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IN THE UNITED STATES DISTRICT COURT
FOR THE EASTERN DISTRICT OF MICHIGAN
SOUTHERN DIVISION

MICHIGAN MOTOR TECHNOLOGIES
LLC,

Plaintiff,
Case No. 2:17-CV-12901-BAF-RSW

v Honorable Bernard A. Friedman

HYUNDAI MOTOR COMPANY Magistrate Judge R. Steven Whalen

HYUNDAI AMERICA TECHNICAL JURY TRIAL DEMANDED
CENTER, INC,

Defendants.

AMENDED COMPLAINT FOR PATENT INFRINGEMENT

Michigan Motor Technologies LLC (“MMT” or “Plaintiff”), for its Amended Complaint
against Defendants Hyundai Motor Company (“HMC”) and Hyundai America Technical Center,
Inc. (“HATCI”), (collectively “Hyundai” or “Defendants”), alleges the following:

NATURE OF THE ACTION

1. This is an action for patent infringement arising under the Patent Laws of the United
States, 35 U.S.C. § 1 et seq.

THE PARTIES

2. Plaintiff is a Limited Liability Company organized under the laws of the State of
Michigan with a place of business at 2360 Orchard Lake Road, Suite 100, Sylvan Lake,
Michigan 48320.

3. Upon information and belief, Hyundai Motor Company is a corporation organized
and existing under the laws of the Republic of Korea, with its principal place of business at 12,

Heolleung-ro, Seochu-gu, Seoul, Korea, and has a regular and established place of business at
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6800 Geddes Road, Ypsilanti, Michigan 48198. Upon information and belief, Hyundai Motor
Company makes, sells, and offers to sell products and services throughout the United States,
including in this judicial district, and introduces products and services into the stream of
commerce and that incorporate infringing technology knowing that they would be sold in this
judicial district and elsewhere in the United States.

4. Upon information and belief, Hyundai America Technical Center, Inc. is a
corporation organized and existing under the laws of the Michigan, with its principal place of
business at 6800 Geddes Road, Ypsilanti, Michigan 48198. Upon information and belief,
Hyundai America Technical Center, Inc. makes products, which are sold and offered for sale
throughout the United States, including in this judicial district, and introduces products and
services into the stream of commerce and that incorporate infringing technology knowing that
they would be sold in this judicial district and elsewhere in the United States.

JURISDICTION AND VENUE

5. This is an action for patent infringement arising under the Patent Laws of the
United States, Title 35 of the United States Code.

6. This Court has subject matter jurisdiction under 28 U.S.C. 8§ 1331 and 1338(a).

7. Venue is proper in this judicial district under 28 U.S.C. 81400(b). On information
and belief, Defendants have committed acts of infringement in this District and have regular and
established places of business within this District.

8. On information and belief, each Defendant is subject to this Court’s general and
specific personal jurisdiction because each Defendant has sufficient minimum contacts within
the State of Michigan and this District, pursuant to due process and/or the Michigan Long Arm
Statute because each Defendant purposefully availed itself of the privileges of conducting

business in the State of Michigan and in this District, because each Defendant regularly conducts
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and solicits business within the State of Michigan and within this District, and because Plaintiff’s
causes of action arise directly from Defendants’ business contacts and other activities in the State
of Michigan and this District.

COUNT I - INFRINGEMENT OF U.S. PATENT NO. 6,345,604

9. The allegations set forth in the foregoing paragraphs 1 through 8 are incorporated
into this First Claim for Relief.

10. On February 12, 2002, U.S. Patent No. 6,345,604 (“the ’604 patent”), entitled
“Electronically Controlled Throttle Valve With Commanded Default Position for the Throttle
Valve of an Internal Combustion Engine,” was duly and legally issued by the United States
Patent and Trademark Office. A true and correct copy of the *604 patent is attached as Exhibit 1.

11. Plaintiff is the assignee and owner of the right, title and interest in and to the *604
patent, including the right to assert all causes of action arising under said patents and the right to
any remedies for infringement of them.

12. Upon information and belief, Defendants have directly infringed at least claim 1
of the 604 patent by making, using, selling, importing and/or providing and causing to be used
the 2011-2017 Hyundai Sonata (2.0L), 2010-2017 Hyundai Genesis Coupe (2.0L), 2013-2017
Hyundai Santa Fe (2.0L), 2011-2017 Hyundai Sonata (2.4L), 2010-2017 Hyundai Tucson (2.4L),
2010-2017 Hyundai Santa Fe (the “Accused Instrumentalities”).

13. Upon information and belief, the Accused Instrumentalities incorporate the Theta
I1 Engine which comprises a throttle controller for an internal combustion engine having a
throttle body including an adjustable throttle valve in an intake air passage. Exemplary images

representative of the Accused Instrumentalities is set forth below:
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Figure 1- Theta Il Internal Combustion Engine

(2400CC>DOHC-GDI)

28420A

11401

QTiiJ

1140EM

39300A
EJ

29240

1140FH
©ALTZ)  28931A) 26881
1472AB <B4 Mzza:\éz\?
289218 a}, 14T2AK
1472AK %% \%\;\
28922A 14720K { f) 1472AK %z
280210 — L B 289210
a9 14728K
[ 4
FR.

Figure 2- Throttle Body Assembly
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SONATA(YFA) > 2012 > Engine > Engine Confrol > Description

Description

Feedback
The Electronic Throttle Control (ETC) System consists of a throttle bod\'I '.wth an |ntegraled control mnlnr and throttle position sensor (TPS) Instead of the tradmonal throt'tle cable an
Accelerator Position Sensor (APS) is used to receive driver inp

ontrol of the ETC motor. The TPS 5|gnal is used to provide feedback regardlng throlﬂe Eosmon lo the ECM Usmg ETC. precise control over throftle posmon is p055|ble the need for
external cruise control modules/cables is eliminated.

ETC Medule

Connector

ETC Motor
Throttle Body

Gear (Idler)

Throttle Position Sensor (TPS)
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SONATA(YFA) > 2012 > Engine > Engine Control > Description
Description

jexternal cruise control modules/cables is eliminated

Figure 3- Electronic Throttle Control System

{The Electronic Throttie Control (ETC) System consists of BW with an integrated control motor and throttie position sensor (TPS). Instead of the traditional throttie cable, an
{ccelerator Position Sensor (APS) is used to receive driver inpul. The ECM uses the APS signal to caiculate the target throttle angle; the position of the lhrolile is then adiusied -
icontrol of the ETC motor. The TPS signal is used to provide feedback regarding throttle position to the ECM. Using ETC, precise control over throttie position is possible; the need for

Throttle Position Sensor (TPS)

Motor Operation Signal

ECM

Power

Supply
(+5V)
ETC Module

TPS 1
TPS 2

Valve
Gear Housing N~

: / \ osition
Throttle Throttle Position}
ETC Motor 'O_G:*' Sensor (TPS)

Figure 4 - Electronic Throttle Control Schematic Diagram
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Component part

Function

Vehicle speed sensor

Converts vehicle speed to pulse.

ECM

Receives signals from sensor and control switches.

Cruise control indicator

Tluminate when CRUISE main switch is ON (Built into
cluster)

Cruise control switches

ON/OFF switch

Switch for automatie speed control power supply.

Resume/Accel switch

Controls automatic speed control functions by

Set/Coast switch

Resume/Accel switch (Set/Coast switch)

Cancel switches

Canecel switch

Sends cancel signals to ECM.

Brake pedal switch

Transaxle range switch
(AT)

ETS motor Regulates the throttle valve to the set opening by ECM.

* ETS : Electronic Throttle System

Figure 5

14, In particular, claim 1 of the *604 patent recites a throttle controller for an internal
combustion engine having a throttle body including an adjustable throttle valve in an intake air
passage; a throttle valve actuator motor connected to the throttle valve for activating the throttle
valve between a closed position and a full-open position; a throttle position sensor connected to
the throttle valve for developing a position signal indicating the actual throttle valve position; an
ignition switch for initiating engine startup and engine shutdown and for developing an engine
shutdown signal; an accelerator pedal and an accelerator position sensor for developing an actual
accelerator pedal position signal; and an electronic microprocessor comprising an input signal
conditioning circuit receiving the engine shutdown signal, the electronic microprocessor
including means for developing a throttle valve actuator motor control signal responsive to the
presence of an engine shutdown signal whereby the throttle valve actuator motor adjusts the
throttle plate to a throttle plate position between the closed position and the fully open position to

prevent throttle plate freezing when the engine is shut down. An exemplary schematic block
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diagram of a throttle valve system for an internal combustion engine which is capable of

embodying the improvements of the invention is included below:
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Figure 6

15. On information and belief, the Accused Instrumentalities infringe at least claim 1 of
the ‘604 patent. The Accused Instrumentalities comprise a throttle controller (Figure 3) for an
internal combustion engine (Figure 1) having a throttle body including an adjustable throttle
valve in an intake air passage (Figures 3-5); a throttle valve actuator motor connected to the
throttle valve for activating the throttle valve between a closed position and a full-open position
(Figures 3-5); a throttle position sensor connected to the throttle valve for developing a position
signal indicating the actual throttle valve position (Figures 3-4, 7-8); an ignition switch for
initiating engine startup and engine shutdown and for developing an engine shutdown signal
(Figures 9-11); an accelerator pedal and an accelerator position sensor for developing an actual

accelerator pedal position signal (Figures 3, 12-15); and an electronic microprocessor (Figure
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20) comprising an input signal conditioning circuit receiving the engine shutdown signal (Figure
16), the electronic microprocessor including means for developing a throttle valve actuator motor
control signal responsive to the presence of an engine shutdown signal whereby the throttle valve
actuator motor adjusts the throttle plate to a throttle plate position between the closed position
and the fully open position to prevent throttle plate freezing when the engine is shut down
(Figures 3, 10, 14, 16-20). In particular, Figure 10 indicates that the throttle plate is positioned

between the closed position and the fully open position.

I Throttle Position Sensor (TPS) [infegrated into ETC Module I

Type: Variable resistor type

Specification
Output Voltage (V)
Throtde Angle() TPS1 TPS2
0 0 5.0
10 048 452
20 0.95 4.05
30 143 3.57
40 1.90 3.10
50 238 262
60 286 214
70 333 1.67
80 381 1.19
20 429 0.71
100 476 0.24
105 50 0

Figure 7- Throttle Position Sensor Angles
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-

1. Engine Control Module (ECM)

2. Manifold Absohate Pressure Sensor (MAFPS)

3. Intake Asr Temperamre Sensor (LATS)
Coolant Temperature Sensor (ECTS)

16. A/C Pressure Transducer (AFT)

18 Injector
19. Pusge Control Solencid Valve (PCSV)

3. Throtle Position Sensor (TPS) [mtegrated info ETC
Module]

Intake]

6. Cranishaft Position Sensor (CKPS)
7. Camshaft Position Sensor (CMPS) [Bask 1 / Intake]
§. Camshaft Position Sensor (CMPS) [Bank 1 / Exhaust]
9. Knock Sensor (KS)

10, Heated Oxygen Sensor (HO2S) [Bak 1 / Senser 1]
11. Heated Oxygen Sensor (HO2S) [Bank 1 / Sensor 2]
12. Rail Pressure Sensor (RPS)

13. Accelerator Position Sensor (APS)

14, Fuel Tank Pressure Sensor (FTPS)

15. Fuel Level Senscr (FLS)

Exhmost]

22, Vanable Intake Solenowd (VIS) Valve
23, Fuel Pressure Regulator Valve

24, Canister Clese Valve (CCV)

25. Tgnation Coal

26. Mam Relay

27. Fuoel Pungp Relay

28, Data Link Conmector (DLC) [16-Fin]

17, ETC Motor [integrated into ETC Module]

20, CVVT Oil Control Valve (OCV) [Bank 1/

21, €WVT Ol Centrol Valve (OCV) [Bank 1 /

2% Multi-Porpose Check Connector [20-Pimn]

1. Engine Control Module (ECM)

2 Manifold Absohute Presoure Sensor (MAPS)
3. Intake Asr Temperature Sensor (IATS)

{,--"/'j

”ﬁ%f

(2 1]

4. Engime Coolant Temperature Sensor (ECTS)

AT B ATS

)
o)

5. Thuottle Position Sexsor (TPS)

16. ETC Motor
¢ b%\xﬂ
-_T;’.I _'_.H_ -
.i T
e e ]

Figure 8- Throttle Position Sensor Location on Theta Il Engine
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INSTRUMENT PANEL OVERVIEW
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3, fudia controls 411
4 Hon . 140
5. Driver's fortar bag 148
» LA - -17
1. lgration swch’ 54
8. Engino startisiop busion”. ... 57

3. Hazard warning flasher
st 472, 63
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12 Shift lover 511, 514
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Figure 9- Ignition Switch for Initiating Engine Startup and Engine Shutdown, Sending Engine
Shutdown Signal

The Infringing Instrumentalities comprise an electronic microprocessor including means for
developing a throttle valve actuator motor control signal responsive to the presence of an engine
shutdown signal whereby the throttle valve actuator motor adjusts the throttle plate to a throttle
plate position between the closed position and the fully open position to prevent throttle plate
freezing when the engine is shut down.

As shown below, the fail-safe mode where the throttle is stuck at 5 degrees (implying this is the

default position). The 5 degree default position prevents the throttle from freezing closed. This
position is between the closed and fully open position to prevent the throttle from freezing.

Fuel System = Engine Control System > ETC (Electronic Throttle Control) System > Troubleshooting

Fail-Safe Mode
Item Fail-Safe
ETC Motor Throtle valve stuck at 5°

TPS 1 fault | ECM looks at TPS2
TPS TPS2 fault | ECM looks at TPS1
TPS 1,2 fault | Throttle valve suck at 5°
APS 1 fault | ECM looks at APS 2
APS APS 2 fault | ECM looks at APS 1
APS 1.2 fault| Throttle valve stuck at 5°

For example, as evidenced by the figures below, the Engine Control Module (ECM) is an
electronic microprocessor.
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: M) or PowertrainControl
Module (PCM) that coordinates the OBD-II self-monitoring system. This program controls all the monitors and
interactions. DTC and MIL operation. freeze frame data and scan tool interface.

Freeze frame data describes stored engine conditions, such as state of the engine, state of fuel control, spark. RPM.

Page 20 of 128
load and warm status at the point the first fault is detected. Previously stored conditions will be replaced only if a fuel
or misfire fault is detected. This data is accessible with the scan tool to assist in repairing the vehicle.

The center of the OBD-II system is a[lﬁcroprocesso;kalled the Engine Control Module (ECM) or Powertrain
The ECM or PCM receives input from sensors and other electronic components (switches. relays. and others)

based on information received and programmed into its memory (keep alive random access memory. and others).
the ECM or PCM generates output signals to control various relays. solenoids and actuators.
2. Conhiguration of hardware and related terms

1) GST (Generic scan tool)
TCM AWD ABS/ESC Elc
ECM/PCM T T T
CAN [HIGH] * *
3
CAN [LOW] .

: _ IS,
Termination Resistor

1

- 1]2(3]al5/8 7|8
9 [10/11/12/13 /14 15]16

—_
el

SCANNER

The ECM includes a means for developing a throttle valve actuator motor control signal
responsive to the presence of an engine shutdown.
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Motor Operation Signal
pe g ECM
Power
s || 172
(+5V)
ETC Module
A

F
f Throttle \ Throttle Position

ETC Motor Valve Sensor (TPS)
Gear Housing \\:J
& Hyundai Service Website - Google Chrome . o X
8 Hyundai Motor America [US] | https://www.hyundaitechinfo.com/viewer/content_pop.aspx?content_no=DTC|ENG|2684]2011(|en|98(|&sitinfolist=14/ 1420/ 142...
SONATA(YFA) > 2011 > Engine > Engine Control > General Description SE
General Description Feedback

&> Hyundai Service Website - Google Chrome - m} X

& Hyundai Motor America [US] | https://www.hyundaitechinfo.com/viewer/content_pop.aspx?content_no=DTC|ENG|2684]2011[imm|1||8sitinfolist=14A1420 14...

SONATA(YFA) > 2011 > Immobilizer > Immobilizer > General Description

General Description

The immobilizer system consists of a passive
secret code stored in the SMARTRAJ.

(mutual ation) tr

and thel uchungn PCM after switching olhe engme
mmas

The PCM related to immobilizer has the 3 kinds of software. At the first IGN on, the PCM concludes the software of each oplion (smart key, non-encoded SMARTRA3, encoded SMARTRA3) b
communication. It s called “The autodection for PCM The PCM keens the orevious ontion before beina neutral when it is sefted to each ootion

& Hyundai Service Website - Google Chrome ™~ o *

8 Hyundai Motor America [US] | https://www.hyundaitechinfo.com/viewer/content_pop.aspx?content_no=DTCIENG|2684]201 1|limm]1]|8sitinfolist=9249274492...

SONATA(YFA) > 2011 > Immobilizer > Immobilizer > General Description

General Description Feedback

The vehicle immobilizer system consists of the PCM, the SMARTRA3 and ignition keys with built-in transponder

The PCM carries out the check of ignition key by special encryption algorithm with SMARTRA3 and Transponder.

The encryption algorithm (between PCM and SMARTRA3J) is the one offered from BOSCH.

The encryption algonthm (between PCM and Transponder) is Hitag type 2 which is a high level system. With IGN On, the PCM executes the key Authentication after SMARTRA3 authentication
The Engine can be started when the key authentication is confirmed by the SMARTRAS.

The Key teaching procedure starts with PCM request of PIN from Scanner. The “virgin® PCM stores the PIN and the key Leamning can be started. The “leamt” PCM compares the PIN from
tester with the vehicle password in Transponder. If the data are correct, the key Leamning can be started.

