What is claimed is.
1. Aninternal combustion engine, comprising a number of

cylinders, the or each cylinder containing a four-stroke
reciprocating pistor, a exhaust conduit,one or rore engine
operating condition sensors including an exh g s

senor -1 au stgassensor
in te exhaust conduit for nmeasuring the cmposition of the
exhaust gas, a fiel irjection systern, and an engine manage-
ment system for controlling the operation of the engine
including tfefuel injection system and the airfuel ratio for
at teast one cylinder, wherein the engine managementsys-
terr contains engire operation data, the engine operation
data being relateld to exlecte engine operation with engine

fueling on the correct stroke and/or engine fueling on a
incorrect stroke, ard the engine marnagemet system is
arranged to:

a) receive frori said sensor(s) respective signal(s)
)oscillatetheairhfueratiobetweenarelativelyrichlevel
and a relatively lean level, the exhaust gas composition

varying depending on the air/fuel ratio;
c) reverse the direction of change of the air/fuel ratio

when tie exhaust gas composition is sensed as being
indicative of rich engine operation or lean engine
operatorn;

d) determine tre ternporal characeristics offtre oscillation
in the air/fuel ratio; and

e)determine whether or no tIe engine is being fueled on
the correct stroke by comparing said temporal charac-
teristics with said relevant engine operation data

2. A method of operatrig anr terrna cbustion engine
the engine comprising a number of cylinders, the or each
cylinder containing a four-stroke reciprocating piston, one
or more engine operating condition sensors includ1 ing an
exhaust gas sensor, a fuel injection system, and an engine

rranagerrerit systern, wherein tie ege managerrent sys-
tem contains engmie operation data, the engine operation
data being related to expected engine operation witi engine
fueting on the correct stroke and/or enine fueinc on an
tncorretstroke, wherein the method comprises the steps of:

a) using the enginer managerent sysrer to control the
operation of the enineineicding the fiel injection
svsten arid the airfuel ratio for at least one cylider

b) sending to the engine managementsystem from said
sensor(s) respective signal(s) indicative of engine oper-
ating conditions, including exhaust gas co position;

c) oscillating the air/fuel ratio between a relatively rich
level arid a relatively lean level, the exhaust gas con-
position varying depending on the air/fuel ratio;
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d) using the engine management system to reverse the
direction of change of the airfuel ratio when the
exhaust gas composition is sensed as being indicative
of rich engine operation or lean engine operation;

c)using the engine malagement system to determine the 5

temporal characteristics of the osciliation in the air/fuel
ratio; and

f) using te engine management system to deternine
whether or not the engine is being fueled on the correct
stroke by comparing said temporal characteristics with
said relevant engine operation data,

3. A method as claimed in claim 2, comprising the
additional steps ofcalculating the engine management sys-
tem transport delay time from the period or frequiency of the
reversal of the oscilat in the airfuel ratio. this transport
delay time being indicative of the time takenfr a change in
engine operating conditions to alterthe corposition of the
exhaust gas at the exhaust gas sensor, this transport delay
time; and

cormparing tre engine rmanagemen transport delay with
the engine operation data stored i the engine manage-
ment system to deterrmine whether ort not the enine is
being fueled on the correct stroke.

10
4. A method as claimed in claim 2, wherein the exhaust

sensor is an exhaust gas oxygen sensor.
5. Amethod as claimed in claim 2, wiherein the periom or

frequency of the reversal cycle data is averaged over a
plurality of oscillations in the air/fuel ratio.

6, A method as claimed in claim 2. wherein the period or
frequencydata of an oscillation in the air/fiel ratio is
ignored by theengine management system ifsaidperiod or
frequency is outside a pre-determined range.

n 7 A method as claimed in claim 2, wherein the engine
mnaagement systern has a range of pre-determined engine
operating conditions during which it calculates the period or
frequencof the reversal cycle or the transport delay and
storesit for fturreference.

8 A method as claimed in claim 7 wherein the stored

period or frequency of[the reversal cycle or the transport
delay is used to calculate an average error for those particu-
lar engine operating conditions for which data is recorded
andi using the engine management system to determine
whether or not the engine is being fueled on the correct
stroke by comparing said temporal claracteristics witt said
relevant engine operation data
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consuming unit, a computing device, ad a display screen.
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duction modueand the keyboard. The computing device is
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uit. The ecological parameter is calculated as in adjusted
mean of the sunofthe deviationsofeach powerconsumpton
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DEVICE FORXMEASURING POWER
CONSUMPTION AND PERFORMANCE WITH

RESPECT TO THE ENVIRONMENT OF A
POWER-CONSUMING UNIT

CROSS-REFERENCE TORELK l)
APPLICAfTONS

This application isa U.S. national counterpart applicaion
of International Application Serial No. PCTIB2009/053135
filed Jul. 20, 2009, wich claims priority to Spanish Patent
kpplication No, P200802159 filed Jul. 18, 2008, The disclo-
sures of PCT/IB2009/053135 and P200802159 are each
nereby incorporated erein by reference.

TECIINICAL FIELD OFTHE INVENTION

The mvention refers to a device for measuring power con-
sumptions and the respectful performance with the environ-
ment, from the measured power consumptions and firon the0
residueproduction, in a power-consuining unit, a comfort
unit (houses, co mnities, hotels and restaurants, spare tine
spaces, sport spaces, private and public motor vehicles, and
goods vehicles, etc.)or a productionuit.