Scanner requests the Leaming of the first key, the SMARTRAZ is registered at first and then the first key is regislered by PCM. If the SMARTRAZJ status is learnt and PIN number is different, the:
SMARTRA3 will return the incerrect PIN data to the PCM. in this case, The PCM can't excute the key leaming process.

The immobilizer function is the unlocking of PCM after detection of a valid ignition key; the
PCM locks after switching off of the engine. The throttle valve actuator motor adjusts the throttle
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plate to a throttle plate position between the close position at 0 degrees and a fully open position
between 100 and 105 degrees.

Figure 10

Throttle Position Sensor (TPS) [integrated into ETC Module]
Type: Vanable resistor type

Specification
Output Voltage (V)
Throttle Angle(®) — e
0 0 5.0
10 0.48 4.52
20 0.95 4.05
30 1.43 3.57
40 1.90 3.10
50 2.38 2.62
60 2.86 2.14
70 3.33 1.67
80 381 1.19
90 4.29 0.71
100 4.76 0.24
105 5.0 0

For example, the ECM and TPS learn the closed throttle voltage when the throttle plate is
positioned at engine shutdown to prevent freezing.

Throttle Stop Screw (minimum air setting)

The throttle stop screw’s primary function is to prevent the throttle blade from closing too far and getting
wedged/stuck in the throttle bore. However, it serves as a secondary function to adjust the minimum air
setting. The “minimum air setting” is what is used to describe the amount of air that is allowed to enter the
engine thru a “closed” throttle. Because the throttle valve cannot be allowed to completely close (because this
would result in it getting wedged/stuck closed in the throttle bore), some air will always be allowed to enter the
engine around the throttle valve.

Setting the throttle stop screw can be accomplished a couple of different ways. If you have a scan tool, |
recommend allowing the engine to warm up to operating temperature and then adjust the throttle stop screw
in or out until the observed IAC position counts come to rest within the specrange | provided earlier. After
adjusting the throttle stop screw, it may be necessary to adjust the Throttle Position Sensor, which we discussed
in my Jan/Feb 2008 segment. On cars that don’t have an adjustable throttle position sensor, the ECM
automatically learns the “closed throttle” voltage when the ignition is keyed on (after the key has been off for at
least 10 seconds).

http://www.gmtuners.com/tech/TPS_IAC.htm

Figure 11- Description of Power Train Control Module and Communication with Ignition Switch
and PCM/ECM Functions with Ignition Switch
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Figure 12- Accelerator Pedal
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29 21 25 101 23 8 4619

. Engine Control Module (ECM)

Manifold Absofute Pressure Sensor (MAPS)

Intake Air Temperature Sensaor [IATS)

Engine Cooclant Temperature Sensor (ECTS)

Throttle Position Sensor {TPS) [integrated into ETC Maodule]
Crankshaft Position Sensar {CKPS}

Zamshaft Position Sensor {CMPS) [Bank 1/ Intake]
8. Camshaft Position Sensor {CMPS) [Bank 1/ Exhauwst)
8. Mnock Sensor (KS)

10. Heated Oxygen Sensor (HO25) [Bank 1/ Sensor 1]
11. Heated Craygen Sensor (HO25) [Bank 1/ Sensor 2]
12 Rail Pressure Sensor (RPS

13. Accelerator Position Sensor (APS}

b B . e o

14. Fuel Tank Pressure Sensor [FTPS)
15. Fuel Level Sensor (FLE)

148

18

. &/C Pressure Transducer (APT)
17.
18.

ETC Maotor [integrated into ETC Maodule]
Injector

. Purge Control Solenoid Yalve (PCEVY)

L CWYT Dl Control Valve (OCW) [Bank 1/ Intake]
21.
. Wariable Intake Solencid (WV15) Walve
23.
24.
258,
28,
27.
28.
8.

CWWT Dl Control Valve (OCW) [Bank 17 Exha

Fuel Pressure Regulator Walve

Canister Close Vaklve (CCV)

Ignition Coil

Main Relay

Fuel Pump Relay

Drata Link Connector (DLC) [16-Pin]
Multi-Purpose Check Connector [20-Pin]

ust]

Figure 13 - Accelerator Position Sensor
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SONATA(YFA) > 2012 > Engine > Engine Control > Description __

Description Feedback
Accelerator Position Sensor (APS) s installed on the accelerator pedal module and detects the rotation angle of the accelerator pedal. The APS is one of the most important sensors in engine
ONU Ol Sy =tern, S0 11 Co IS OF 1E W0 SeNSols W Suapt INONVIGUGI SENS0l power and grodng e, THe Second Sensor monio e first sensor and its output voltage is half of the first one. If

the ratio of the sensor 1 and 2 is out of the range {approximately 1/2), the diagnostic system judges that it is abnormal.

Figure 14 - Accelerator Position Sensor Description

SONATA(YFA) = 2012 > Engine > Engine Control > Component Inspection

Component Inspection

1. Accelerator Pedal Rod Inspection
(1) Verify that the accelerator pedal operate freely without binding between full closed and wide open position by operating the accelerator pedal.

(2) Check for poor carpet fit under the accelerator controls pedal.

(3) Repair or replace as necessary and go to "Verification of Vehicle Repair” procedure. If OK, go to next step as below.
2. APS1 Inspection

(1)1G KEY "ON".

(2) Connect GDS and monitor the "APS1" parameter on the data list.
Specification :Refer to "Signal Waveform & Data" in the "General Information”.

- Output Voltage (V)
Accelerator Position APSi APSZ
CT 0.7~0.8 0.29~0.46
W.O.T 3.85~4.35 1.93~2.18

3.85-7.35 /

25
1.93-2.18

Output Voltage (V)

0.7~-0.8
0.29-0.46 / ;"_"Eécisﬁ'siﬁi?j
wo.T
Stroke(mm(in))

(3) Is data in accordance with "Data Anaysis"?

Figure 15 - Accelerator Position Sensor for Developing Actual Pedal Position Signal
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SONATA(YFA) > 2012 > Engine > Engine Control > ECM Terminal And Input/Output signal

ECM Terminal And Input/Output signal

Hoslpoafodfozfionfvod ee e [o7 [a6 Tus [ae] o1 se (o1 [20 T0e| (07| [as] [os]
(ea|z a2 o e[ ra[ e 77 [re |75 e 73] 72 71 |70 ea ea
[#a 2] &1 [ oo =a] s8] 57 56 |55 4 5[ s2[st [so[4a[waa7 | 36 ] [35] [#4] 3]

f . F = =
| [m] [s0] [e]sale7 |ss|as]ea [es| a2 et [en|re[7al re 76 7]
]E iE|1'2[1‘|-m]s[as[i?]us|e[n,sn]a[s1ian]se;su| 8|5

=

[57] [58] [35]54] 50 2] 51 [ 50 [4s 8] a7 [am 45 [ 44 a0 |42 1] ' i [ 3 |

(a2 |41 [s0] 05 |os| 37| 36 08 |34 |2 (a2 [ |20 ee|am|ar | (2] 2] [=2]
(o [ ve] w]vz[va] s va[mafvzfiso] e o faln] [a ] [a][2]]| ]

Connector [CHG-AG]

40| 38| [5a]97 o8 [as[34[ 502 |0 me|am|av|m(es (2] | 5 |,
\]; e st aratsts ] L% | J

Connector [CHG-BG)

ECM Terminal Function

54 [Sensor ground
55 [Sensor ground
56

“[Throftie Pesflion Sensor (TPS) 1,2

IAccelerator Position Sensor (APS) 2

Accalerator Pesiien Sansor (APS) 1

Smart Key Cantrol Module [With Button Engine Start System]
Immabilizer Control Module [Without Button Engine Start System]
Throttia Position Sensor (TPS) 2

iccelerator Position Sensor (APS) 2

laccaberaior Position Sensor (APS) 1

57 ymmobilizer communication ne

75 Throte Position Sansor (TPS) 2 signal input
TG tAccelerator Posiion Sensor {(APS) 2 signal input
77 |Accelerator Posiion Sensor {APS) 1 signal input

- —=7 - -  ETLT B —
T [Th P P; ignal Ani
5 roftie Posdion Sensor (TPS) 2 signal input WOoT alog 33-38V
+ s T Max. 1.0V
76 |Accelerator Posilion Sensor (APS) 2 signal input T Analog TE=30V
[ Max. 1.0V
7 |Accelerator Postion Senzor (APS) 1 signal input e HE - Anakog = T ¢

95 [Throtile Position Sensor (TPS) 1 signal input
97  Sensof power (+5V)
93  [Sensor power (+5V)

[Throttle Postion Sensor (TPS) 1
iccelerator Posfion Sensor (APS) 2
ihccelerator Position Sensor (APS) 1

Figure 16 - ECM Terminal Input/Output Signal
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Nwlgﬁm
Call Center peniin Wi ﬁ Daia Server
Roule data
Roadside asaistant call
-
- . - - enna
—" +Modem)
1 [ Mavi | | mcu |
[_Phone | | Memor |
L I s .
(AVAUAUdIe) [ cm | Q) Microphone
MU
(Telematics Unit)

Figure 17- CAN Network

GPS{ CDOMA

o e

Figure 18- CAN Network
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— 24
AN screen 11
14
Shield wire
Multimedia CAN low ——— 3 —
18 Shield wire
Multimedia CAN high ———— 15 oo || | Back view
IGN2 ————— 13 o1 || || camera
ACC ————— 1 19
CSCANlow ——— 4
€S CAN high 16
Back view
camera unit
1] (2] [3 (4] [6] 6 [7][8] & ho 11 7
1341516 17 18 16201 P2 23 P4
Pin NO | Description | Pin NO Description
1| ACC | 13 IGN 2
2 | | 14 Ground
3 | Multimedia CAM low | 15 Multimedia CAM high
4 C-CAN low | 18 C-CAN high
5 | 17
6 18 Back view camera ground
7 19 Back view camera power
8 20 Back view camera video input
9 21 Back view camera video ground
10 22
11 Video out 23
12 24 Video ground

Figure 19 - CAN Network
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The center of the OBD-II system 1s a microprocessor called the Engine Control Module (ECM) or Powertrain I
|5;9ﬂm| Module(PCM)

The ECM or PCM receives input from sensors and other electronic components (switches, relays, and others)
based on information received and programmed into 1ts memory (keep alive random access memory, and others),
the ECM or PCM generates output signals to control various relays, solenoids and actuators.

2_ Configuration of hardware and related terms

1) GST (Genene scan tool)
TCM AWD ABS/ESC Etc
=G/ PCIM T * * ) *
N oot B .o :
¢ | ;
| e
l L

Termination Resistor

12[3]as5[8 7]
9 [10[11]12/13]14 15|16

SCANNER

Figure 20 - Microprocessor OBD-II Note: Controls ECM or PCM

COUNT Il = INFRINGEMENT OF U.S. PATENT NO. 6,619,106

16. The allegations set forth in the foregoing paragraphs 1 through 15 are
incorporated into this Second Claim for Relief.

17. On September 16, 2003, U.S. Patent No. 6,619,106 (“the *106 patent”), entitled
“High-resolution Electronic Throttle Position System,” was duly and legally issued by the United
States Patent and Trademark Office. A true and correct copy of the *106 patent is attached as

Exhibit 2.
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18. Plaintiff is the assignee and owner of the right, title and interest in and to the *106
patent, including the right to assert all causes of action arising under said patents and the right to
any remedies for infringement of them.

19. Upon information and belief, Defendants have directly infringed at least claim 1
of the 106 patent by making, using, selling, importing and/or providing and causing to be used
the 2011-2017 Hyundai Sonata (2.0L), 2010-2017 Hyundai Genesis Coupe (2.0L), 2013-2017
Hyundai Santa Fe (2.0L), 2011-2017 Hyundai Sonata (2.4L), 2010-2017 Hyundai Tucson (2.4L),
2010-2017 Hyundai Santa Fe (the “Accused Instrumentalities™).

20. Upon information and belief, the Accused Instrumentalities incorporate the Theta
I1 Engine which comprises a high-resolution position sensing apparatus for determining the
angular position of a throttle plate located in an electronic throttle and controlled by a power
train control module (PCM).

21. In particular, claim 1 of the *106 patent recites a high-resolution position sensing
apparatus for determining the angular position of a throttle plate located in an electronic throttle
and controlled by a PCM, said sensing apparatus comprising: a first throttle position sensor
coupled to the throttle plate and generating a first throttle position sensor output signal, said first
throttle position sensor output signal being affine to a position of the throttle plate and different
over a first range of motion of the throttle plate; and a second throttle position sensor coupled to
the throttle plate and generating a second throttle position sensor output signal, said second
throttle position sensor output signal being affine to a position of the throttle plate and different
over a second range of motion of the throttle plate, where said second range is less than said first
range, and wherein said first range of motion of the throttle plate extends from approximately

full closed to approximately full open.
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22.  Oninformation and belief, the Accused Instrumentalities infringe at least claim 1
of the 106 patent. The Accused Instrumentalities comprise a high-resolution position sensing
apparatus for determining the angular position of a throttle plate located in an electronic throttle
and controlled by a PCM (Figures 3, 7), said sensing apparatus comprising: a first throttle
position sensor coupled to the throttle plate and generating a first throttle position sensor output
signal (Figures 3-4, 7, 16, 22), said first throttle position sensor output signal being affine to a
position of the throttle plate and different over a first range of motion of the throttle plate
(Figures 21-22); and a second throttle position sensor coupled to the throttle plate and generating
a second throttle position sensor output signal (Figure 22), said second throttle position sensor
output signal being affine to a position of the throttle plate and different over a second range of
motion of the throttle plate (Figure 22), where said second range is less than said first range at
least given the closed throttle (“CT”) and wide open throttle (“WOT”) tolerances of the two
sensors (Figure 21), and wherein said first range of motion of the throttle plate extends from

approximately full closed to approximately full open (Figures 3-4, 7, 16, 22).
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Fuel System = Engine Control System = ETC (Electronic Throttle Control) System = Description and

Operation

Descrinti
The Electronic Throttle Control (ETC) System consists of a throttle body with an integrated confrol motor and
throttle position sensor (TPS). Instead of the traditional throttle cable, an Accelerator Posiion Sensor (APS) 15 used

Throttle Position Sensor (TPS) [integrated into ETC Module]
Type: Variable resistor type

Specification
Output Voltage (V)
Throttle Angle(®) — e
0 0 5.0
10 0.48 4.52
20 0.95 4.05
30 1.43 3.57
40 1.90 3.10
50 2.38 2.62
60 2.86 2.14
70 3.33 1.67
80 3.81 1.19
90 4.29 0.71
100 4.76 0.24
105 5.0 0
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Fuel System > Engine Control System = ETC (Electronic Throttle Control) System > Specifications

Specification
[Thrattle Position Sensor (TPS)]
Cutput Voltage(\)
Throttle Angle(”) [ —
o 0.0 5.0
10 0.48 4.52
20 0.95 4.05
30 1.43 3.57
40 1.90 3.10
50 238 2.62
50 2.86 2.14
70 3.33 1.67
20 3.81 1.19
20 4.29 0.71
100 4,76 0.24
105 5.0 o
CT({6~15") |0.28~0.71)4.29 ~ 4.71|+— (Clozed throttle range tolerance
W.O.T (93 ~ 102°)| 4.43 ~ 4.86| 0.14 - 0.57|4——— Wide open throttle range tolerance

[TPS S=laFA"F M ETH OFAR=)

Dupt Wakngm W
iErERaRA

" Tesr TEED

® " aE M W K T O M D0
Throstis Anghs ™

Item | Sensor Resistance(kLOX)
TPS1|0,875 — 1,625 [20°C(68°F)]
TPS2|0.875 ~ 1.625 [20°C(68°F)]

[ETC Motor]
Item Specification
Coil Resistance (£2)| 1.2 ~ 1.8 [20°C(68°F)] |

Figure 21 -The throttle position sensor 2 (TPS 2) output signal corresponds to (is affine to) a
position of the throttle plate and different over a second range of motion of the plate, where a
second range is less than a first range.
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& Hyundai Service Website - Google Chrome - m] *®

& Hyundai Moter America [US] | https://www.hyundaitechinfo.com/viewer/content_pop.aspx?content_no=DTC|ENG|2684]2011]len|98]|8sitinfalist=144 1420/ 142...

SONATA[YFA) > 2011 > Engine > Engine Control > General Description

The Electronic Throttie Control(ETC) system™s components are the throttie body, Throttie Position Sensor(TPS)182 ana Accelerator Position Sensor(APS) 1&2. The throttle body contains the
actuator, the plate and the throttie 1], which are inlegraled in one housing. The actuator consists of a DC motor with a two-stage qea The upcn ng angle of
he throttle valve is detecled by the thi mounted on the throftle body. And It provides feedback to the PCM 1o conirol the nrcremotor n order to conirol the throttie
valve apening ang-e properly in respons

Figure 22- Description of Electronic Throttle Control System Note: Includes Throttle Position
Sensor, Accelerator Position Sensor, Actuator, Throttle Plate, and Throttle Position Sensor
Integrated In One Housing

COUNT 111 = INFRINGEMENT OF U.S. PATENT NO. 6,588,260

23.  The allegations set forth in the foregoing paragraphs 1 through 22 are
incorporated into this Third Claim for Relief.

24.  OnJuly 8, 2003, U.S. Patent No. 6,588,260 (“the *260 patent”), entitled
“Electronic Throttle Disable Control Test System,” was duly and legally issued by the United
States Patent and Trademark Office. A true and correct copy of the *260 patent is attached as
Exhibit 3.

25.  Plaintiff is the assignee and owner of the right, title and interest in and to the *260
patent, including the right to assert all causes of action arising under said patents and the right to
any remedies for infringement of them.

26. Upon information and belief, Defendants have directly infringed at least claim 1
of the "260 patent by making, using, selling, importing and/or providing and causing to be used
the 2011-2017 Hyundai Sonata (2.0L), 2010-2017 Hyundai Genesis Coupe (2.0L), 2013-2017
Hyundai Santa Fe (2.0L), 2011-2017 Hyundai Sonata (2.4L), 2010-2017 Hyundai Tucson (2.4L),

2010-2017 Hyundai Santa Fe (the “Accused Instrumentalities”).
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217, Upon information and belief, the Accused Instrumentalities incorporate the Theta
I1 Engine which comprises an electronic throttle control apparatus for testing integrity of a motor
drive electronics.

28. In particular, claim 1 of the *260 patent recites an electronic throttle control
apparatus for testing integrity of a motor drive electronics disable feature comprising: a PCM
having drive electronics for controlling a motor coupled to an electronic throttle plate, said PCM
having control logic to disable said drive electronics and return said electronic throttle plate to a
default position, determine a default throttle position sensor (TPS) output voltage corresponding
to said default position, command a full closing motor voltage, compare a full closing TPS
output voltage to said default TPS output voltage, and engage failure mode management when
said full closing TPS output voltage and said default TPS output voltage are significantly
different from each other.

29.  Oninformation and belief, the Accused Instrumentalities infringe at least claim 1
of the 260 patent. The Accused Instrumentalities comprise an electronic throttle control
apparatus (Figures 3, ) for testing integrity of a motor drive electronics disable feature (Figures
3-4, 11, 20-23) comprising: a PCM having drive electronics for controlling a motor coupled to an
electronic throttle plate (Figures 11, 20, 22-23), said PCM having control logic to disable said
drive electronics and return said electronic throttle plate to a default position (Figures 3-4, 11,
20, 22-24), determine a default throttle position sensor (TPS) output voltage corresponding to
said default position, command a full closing motor voltage, compare a full closing TPS output
voltage to said default TPS output voltage (Figures 3-4, 11, 20, 22-25), and engage failure mode
management when said full closing TPS output voltage and said default TPS output voltage are

significantly different from each other (Figures 3-4, 11, 20, 22-25).
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2) MIL (Malfunction indication lamp) - MIL activity by transistor

ECM MIL

Transistor —I [ﬁ
Tl ek >

Light ON Light OFF Light ON

The Malfunction Indicator Lamp (MIL) is connected between ECM or PCM-terminal Malfunction Indicator Lamp
and battery supply (open collector amplifier).
In most cars. the MIL will be mstalled in the instrument panel. The lamp amplifier can not be damaged bz a short
circuit.
Lamps with a power dissipation much greater than total dissipation of the MIL and lamp in the tester may cause a
fault indication.

At ignition ON and engine revolution (RPM)< MIN. RPM, the MIL is switched ON for an optical check by the
driver.
3) MIL illumination
When the ECM or PCM detects a malfunction related emission during the first driving cyele, the DTC and engine
data are stored in the freeze frame memory. The MIL is illuminated only when the ECM or PCM detects the same
malfunction related to the DTC in two consecutive driving cycles.
4) MIL elimination
o Misfire and Fuel System Malfunctions:
For misfire or fuel system malfunctions. the MIL may be eliminated if the same fault does not reoccur during
monitoring in three subsequent sequential driving cycles in which conditions are similar to those under which the
malfunction was first detected.
e e
For all other faults, the MIL may be extinguished after three subsequent sequential driving cycles during which the
monitoring system responsible for illuminating the MIL functions without detecting the malfunction and if no other
malfunction has been identified that would independently illwmninate the MIL according to the requirements outlined
above.
5) Erasing a fault code
The diagnostic system may erase a fault code if the same fault is not re-registered in at least 40 engine warm-up
cycles. and the MIL is not illuminated for that fault code.
6) Communication Line (CAN)

* Winng : Twisted pair wire

« Off Board DLC Cable Length : Max. 5m

» Data Transfer Rate

- Diagnostic : 500 kbps

- Service Mode (Upgrade. Writing VIN) : 500 or 1Mbps)

PCM/ECM Malfunction Indicator Lamp Description Note: Includes Function
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SONATA([YFA) > 2012 > G 2.4 GDI > Engine > Engine Control > P0638 Throttie Actuator Control Range/Performance (Bank 1)

Feedback

DTC Description

PCM sets OTC P0638 if the PCM detects TPS

value d: value.

DTC Detecting Condition
[ Item Detecting Condition Possible Cause
BF6 et et TPS B3sptation condhion chigck
orvegy o2 1T Limp Home postion check . Testingintegrityof a
| Cased » Lower mechanical stop adaptation voltage range check %
Enable Conditions < During TPS adapiation motor drive
Casel + TPS adaptation is requested but not possible 1. Poor¢ electronicsdisable
Threshold Case2 » Diffrence batween Theotlle sensor voltage in limphome and limphome selpoint > 0.3V 2. Faulty
Value ms « Diffarance between Theoftle sensor voltage in lower mechanical slop position and lower mechanical 3. Fauly feature
| stop position setpoint > 0.3V ?
Disgrostic Time o2 86,
i + Forced imited RPM mode : The PCM limits engine speed to 1500rpm Motor drive
; + Elecirical check of the ETC system is prohibited ' .
ML On Conditon  Immedate electronics

disable feature

There is an Electronic Throttle Control (ETC) system which tests integrity of a motor drive
electronics disable feature.

SONATA(YFA) > 2012 > G 2.4 GDI > Engine > Engine Control > P0852 Sensor Reference Voltage ‘B’ Clrcuit Low s

Feedback

DTC Description

PCM sets POG52 when detects a reference voltage is out of normal range.

DTC Detecting Condition

Item | g Condition Possible Cause
oTC |
Strategy « Short to Ground
Enable
Case 1 Sonditions «1G ON
Threshold
Vslve TPS power supply voltage < 0.7V
—
SDYC = o clroul eiTor - Short to ground in Power drcuit
trat
nden . Poor connection or damaged hamess
Caso2 e - IGON
Conditions . Faulty ETC
rag :
«0.7TVsSTPS 45V
_ Valus power supply voltage <
Diagnostic Time = 0.04 sec.
Mil On Condition |+ 1 Drive Cycles
U + Forced limited RPM mode : Tha PCM limits engine speed to 1500rpm
+ Elecirical check of the ETC system Is prohibited

Control logic is the command from the PCM which triggers “Limp-Home” mode in Case 2

where there is a sensor or circuit error effecting the ETC (disable drive electronics). When there
is an error detected the PCM returns the electronic throttle plate to a default position. Further, the
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PCM disables check of the ETC system inferring that the PCM relinquishes control of the ETC
which remains in a default position.

SONATAYFA) > 2012 > G 2.4 GOI > Engine > Engine Control > P2119 Throttie Actustor Control Throtthe Body Range/Performance =
DTC Description [ —
PCM sots DTC P2118 f the PCM detects TPS adaptation procedurs is abnormal
DTC Detecting Condition
om I Detecting Condition Possibie Cause
| Case! | +TPS adapiation Lower positon check.
| Caso2 | < TP adaptation error low retum spring check
ore [ Cased TS adaptalion upper poaion check
Striegy | Casod « TPS adaptation error upper retum spring check
“Cases + TPS stant chirck emor in spring check Check from TPS start (a
| Caset -IEmmmnW e— default TPS output
-Uu'nummtu! voltage
o | TSt 9% i
Caseld * During TPS adaptation
—— Case3 * During TPS adaptation
Conditons * TPS taipolnl = 29%
+ During TPS start chack
- - TPS setpoint = 24.2%
+ During TPS start chack
Casel 1. Poor confsction of dimaped hamess
» No engine start condition >
Casal = Throtte position for the lower retum spring chec is not reached within a limit maximum tme(Difference between throtie 2 Paky BT molor
possion and setpoint > 0L48%%)
Casad ~When ETC power stage is off, Th Inthe within & Bt mandmum
| mmmmnmwwmwmmmmwwww i
Cased « Throtin postion for the upper etum spring check i not reached within a bmit manmum me{Diforance betwoen throttie
Thenshold potifion and setpoint > 0.48%)
Vit Cased -h\‘ﬂ‘:ni‘l'bmsuqeun« Theodtie caneot return by speing power in thi Emp-hoems positon within a kmit madmum
time{Difference batween Throtte position and adapied voltage in limphome position > 0.18 V)
Cose$ |+ Throtiie fiap cannot reach the setpoint wiin the hystenesis within a lmit maximum Bme{Diference between throitie positon
and requosted positon > 0.45%) ! T TR
I Coseh -wr-nsrcm-:q-uur “Theotlie cannct ratun by $pong Powor I (e mp-home posibon wiln @ e maKmum Limp home pesition indicative of
e Diffevanca bitwinan Thiolts paslicon and adapled voltags @ nphome poaiten > 0.18V] full closing output voltage
Diagnosic Time TOh 1zm
Limp-Home = Forced lmied FPM mode ; Tho PCAL lmis engin speed o 1500rpm & Failure mode management
. » Eloctrical check of the ETC system is prohibied
MIL On Condition + Immediaie

As part of the DTC strategy case 6 shows that a start check is done to check the limp home
position of the throttle based on TPS feedback. Limp-home mode is representative of disabled
control logic and zero closing/opening output voltage.

Figure 23
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(TS CHARAL " T BIETIC CIAR:

Dot Vokagm (V)

« s FEBEE SRS

B R R e e

Thastia hage [

ltemn | Semiar Restnamee(kil)

TPS1| 0873 ~ 1623 [J0°C(687F))

TPSI|0ETS - L6213 [20C(687F))

Fuel System = Engine Control System = ETC (Electronic Throttle Control) System = Trouhleshooting
Fail-Safe Mods
Item Fail-Safe
ETC Motor Throttle valve smack at 5°
TPS 1 fault | ECM looks at TPS2
TPS TPS 2 fauk ECM looks at TPS1
TP5 1.2 fault | Throttle valve smack at 5°
APS 1 fault | ECM looks at APS 2
APS APS 2 fault | ECM looks at APS 1
APS 1.2 fault | Throttle valve stack at 5°
[ NOTE |
When throttle value 15 snack ar 5%, engime speed is limated at below 1,500rpm and vehicle spead at maxmmmum 40 -
50 km'h (25 - 31 mph)
Onwtput Voltage(V)
Thratrle Anghe(") — —
] 00 50
10 048 432
0 095 A0
n 143 157
40 190 ER ]
30 138 2.62
60 286 114
0 in 1.67
] EX 119
a0 420 0T
100 476 0.4
105 30 0
CTE~15% [0290-071|4X9-471
WOT (93 - 10274 43 - 4.85/0.14 - 0.57
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SONATA(YFA) > 2012 > G 2.4 GOI > Engine > Engine Control > P2119 Throttle Actuator Control Throtthe Body RangePerformance

DTC Description Feadback

PCM sets DTC P2119 1 the PCM detects TPS adaptation procedurs is abnomal
DTC Detecting Condition

|
7

[ * TPS adaptation Lower position check
Case2 = TPS adaptation omor Kw retum $pnng chock

Cased ~ TPS Bcaptalion Upper poson check

TPS adact upper Petum spring
-_!ﬂsmmwhmm
= TP stant chock ermo in Imp-home-chack.
+ During TPS adaptation
» TPS sotpoint = 11,0%
|~ During TP5 adaptasion
+ Dunng TPS adaptation
+ TPS sotpoint = 20%
* During TPS stan chack
= TPS setpoint = 24.2%
* During TPS stanl check
+ N Bngine start condition
-%mhwmmmm-mmm.mwm%mm
poaition and satpoint > 0.48%°)
= When ETC power stage is off, Theotie can not return by spring power in the lmp-home position within a Bmil manimum
_tme{Diflerance batwsen Throttie position and adapted voltage in kmphome position > 0.18V)
‘tmmunwmmum.mmmamwmmm
poation and setpoint > 0.48%)
‘mEmmwum" POSIBON within & lmat maximem
| Eme{DSorence butwoen mwmmwnwm 018V)

+ Thegtia A0 cannol MaGh (1 OIS0 ishin (70 Ny $eress wilfiel § B maesmym b (erbnce botwoes ol posson
and requested posison > 0.48%)
* When ETC power stage is off, Theottie cannot return by spaing power in The Bmp-home PosRon within @ lme maximum

tme(Difleronce mmﬁmmwunnm-mwtm
Dagnoeic Time TUR-T2 Seconds

* Foroed limited RPM mode - The PCM imits engine speed 1o 1500mm
» Eloctrical check of the ETC system i prohiblied
MR O Codiion 2 fciete

oTC
Srategy

1. Poor connection o damaged hamess.
2. Fauty ETC motor

The Threshold Value in Cases 1-6 show default throttle position sensor output voltage
corresponding to a default position.

SONATA(YFA) > 2012 > G 2.4 GDI » Engine > Engine Control > P2118 Throttle Actuator Control Motor Current Range/Performance

DTC Description Feedback
PCM sets DTC P2118 if the PCM detects molor"s PWM signal exceeds threshoid value,

DTC Detecting Condition

fiem Detacting Condition I Possibl Cause ]
Casel « PWM range check | '
oTc rv e ot nostion end oK Chock | Setpoint check is a default
Strategy — — - - closed position.
| Casa3 +D throttle p and moving setpoint check
= TPS adaplaton Tnshed
Casel + Battery voltage >10V
* No relevant error
Enable « TPS adaptation finished
Conditions Case2 + Constant TPS setpoint 1. Open in Control circuit
£140 Feleane peryt 2. Poor connection or damaged hamess
Cased + TPS adaptation finished 3. Faulty ETC Motor
* No relevant efror
Casel * Moving mean value of the controller output > 95%
Threshold — :
Value | Case2 *Throtle position - Throtle point 2.4% 5 Throttle valve position.
: Cased + Throttie position - Throttle p tpoint >9.5%
Diagnostic Time * 0.5 Seconds
U + Forced limited RPM mode : The PCM limits engine speed to 1500rpm
+ Elecirical check of the ETC system is prohibited
MIL On Condition * Immediate

A command for full motor closing voltage (setpoint check) is compared to a full closing TPS
output voltage to said default TPS output voltage (deviation between the throttle position and
moving setpoint check in Case 3).
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SONATA[YFA) > 2012 > G 2.4 GDI > Engine > Engine Control > P2119 Throttie Actuator Control Throttle Body Range/Performance &
DTC Description Feedback

PCM sets DTC P2119 if the PCM detects TPS adaptation procedure is abnormal,

DTC Detecting Condition

[ T Detecting Condition T Posaible Cause
Casal |+ TPS adaptation Lower position chack |

|« TPS adaptation emor low retum speing chack

| TPS adaptation upper position chack

|+ TPS adaptation efror upper relum spring chick |

+TPS stant chack ormor In spring chack | Check from TPS start (a

7S $tan chack erTor In imp-home-chock J+— default TPS output

+ During TPS adaptation | voltage)

« TPS setpoint = 11.9%
| = During TPS saptaion
| '+ Duting TPS adaptation
| TPS satpoint = 20%

+ During TPS stant check
+ TPS setpoint = 24.2% |
* During TPS stan chack 1. Pace

* No enging starn condition | = o

+ Theotie positn for the ewar retum sprng chack & not reached within a lma maimum bma(Dferncs betwien throtte 2 Fauty ETC motor

position and setpoint > 0.48%") |
= Whan ETC power stage i off, Throttike can nol retum by spring power in the Bmp-home position within & lmit misamun

time(Déference betwnen Throttie position and adapted voltage In lmphema position > 0.18 V) |
« Theottie position o The LppYr retum gprng check is not reached within 8 lmit maximum time{Diflerence between theotlle |

position and setpoint > 0.48%) |
* When ETC power stage is off, Throltie cannot return by spring power in the limp-home posiion within a kmit maximum

tima{Diflerance between Throttle position and adapted voltage in imphome position > 0.18 V)

: =~ T s T
and requesied positon > 0.48%) |
TWhon ETC power S5 18 O, THome Gonnot fetum by Sprng powe? I 1 Ime-Tom postion witn & I masenum Lirnp home position indicative of
time(Differance between Thvollle posiion and adapied voltage in mphoma position > 0.18V) F full clcsing output \,D“age
Diagnosic T 0.8-1.2 Seconds.

+ Forced limited RPM mode | The PCM limits engine speed to 1500rpm Failure mode management
* Electrical check of the ETC systom is probibited
MiL Dn Conddtion |+ immeduats |

pre
Strategy

Caso2
Cased
Cased
Cases
Casot
Casal
Casl 4
Enabie | Casel
Cased
Casob
Casa1
Caso2
Cosed
Casad
Cased
Caseb

Engine failure management mode (limp-home mode) is commanded when a zero
opening/closing output voltage TPS output voltage (TPS adaptation (adapted voltage)) and
default TPS output voltage (position from which the start error check measures) are significantly
different from each other.

Figure 24- Diagnostic Trouble Codes obtained from http://www.hyundaitechninfo.com
demonstrate an exemplary condition wherein TPS is in failure mode.
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Figure 25- Throttle Position Sensor (TPS) Schematic Diagram —Note: TPS is Connected in

Network to CAN and Various Sensors

COUNT IV - INFRINGEMENT OF U.S. PATENT NO. 6,443,128

30.
incorporated into this Forth Claim for Rel

31.

ief.

The allegations set forth in the foregoing paragraphs 1 through 29 are

On September 3, 2002, U.S. Patent No. 6,443,128 (“the *128 patent”), entitled

“Method of Controlling an Internal Combustion Engine,” was duly and legally issued by the

United States Patent and Trademark Office. A true and correct copy of the *128 patent is

attached as Exhibit 4.
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32. Plaintiff is the assignee and owner of the right, title and interest in and to the *128
patent, including the right to assert all causes of action arising under said patents and the right to
any remedies for infringement of them.