1he measurement of this respecthl performance or not 5
wl be carried out by what we call"ecological parameter"
front the measurenents of power consnmptions (direct con-
sumptions) and of residues and wastes generated (indirect
consurnptions)

BACKGROUND OF THE INVENTION

Alotofkindsofrograommabielogiccontrollers (PLC)are
known, in which, frotastate variales, the outputs ofa systernm
are determined (e.g.electricalorpneumaticetc.)oranother 35
kinds of devices that, from inputs, calculate the values of
parameters of interest. Examples ofthesedevices can be the
known analysers of the electric mainsthatn, from voltage,
current intensity and imbalance signals, calculate the electric
powerconsumed by an istallation. 40

However, in the current art no device or apparatus that
calculatesecological parameters oratagnitudes areknown,
from power consumption and waste production data in instd-
lations, if we define sucl parameters or magnitudes as a
deviation ofan optonal work point, defined by an authority. 45
E.g, in which the emissions ofCOx or NOx are the minimum
possible according to its use.

1The present invention has the objective to provide an appa-
ratus thatfuffils this gap in the current art.

DESCRIPTION OF THE INVENTION

TO this eld, the object of the present invention is a new
measuring device of power consumptions which calculates
ecological paranteers froa the measured power consump- 5
tions and Irom data ofwaste production, that it is character-
ised in that it coprises

a module for introducing data, provided with at leastan
input of a value of power consumption of a magnitude,
measured in a corespoidibig measure apparatus of the o
power-consumiing unit;

a keyboard for introducing data and for selectingtenus, ii
particular data ofwaste prodcton of te power-con-
suining unit

computing neatsthat receive the data fron themoduile for 65
introdcinidata and Irom the keyboard, a swhich are

provided with a processor that incorporates aI algorih t

for, calculating. anl ecological parameef rmtema
sured consuasptions ofpower and from the introduced
data; and

a display screen, communicated with the computing
means, to display the caiculatedecological parameter,

said ecological paraneterbeing calcu ated as an adjusted
ntean of the sutofthedeviations ofeachvalueofpower
consuntption mteasured accordingo a reference value.

According to another feature of the presentinvention, the
device comprises means for introducing values of waste pro-
duction,

In preferred variants, the device can comprise an miput
module ofadata bus of a donaotic network and/or an USB
itput fora serial databus.

Inantetmboditmetofcdontestic or inchistrial appiicatiott the
device comprises at least:

an Input of water flow, from a corresponding first water
flow meter:

an input ofcombustible gas or liquid flow, froma second
flossmeter ofcombustible gases or liquids;

an inpt fors measuringthe electricpower, froaa counter or
analyser ofthe electric nains; and

an input for measuring the waste weight frot a waste
weighting scales.

tn an alternative embodiment, for calculating the ecologi-

cal parameter corresponding to the automobile, the device
can comprise at least:

an input of fuel flow, from acorresponding fuel flow meter
c the motor of anr itomobil; and

nueans for ittrodicing the production of wastes of the
atutotmobileselectedamong: tire rubber wastes, imotor
oil wastes. coolant liquid wastes, and liquid wastes from
closed circuits, not being limitative, by the keyboard of
the device

Thedevice can be provided alsowith an input for exhaust
eases flow, fros a correspoding flow eter ofexhaust gases
ofthe combustios system of the power-consuming unit, e.g.
the motor exhaust and a gas analyser for measuring the
ettission levels ofgases and particles.'he device compares
the result obtained with the admitted levels by 1he current
regulations. Tf incorrect coabustion and the subsequent
excess ofgas (C02 and NOx and particle emission is not a
u seroproducerquestionbecausetheydonotinfluenceonit,
buttthe directresponsible is themanufacturerofteapparatus
or combustion chamber However, additionally, the repair of
said anomalyitisruquestion ofdieuserorroducer. fhis does
]I trtaffectonly toexplosIontotors and dontestic boilers.bt
alsoto production and transfornation centres.

Preferably, the device comprises a shell. which encloses
the several compoents ofthe device, and in whose exernal
part it is the keyboard and the screen.

530

BRIEF DESCRIPTION OF THE DRAWINGS

nthe attached drasines soseesbodiments ofthedevice
object of the present invention are shown, only as a non-
limitative exaaple. In said dravings:

FIG. I is a diagransatical frontal elevation view, that
sthowsaieviceaccordingto the present invention, with its
particular connections

FIG, 2 isa block diagram that shows the internal coinpo-
sition ofthe device of[FI'. 1; and

FIG. 3 is a diagrannatical vies that shows an alternative
embodaent ofthe intentio, to be applied ton automobiles.

DETAILED DESCRIPTION OF THE DRAWINGS

Insaid drasings itucanbeseen the constitutionsandwayof
the device for easuing power consumnfptionts and for calcu-
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latingccologial paarareters frontithe measured power con-
sumptions, directly and indirectly.

Thefunctionofthedeviceoftheinventionistomeasurethe
respectful perlrma ice or behaviour with the environtent of
a "power-consumingunit", The "ower-consumiurnit" 5
object of the measure of the possible different nower nami-
festations consumed can be: a house, comnunity (hotel,
sports centre, residence, sport spaces, shops. department
stores, leisure halls, office buildings ad studies, adnistra-
tion centres, etc.), transformration centres, garages, ware- !oI
nouses, motor vehicles o transportationtneansprivateor
public.

The basis of the operation will consist in the comparison
between thebasic actual power flow required by the user for
their comtort with the normal consumptions of the crrent 5
regulations (e.g UNE, ISO standards, etc.) and/or those rec-
ounended by official adnnnistrations of the Place ancilor
statistic data of normal power consumptions and wastes
(hereinafter "typical consumptionssincluding flows of power
consumptions and wastes by person or by own unit of a preset 20
population).

For this comparison, the proposed systern willcalculate an
ecologicatparameterasanadjustedmeanotIhesumofdevin-
tionso each value of power consumption measured with
respect to its corresponding reference value. 25

To this end, as seen in FIGS. 1 and 2, the device I of the
presentt invention is constituted by ai apparatus that has a
carcass or shell 2 that includes 1he following elements:

a module for intoducing data 3, provided with inputs of
power consunptionuvalues Eli E2. E3. E4. ofamagni- 3o

tudes. measured with corresponding measure appara-
tuses (1 '2,C3, C4;

a keyboard 6 for itrodticing data and selecting meus, in
particular data of the waste production;

coruputing means 4, which receive the data front the mo-5
ule forintroducing data 3andthe keyboard 6. and which
are provided with a processorthat includes a calculation
algorithm for an ecological parameter from the nea-
sured power consunpons anrd from the introduced
data; and 40

a display screen 5. comnunicated with said computing
ncans 4, to display the calculated ecologicalparaneetr.

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

To itroduce values of the Waste production One of the 45
inputs E4, digital o aunalogical, can be used, from a weight
apparatus, or they can be introduced manually through a
keyboard 6.

The device I can be complemented with an input moduile
90 foradatabus 9 ofa domotic network,andart USB input 70
for a serial data bus 7or equivalent means,

in FIG. 1 a device particularly devised for special applica-
tioninbuildings (houseshotel, sports centre, residence, sport
spaces, shops, department stores, leisure halls, office build-
ings and studies, adinistration centres, ransormation ce--
tres, garages, warehouses, etc.) is shown, The shell 2 com-
prises at least the follownginputs:

noinput for 1he water flow El froma corresponding first
water flow mtecr CI;

an input for the flo of combustible gases or liquids E2, o
fron the second flow meter of combustible gases or
liquids C2;

an input forrieasuring electric power 13, front ai neter or
analyser of electric mains C3; and

an input for measuring thexeight of the wastes E4 from a 65
scale for weighting wastes C4,

through the corresponding ports.

4
The nuniber of inputs will be according to the conplexity

of the installation. E.g. ai industry can be provided with
several devices of this kind, each associated with a corre-
spotiditig section or unit offatctory Waretouse, office, etc

nFIGt. 3 is shownanembodimentpartiicularly devised for
autorobiles, inwhich the device comprises an iput for fuel
flow [6, from a fiox eter(6 ofuelassociatesithe fhel
deposit 15; and an input of exhaust gases flow ES, from a
corresponding flow meter (5 of exhaust gases fron tite
Sexhaust system14 ofithemotor 13 ofan automobile 12. Inthis
case, by the keyboard the flows of-productiot ofwastes ofthe
automiobile are initroduced mainually, e.g. rubberwastes trom
tires, oil wastes for the motor, coolant liquid wastes, liquid
wastes from closed circuits ad mnetai wastes.

The device has an input 10 to collect, optionatlly, theinfor-
mation from a gas analyser 11 (TI. 3). to measure the emis-
sionlevels of gasesand particles.'The device I copares the
result obtained with the levels admitted by the current regu-
lations.

The algorithm of she computing means 4 calcilates the
total basic power flow obtained by the evaluation ofthe flows
ofthemeasuredpower stateentissE, f2, B3, E41/5, E6, etc.
referred to the number of people which use the imit to be
measured in eachtrip. Thecalculation algorithm integratesall
the trips of a time period to be defined or the accumulated
total

Each flow has anintcidence in the environent: the water
consumption reverts in its exploitation, the helconsumption
is associated to the direct emissions offC02, NOx ... the
electric consumiiption to the indirect eissions of C02.
NOx, .. and the waste production with indirect environ-
itental iapact, by the quantlity of paper, glass, organic mate-
rial, plastics, oils and greases, nbbers, metals, . . . expressed

in kg that the unit consuacs per tine umt and please who
Senjoy the comfinrt ofsaid unit, to be cotpared with preset
consumptions and wastes. These data, once treated by the
algorithm, give asresult atecologic parameter (here denoted
as "ecocon"'), which is 1he meastire of the conduct that
respects our environment, to provide integral or coIbied or
individual "cocomins of the comiort or productiot unit.

Regarding the presentation ofthe results, from said com-
parison the actual perceitage of power conisunption with
respectto thepreset consumption is obtained, indicatingifthe
performance ifrespectful (equal to zero or higher) orabusive
when it is negative. Both deviations are teasured as a per-
centage The percent unit ofeach floy is called positive "eco-
cot", i te result is respectful ori egative if it ist no. the
algorithm ofall the flows provides the integral"ecocom" of
the unit Asthere can be difficulties to receive all the flows, the
algorihan oftie ecometer could provide only "ecocoins" of
waterexploitation and/or direct gases emission and/or indi-
rect gases emission and/or waste production. It is also pos-
sible to measure only those flos the public administration
considers suitable to pay ecotaxes, evaluating a specific pack
S(xviich can be called "administrative ecocon").