33. Upon information and belief, Defendants have directly infringed at least claims 1, 2,
6, 7, 11 and 12 of the *128 patent by making, using, selling, importing and/or providing and
causing to be used the 2011-2017 Hyundai Sonata (2.0L), 2010-2017 Hyundai Genesis Coupe
(2.0L), 2013-2017 Hyundai Santa Fe (2.0L), 2011-2017 Hyundai Sonata (2.4L), 2010-2017
Hyundai Tucson (2.4L), 2010-2017 Hyundai Santa Fe (2.4L) (the “Accused Instrumentalities”).

34, Upon information and belief, the Accused Instrumentalities incorporate the Theta
I1 Engine which practices a method of controlling an internal combustion engine.

35. In particular, claim 1 of the *128 patent recites a method of controlling an internal
combustion engine, the engine having an engine controller and an electronically controlled
throttle including a throttle control motor driven by a throttle control circuit, the method
comprising: determining a throttle position command for the throttle control motor; applying the
throttle position command to the throttle control motor with the throttle control circuit; detecting
an open circuit condition in the throttle control circuit; detecting a closed circuit condition in the
throttle control circuit; after detection of the closed circuit condition, clipping the throttle
position command; and applying the clipped throttle position command to the throttle control

motor with the throttle control circuit.

36.  On information and belief, the Accused Instrumentalities infringe at least claim 1
of the 128 patent. The Accused Instrumentalities practice a method of controlling an internal
combustion engine (Figures 17-18, 20, 25-26), the engine having an engine controller and an

electronically controlled throttle including a throttle (Figures 2-5) control motor driven by a
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throttle control circuit (Figures 2-5, 16), the method comprising: determining a throttle position
command for the throttle control motor (Figures 2-4); applying the throttle position command to
the throttle control motor with the throttle control circuit (Figures 2-5, 16); detecting an open
circuit condition in the throttle control circuit (Figures 2-5, 16); detecting a closed circuit
condition in the throttle control circuit (Figures 2-5, 16); after detection of the closed circuit
condition, clipping the throttle position command (Figures 2-5, 16, 26); and applying the clipped
throttle position command to the throttle control motor with the throttle control circuit (Figures

2-5, 16, 26).

37.  Claim 2 of the 128 patent recites the method of claim 1 wherein the
electronically controlled throttle further includes a throttle position sensor, and wherein detecting
the open circuit condition further comprises: determining an actual throttle position with the
throttle position sensor; comparing the throttle position command to the actual throttle position;

and detecting the open circuit condition based on the comparison.

38.  On information and belief, the Accused Instrumentalities infringe at least claim 2
of the 128 patent. The Accused Instrumentalities practice the method of claim 1 wherein the
electronically controlled throttle further includes a throttle position sensor (Figures 2-5, 16), and
wherein detecting the open circuit condition further comprises: determining an actual throttle
position (Figures 2-5, 7, 16) with the throttle position sensor; comparing the throttle position
command to the actual throttle position (Figures 2-5, 16, 26); and detecting the open circuit

condition based on the comparison (Figures 2-5, 16, 26).

39.  Claim 6 of the 128 patent recites a system for controlling an internal combustion

engine, the system including an engine controller and an electronically controlled throttle
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including a throttle control motor driven by a throttle control circuit, the system being configured
to: determine a throttle position command for the throttle control motor; apply the throttle
position command to the throttle control motor with the throttle control circuit; detect an open
circuit condition in the throttle control circuit; detect a closed circuit condition in the throttle
control circuit; after detection of the closed circuit condition, clip the throttle position command;
and apply the clipped throttle position command to the throttle control motor with the throttle

control circuit .

40.  On information and belief, the Accused Instrumentalities infringe at least claim 6
of the 128 patent. The Accused Instrumentalities comprise a system for controlling an internal
combustion engine, the system including an engine controller (Figures 2-5, 16, 26) and an
electronically controlled throttle including a throttle control motor driven by a throttle control
circuit (Figures 2-5, 16, 24, 26), the system being configured to: determine a throttle position
command for the throttle control motor (Figures 2-5, 16, 24, 26); apply the throttle position
command to the throttle control motor with the throttle control circuit (Figures 2-5, 16, 24, 26);
detect an open circuit condition in the throttle control circuit; detect a closed circuit condition in
the throttle control circuit (Figures 2-5, 16, 24, 26); after detection of the closed circuit
condition, clip the throttle position command; and apply the clipped throttle position command to

the throttle control motor with the throttle control circuit (Figures 2-5, 16, 24, 26).

41.  Claim 7 of the *128 patent recites the system of claim 6 wherein the electronically
controlled throttle further includes a throttle position sensor, and wherein detecting the open
circuit condition further comprises: determining an actual throttle position with the throttle
position sensor; comparing the throttle position command to the actual throttle position; and

detecting the open circuit condition based on the comparison.
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42.  On information and belief, the Accused Instrumentalities infringe at least claim 7
of the 128 patent. The Accused Instrumentalities comprise the system of claim 6 wherein the
electronically controlled throttle further includes a throttle position sensor (Figures 2-5), and
wherein detecting the open circuit condition further comprises: determining an actual throttle
position with the throttle position sensor (Figures 2-5, 16, 24, 26); comparing the throttle
position command to the actual throttle position; and detecting the open circuit condition based

on the comparison (Figures 2-5, 16, 24, 26).

43.  Claim 11 of the 128 patent recites an internal combustion engine, the engine
having an engine controller and an electronically controlled throttle including a throttle control
motor driven by a throttle control circuit, the engine being configured to: determine a throttle
position command for the throttle control motor; apply the throttle position command to the
throttle control motor with the throttle control circuit; detect an open circuit condition in the
throttle control circuit; detect a closed circuit condition in the throttle control circuit; after
detection of the closed circuit condition, clip the throttle position command; and apply the

clipped throttle position command to the throttle control motor with the throttle control circuit.

44, On information and belief, the Accused Instrumentalities infringe at least claim
11 of the *128 patent. The Accused Instrumentalities comprise an internal combustion engine
(Figure 1), the engine having an engine controller and an electronically controlled throttle
including a throttle control motor driven by a throttle control circuit (Figures 2-5, 16, 24-26), the
engine being configured to: determine a throttle position command for the throttle control motor
(Figures 2-5, 16, 24, 26); apply the throttle position command to the throttle control motor with
the throttle control circuit (Figures 2-5, 16, 24, 26); detect an open circuit condition in the

throttle control circuit (Figures 2-5, 16, 24, 26); detect a closed circuit condition in the throttle
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control circuit (Figures 2-5, 16, 24, 26); after detection of the closed circuit condition, clip the
throttle position command (Figures 2-5, 16, 24, 26); and apply the clipped throttle position

command to the throttle control motor with the throttle control circuit (Figures 2-5, 16, 24, 26).

45.  Claim 12 of the *128 patent recites the engine of claim 11 wherein the
electronically controlled throttle further includes a throttle position sensor, and wherein detecting
the open circuit condition further comprises: determining an actual throttle position with the
throttle position sensor; comparing the throttle position command to the actual throttle position;

and detecting the open circuit condition based on the comparison.

46.  On information and belief, the Accused Instrumentalities infringe at least claim 12
of the 128 patent. The Accused Instrumentalities comprise the engine as in claim 11 wherein
the electronically controlled throttle further includes a throttle position sensor (Figures 2-5, 16,
24-26), and wherein detecting the open circuit condition further comprises: determining an actual
throttle position with the throttle position sensor (Figures 2-5, 16, 24, 26); comparing the throttle
position command to the actual throttle position (Figures 2-5, 16, 24, 26); and detecting the open

circuit condition based on the comparison (Figures 2-5, 16, 24, 26).

‘SONATA(YFA) > 2012 > G 2.4 GDI > Engine > Engine Control > P0S38 Throttie Actuator Control Range/Performance (Bank 1) =)
DTC Description L —
PCM sets DTC P0638 if the PCM detects TPS adaptation value exceeds threshold value.
DTC Detecting Condition
Item | Detecting Condit | Possible Cause
otc Casol = TPS adaptation condition chack
Stratogy Case2 « ETC Limp Home position check

| Case3 = Lower mechanical stop adaptation voltage range check |
Enable Conditions = During TPS adaptation
Caset * TPS adaptation is requested but not possibie 1. Poor connection or damaged hamess
Threshos T-oF otween Thio —— ]
eshoid Case2 Difference between Throttle sensor vottage in kmphome and limphome setpoint > 0.3V 2. Faulty ETC Motor

Value O ™ -
[ 3 gssmncn between Throttie sensor voltage in lower mechanical stop position and lower mechanical stop position setpoint > I3 Faulty TPS

Clipped throttle position command

Diagnostic Time *1.2s0c

|~ Forced limited RPM mode : The PCM limits engine speed to 1500rpm
= Electrical check of the ETC system is prohibited

MIL On Condition |~ immediate

Limp-Home

A circuit which removes the peak of a waveform is known as a clipper. A clipper is designed to
prevent the output of a circuit from exceeding a predetermined voltage level.
https://www.allaboutcircuits.com/textbook/semiconductors/chpt-3/clipper-circuits/
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Clipping prohibits a surge in engine power which results from an Accelerator Position Sensor
(APS) signaling to the Throttle Position Sensor (TPS) through the Electronic Control Module
(ECM) that a sharp increase in power is needed. An open circuit condition, which may cause the
TPS to malfunction, may result in a driver applying more pressure to the accelerator pedal
thereby causing the APS to send a higher voltage signal through the Powertrain Control Module
(PCM). However, if there is a malfunction detected by the system, such as an open circuit
condition in one drive cycle, which is later followed by a closed circuit condition in a successive
drive cycle (not a malfunction), then the throttle command will be correlative with the APS
before the malfunction.

The throttle position command is limited or clipped (adaptation) prior to application to the
throttle control motor, resulting in smooth changing of the applied throttle position command.

@ Hyundai Service Website - Google Chrome - a X
8 Hyundai Motor America [US] | https://www.hyundaitechinfo.com/viewer/content_pop.aspx?content_no=DTC|ENG|2684|2011||en|98||&sitinfolist=14414...
SONATA(YFA) > 2011 > Engine > Engine Control > DTC Detecting Condition EE
DTC D.mno Condition Feedback
[ Item Detecting Condition Possible Cause
DTC Stralegy » Plausibility check between TPS51 and TPS2
* No engine stop and engine start
Enable Conditions « No TPS adaptation request
» No relevant failure
Threshold Value + An absolute value of TPS2 - TPS1 > 7.6% i AL
Diagnostic Time + 0.3 seconds 2. Poor connection or damaged harness
MIL On Condition 1T+ 1 Drive Cycle
+ Forced limited power mode - When the DTC is set, the PCM reduces engine torque by
Limp-Home 25% of normal value
« The PCM uses TPS2 signal to monitor the controlied opening angie of the throttle valve

Diagnostic Trouble Code (DTC) Strategy: Plausibility check between throttle position 1 and throttle position 2 in .3 seconds. If the Malfunction
Indicator Lamp (MIL) proceeds for more than 1 Drive Cycle, the vehicle enters “limp-home” mode wherein the vehicle operates in “forced limited
power mode” and the Powertrain Control Module (PCM) reduces or (clips) the engine torque by 25% of normal value. The PCM uses the throttle
position 2 signal to monitor the controlled opening angle of the throttle valve. The possible causes of the MIL could be faulty throttle position 1 or
poor connection, either of which could be due to an open circuit condition.

& Hyundai Service Website - Google Chrome - (] X

~1hea

@ Hyundai Motor America [US] | https://www.hyundaitechinfo.com/viewer/content_pop.aspx?content_no=DTC|ENG|2684|2011|len|98||&sitinfolist=14414...

SONATA(YFA) > 2011 > Engine > Engine Control > DTC Detecting Condition

DTC Detecting Condition Feedback

Item Detecting Condition Possible Cause
DTC Strategy * Plausibility check between TPS1 and TPS2
» No engine stop and engine start
Enable Conditions * No TPS adaptation request
+ No relevant failure
Threshold Value + An absolute value of TPS2 - TPS1 > 7.6% 1-Fauly TR
Diagnostic Time « 0.3 seconds 2. Poor connection or damaged harness
MIL On Condition « 1 Drive Cycle
* Forced limited power mode : When the DTC is set, the PCM reduces engine torque by
Limp-Home 25% of normal value

» The PCM uses TPS2 signal to monitor the controlled opening angle of the throttie valve

Diagnostic Trouble Code (DTC) Strategy: Plausibility check between throttle position 1 and throttle position 2 in .3 seconds. If the Malfunction
Indicator Lamp (MIL) proceeds for more than 1 Drive Cycle, the vehicle enters “limp-home” mode wherein the vehicle operates in “forced limited
power mode” and the Powertrain Control Module (PCM) reduces or (clips) the engine torque by 25% of normal value. The PCM uses the throttle
position 2 signal to monitor the controlled opening angle of the throttle valve. The possible causes of the MIL could be faulty throttle position 1 or
poor connection, either of which could be due to an open circuit condition.
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A closed circuit condition is indicative of a closed system that can transmit electrical current and
is not open. If the system were open, it could not transmit electrical current.

Figure 26
COUNT V — INFRINGEMENT OF U.S. PATENT NO. 6,581,565

47. The allegations set forth in the foregoing paragraphs 1 through 46 are
incorporated into this Fifth Claim for Relief.

48. On June 24, 2003, U.S. Patent No. 6,581,565 (“the *565 patent”), entitled “Engine
Torque Controller” was duly and legally issued by the United States Patent and Trademark
Office. A true and correct copy of the 565 patent is attached as Exhibit 5.

49. Plaintiff is the assignee and owner of the right, title and interest in and to the "565
patent, including the right to assert all causes of action arising under said patents and the right to
any remedies for infringement of them.

50. Upon information and belief, Defendant has directly infringed at least claims 1
and 7 of the ’565 patent by making, using, selling, importing and/or providing and causing to be
used the 2011-2017 Hyundai Sonata (2.0L), 2010-2017 Hyundai Genesis Coupe (2.0L), 2013-
2017 Hyundai Santa Fe (2.0L), 2011-2017 Hyundai Sonata (2.4L), 2010-2017 Hyundai Tucson
(2.4L), 2010-2017 Hyundai Santa Fe (2.4L) (the “Accused Instrumentalities™).

51. Upon information and belief, the Accused Instrumentalities incorporate the Theta
Il Engine which comprises a device for controlling a torque output of an engine.

52. In particular, claim 1 of the *565 patent recites a device for controlling a torque
output of an engine, the device comprising: a torque demand controller for generating a torque
demand signal; and a torque producer which receives the torque demand signal, the torque

producer includes: an estimator which receives as inputs a current spark angle signal, a current
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air/fuel ratio signal and an estimated air charge signal and outputs an 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 an input the difference signal and
outputs a filtered difference signal in which low frequency components are absent; and a
transient torque controller which receives as an input the filtered difference signal and outputs a

fuel adjustment signal and a spark adjustment signal.

53.  Oninformation and belief, the Accused Instrumentalities infringe at least claim 1
of the ’565 patent. The Accused Instrumentalities comprise a device for controlling (Figures 17-
18, 26) a torque output of an engine, the device comprising: a torque demand controller for
generating a torque demand signal (Figure 30); and a torque producer which receives the torque
demand signal (Figures 26 and 30), the torque producer includes: an estimator which receives as
inputs a current spark angle signal (Figures 31-32), a current air/fuel ratio signal and an
estimated air charge signal and outputs an estimated torque signal (Figure 33-35); a comparator
which receives as inputs the estimated torque signal and a desired torque signal and outputs a
difference signal (Figures 26, 30, 36); a high pass filter which receives as an input the difference
signal and outputs a filtered difference signal in which low frequency components are absent
(Figures 21, 26, 30, 36); and a transient torque controller which receives as an input the filtered
difference signal and outputs a fuel adjustment signal and a spark adjustment signal (Figures 21,

26, 30, 36).
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@& Hyundai Motor America [US] | https://www.hyundaitechinfo.com/viewer/content_pop.aspx?content_no=DTC|ENG|2684|2012||br|19]|&sitinfolist=414160+416(
SONATA(YFA) = 2012 > Brake > Electronic Stability Control > DTC Description l;

DTC Description Feedback

With the driver torgue demand and the lateral acceleration a driver braking demand is calculated. Unless the pump motor is opreating or there is a brake signal, The ofiset compensation is
E failure is detected if offset value exceeded +15 bar. I

Figure 27 — Note: Description of Torque Demand Calculation

ESC Operation Mode
1.STEP1

The ESC analyzes the mtention of the driver.

Pusition of steering wheel
+ Vehicle speed
+ Acceleration pedal

» ECU decides the intention of the driver.

2. STEP2
It analyzes the movement of the ESC vehicle.

Vehicie rotation speed e ECU decides movement of the ESP vehicle.
+ Operated power to the side

3.STEP3
The HECU calculates the required strategy. then actuates the appropriate valves and sents torque control
sts via CAN to maintain vehicle stability.
ratton Mode
1. ESC Non-operation-Normal braking.

Inlet Outlet Traction Control High pressure switch Retum
valve(IV) valve(OV) Valve(TCV) valve(HSV) pump
Normal
boiking Open Close Open Close OFF

P RAIV
N nn
Ly 1171

Y

®

Figure 28- Note: Explanation of Torque Control Calculation and Requests via the CAN
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Input and Output Diagram
Input ESC HECU Output
Active Whesl
speed sensor » » Hydraulic Jnit
(FL) -Intergrated with HECU
Active Wheal
speed sensor
(FR)
Active Wheel
» ESC Control
speed sensor 7
(AL) » Warning Lamp
(ABS, EBD, ESC)
Active Wheel
speed sensor
(RR)
ABS Control
Steering Wheel = Diagnosis
e =l
Angle sensor CAN-Line
Yaw-rate & Lateral TCS Control
Accelaration sensor = ESC OFF Lamp
Wheel speed
sensor output
Brake Light switch
~ ) CAN
ESC OFF switch » > PCM(ECMATCM)

Figure 29 -Note: Diagram of input from various sensors through ESC HECU via the CAN and
corresponding Output including TCS control

@ Hyundai Motor America [US] | https://www.hyundaitechinfo.com,/viewar/content_pop.aspx?content_no=DTC|ENG|2684]|2012||en|98]|&sitinfolist=1441420/ 14200

SONATA(YFA) = 2012 > Engine > Engine Conirol > General Description

General Description

he linear O2 sensor is mounted on the front side of the Catalytic Converter (warm-up catalytic converter) or in the front exhaust pifje. It detects a wide range of air/fuel ratios in the exhaust gas
rom the rich to lean regions. This linear O2 sensor produces a current that corresponds to a specific airfiuel ratio. The PCM monitd — " " _ "
rich or lean. The PCM constantly monitors the linear O2 sensor and increases or decreases the fuel injection duration using this signal. This is called closed-loop fuel confrol operation.

Figure 30- Note: Description of Oxygen Sensor which detects air/fuel ratio
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Fuel System > Engine Control System > Heated Oxygen Sensor (HO2S) > Description and Operation

Description

Heated Oxygen Sensor (HO2S) consists of zirconium and alumina and is installed both upstream and downstream
of the Manifold Catalytic Converter. The sensor output voltage varies in accordance with the air/fuel ratio.

The sensor must be hot in order to operate normally. To keep it hot. the sensor has a heater which 1s controlled by
the ECM via a duty cycle signal. When the exhaust gas temperature is lower than the specified value. the heater

warms the sensor tip.

Terminal

Emission Control System > Exhaust Emission Control System > Description and Operation
Description
Exhaust emissions (CO, HC. NOx) are controlled by a combination of engine modifications and the addition of

special control components.
Modifications to the combustion chamber. intake manifold. camshaft and ignition system form the basic control

system.
These items have been integrated into a highly effective system which controls exhaust 4nissims while maintaining
good drivability and fuel economy.
Air Fuel Mixnure Control System [Multiport Fuel Ijection (MET) System]
The MFI system uses signals from the heated oxygen sensor to activate and control the injector installed in the
manifold for each cylinder. thus precisely regulating the air fuel mixture ratio and reducing emissions.
This in tum allows the engine to produce exhaust gas of the proper composition to permit the use of a three way
catalyst. The three way catalyst is designed to convert the three pollutants [hydrocarbons (HC). carbon monoxide
(CO). and oxides of nitrogen (NOx)] into hanmless substances. There are two operating modes in the MFI system.

1. Open Loop air'fuel ratio is controlled by information pre-programmed into the ECM.

2. Closed Loop air/fuel ratio is constantly adjusted by the ECM based on information supplied by the oxygen sensor.

Figure 31 — Note: Diagram and description of Oxygen Sensor
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Brake System > ESC(Electronic Stability Control) System > Steering Angle Sensor > Description and

Operation

Description
The Steering Angle Sensor (SAS) is installed in EPS (Electric Power Steering) and it sends messages to HECU

through CAN communication line.

The SAS 15 used to determine tuming direction and speed of the steering wheel,

The HECU uses the signals from the SAS when performing ESP-related calenlations.
Components (Steering Angle Sensor, Torque Sensor,|Failsafe relay. etc.) of the EPS system are located inside the

steering column & EPS ut assembly and the steermg cohunn & EPS wut assembly must not be disassemble to

mnspect or replace them. (Refer to “ST (Steering system) Gr.™)
Figure 32 — Note: Description of Electronic Stability Control which uses signals from HECU to

assess Electronic Power Steering (EPS) related calculations. The EPS system components
include the torque sensor.
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2. Configuration of hardware and related terms
1) GST (Generic scan tool)

[TYPE (/1) CAN]
TCM AWD ABS/ESC Etc

- :
— . !

-
Termination Resistor

-H\12345§7's/

9 |10|11{12 13t1.4 15‘16

SCANNER

2) MIL (Malfunction indication lamp) - MIL activity by transistor

ECM MIL

Transistor —l—.[—l

. < < > >
Light ON Light OFF  Light ON

The Malfunction Indicator Lamp (MIL) is connected between ECM or PCM-terminal Malfunction Indicator Lamp
and battery supply (open collector amplifier).
In most cars. the MIL will be installed in the instrument panel. The lamp amplifier can not be damaged by a short
circuit.
Lamps with a power dissipation much greater than total dissipation of the MIL and lamp in the tester may cause a
fault mdication.

Atignition ON and engine revolution (RPM)< MIN. RPM. the MIL is switched ON for an optical check by the
dniver.
3) MIL ilhunination
When the ECM or PCM detects a malfunction related emission during the first driving cyele, the DTC and engine
data are stored in the freeze frame memory. The MIL is illuminated only when the ECM or PCM detects the same
malfunction related to the DTC in two consecutive dnving cycles.
4) MIL elimination
® Misfire and Fuel System Malfunctions:
For misfire or fuel system malfunctions. the MIL may be eliminated if the same fault does not reoccur during
monitoring m three subsequent sequential driving cycles in which conditions are similar to those under which the
malfunction was first detected.
« All Other Malfinctions:
For all other faults. the MIL may be extinguished after three subsequent sequential driving cycles dunng which the
monitoring system responsible for illuminating the MIL functions without detecting the malfunction and if no other
malfunction has been identified that would independently illuminate the MIL according to the requirements outlined

AN
_gg Emsmg a tault code

The diagnostic system may crase a fault code if the same fault is not re-registered n at least 40 engine wamm-up
cycles. and the MIL is not illuminated for that fault code.
6) Commumication Line (CAN)

+ Bus Topology : Line (bus) structure

* Wiring : Twisted pair wire

+ Off Board DLC Cable Length : Max. Sm

= Data Transfer Rate

- Diagnostic : 500 kbps

- Service Mode (Upgrade. Writing VIN) : 500 or 1Mbps)

Figure 33 — Note: Description of Malfunction Indicators and monitoring signals during drive
cycles, which are then compared to non-faulty operating conditions. In the event that the
comparison reveals that there is a fault in the system, indicated by the signal received from
various sensors, the MIL is activated.
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54.  Claim 7 of the *565 patent recites a method for controlling a torque output of an
engine, the method comprising: estimating a current torque signal from a received current spark
angle signal, a received current air/fuel ratio signal and a received estimated air charge signal;
comparing the estimated current torque signal with a desired torque signal to output a difference
signal; filtering out a plurality of low frequency components from the difference signal; and
controlling a fuel adjustment signal and a spark adjustment signal in dependence upon a filtered

difference signal.

55.  On information and belief, the Accused Instrumentalities infringe at least claim 7
of the ’565 patent. The Accused Instrumentalities practice a method for controlling (Figures 17-
18, 26) a torque output of an engine, the method comprising: estimating a current torque signal
from a received current spark angle signal, a received current air/fuel ratio signal and a received
estimated air charge signal; comparing the estimated current torque signal with a desired torque
signal to output a difference signal (Figures 26, 30-35); filtering out a plurality of low frequency
components from the difference signal; and controlling a fuel adjustment signal and a spark
adjustment signal in dependence upon a filtered difference signal (Figures 21, 26, 30, 36).

COUNT VI - INFRINGEMENT OF U.S. PATENT NO. 6,379,281

56.  The allegations set forth in the foregoing paragraphs 1 through 55 are
incorporated into this Sixth Claim for Relief.

57.  On April 30, 2002, U.S. Patent No. 6,379,281 (“the 281 patent™), entitled
“Engine Output Controller” was duly and legally issued by the United States Patent and

Trademark Office. A true and correct copy of the *281 patent is attached as Exhibit 6.
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58. Plaintiff is the assignee and owner of the right, title and interest in and to the *281
patent, including the right to assert all causes of action arising under said patents and the right to
any remedies for infringement of them.

59. Upon information and belief, Defendants have directly infringed at least claims 1,
7 and 10 of the 281 patent by making, using, selling, importing and/or providing and causing to
be used the 2011-2017 Hyundai Sonata (2.0L), 2010-2017 Hyundai Genesis Coupe (2.0L), 2013-
2017 Hyundai Santa Fe (2.0L), 2011-2017 Hyundai Sonata (2.4L), 2010-2017 Hyundai Tucson
(2.4L), 2010-2017 Hyundai Santa Fe (2.4L) (the “Accused Instrumentalities™).

60. Upon information and belief, the Accused Instrumentalities incorporate the Theta
I1 Engine which practices an engine output control method for a vehicle having a drive by wire
engine system.

61. In particular, claim 1 of the *281 patent recites an engine output control method
for a vehicle having a drive by wire engine system responsive to a desired engine torque signal,
the method comprising the steps of: generating a driver demanded acceleration value
corresponding to an operator input; generating a gear value as a function of a vehicle speed value
and said driver demanded acceleration value; deriving a driveline torque demand comprising an
inertial model torque value of said vehicle driveline corresponding to said driver demanded
acceleration and said gear value, and a dynamic transmission model torque value for said gear
value; deriving a demanded engine torque value from said driveline torque demand and a torque
converter model; and controlling said engine output as a function of said demanded engine

torque value.

62.  On information and belief, the Accused Instrumentalities infringe at least claim 1

of the "281 patent. The Accused Instrumentalities practice an engine output control method for a
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vehicle having a drive by wire engine system (Figures 17-21, 25-26, 36-37) responsive to a
desired engine torque signal (Figures 30-36), the method comprising the steps of: generating a
driver demanded acceleration value corresponding to an operator input (Figures 12-16);
generating a gear value as a function of a vehicle speed value and said driver demanded
acceleration value (Figure 38); deriving a driveline torque demand comprising an inertial model
torque value of said vehicle driveline corresponding to said driver demanded acceleration and
said gear value, and a dynamic transmission model torque value for said gear value (Figures 30,
37-38); deriving a demanded engine torque value from said driveline torque demand and a torque
converter model (Figures 4, 39); and controlling said engine output as a function of said

demanded engine torque value (Figures 40-41).
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Figure 34- CAN Communication (Drive by Wire system)
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Figure 35- Note: Vehicle speed sensor providing the vehicle speed value
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Automatic Transaxle System > Automatic Transaxle Control System > Transaxle Control Module

(TCM) > Description and Operation

Description
Transaxle Control Module (TCM) is the automatic transaxle’s brain. The module receives and processes signals
from various sensors and implements a wide range of transaxle controls to ensure optimal driving conditions for the

driver. TCM is programmed for optimal response to any on-road situation. In the event of a transaxle failure or
malfunction, TCM stores the fault information in memory so that the technician may reference the code and quickly

repair the transaxle.

Functions
» Monitors the vehicle's operating conditions to determine the optimal gear setting.

* Performs a gear change if the current gear setting differs from the identified optimal gear setting.
* Determunes the need for damper clutch (D/C) activation and engages the clutch accordingly.

Page 35 of 88

+ Calculates the optimal line pressure level by constantly monitoring the torque level and adjusts the pressure

» Diagnoses the automatic transaxle for faults and failures.

Controller (TCM)

Sensor System (ECU, ESP, etc.)

Control Candidate

Monitors the control candidate's
status and conveys the data to TCM

Monitors the control status

Flan
Candtdal_e I;_X Control and derives optimal control
(Automatic Transaxie) Actuator (Solenoid Valve) commands.

Manipulates the control candidate
based on signals received from
the controller.

Components (Steering Angle Sensor. Torque Sensor. Failsafe relay. etc.) of the EPS system are located inside the
steering column & EPS unit assembly and the steering column & EPS umit assembly must not be disassemble to

mspect or replace them. (Refer to ST (Steering system) Gr.”)
Figure 36 — Note: Description and Operation of Automatic Transaxle System including

monitoring and adjusting torque level
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Figure 37 - MFI Control System - CAN System controller diagram
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chster)
Cmuise control switches ON/OFF switch Switch for automatic speed control power supply.
Resume/Accel switch Controls automatic speed control finctions by
Set/Coast switch Resume/Accel switch (Set/Coast switch)
Cancel switches Cancel switch Sends cancel signals to ECM.
Brake pedal switch
Transaxle range switch
(AT)
ETS motor Fegulates the throttle valve to the set opening by ECA

Figure 38- Note: Components depicted are instrumental in regulating and sending sensor
signals over CAN

63.  Claim 7 of the *281 patent recites an engine output control method for a vehicle
having a drive by wire engine system responsive to a desired engine torque signal, the method
comprising the steps of: generating a driver demanded acceleration value corresponding to an

operator input; generating a gear value as a function of a vehicle speed value and said driver
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demanded acceleration value; deriving a driveline torque demand comprising the sum of a
feedforward torque value corresponding to said driver demanded acceleration value and said gear
value, and a feedback torque value corresponding to said driver demanded acceleration value,
said gear value, and a actual acceleration value; deriving a demanded engine torque value from
said driveline torque demand and a torque converter model; and controlling said engine output as

a function of said demanded engine torque value.

64.  On information and belief, the Accused Instrumentalities infringe at least claim 7
of the "281 patent. The Accused Instrumentalities practice an engine output control method for a
vehicle having a drive by wire engine system (Figures 17-21, 25-26, 36-37) responsive to a
desired engine torque signal (Figures 30-36), the method comprising the steps of: generating a
driver demanded acceleration value corresponding to an operator input (Figures 12-16);
generating a gear value as a function of a vehicle speed value and said driver demanded
acceleration value (Figure 38); deriving a driveline torque demand comprising the sum of a
feedforward torque value corresponding to said driver demanded acceleration value and said gear
value, and a feedback torque value corresponding to said driver demanded acceleration value,
said gear value, and a actual acceleration value (Figures 30, 37-38); deriving a demanded engine
torque value from said driveline torque demand and a torque converter model (Figures 4, 39);
and controlling said engine output as a function of said demanded engine torque value (Figures
40-41).

65.  Claim 10 of the *281 patent recites a powertrain control system for controlling the
operation of a drive by wire internal combustion engine comprising: a microprocessor and
associated memory including a model of the vehicle driveline dynamics and a torque converter

model, said microprocessor programmed to: generate a driver demanded acceleration value
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corresponding to an operator input; generate a gear value as a function of a vehicle speed value
and said driver demanded acceleration value; derive a driveline torque demand as a function of
said vehicle driveline dynamic model, said driver demanded acceleration value, and said gear
value; derive a demanded engine torque value from said driveline torque demand and a torque
converter model; and control said engine output as a function of said demanded engine torque
value.

66.  On information and belief, the Accused Instrumentalities infringe at least claim 10
of the "281 patent. The Accused Instrumentalities comprise a powertrain control system for
controlling the operation of a drive by wire internal combustion engine (Figures 17-21, 25-26,
36-37) comprising: a microprocessor (Figure 20) and associated memory including a model of
the vehicle driveline dynamics and a torque converter model (Figures 30, 37-38), said
microprocessor programmed to: generate a driver demanded acceleration value corresponding to
an operator (Figures 13-16, 31-32) input; generate a gear value as a function of a vehicle speed
value and said driver demanded acceleration value (Figures 30, 37-38); derive a driveline torque
demand as a function of said vehicle driveline dynamic model, said driver demanded
acceleration value, and said gear value (Figures 30, 37-38); derive a demanded engine torque
value from said driveline torque demand and a torque converter model (Figures 4, 39); and
control said engine output as a function of said demanded engine torque value (Figures 40-41).

COUNT VII - INFRINGEMENT OF U.S. PATENT NO. 6,763,804

67. The allegations set forth in the foregoing paragraphs 1 through 66 are incorporated
into this Seventh Claim for Relief.
68. On July 20, 2004, U.S. Patent No. 6,763,804 (“the *804 patent”), entitled

“Electronic Throttle Servo Overheat Protection System,” was duly and legally issued by the
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United States Patent and Trademark Office. A true and correct copy of the *804 patent is
attached as Exhibit 7.

69. Plaintiff is the assignee and owner of the right, title and interest in and to the *804
patent, including the right to assert all causes of action arising under said patents and the right to
any remedies for infringement of them.

70. Upon information and belief, Defendant has directly infringed at least claims 1
and 11 of the 804 patent by making, using, selling, importing and/or providing and causing to be
used the 2011-2017 Hyundai Sonata (2.0L), 2010-2017 Hyundai Genesis Coupe (2.0L), 2013-
2017 Hyundai Santa Fe (2.0L), 2011-2017 Hyundai Sonata (2.4L), 2010-2017 Hyundai Tucson
(2.4L), 2010-2017 Hyundai Santa Fe (2.4L) (the “Accused Instrumentalities™).

71. Upon information and belief, the Accused Instrumentalities incorporate the Theta
I1 Engine which practices a method for controlling a positioning device of an internal
combustion engine.