The results are presented in a permanent way ina screen 5,
indicating the periods of tieon witich they are based: the
day, week, month accumulations, etc, or others, such as those
consumed by trip in the case of vehicles. To know better the
power exploitation, by a inelnthe "ecocovns" can be dis-
played (diy, week, month, .. ) ofexploitation ofthe different
power sources inthe screen orto pass to other successive ones
with the director iidirect etissions or waste production.

As stated previously, if the constunption of only one or
severalfloWs are calculated fbr istailation difliculties, the
permanent screen shows that they are individual "ecocoms"
by nower source or waste. conbined or integral.
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Regardingtheinstallationofdifferetmeasuringapparatus
C1, C2, C3, C4, C5, C6, etc., the water flow nmeter (1 is
placed downstream the company meter and upstream the
home key, with the possibility to enit impulses oratalogical
ordigital orlight signals. The sameapplies to 2flow meter 5
for combustiblegases or liquids, to C3, electric measuring
equipment in the general board of the ut, 1to C5, in the case
of exhaust gases, and to C6, in the case of fuel flow of an
automobile. The sane can be said to the flow of waste pro-
duction E4, which vill be from a scale (4. The emission of o
information can be veress or wired. In the case that there is
noinstallation, by die keyboard 6 the flow d([a ca be intro-
duced manually,
Algorithm for Calculating the Ecologic Parameter

It results from the adiusted arithmetic mean of all the 15

quotients between the absolute value of actual flows (E1, E2,
3 E4ES, . . .)shat enter in the power-consuming unit object

of the measure of the different possible power statements,
with respect to their flows or corresponding reference values.
The absolute value of the actual flows is taken because the 20
input power consumption has a sign opposed to a waste,
whichindirectvis associated tanotherextermalpowercon-
sumption;

therefore, asthe contributions of each factor is the inter-
esting part, all aretakeninflow absolute value, nt the quotient 25
of flows, not being compensated to each other.

it is defiiied:
1 ---- Flow of an actual input power statement (El, E2, 13,

E4, ES, E6 . . , generally Ei): As the power quantity con-
sunedby the time unitof that power sitatenment, by userofthe 3o
unit to be measured. E.g. the drinkable consumed inahome is
a power flow because itisobtained from the naturewithi
transportation, purification cost.. these power costs are
environental costs associated with that consumed water.
The comnbustible liqud aid gas [low consumed is another 35

actual input power flow associated with the direct emissions
of C02 and others to the atmosphere. the electricity con-
sumption is another power flow associated with the indirect
enmissios of C02 and other not desired gases.The wastes are
also indicativeofihe envronmeialimpact anithey indicate 40
indirectly a powerexpense. E.g.it isalsoaninputpowerflow
the quantity of glass we waste for ideitical reasons, but not
thosethat we buy and remains lhr the development of the
activity in the unit. Also with the paper the organic material,
the containers, thespare parts from repairs, etc. 45

2-Prcset flows (Ct: They would be the average power
consumptioi desired or reconitnestded by the public adtin-
istratlion of the zone where the activity ofeach unit to be
measured is developed. If there is no enironental policy
defined by the administration, standard consuimptions orsta-
tistic data of consumptions are taken. inputs as consumption
and outputs of wastes per resideit or per productioti unit.

3---- .djustment coefficient (Cpd): Each coefticient designs
adeviationpercentagewithrespecttothepresetconsumption
of consumed power statement. hit not all have the same 55

importance according to':
3.1.Habitsregarding theconsuiptiois of the unit. In cer-

tainregions here are power statements that havean inpolant
weight due to the proximity to the resource, subsidized prices
or o other sources . . . . u; these situatios it must take into 6o
account the suitable specific weight that the administration
determines or the statistical data. In the case of a motor
vehicle, the water consiniptionwill be dismissed, butfnotthe
fuel liquids or gases consumptions, the oil and grease wastes
arid rubber aid mietal wastes. 65

312. The power policies of the zone According to the
administratio of the place aid attending if to the environ-

ment conduct is associated a tax; these quotients Iust be
aIdjusted depending on which deviatiois the administration
could reward or punish.

3.3. Practical eids.'These coefficients caibe zero, because
the contribution of said consumption is so low that is dis-
missed, according to the cost of its measure. E.g. the quantity
oforgaiiic wastes ofan electric train.

The adjusted coefficients are between 0 and 1,
[Hence,theecologic parateter (or "ecocois", in ') for

"n" magnitudes of power consumption or vastes, is calcu-
lated applying tile formula:

SEi

Wherein n is the number of owersources or waste variables
to be measured (with adjusttent coefficient different from
zero) andp the people who enjoys the comlbrt oftheunitto be
measured.
Interpretation ofthe Results

''he result is a percentage Ihat when is close to zero the
perfomoance is desirable, but if it is negative and far away
from zero, the perfiormance ofthis unit is not respectful and
the distanec to zero is the degree ofthe separation from the
desirable perlbrnance, and thiereiare it canbe penalised and
the penalizationcan be measured. Lastly, ifit is positive the
pertormance is excellent anid the separation from zero is the
measure ofits environmental excellence,

The device for measuring power consumptions and the
respectful perfbninance, accordnu to the present ivention,
can be used lr 1he calculation of an ecologic parameter,
which can be used as basis for the application of called eco-
taxes by the adiniiistration.

What is claimed is:
1. A device for measuring power consumption and perlor-

mnance withrespectto the environmcnt ofra power-consurntuig
unit coimprising

a data introduction module, which receives at least one
power consuniption value, measured by a easurement
apparatus of the power-consuming unit;

an input device for inputting waste productio data;
a display screen; and
a computer with a processor and a memory device having

therein apluralityof instuctioisthat, whetexecuted by
the processor, cause the processor to

(a) receive the at least one power consumption value front
the data introduction module

(b) receive the waste production data.
(c) calculate an ecological paraneter based on the at least

one power consumption value and the waste production
data. and

(d) operate the display screen to display the calculated
ecological parameter,

wherein the calculated ecological parameter is an adjusted
mean of the sum of the deviations of the at leastotne
power consumption value with respect to a reference
value correspotiditig to the at least one power consump-
tion value.

2. The device of clasm 1 further comprising a means for
iiitrodcming values ofswaste production.

3, The device of claim I further comprising an input mod-
ule of a data bus in a doiotic network.

4. The device of claim I further comprising USB input for
a serial data bus.
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5.Thedevice of claim I wherein the at least one power
consumption value includes at least two power consumption
values selected from the group of:

awaerflow input from a corresponding first water flow
meter 5

a combustible gas and liquid low input from a second
conbustible gas and liquid flow meter;

an electric power measurement input frorta nieter or
analyser ofelectricainaiis; and

a waste weightneasurementiput roma scale f or weight-
ing wastes.

6. The device of claim I wherein the at least one power
constumption vale includes a fuel flow input from a corre-
sponding flowmeter from the motor of an automobile;

the waste production data corresponds to one oftire rubber
wastes, motor oil wastes, coolant liqu dwastes, closed
circuit liquid wastes and metal wastes, and

the fuel flow input and the waste production data are used
to calculate the ecological parameter corresponding to 20
the automobile.

7. The device ofclaim 6 wherein the at least one power
cottstmtion value includes an exhaust gas flow input fro a
correspondig flow riter of exhaust gases of a conbustion
system of the automobile. 25

8 The device of claim I further comprising a shell, which
encloses the differentcomponeits ofthe device,andinwhose
external part is the input device and the display screen.

9. A method of deterining an ecological paramneter by
processor, comprising: 3n

receiving a first power consumption value ofa power con-
suniing unit,

receimg a waste production data value,
detemining ai ecological parameter based on the first

power consumption value and the waste production data 35
value, and

outputtingthedeterminedecologicalparameter fordisplay
ona display screen.

8
10. The method of claim 9. wherein the first power con-

suniptionvaluecorresponds to oneofwater flow, combustible
gas flow, and electric power flow.

11Themethodofclaim10, wherein the waste production
data corresponds to waste weigt.

12. The tiethod ofclaim 9, wherein the first power con-
smption value corresponds to one ofuel lowand exhaust
gas flow.

13.The method of claim1 l2, wherein the waste produicuon
data corresponds toone of rubber wastes, oil waste coolant
liquid wastes, and metal.

14. The method ofclaio 12, fhrthercomprising generating
apositiveecologicai parameter when a user expends less than
a predetemnined standand quantity of power consisuned i a
tune period.

15. The metfiod of clain 9, further conprising generating
a negative ecological paratneter whei a user expends more
thana predetenined standard quantity ofpowerconsumed in
a time period.

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

based ot an algorithin ofthe fort

P-aametesW)=1n Cdj ---- I x 100~x(I

wherein "Ei" is a power quantity consumed in a time

Period,
"C a t"Isapredetermined standard quantity of power con-

sumed in the time period,
"Cd" is a coeffient corresponding to the predetermined

standard quantity of power consumed in the tinmeperiod
n" is a sum of a number of measured power sources and

waste vaiables, antd
"p" is a numberofusers ofthe measured power sources and

waste variables.
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Description:  ASSIGNMENT   VISTEON SYSTEMS, LLC, MICHIGAN   RELEASE BY SECURED PARTY AGAINST

SECURITY INTEREST IN PATENTS ON REEL 025241 FRAME 0317; ASSIGNOR:MORGAN STANLEY SENIOR FUNDING,

INC.; REEL/FRAME:026178/0412   2011-04-06 

2010-10-21 FPAY +

Description:  FEE PAYMENT   FEE PAYMENT YEAR 8 

2010-10-19 AS -

Description:  ASSIGNMENT   MORGAN STANLEY SENIOR FUNDING, INC., AS AGENT, NEW   SECURITY AGREEMENT;

ASSIGNORS:VISTEON CORPORATION; VC AVIATION SERVICES, LLC; VISTEON ELECTRONICS CORPORATION; AND

OTHERS; REEL/FRAME:025241/0317   2010-10-07 

2010-10-19 AS -

Description:  ASSIGNMENT   MORGAN STANLEY SENIOR FUNDING, INC., AS AGENT, NEW   SECURITY AGREEMENT

(REVOLVER); ASSIGNORS:VISTEON CORPORATION; VC AVIATION SERVICES, LLC; VISTEON ELECTRONICS

CORPORATION; AND OTHERS; REEL/FRAME:025238/0298   2010-10-01 

2010-10-07 AS -
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Description:  ASSIGNMENT   VISTEON GLOBAL TECHNOLOGIES, INC., MICHIGAN   RELEASE BY SECURED PARTY