72. In particular, claim 1 of the 804 patent recites a method for controlling a
positioning device of an internal combustion engine, the method comprising the steps of:
providing an electric motor for actuating the positioning device; commanding the positioning
device to change to a commanded position; detecting a control effort required to change to said
commanded position; determining whether said control effort exceeds a threshold for a
predetermined time period; and reducing said control effort when said control effort exceeds said
threshold for said predetermined time period; wherein commanding the positioning device to
change to said commanded position comprises at least one of commanding the positioning
device to open to a hold open mode and commanding the positioning device to close to a hold

close mode.
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73.  Oninformation and belief, the Accused Instrumentalities infringe at least claim 1
of the 804 patent. The Accused Instrumentalities practice a method for controlling a positioning
device of an internal combustion engine (Figure 39), the method comprising the steps of:
providing an electric motor for actuating the positioning device (Figure 39); commanding the
positioning device to change to a commanded position (Figure 40); detecting a control effort
required to change to said commanded position (Figure 40); determining whether said control
effort exceeds a threshold for a predetermined time period (Figure 40); and reducing said
control effort when said control effort exceeds said threshold for said predetermined time period
(Figure 40); wherein commanding the positioning device to change to said commanded position
comprises at least one of commanding the positioning device to open to a hold open mode and

commanding the positioning device to close to a hold close mode (Figure 40).
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Note: Figures comprising Engine Control Module (ECM); Manifold Absolute Pressure Sensor
(MAPS); Accelerator Position Sensor (APS); Data Link Connector and Multi-purpose check
connector - all components combined are operative in commanding the positioning device,
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detecting the control effort required to change to commanded position, and determining the
control effort required in comparison to the required threshold.

2. Configuration of hardware and related terms
1) GST (Generic scan tool)

[TYPE { Il) CAN]
TCM AWD ABS/ESC Etc

4
K]

ECM/PCM

.
-

* w8

i

- . - »-
t Termination Resistor

9 {10|11(12{13 14 15|16

-“\123458313/

SCANNER

Motor Operation Signal

ECM
f )
Power
Supply TPS1

ETC Module

F
[ Throttle \ Throttle Positionf
3G Mt \ Valve / Sensor (TPS)
Gear Housing

A positioning device the Electronic Throttle Control (ETC) (electric motor) actuates the
positioning device (gear housing).
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The Controller Area Network (CAN) with microprocessors Engine Control Module (ECM) and
Powertrain Control Module (PCM) control a positioning device (gear housing) which is

connected (the Electronic Throttle Control (ETC) motor and controls the throttle valve of an
internal combustion engine (Theta I1).

Figure 39
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Fuel System = Engine Control Svstem > ETC (Electronic Throttle Control) System = Troubleshooting

Fail-Safe Mode
Ttem Fail-Safe
ETC Motor Throule valve smck at 3°

TPs 1 fault | ECM looks at TPS2
TPS | TPS2fauk | ECM looks at TPS1
TPS 1.2 fault | Throttle valve stuck at 5°
APS 1 fault | ECM looks at APS 2
APS APS 2 fault | ECM looks at APS 1
APS 1.2 fault| Throttle valve smck at 5°

Fuel System > Engine Control System > ETC (Electronic Throttle Control) System > Description and
Operation

The Electronic Throttle Control (ETC) System consists of a throttle body with an mtegrated control motor and
throttle position sensor (TPS). Instead of the traditional throttle cable, an Accelerator Posion Sensor (APS) 15 used
to receive driver mput. The ECM uses the APS signal to calculate the target throtile angle; the position of the throttle
15 then adjusted via ECM control of the ETC motor. The TPS signal 1s used to provide feedback regarding throttle
position to the ECM. Using ETC, precise control over throttle position 1s possible; the need for extemal cruise
control modules/cables 1s elnunated.
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ETC Motor
Throttie Y Gear (Idier)
Throttle Position Sensor (TPS)

The positioning device (gear housing) is controlled by the ETC motor which is commanded by
the ECM, to change to commanded position (based on the driver demand commanded from the

Accelerator Position Sensor (APS)).
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SOMATA(YFA) > 2012 > G 24 GDI > Engine > Engine Control > POS38 Throttle Actuator Control Range/Performance (Bank 1) E]
General Description Feedback i

The Elecironic Throlie ControETC) system”s companents are the throttle body, Theoitie Position Sensor(TPS)182 and Acceleraior Position Sensor{APS) 182, The theotthe body contains the acteator, thy plate and the theottle position sensor
{potentiometer), which are integrated in one housing. The actuater consists of a DC molor with a two-stage gear. The opening angle of the throttie valve is detacted by the throttie position sensor which is maunted on the theottie body. And it provides feedback to the
| PCM to control the throttie motor in crder b control the throitle vaive opening angls propery in response o the driving conditon.

Control effort corresponds to the amount of motor torque (ETC Motor) to change the position of
the throttle valve. The commanded position is determined by the ECM based on information
from the APS derived from driver demand.

SONATA(YFA) > 2012 > G 2.4 GDI > Engine > Engine Control > P2118 Throttie Actuator Control Throttie Body Range/Performance
DTC Description [ —

PCM sets DTC P2118 if the PCM detects TPS adaptation procedure is abnormal

DTC Detecting Condition

itom Detecting Condition Possible Cause
Caso1 * TPS adaptation Lower position check
Case2 + TPS adaptation efror low rotum spring check
(+) 1] Case3 = TPS adaptation upper position check
Strategy Cased + TPS adaptation emor upper retumn spring check
Case5 * TPS start check emor in spring check
Caseb * TPS start check error in imp-home-check
+ During TPS adaptation
Coant + TPS setpoint = 11.9%
Case2 4 * During TPS adaptation
Enatia Case3 T TR eighatn
* During TPS start check
ot - TPS setpoint = 24.2%
+ During TPS stari check
Caset < Fio angin skt condlia 1. Poor connection or damaged hamess
Coset ~THoo poSon Tor 1o owar TG SpANG CHock s ROt FOaChod Wi 8 W maximum Tme(DTerence between Tome ] - | "o E1C mater
position and setpoint > 0.48%")
Case2 * When ETC power stage is off, Throttie can not return by spring power in the imp-home position within a imit maximum
time{Difference between Throttle position and adapled voitage in limphoma position > 0.18 V)
Threshold Coeny ‘wm‘msm mp:::m]mmgmaw w8 Sl meimur Bimey Thresholds for
Value Cased « When ETC power stage is off, Throttie cannot return by spring power in tha limp-home position within a_imit maximum predetermined
_lime(Difference between Throttie position and adapted voitage in limphomae position > 0.18 V) time periods
CaseS * Throttie flap cannot reach the setpoint within the within a mit A between throttle postion
and requested position > 0.48%) =
Casob * When ETC power stage is off, Throttle cannot retum by spring power in the limp-home position within 8 limal maximum
wm:_mwmmmmwmmwmnmm,mm
Diagnostic Time = 0.8~1.2 Seconds
Limp-Home » Forced limited RPM mode : Tha PCM limits engine speed to 1500mpm
* Electrical check of the ETC system is prohibited
MIL On Condition « immediate

As shown above, threshold values cases 1 — 6 demonstrate a determination being made by the
PCM regarding whether a control effort exceeds a threshold for a predetermined time period.
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SONATA(YFA) > 2012 > G 2.4 GDI > Engine > Engine Control > P2119 Throttle Actuator Control Throttie Body Range/Performance @

DTC Description

Feedback

PCM sets DTC P2119 if the PCM detects TPS adaptation procedure is abnormal.
DTC Detecting Condition

Detecting Condition Possible Cause

Control effort is provided by the ETC motor based

on the signal sent by the PCM. The PCM signal is

derived from the APS based on driver demanded
acceleration input. The throttle vale is actuated
by the ETC motor, sending a TPS to the PCM/ECM.
The Case 1 lower position check shows a threshold
valve. The ETC motor will attempt to close the
throttle valve further with feedback from the TPS,
the TPS does not lower with the increased closing
force, then the closing force will reduce (i.e. limp

home mode),

Case1 + TPS adaptation Lower position check
Case2 = TPS adaptation error low retumn spring check
oTC Tased ~TPS 8A0pLabon Uppor positon CHock
Stratogy Tasod g SITOr Upper
Case5 = TPS stant check eror in spring check
Caseb = TPS stant check ofmor in imp-home-check
» During TPS adaptation
el -?;;:wmnﬂ,w
Case2.4 = During TPS
* During TPS tion
Enadle Case3 s e
* During TPS start check
s + TPS setpoint = 24.2%
~ During TPS stant check
Cosst « No engine start condition
Case1 -Mwmhwmmmmum@wmnalmnmmwﬁmmm
position and setpoint > 0.48%")
Case2 « Whan ETC power stage s off, Throttie can not return by spring power in the limp-home position within a limit maximum
time(Difference between Throttle position and adapted voltage in limphome position > 0.18 V)
Case3 = Throttie position for the upper retum spring check is not reached within a limit maximum time(Difference between throttie
Threshoid position and setpoint > 0.48%) -
Valve el -wn«ac»mmuwmmwmrmmwmmmm POSiton within a_imit maximum
_time{Difference between Throttie position and adapted voitage in limphome position > 0.18 V)
Cases -mmmlmmmmqmnmwmammnummwmmmw
and requested positon > 0.48%)
Caseb -WMnETCWMuoﬂ'mmbmndwnbywwm«hmwhmnmmﬂmghnnmﬂﬂ
time{Difference between Throttie position and adapted voitage in limphome position > 0.18V)
Diagnostic Time « 0.8~1.2 Seconds
Limp-Home = Forced limited RPM mode : The PCM limits engine speed to 1500rpm
« Electrical check of the ETC system is prohibited
MIL On Condition * Immediate

1. Poor connection or damaged hamess
2. Faulty ETC motor

Predetermined time period

Control effort is provided by the ETC motor based on the signal sent by the PCM. The PCM
signal is derived from the APS based on driver demanded acceleration input. The throttle vale is
actuated by the ETC motor, sending a TPS to the PCM/ECM. The Case 1 lower position check
shows a threshold valve. The ETC motor will attempt to close the throttle valve further with

feedback from the TPS, the TPS does not lower with the increased closing force, then the closing

force will reduce (i.e. limp home mode).

SONATA[YFA) > 2012 > G 2.4 GDI > Engine > Engine Control > P2119 Throttle Actuator Control Throttie Body Range/Performance

DTC Description
PCM sats DTC P2110 if the PCM detects TPS adaptation procedure is abnormal.

Feedback

DTC Detecting Condition

o1C
Strategy

T

Case2

Possible Cause

* TPS tion Lower position check

= TPS acaptation eror low retum spring check

Tased

Tosot

g Tr'mwm UPper positon check
4 o1t Uppor sping

closed mode

CasoS

-Tﬂmﬂmmhmm

+ TPS star check orror in Emp-home-check

Enable

+ During TPS adaptation
* TPS setpoint = 11.9%

*+ During TPS

* During TPS adaptation
* TPS setpoint = 20%

* During TPS start check
* TPS setpoint = 24.2%

* Throttie position for the lower retum spring check is not reached within a limit maximum tme(Difference botween throttie
position and selpoint > 0.48%")

2. Faulty ETC motor

-WhonETCpawuuqcudl Throttie can not retumn by spring power in the Emp-home position within a limit maximum
timo(Difference between Throtie position and adapled voltage in imphomae position > 0.18 V)

+ Throttle position for the upper retum spring check is not reached within a limit maximum time(Difference between throttie
position and setpoint > 0.48%)

-wnanEchaw-rnngeuul Thiottle cannol retum by spring power in the limp-home position within a kmit maximum
time(Differonce between Throttie position and adapted voltage in limphome position > 0.18 V)

+ Throttle flap cannot reach the setpoint within the within a lmit . betwoen throttie position
and requested position > 0.48%)

SO

« When ETC power stage is off, mhmmmwmmnmw pOSition within a fimit maximum
Difference between Throttie position and adapted voitage in imphome position > 0.18V)

* 0.8~1.2 Seconds

+ Forced limited RPM mode : The PCM fimits engine speed to 1500rpm
+ Electrical check of the ETC system is prohibited

* Immediate

Upper position check is the hold open
mode; lower position check is the hold

1. Poor connection or damaged hamess
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As shown above, the positioning device (ETC motor) is commanded (by PCM/ECM) to change
to a commanded position (upper position or lower position) comprising at least one of the
commands to the positioning device to open to a hold open mode (upper position) and one of the
commands to the positioning device to close to a hold close mode (lower position check).

Figure 40

74. Claim 11 of the 804 patent recites a system for controlling a positioning device
of an internal combustion engine to prevent overheat conditions, the system comprising: an
electric motor for actuating the positioning device with a control effort; a control effort detector
coupled to said electric motor and intended to detect said control effort; and a controller coupled
to said electric motor and said control effort detector, said controller including control logic
operative to command the positioning device to change to a commanded position, detect a
control effort required to change to said commanded position, determine whether said control
effort exceeds a threshold for a predetermined time period, and reduce said control effort when
said control effort exceeds said threshold for said predetermined time period; wherein said
controller further includes control logic operative to command the positioning device to close to
said commanded position in a hold close mode.

75. On information and belief, the Accused Instrumentalities infringe claim 11 of the
’804 patent. The Accused Instrumentalities comprise a system for controlling a positioning
device of an internal combustion engine to prevent overheat conditions (Figure 39), the system
comprising: an electric motor for actuating the positioning device with a control effort (Figure
39); a control effort detector coupled to said electric motor and intended to detect said control
effort (Figure 40); and a controller coupled to said electric motor and said control effort detector,
said controller including control logic operative to command the positioning device to change to
a commanded position, detect a control effort required to change to said commanded position,

determine whether said control effort exceeds a threshold for a predetermined time period, and
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reduce said control effort when said control effort exceeds said threshold for said predetermined
time period (Figure 40); wherein said controller further includes control logic operative to
command the positioning device to close to said commanded position in a hold close mode
(Figure 40).

COUNT VI - INFRINGEMENT OF U.S. PATENT NO. 6,347,680

76. The allegations set forth in the foregoing paragraphs 1 through 75 are incorporated
into this Eighth Claim for Relief.

77. On February 19, 2001, U.S. Patent No. 6,347,680 (“the 680 patent”), entitled
“Engine Output Controller,” was duly and legally issued by the United States Patent and
Trademark Office. A true and correct copy of the *680 patent is attached as Exhibit 8.

78. Plaintiff is the assignee and owner of the right, title and interest in and to the "680
patent, including the right to assert all causes of action arising under said patents and the right to
any remedies for infringement of them.

79. Upon information and belief, Defendants have directly infringed at least claims 1,
8 and 13 of the 680 patent by making, using, selling, importing and/or providing and causing to
be used the 2011-2017 Hyundai Sonata (2.0L), 2010-2017 Hyundai Genesis Coupe (2.0L), 2013-
2017 Hyundai Santa Fe (2.0L), 2011-2017 Hyundai Sonata (2.4L), 2010-2017 Hyundai Tucson
(2.4L), 2010-2017 Hyundai Santa Fe (2.4L) (the “Accused Instrumentalities™).

80. Upon information and belief, the Accused Instrumentalities incorporate the Theta
I1 Engine which practices an engine output control method for a vehicle having a drive by wire
engine system.

81. In particular, claim 1 of the *680 patent recites an engine output control method
for a vehicle having a drive by wire engine system responsive to a desired engine speed signal,

the method comprising the steps of: generating a driver demanded engine speed value
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corresponding to an operator input; generating a speed control system engine speed value
corresponding to a predetermined speed value to permit vehicle operation at a constant speed by
a speed control system; arbitrating between said driver demanded engine speed value and said
speed control system engine speed value to derive a first desired engine speed value; limiting
said first desired engine speed value by a vehicle speed limit value, engine speed limit value, and
transmission speed limit value to generate a second desired engine speed value; and controlling
said engine output as a function of said second desired engine speed value and an actual engine
speed value.

82.  On information and belief, the Accused Instrumentalities infringe at least claim 1
of the 680 patent. The Accused Instrumentalities practice an engine output control method for a
vehicle having a drive by wire engine system responsive (Figures 17-20) to a desired engine
speed signal (Figures 17-20, 40-41, 50-52), the method comprising the steps of: generating a
driver demanded engine speed value corresponding to an operator input (Figures 12-13, 20, 47-
49); generating a speed control system engine speed value corresponding to a predetermined
speed value to permit vehicle operation at a constant speed by a speed control system (Figures
41-43); arbitrating between said driver demanded engine speed value and said speed control
system engine speed value to derive a first desired engine speed value (Figures 12-13, 20, 41-43,
47-49); limiting said first desired engine speed value by a vehicle speed limit value, engine speed
limit value, and transmission speed limit value to generate a second desired engine speed value
(Figures 43, 45-46, 47-49); and controlling said engine output as a function of said second

desired engine speed value and an actual engine speed value (Figures 43-46, 47-48).
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SONATA(YFA) = 2012 > Engine > Engine Control > Description

Description Feedback

Manifold Absolute Pressure Sensor (MAPS) is a speed-density type sensor and is installed on the surge tank. It senses absolute pressure of the surge tank and transfers the analog signal
proportional to the pressure to the ECM. By using this signal, the ECM calculates the intake air quantity and engine speed.

[The MAPS consists of a piezo-electric element and a hybrid |C amplifying the element output signal. The element is silicon diaphragm type and adapts pressure sensitive variable resistor effect

of semi-conductor. Because 100% vacuum and the manifold pressure apply to both sides of the sensor respectively, this sensor can output analog signal by using the silicon variation
proportional to pressure change.

Figure 41 — Note: Description of the Manifold Absolute Pressure Sensor (MAPS) which senses

the absolute pressure of the surge tank and transfers the signal proportion to the pressure to the
ECM, which calculates the engine speed.

Component Parts And Function Outline

Component part Function
Vehicle speed sensor Converts vehicle speed to pulse.
ECM Recetves signals from sensor and control switches.
Cruise control indicator Tluminate when CRUISE main switch is ON (Built into

cluster)

Cruise control switches ON/OFF switch Switch for automatic speed control power supply.

Resume/Aceel switch Controls automatic speed control functions by

Set/Coast switeh Resume/Accel switch (Set/Coast switch)
Cancel switches Caneel switch Sends cancel signals to ECM.
Brake pedal switch

Transaxle range switch

(AT

ETS motor

Regulates the throttle valve to the set opening by ECM.