AGAINST SECURITY INTEREST IN PATENTS RECORDED AT REEL 022575 FRAME 0186; ASSIGNOR:WILMINGTON

TRUST FSB, AS ADMINISTRATIVE AGENT; REEL/FRAME:025105/0201   2010-10-01 

2010-10-06 AS -

Description:  ASSIGNMENT   VISTEON GLOBAL TECHNOLOGIES, INC., MICHIGAN   RELEASE BY SECURED PARTY

AGAINST SECURITY INTEREST IN PATENTS RECORDED AT REEL 022974 FRAME 0057; ASSIGNOR:THE BANK OF

NEW YORK MELLON; REEL/FRAME:025095/0711   2010-10-01 

2009-07-17 AS -

Description:  ASSIGNMENT   THE BANK OF NEW YORK MELLON, AS ADMINISTRATIVE AGE   ASSIGNMENT OF

PATENT SECURITY INTEREST; ASSIGNOR:JPMORGAN CHASE BANK, N.A., A NATIONAL BANKING ASSOCIATION;

REEL/FRAME:022974/0057   2009-07-15 

2009-04-21 AS -

Description:  ASSIGNMENT   WILMINGTON TRUST FSB, AS ADMINISTRATIVE AGENT, MIN   ASSIGNMENT OF

SECURITY INTEREST IN PATENTS; ASSIGNOR:JPMORGAN CHASE BANK, N.A., AS ADMINISTRATIVE AGENT;

REEL/FRAME:022575/0186   2009-04-15 

2009-04-21 AS -

Description:  ASSIGNMENT   WILMINGTON TRUST FSB, AS ADMINISTRATIVE AGENT,MINN   ASSIGNMENT OF

SECURITY INTEREST IN PATENTS; ASSIGNOR:JPMORGAN CHASE BANK, N.A., AS ADMINISTRATIVE AGENT;

REEL/FRAME:022575/0186   2009-04-15 

2009-02-27 AS -

Description:  ASSIGNMENT   JPMORGAN CHASE BANK, TEXAS   SECURITY INTEREST; ASSIGNOR:VISTEON GLOBAL

TECHNOLOGIES, INC.; REEL/FRAME:022368/0001   2006-08-14 

2009-02-27 AS -

Description:  ASSIGNMENT   JPMORGAN CHASE BANK,TEXAS   SECURITY INTEREST; ASSIGNOR:VISTEON GLOBAL

TECHNOLOGIES, INC.; REEL/FRAME:022368/0001   2006-08-14 

2008-02-07 AS -

Description:  ASSIGNMENT   JPMORGAN CHASE BANK, N.A., AS ADMINISTRATIVE AGENT   SECURITY AGREEMENT;

ASSIGNOR:VISTEON GLOBAL TECHNOLOGIES, INC.; REEL/FRAME:020497/0733   2006-06-13 

2006-11-01 FPAY +

Description:  FEE PAYMENT   FEE PAYMENT YEAR 4 

2003-04-17 STCF -

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

Description:  ASSIGNMENT   VISTEON GLOBAL TECHNOLOGIES, INC., MICHIGAN   ASSIGNMENT OF ASSIGNORS

INTEREST; ASSIGNORS:MIANZO, LAWRENCE A.; COLLINS, BRETT D.; HASKARA, IBRAHIM;

REEL/FRAME:012382/0565; SIGNING DATES FROM 20011101 TO 20011102 

 

Post-Issuance (US):  
Reassignment (US) Table: 

Assignee Assignor Date Signed Reel/Frame Date

MICHIGAN MOTOR

TECHNOLOGIES

LLC,SYLVAN LAKE,MI,US

MOBILE AUTOMOTIVE

TECHNOLOGIES, LLC

2017-08-28 043463/0881 2017-08-31

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

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

MOBILE AUTOMOTIVE

TECHNOLOGIES

LLC,MOBILE,AL,US

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

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

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

MOBILE AUTOMOTIVE

TECHNOLOGIES

LLC,MOBILE,AL,US

GODO KAISHA IP BRIDGE 2016-09-02 043463/0223 2017-08-31

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

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

GODO KAISHA IP BRIDGE

1,TOKYO,JP

VISTEON GLOBAL

TECHNOLOGIES INC.

2015-02-13 035421/0739 2015-04-16

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

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

VISTEON

CORPORATION,VAN

BUREN TOWNSHIP,MI,US

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

VISTEON GLOBAL

TECHNOLOGIES,VAN

BUREN TOWNSHIP,MI,US

- - - -
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Conveyance:  RELEASE OF SECURITY INTEREST IN SPECIFIED PATENTS  |  RELEASE OF SECURITY INTEREST IN

SPECIFIED PATENTS 

Corresponent:  SKADDEN, ARPS, SLATE, MEAGHER & FLOM LLP FOUR TIMES SQUARE JUSTIN SELLE, LEGAL

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

SELLE, LEGAL ASSISTANT NEW YORK, NY 10036 

VISTEON

CORPORATION,VAN

BUREN TOWNSHIP,MI,US

MORGAN STANLEY

SENIOR FUNDING, INC.