*ETS : Electronic Throttle System

Figure 42- Components of the Electronic Throttle System (ETS) including the vehicle speed
sensor
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@ Hyundai Motor America [US] | https://www.hyundaitechinfo.com/viewer/content_pop.aspx?content_no=DTC|ENG|2684|2012||en|98]|&sitinfolist=14 /1420414201
SONATA(YFA) = 2012 > Engine > Engine Control > DTC Description

DTC Description Feedback

he PCM evaluates engine speed and mass air flow if there is no vehicle spesd signal. This evaluation of both values will detect open circuit or short circuit errors on the wheel speed sensor.
he PCM sets DTC P2158 if there is no vehicle speed signal from wheel speed sensor while both engine speed and mass air flow are higher than predetermined thresheld during the
predetermined time.

& Hyundai Motor America [US] | https://www.hyundaitechinfo.com/viewer/content_pop.aspx?content_no=DTC|ENG|2684]2012||en|98]|&sitinfolist=1441420/14202
SONATA(YFA) > 2012 > Engine > Engine Control > DTC Detecting Condition

DTC Detecting Condition
Item Detecting Condition Possible Cause
DTC Strategy + Monitoring deviation between target idle speed and actual engine speed

+ Coolant temp. =73°C{163°F)
+ Engine idle statusiclosed throttle valve & vehicle speed=0)

+ |dle speed controller active(idle status) 1. A stuck or binding throttle body

Enable Conditions

+ 11= Battery voltage <16 2. Airleakage
+ After engine start =20 Seconds 3. Poor connection or damaged harness
+ Mo relevant failure 4. Faully ETC

Threshold Value + Engine Speed - Nominal ldle Speed = 200rpm

Diagnostic Time + 21 Seconds

Mil On Condition .-

Figure 43 - DTC Description

MF| Cortral Systemn | G4kH : THETAN 20L T-GD1 T 5031318

4 3| CHTE1

ETC MOTOR & THROTTLE POSITION SENSOR

27 [Ena Sen Starting Sysiem
T 'S

3B

0.5W | 05RO |DLEPE

L L E L L T I .-

Q0.BSB o.BEP

GHTE

Figure 44- Note: Control System including vehicle speed sensor input
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SONATA(YFA) = 2012 > Engine > Engine Control > Fail-Safe Mode

Fail-Safe Mode

Item Fail-Safe
ETC Motor Throttle valve stuck at 5°
TPS 1 fault ECM looks at TPS2
TPS TPS 2 fault ECM looks at TPS1
TPS 1,2 fault Throtile valve stuck at 5°
APS 1 fault ECM looks at APS 2
APS APS 2 fault ECM looks at APS 1
APS 1,2 fault Throtile valve stuck at 5°

NOTICE

When throttle value is stuck at 5°, engine speed is limited at below 1,500rpm and vehicle speed at maximum 40 ~ 50 km/h (25 ~ 31 mph)

Figure 45 — Note: Description of ETC fail safe mode limiting vehicle, engine, and transmission
speed values

SONATA(YFA) > 2012 > Brake > Electronic Stability Control > DTC Detecting Condition

DTC Detecting Condition Feedback

Item Detecting Condition Possible Cause
DTC Strategy + Signal monitoring

Monitoring * The monitoring is active from 10 km/h to 80km/h and if no ABS-conirol is active at a front

Period wheel and a rear wheel.
Casel Enable « Every time, if a gap in the wheel speed sensor signal occurs cyclically with one wheel

Conditi rotation, a fault counter is increased by one. If the fault counter exceeds its limit of 10, a
onditions wheel specific fault is stored in the EEPROM.

Monitoring

+ Continuous
Period

« |f following interference and signal disturbance is detected, a failure is set after 10s.
Casez2 - non-plausible high frequency received.

Enable
Conditions - non-plausible high wheel acceleration.
- non-plausible high wheel jurk.
- non-plausible defta T and edges at low speed.
* Continuous ( If vehicle speed = 12 m/s (43,2 km/h ) )
Monitoring - but this monitoring is disabled in the following event
Period 1. aguaplaning.
Cased 2. interference. . .
P 3. supply voltage below 7.1 or above 18 Volts. 1. Improper installation of wheel speed sensor
manitoring) + Mo wheel speed signals within 10 ms to 20 ms at a vehicle speed = 12 m/s (43,2 km/n ). | 2. Abnormal Rotor and wheel bearing
Enable - If the dynamic sensor monitor resconses, the failures will e stored into failure memory |3, Faulty Wheel speed sensor(FL)
- immediately after a waiting period of G0ms.
Conditions 4. Exteral noise

- If occurs low voltage active sensors during the waiting period of 60 ms no failure is stored
inthe EEPROM.

Sensor failure outside of the AES control cycle

1. 1~2 wheel failure

- Only the ABS/ESC functions are inhibited.

- The ABS/ESC warning lamps are activated and the EED warning lamp is not aclivated.
2. More than 3 wheels failure

- The ABS/EBDVESC functions are inhibited.

- The ABS/EBEDFESC warning lamps are activated.

Sensor failure inside the ABS control cycle

1. 1~2 wheel failure

- The ABS/ESC functions are inhibited after end of confrol.

- The ABS/ESC warning lamps are activated and the EBD warning lamp is not acfivated.
2. More than 3 wheels failure

- The ABS/EEDVESC functions are inhibited.

- The ABS/EBDVESC warning lamps are activated.

# Control of the corresponding wheel is no lomger possible. If a sensor fault occurs on a
front wheel, pressure is increased; on a rear wheel, pressure is decreased.

Figure 46 — Note: Description of DTC (traction control) monitoring vehicle, engine, and
transmission speed values and communicated through drive by wire system

Fail-Safe
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83.  Claim 8 of the "680 patent recites an engine output control method for a vehicle
having a drive by wire engine system responsive to a desired engine speed signal, the method
comprising the steps of: generating a driver demanded vehicle speed value corresponding to an
operator input; generating a speed control system value corresponding to a predetermined speed
value to permit vehicle operation at a constant speed by a speed control system; arbitrating
between said driver demanded vehicle speed value, said speed control system value, and a
vehicle speed limit value to derive a first desired vehicle speed value; converting said first
desired vehicle speed value to a first desired engine speed value; limiting said first desired
engine speed value by an engine speed limit value, and transmission speed limit value to
generate a second desired engine speed value; and controlling said engine output as a function of
said second desired engine speed value and an actual engine speed value.

84.  On information and belief, the Accused Instrumentalities infringe at least claim 8
of the 680 patent. The Accused Instrumentalities practice an engine output control method for a
vehicle having a drive by wire engine system (Figures 17-20) responsive to a desired engine
speed signal (Figures 17-20, 40-41), the method comprising the steps of: generating a driver
demanded vehicle speed value corresponding to an operator input (Figures 12-13, 20, 47);
generating a speed control system value corresponding to a predetermined speed value to permit
vehicle operation at a constant speed by a speed control system (Figures 41-43, 47-49);
arbitrating between said driver demanded vehicle speed value, said speed control system value,
and a vehicle speed limit value to derive a first desired vehicle speed value (Figures 41-43, 47-
49); converting said first desired vehicle speed value to a first desired engine speed value
(Figures 41-43, 47-49); limiting said first desired engine speed value by an engine speed limit

value, and transmission speed limit value to generate a second desired engine speed value
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(Figures 41-43, 47-49); and controlling said engine output as a function of said second desired

engine speed value and an actual engine speed value (Figures 41-43, 47-49).

[ 1. Input speed sensor_J | 5. Valve body assembly

2. Qutput speed sensor | 6. Solenoid valve
3. Solenoid valve 7. Inhibitor switch

connect

4. Oil temperature

Figure 47 - Input speed sensor
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Engine Electrical System = Cruise Control System = Description and Operation

Cnuise Confrol
The cimse control system 1s engaged by the cnuse "OMN/OFF" mam switch located on right of steerme wheel
colmmm. The system has the capabality to enuse, coast, aceelerate and resume speed.

It also has a safety mternupt. engaged upon depressing brake or shifting select lever.
The ECM is the control module for this system. The main components of cnise control system are mode control

Page 40 of 34
switches, ransmission range switch, brake switch, vehicle speed sensor, ECM and ETS motor that connect throttle
body.

The ECM contams a low speed limit which will prevent system engagement below a mmmmm speed of 40kmh
(25mph).

The operation of the controller is controlled by mode control switches located on steering wheel.

Transmission range switch and brake switch are provided to disengage the enise confrol system. The switches are
on brake pedal bracket and transmission. When the brake pedal is depressed or select lever shifted the cruise
control system 15 electrically disengaged and the throttle is retumed fo the i1dle positon.

Cruise main switch (ON/OFE)

The crnse control system 15 engaged by pressing the cnuse "ON/OFF mam switch. Pressing the cnuse "ON/OFE”
main switch again releases throttle, clears cruise memory speed. and puts velicle in a non-cnuise mode.

Set/Coast switch (SET/-)

The "SET~" switch located on nght of steerme wheel cohmmn has two fimetions.

The set fimction - Push the "SET/-" switch and release it at the desired speed. The SET mdicator Light m the
mstrument cluster will ilhmmimate. Felease the accelerator pedal. The desired speed will automatically be mamtaimed
The coast fimetion - Push the "SET/~" switch and hold it when the enoise confrol is on. The vehicle will gradually
slow down. Felease the switch at the desired speed. The desired speed will be mamtained.

Push the "SET/~" switch and release it quickly. The crusing speed will decrease by 1.6km/h (1. (mph).
Resume/Accel switch (RESH+)

The "BESH" switch located on night of steering wheel colunm has two fimctions.

The resume fimetion - If any method other than the cnuise “ON/OFF ™ main switch was used to cancel cnusing speed
temporanly and the system 1s still activated, the most recent set speed will anfomatically resume when the "RES4"
switch is pushed. It will not resume, however, if the vehicle speed has dropped below approximately 40km'h
(25mph).

The accel fimetion - Push the "EES/+" switch and hold it when the enuse control 13 on. The vehicle will gradually
accelerate. Release the switch at the desired speed. The desired speed will be mamntamed.

Push the "RES/~+" switch and release it quickly. The crsimg speed will increase by 1.6kanvh (1. Omoplr).

Cancel switch (CANCEL)

The cnuise control system is temporanly disenzaged by pushing the "CANCEL" switch.

Cruise speed canceled by this switch can be recovered by pushing the "BESA" switch.

Figure 48 — Note: Cruise control system description and operation; cruise control system
includes transmission, brake, vehicle, and throttle position sensors
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Cruise control switches
Cruise | |Resume Sel/
main [Accel Coast
Throtile switch switch switch
valve
ETS J— Cancel switch
motor
ECM Brake pedal Cancel
switch
Cruise control switches
indicator
Transaxle range
switch A/T)
Vehicle
speed
sensar
Component Parts And Function Outline
Component part Function
Vehicle speed sensor Converts vehicle speed fo pulse.
ECM Recerves signals from sensor and control switches.
Cruise control indicator Tlumimate when CRUISE mam switch 15 ON (Bult into
cluster)
Cruise control switches ON/OFF switch Switch for automatic speed control power supply.
Resume/Accel switch Controls automatic speed control functions by
Set/Coast switch Resume/Accel switch (Set/Coast switch)
Cancel switches Cancel switch Sends cancel signals to ECM.
Brake pedal switch
Transaxle range switch
(AT)
ETS motor Regulates the throttle valve to the set opening by ECM.

Figure 49- Cruise control system diagram

85.  Claim 13 of the *680 patent recites an engine output control method for a vehicle
having a drive by wire engine system responsive to a desired engine acceleration signal, the
method comprising the steps of: generating a driver demanded engine acceleration value

corresponding to an operator input; generating a speed control system engine acceleration value
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corresponding to a predetermined speed value to permit vehicle operation at a constant speed by
a speed control system; arbitrating between said driver demanded engine acceleration value and
said speed control system engine acceleration value to derive a first desired engine acceleration
value; limiting said first desired engine acceleration value by a vehicle speed limit value, engine
speed limit value, transmission speed limit value, and traction control value to generate a second
desired engine acceleration value; and controlling said engine output as a function of said second
desired engine acceleration value and an actual engine acceleration value.

86.  On information and belief, the Accused Instrumentalities infringe claim 13 of the
’680 patent. The Accused Instrumentalities practice an engine output control method for a
vehicle having a drive by wire engine system (Figures 17-20) responsive to a desired engine
acceleration signal (Figures 12-13, 20, 50-52), the method comprising the steps of: generating a
driver demanded engine acceleration value corresponding to an operator input (Figures 12-13,
20, 47-49); generating a speed control system engine acceleration value corresponding to a
predetermined speed value to permit vehicle operation at a constant speed by a speed control
system (Figures 41-43, 47-49); arbitrating between said driver demanded engine acceleration
value and said speed control system engine acceleration value to derive a first desired engine
acceleration value (Figures 41-49); limiting said first desired engine acceleration value by a
vehicle speed limit value, engine speed limit value, transmission speed limit value, and traction
control value to generate a second desired engine acceleration value (Figures 41-49; and
controlling said engine output as a function of said second desired engine acceleration value and
an actual engine acceleration value (Figures 17-20, 41-49).

COUNT IX - INFRINGEMENT OF U.S. PATENT NO. 6,561,166

87. The allegations set forth in the foregoing paragraphs 1 through 86 are

incorporated into this Ninth Claim for Relief.
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88.  On May 13, 2003, U.S. Patent No. 6,561,166 (“the 166 patent”), entitled “Purge
Fuel Canister Measurement Method and System,” was duly and legally issued by the United
States Patent and Trademark Office. A true and correct copy of the *166 patent is attached as
Exhibit 9.

89. Plaintiff is the assignee and owner of the right, title and interest in and to the *166
patent, including the right to assert all causes of action arising under said patents and the right to
any remedies for infringement of them.

90. Upon information and belief, Defendants have directly infringed at least claiml of
the *166 patent by making, using, selling, importing and/or providing and causing to be used the
2011-2017 Hyundai Sonata (2.0L), 2010-2017 Hyundai Genesis Coupe (2.0L), 2013-2017
Hyundai Santa Fe (2.0L), 2011-2017 Hyundai Sonata (2.4L), 2010-2017 Hyundai Tucson (2.4L),
2010-2017 Hyundai Santa Fe (2.4L) (the “Accused Instrumentalities™).

91. Upon information and belief, the Accused Instrumentalities incorporate the Theta
I1 Engine which practices a method of controlling a direct injection spark ignited internal
combustion engine.

92. In particular, claim 1 of the *166 patent recites a method of controlling a direct
injection spark ignited internal combustion engine that is capable of operating in a stratified
mode where fuel is injected during a compression stroke of the engine and a homogeneous mode
where fuels is injected during an intake stroke of the engine, the internal combustion engine
having a catalytic converter and an NOXx trap, comprising: measuring a first temperature of an
NOX trap that is in contact with an exhaust gas exhausted from a combustion chamber while the
engine is operating in the stratified mode; enabling evaporated fuel vapors to enter the

combustion chamber at a flow rate while the engine is operating in the stratified mode;
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measuring a second temperature of the NOXx trap while the engine is operating in the stratified
mode; and adjusting the flow rate of the evaporated fuel vapors as a function of the second
temperature when the second temperature is within a lower temperature threshold and an upper
temperature threshold.

93.  Oninformation and belief, the Accused Instrumentalities infringe at least claim 1
of the *166 patent. The Accused Instrumentalities practice a method of controlling a direct
injection spark ignited internal combustion engine (Figures 17-20, 50) that is capable of
operating in a stratified mode (Figure 51) where fuel is injected during a compression stroke of
the engine (Figure 52) and a homogeneous mode (Figure 53) where fuels is injected during an
intake stroke of the engine, the internal combustion engine having a catalytic converter (Figure
54) and an NOx trap (Figures 55-64), comprising: measuring a first temperature of an NOXx trap
that is in contact with an exhaust gas exhausted from a combustion chamber while the engine is
operating in the stratified mode (Figures 56-64); enabling evaporated fuel vapors to enter the
combustion chamber at a flow rate while the engine is operating in the stratified mode (Figure
61-63); measuring a second temperature of the NOXx trap while the engine is operating in the
stratified mode (Figures 34-36, 61-63); and adjusting the flow rate of the evaporated fuel vapors
as a function of the second temperature when the second temperature is within a lower

temperature threshold and an upper temperature threshold (Figures 34-36, 64).
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To help mest its goals of environmen-
tal leadership, Hyundss unveiled the 2.4
heta 1l GO, s first Gasoline Cirect

Injacton engmne, last November. Reg

resenting the biggest advance m fuel
njection, an ‘80s technology that re-
placed the carburetor, GDI puts Hyun-
dal &t the cuttng adge of engna dasign
and mansgement by schieving three
seemingly moompatible goals: GO lowe-
ers emissions while rais;ng power out-
put and improving fuel economy. Prior
to GO, & gan in one area came at the
expense of the other two.

With a compressson ratio of 11.2:1, the
2.4 Thata Il GD| defivars 201 ps/E200pm
and 25.5kg. m/4250rpm m its Korean
domestic market specification. “The
Thata Il GDI cormancingly damaonstrates
Hyundai's advanced powertrain en-
gineering capabilites,” sad Dr. Lee
Hyun-Soon, Vice-Chairman and Chief
Technalogy Officer.

Developed with a budgat of 170 billion
won aver a 48 monthdong research pe-
riod, the new 2.4 Theta Il GDI engina
will make its deburt in the first half of
2010 starting with the racently leunched
Sonata, beating the mid-size sedan
competiton fo market with thes excrt-
ing new technology. GDI application
will subsequently be expandad across
the gasoline engme famdy and applied

to other Hyunda and Kia modals.