2014-04-09 033107/0717 2014-06-09

VC AVIATION SERVICES

LLC,VAN BUREN

TOWNSHIP,MI,US

VISTEON ELECTRONICS

CORPORATION,VAN

BUREN TOWNSHIP,MI,US

VISTEON GLOBAL

TECHNOLOGIES INC.,VAN

BUREN TOWNSHIP,MI,US

VISTEON INTERNATIONAL

HOLDINGS INC.,VAN

BUREN TOWNSHIP,MI,US

VISTEON GLOBAL

TREASURY INC.,VAN

BUREN TOWNSHIP,MI,US

VISTEON EUROPEAN

HOLDINGS INC.,VAN

BUREN TOWNSHIP,MI,US

VISTEON SYSTEMS

LLC,VAN BUREN

TOWNSHIP,MI,US

VISTEON INTERNATIONAL

BUSINESS DEVELOPMENT

INC.,VAN BUREN

TOWNSHIP,MI,US

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

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

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

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

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

PROPERTY  |  RELEASE OF SECURITY INTEREST IN INTELLECTUAL PROPERTY 

Corresponent:  SKADDEN ARPS SLATE MEAGHER & FLOM LLP FOUR TIMES SQUARE ATTN: REBECCA RODAL, ESQ.

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

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

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

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

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

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

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

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

NY 10036 

CITIBANK. N.A. AS

ADMINISTRATIVE

AGENT,GETZVILLE,NY,US

VISTEON CORPORATION,

AS GRANTOR

2014-04-09 032713/0065 2014-04-18

VISTEON GLOBAL

TECHNOLOGIES, INC., AS

GRANTOR

2014-04-09 - -

Conveyance:  SECURITY INTEREST (SEE DOCUMENT FOR DETAILS). 

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

10005 

VISTEON

CORPORATION,VAN

BUREN TOWNSHIP,MI,US

MORGAN STANLEY

SENIOR FUNDING, INC.

2011-04-06 026178/0412 2011-04-26

VC AVIATION SERVICES

LLC,VAN BUREN

TOWNSHIP,MI,US

VISTEON ELECTRONICS

CORPORATION,VAN

BUREN TOWNSHIP,MI,US

VISTEON GLOBAL

TECHNOLOGIES INC.,VAN

BUREN TOWNSHIP,MI,US

VISTEON INTERNATIONAL

HOLDINGS INC.,VAN

BUREN TOWNSHIP,MI,US

VISTEON GLOBAL

TREASURY INC.,VAN

BUREN TOWNSHIP,MI,US

VISTEON EUROPEAN

HOLDING INC.,VAN BUREN

TOWNSHIP,MI,US

VISTEON SYSTEMS

LLC,VAN BUREN

TOWNSHIP,MI,US

VISTEON INTERNATIONAL

BUSINESS DEVELOPMENT

INC.,VAN BUREN

TOWNSHIP,MI,US
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Conveyance:  RELEASE BY SECURED PARTY AGAINST SECURITY INTEREST IN PATENTS ON REEL 025241 FRAME

0317  |  RELEASE BY SECURED PARTY AGAINST SECURITY INTEREST IN PATENTS ON REEL 025241 FRAME 0317  |

RELEASE BY SECURED PARTY AGAINST SECURITY INTEREST IN PATENTS ON REEL 025241 FRAME 0317  |

RELEASE BY SECURED PARTY AGAINST SECURITY INTEREST IN PATENTS ON REEL 025241 FRAME 0317  |

RELEASE BY SECURED PARTY AGAINST SECURITY INTEREST IN PATENTS ON REEL 025241 FRAME 0317  |

RELEASE BY SECURED PARTY AGAINST SECURITY INTEREST IN PATENTS ON REEL 025241 FRAME 0317  |

RELEASE BY SECURED PARTY AGAINST SECURITY INTEREST IN PATENTS ON REEL 025241 FRAME 0317  |

RELEASE BY SECURED PARTY AGAINST SECURITY INTEREST IN PATENTS ON REEL 025241 FRAME 0317  |

RELEASE BY SECURED PARTY AGAINST SECURITY INTEREST IN PATENTS ON REEL 025241 FRAME 0317 

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

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

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

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

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

DONNA GASIOROWSKI, SR. LEGAL ASST. CHICAGO, IL 60654  |  KIRKLAND & ELLIS LLP 300 NORTH LASALLE

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

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

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

LLP 300 NORTH LASALLE STREET C/O DONNA GASIOROWSKI, SR. LEGAL ASST. CHICAGO, IL 60654 

MORGAN STANLEY

SENIOR FUNDING INC. AS

AGENT,BROOKLYN,NY,US

VISTEON CORPORATION 2010-10-07 025241/0317 2010-10-19

VC AVIATION SERVICES,

LLC

2010-10-07

VISTEON ELECTRONICS

CORPORATION

2010-10-07

VISTEON GLOBAL

TECHNOLOGIES, INC.

2010-10-07

VISTEON INTERNATIONAL

HOLDINGS, INC.

2010-10-07

VISTEON GLOBAL

TREASURY, INC.

2010-10-07

VISTEON EUROPEAN

HOLDING, INC.

2010-10-07

VISTEON SYSTEMS, LLC 2010-10-07

VISTEON INTERNATIONAL

BUSINESS DEVELOPMENT,

INC.

2010-10-07

Conveyance:  SECURITY AGREEMENT 

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

2400 ATLANTA, GA 30308 

MORGAN STANLEY

SENIOR FUNDING INC. AS

AGENT,BROOKLYN,NY,US

VISTEON CORPORATION 2010-10-01 025238/0298 2010-10-19

VC AVIATION SERVICES,

LLC

2010-10-01
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VISTEON ELECTRONICS

CORPORATION

2010-10-01

VISTEON GLOBAL

TECHNOLOGIES, INC.

2010-10-01

VISTEON INTERNATIONAL

HOLDINGS, INC.

2010-10-01

VISTEON GLOBAL

TREASURY, INC.

2010-10-01

VISTEON EUROPEAN

HOLDINGS, INC.

2010-10-01

VISTEON SYSTEMS, LLC 2010-10-01

VISTEON INTERNATIONAL

BUSINESS DEVELOPMENT,

INC.

2010-10-01

Conveyance:  SECURITY AGREEMENT (REVOLVER) 

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

2400 ATLANTA, GEORGIA 30308 

VISTEON GLOBAL

TECHNOLOGIES INC.,VAN

BUREN TOWNSHIP,MI,US

WILMINGTON TRUST FSB,

AS ADMINISTRATIVE

AGENT

2010-10-01 025105/0201 2010-10-07

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

TECHNOLOGIES INC.,VAN

BUREN TOWNSHIP,MI,US

THE BANK OF NEW YORK

MELLON

2010-10-01 025095/0711 2010-10-06

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

022974 FRAME 0057 

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

CHICAGO, IL 60654 

THE BANK OF NEW YORK

MELLON AS

ADMINISTRATIVE

AGENT,IRVING,TX,US

JPMORGAN CHASE BANK,

N.A., A NATIONAL BANKING

ASSOCIATION

2009-07-15 022974/0057 2009-07-17

Conveyance:  ASSIGNMENT OF PATENT SECURITY INTEREST 

Corresponent:  STEPHEN S. LAPLANTE 150 WEST JEFFERSON SUITE 2500 DETROIT, MI 48226 
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WILMINGTON TRUST FSB

AS ADMINISTRATIVE

AGENT,MINNEAPOLIS,MN,

US

JPMORGAN CHASE BANK,

N.A., AS ADMINISTRATIVE

AGENT

2009-04-15 022575/0186 2009-04-21

Conveyance:  ASSIGNMENT OF SECURITY INTEREST IN PATENTS 

Corresponent:  ASHLEY B. SCIBELLI ONE FEDERAL STREET BINGHAM MCCUTCHEN LLP BOSTON, MA 02110 

JPMORGAN CHASE

BANK,HOUSTON,TX,US

VISTEON GLOBAL

TECHNOLOGIES, INC.

2006-08-14 022368/0001 2009-02-27

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

N.A. AS ADMINISTRATIVE

AGENT,HOUSTON,TX,US

VISTEON GLOBAL

TECHNOLOGIES, INC.

2006-06-13 020497/0733 2008-02-07

Conveyance:  SECURITY AGREEMENT 

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

10017 

VISTEON GLOBAL

TECHNOLOGIES

INC.,DEARBORN,MI,US

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

COLLINS, BRETT D. 2001-11-01 - -

HASKARA, IBRAHIM 2001-11-02 - -

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

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

 

Maintenance Status (US):  
Litigation (US):  2022-07-29 2022 Michigan Motor Technologies LLC Mercedes-Benz USA, LLC

N.D. Illinois 1:22cv03957 |  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 |  2020-08-27 2020 Michigan Motor Technologies LLC Volkswagen

Aktiengesellschaft Volkswagen Group of America, Inc. E.D. Tennessee 1:20cv00248 |  2019-02-

18 2019 Michigan Motor Technologies LLC Volkswagen Aktiengesellschaft E.D. Michigan

2:19cv10485 |  2017-09-01 2017 Michigan Motor Technologies LLC Hyundai Motor Company

Hyundai Motor Group Hyundai America Technical Center, Inc. E.D. Michigan 2:17cv12901 

Opposition (EP):  
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License (EP):  
EPO Procedural Status:  
Front Page Drawing: 

Priority Number - DWPI: US200114286A 
Priority Date - DWPI: 2001-12-11 
Assignee - Current US: MICHIGAN MOTOR TECHNOLOGIES LLC 
 
 
 

Copyright 2007-2022 CLARIVATE
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METHOD OF CALCULATING A VALVE TIMING COMMAND FOR AN ENGINE

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

Payment Window Status

WINDOW STATUS FEES
11.5 Year Closed Paid

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

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

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

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

Patent Holder Information

Customer # 24939

Entity Status UNDISCOUNTED

Phone Number 7347104669

Address VISTEON GLOBAL TECHNOLOGIES INC
Intellectual Property Department
One Village Center Drive
Van Buren Township, MI 48111
UNITED STATES

No maintenance
fees are due.

Generated: 09/19/2022 09:55:11  P.O. Box 1450, Alexandria, VA 22313-1450 • www.uspto.gov
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