Figure 50 — Note: Description of Theta 11 GDI
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Figure 51 — Note: Stratified mode may be used during low

load operation
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Emission Control System = Evaporative Emission Control System = Schematic Diagrams

Schematic Diagram
Page 9 0f 19
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Figure 52 — Note: Theta Il Direct Injection Engine Diagram
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Figure 53 — Note: Homogenous mode may be used during high load operation
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39.2 - 58.8
(4.0~60,289 ~ 43.4)

39.2 ~ 58.8
_ (4.0-6.0,28.9 - 43.9)

39.2 - 58.8 8
(4.0 ~ 6.0,28.9 ~ 43.4)

39.2 ~ 58.8
(4.0 ~ 6.0, 28.9 ~ 43.4)

Torque : N.m (kgf.m, Ib-ft)

: 4. Gasket
2. Catalytic converter & 5. Hanger
center muftler assembly
3. Main muffler

Figure 54 — Catalytic Converter
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SONATA(YF) > 2012 > G 2.0 T-GDI > Emission Control System

Emission Control System = General Information = Description and Operation

Description
Emissions Control System consists of three major systems.
+ The Crankease Emission Control System prevents blow-by gas from releasing into the atmosphere. This system
recyeles gas back into the intake manifold (Closed Crankease Ventilation Type).

+ The Evaporative Emission Control Syste-m prevents evaporative gas from releasing mto the atmosphere. This
rating condition after gathering it in the canister.

system bums gas at appropriate er

Figure 55 — Note: Exhaust Emission Control System converts the three pollutants hydrocarbons,
carbon monoxide, and oxides of nitrogen into harmless substances via the 3-way catalytic

converter

Emission Conirol System > Exhaust Emission Control System = Description and Operation

Description
Esthamst enussions (CO, HC, NOx) are confrolled by a combination of engine modifications and the addition of

special confrol components.
Modifications to the combustion chamber, intake manifold, camshaft and ignition svstem form the basic control

syster
These items have been infegrated into a highty effective system which controls exhanst emissions while mamtaining
good dovability and fiel econonty.
Air/Fuel Mothue Control System [Multiport Fuel Injection (MFT) System]
The MFI system nses signals from the heated oxygen sensor to activate and control the injector installed in the
manifold for each cvlinder, thus precisely regulating the airfisel mictire mtio and reducing enmssions.
This 1 tum allows the engine to produce exhaust gas of the proper composition to permit the use of a three way
catalyst. The three way catalyst 15 designed to convert the three pollutants [hydrocarbons (HC), carbon monoxide
(CO), and cxides of mitrogen (NOx)] into harmless substances. There are two operating modes in the MET system.
1. Open Loop air/fuel ratio is controlled by information pre-programmed info the ECM.
2. Closed Loop air'fiee] ratio is constantly adjusted by the ECM based on mformation supplied by the oxygen sensor.

Figure 56 — Note: Description of Emission Control System wherein CO, HC, and NOx are
controlled
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Emission Control System > Exhaust Emission Control System > Catalytic Converter = Description and

Operation

Description
The catalytic converter of the gasoline engine is a three way catalyst. It oxidizes carbon monoxide and hydrocarbons

(HC), and separates oxygen from the oxides of mitrogen (NOx).

Page 17 of 19

There are two types of three-way catalyst: Palette type and Monolith type.

Catalylic Converter i

Figure 57 — Note: Description of catalytic converter and the oxidation of NOx and HC
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Emission Control System > General Information > Schematic Diagrams

Schematic Diagram

1. Maniiold Absolute Pressure Sensor (MAPS) #1

2. Imake Alr Temperature Sansor (IATS)

3. Throttle Position Sensor (TPS) iintegratad into ETC Module]
4. Engine Coolan: Temperature Sensor (ECTS)

5, Crankshaft Position Sensor (CKPS)

6. Camnshaft Position Senscr (CM28) [Bank 1/ Intaka]
7. Camshaft Position Senscr (CM>8) [Bank 1/ Exhaust)
8. Knock Sensor (KS)

9. Heated Oxygen Sansor (HO2S) [Rank 1 / Sansar 1]
19, Hacted Oxygen Sensor (HO2S) [Bank 1 / Sensor 2]
11. Rail Pressure Saensor (RPS)

12. Fuel Tank Pressure Sansor (FTPS)

13, luel Level Sensor (FLS)

14, Oil Temperature Sensor (OTS)

15. Manifold Absolute Pressure Sensor (MAPS) #2

- Accelarator Position Sensor (APS!

+ A/C Preasure Transducer (A1)

- Ignition Switch Signal

- Battery Power Signal

- Vehicle Speed Signal

+ Innibitor Switch Signal

= Fuel Pump

R

A. Injoctor
B. lgnition Coil

C. ETC Motor [integrated into ETC Module

D. Purge Control Solenoid Valve (PCSV)

E. CVVT Ol Contiol Valve [OCV) [Bank 1/ Inlake]
F. GVVT Qil Control Valve (OCV) [Bank 1/ Exhaust]

[> |j> G. Carister Closa Valva (CCV)

H. Fuel Pressure Regulator Va ve
I. Electric Waste Gate Actuator (EWGA)
J. RCV Contrel Solencid Valve

- Brake Switcn Signal
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Figure 58- Diagram of Emission Control System Note: includes combustion chamber for

evaporated fuel vapors
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1. PCV Valve

2. Canister

3. Purge Control Solenoid Valve

(PCSV)

4. Fuel Tank Pressure Sensor

(FTPS)

5. Canister Close Valve (CCV)
6. Fuel Level Sensor (FLS)

7. Fuel Tank Auir Filter

IS. Catalytic Converter I

Figure 59 — Canister and Catalytic Converter
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Fuel System > Engine Control System > Heated Oxygen Sensor (HO2S) > Description and Operation

Description
Heated Oryoen Sensor (HO2S) consists of zirconivm and ahuning and is mstalled both upstream and downstream

of the Manifold Catalytic Cmnﬂtﬂ_ﬂhemnmmrwhngummmdm with the airfoel ratio.

The sensor nmist be hot in order to operate normally. To keep it hot, the sensor has a heater which 1s controlled by
the ECM wia a duty cycle signal. When the exhaust gas temperanure 15 lower than the specified value, the heater

wams the sensor tip.

Tarmnal

Jenzing Element

Fuel System = Engine Control System > Heated Oxygen Sensor (HO2S5) = Specifications

Specification

HO2S [Bank 1/Sensor 1]

I

er Resistance (€2) [2{.‘-"’{,‘{5 \ ]

HO2S [Bank 1/Sensor 2]

AFRato() | D“"’“‘I -
RICH Approx 09
LEAN Aw
Ttem Specification
. 33~
Heater Resistance (£2) 4 1Q21°C(69.8°F)]

Figure 60 — Heated Oxygen Sensor
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Emission Control System > Exhaust Emission Control System > Description and Operation

Description
Exhaust emussions (CO, HC, NOx) are controlled by a combination of engine modifications and the addition of

special control components.
Modifications to the combustion chamber, intake manifold, camshaft and ignition system form the basic control

system.
These items have been infegrated info a highly effective system which controls exhaust emissions while mamtaining
good dnivability and fuel econony.

Air/Fuel Mixture Control System [Multiport Fuel Injection (MFT) System]
mmsyﬁmmngnkmmemwdoxygmmmMnmmmlﬁrmmmmMmme

T]r.smnnnallowsmcmgnxtopmm:ee:dnustwofmepmpetconmosmontopanntmeuseofaﬂmeway

catalyst 'metlreewavcatalyst mdengmdto cmverttheﬁneepolhmts [hydmcarbons (HC) ca:bonmomx:de

I Opmloopaxrfﬁnlmnomcmmﬂedbymfannnmpm-pmgranmwdmlotheECM
2. Closed Loop air/fuel ratio is constantly adjusted by the ECM based on information supplied by the oxygen sensor.

The NOX trap is in contact with an exhaust gas exhausted from a combustion chamber.
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@ Hyundai Motor America [US] hlzp5‘.f;'wmv‘hyundaitechinfo.com,f'vnewe:,-’ccntﬁpopaspx?comemt,no:DTCIENG!E_‘ESdI?.D‘I1|£en[93|[&51tmfcllsz= 1371350~1350C

SONATA(YFA) > 2011 > Engine > Engine Control > DTC Detecting Condition @
DTC Detecting Condition Feedback
Item Detecting Condition Possible Cause

DTC Strategy + Check calalyst oxygen storage capacily by evaluating downstream O2 sensor fluctuations
+ Coolant temperature >73*C(163°F)
I, 5555[.@5};[ i!iﬁﬁiﬁl catalvst (emp<850°C(1562°F) I
+ Vehicle speed >3mph
+ 1300< Engine speed <3200
+ 0.3g/rev.<= MAF < 0.8g/rev.

Enable Conditions * Ambient pressure > 70kPa(700hPa) 1. Exhaust gas leaks
+ Canister load < 0.5 2. Faulty rear HO2S
+» Lambda control active & Stable driving condition
+» Downstream O2 sensor operative readiness 5. Faulty res Wely.cataly=t convensy
* No opening / closing of Canister Purge Vaive
* No relevant failure
* 11V < Battery votage < 16V

Threshold Value + Average maifunction index > 1
Diagnostic Time + 50 Lambda Controller Cycles
MIL On Condition + 2 Drive Cycles

The DTC shown above enable strategy reveals the modeling of catalyst temperature; thereby,
inferring that there is a first temperature of a NOX trap.

Exhaust Valve Intake Valve
Ev Val Valv
Condition 5 Effect o Effect
Timing Timing )
1) Low * Valve Under-la Engine
(S;“Z“ Completely| , I ?p‘l‘.:\ e:ncnt o? Completely| * Valve Under-lap operation in
: mprow + cemen i ili tratified
o Advance Soaioution sty Retard Improv t of combustion stability :nr:dle ie
* Increase of expansion
@) Part work
an d Retard | * Reduction of pumping Retard | * Reduction of pumping loss
loss
* Reduction of HC
£ Low * Increase of expansion * Prevention of ntake back flow
Speed Retard work o (Improvement of volumetric efficiency)
High Load Nprov iency
(4) High e ,
Speed Advance e st prinping Retard | * Improvement of volumetric efficiency

Engine operation in stratified mode.

Figure 61

Page 90 of 212




2:17-cv-12901-BAF-RSW Doc # 20 Filed 04/30/18 Pg 91 of 212 Pg ID 1304

SONATA(YFA) > 2012 > G 2.4 GDI > Engine > Engine Control > P0444 Evaporative Emission System-Purge Control Vaive Circuit Open

||

General Description Feedback
The evaporative emission control system prevents hydrocarbon (HC) vapors from the fuel tank from escaping into the atmosphere where they could form ph hemical smog. Gasoline vapors are collected in
the charcoal canister. The PCM controls the Purge Control Solenoid Valve (PC 0 purge a collected vapors fro e canister back to the engine for combustio is valve is actuated by the purge contro
signal from the PCM and controls fuel vapor flow from the canister 1o the intake manifold.

SONATA(YFA) > 2012 > G 2.4 GDI > Engine > Engine Control > P0444 Evaporative Emission System-Purge Control Valve Circuit Open =
DTC Description Feedback

PCM sets DTC P0444 if the PCM detects that the PCSV control circuit is open.

DTC Detecting Condition
item

Detecting Condition Possible Cause
DTC Strategy + Electrical Check
Enable Conditions % 1. Open in PCSV hamess
nister purge cuty Poor connection or damaged hamess
Threshold Value + Open in control circuit
= - 3. Faulty PCSV
Diagnostic Time + 3 Seconds
MIL On Condition + 2 Drive Cycles

As shown above, the Powertrain Control Module (PCM)/Engine Control Module (ECM) controls
engine system. The PCM enables evaporated fuel vapors to enter the combustion chamber at a
flow rate implied by the canister purge duty cycle. This occurs during all modes of engine
operation.

Figure 62
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@ Hyundai Motor America [US] | https://www.hyundaitechinfo.com/viewer/co ntﬁ_pop.aspx?coment_nn: DTC|ENG|2684]|2011]len]98||&sitinfolist=134135011350C
SONATA(YFA) > 2011 > Engine > Engine Control > DTC Detecting Condition

DTC Detecting Condition

Item

Detecting Condition

Possible Cause

DTC Strategy

« Check catalyst oxygen storage capacity by evaluating downstream O2 sensor fluctuations

Enable Conditions

+ Coolant temperature >73"'C{163"F)
I . 555'5 1 EE’E E Mﬂg}ﬂ Catalvst Emnfﬁig'gﬂiéz‘lf I

+ Vehicle speed >3mph

+ 1300< Engine speed <3200

+ 0.3g/rev.< MAF < 0.8g/rev

* Ambient pressure > 70kPa(700nPa)

« Canister load < 0.5

+ Lambda control active & Stable driving condition
+ Downstream O2 sensor operative readiness

+ No opening / closing of Canister Purge Vaive

* No relevant failure

* 11V < Battery voltage < 16V

1. Exhaust gas leaks
2. Faulty rear HO2S
3. Faulty three way catalyst converter

Threshold Value

+ Average malfunction index > 1

Diagnostic Time

+ 50 Lambda Controller Cycles

MIL On Condition

+ 2 Drive Cycles

The DTC enable conditions strategy shown above reveals the modeling of catalyst temperature;
thereby, inferring that there is a second temperature of an NOXx trap.

Exhaust Valve Intake Valve
Driving o T
Condition st alve
Timing Effect Timi Effect
Engine
; # Valos 5
et | eriaf | Conpisy|« Vale Undeslp cperation i
s s i i ili tratified

UE s Tiad Advance Soaioution sty Retard | * Improvement of combustion stability :n r:dIe ie

* Increase of expansion
@) Part work
an d Retard | * Reduction of pumping Retard | * Reduction of pumping loss

loss

* Reduction of HC
il * Increase of expansion * Prevention of ntake back flow
gpeed e work N (Improvement of volumetric efficiency)
High Load Iprov iency
(4) High N : .
Speed Advance I;icducuon REpiaping Retard | * Improvement of volumetric efficiency
High Load

Engine operation in stratified mode. Measuring a second temperature of the NOx trap while
engine is operating in stratified mode.

Figure 63
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SONATA(YFA) > 2012 > G 2.4 GDI > Engine > Engine Control > P0444 Evaporative Emission System-Purge Control Valve Circuit Open =)
DTC Description Feedback

PCM sets DTC P0444 if the 2CM datadiathal the BCIV coolol Cluil5.0000

DTC Detecting Condition

n Possible Cause
DTC Strategy + Electrical Check
Enabie Condiions + 10V < Battery voltage < 16V 1. Open in PCSV hamess
[ % < Canster purge auy <BO% B e R
Threshold Value + Open in control circuit 3. Faulty PCSV
Diagnostic Time + 3 Seconds
MIL On Condition + 2 Drive Cycles

The flow rate is adjusted by the PCM/ECM through the duty cycle of the purge canister solenoid
valve (PCSV).

SONATA(YFA) > 2012 > G 2.4 GDI > Engine > Engine Control > P0444 Evaporative Emission System-Purge Control Valve Circuit Open
General Description Feedback
‘ It

i \raporsa:e I “in
ctuate purge con

The evaporative emsssion control sys(em ptevents hydrocarbon (HC) vapors from the fuel tank !rom escapmg mlo me atmosphere where they oould form p
ister. e a 0 ollected vapors ff e for cc

SONATA(YFA) > 2011 > G 2.4 GDI > Emission Control System (=)
Description Feedback

The Evaporative Emission Control System prevents fuel vapor stored in fuel tank from vaporizing into the atmosphere. When the fuel evaporates in the fuel tank, the vapor passes through vent hoses or tubes to
a canister filled with charcoal.

The canister temporarily holds the vapor in the charcoal. The ECM will control the system in order to draw the gathered vapor into the combustion chambers during certain operating conditions. Engine manifold
vacuum is used to draw the vapor into intake manifold.

Evaporated fuel vapors are stored in the charcoal canister, and then go through the solenoid
valve.

# Hyundai Motor America [US] hltps:;’;‘www‘hyundailechinfo‘com;‘wewer_fcontﬁpop.aspx?comenl_no:DTCIENGIEES&EED'I 1/len]98]|&sitinfolist=13+ 1350413500

SONATA(YFA) > 2011 > Engine > Engine Control > DTC Detecting Condition =

DTC Detecting Condition Feedback

Item Detecting Condition Possible Cause
DTC Strategy « Check catalyst oxygen storage capacity by evaluating downstream 02 sensor fluctuations

+ Coolant temperature >73°C(163'F)
I_ 555.5 1522.2“ Eii!ﬁiﬁl calalvst temp<850°C(1562"F I

« Vehicle speed >3mph

+ 1300< Engine speed <3200

« 0.3g/rev.< MAF < 0.8g/rev.

* Ambient pressure > 70kPa(700hPa)

+ Canister load < 0.5

+» Lambda control active & Stable driving condition
+ Downstream O2 sensor operative readiness

+ No opening / closing of Canister Purge Valve

= No relevant failure

« 11V < Battery voltage < 16V

1. Exhaust gas leaks
2. Faulty rear HO2S
3. Faulty three way catalyst converter

Enable Conditions

Threshold Value

« Average malfunction index > 1

Diagnostic Time

+ 50 Lambda Controiler Cycles

MIL On Condition

* 2 Drive Cycles

Because the catalyst temperature is modeled, as shown in the DTC above, it can be inferred that
the second modeled temperature and range can be compared with a lower temperature threshold
and an upper temperature threshold.

Figure 64
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COUNT X — INFRINGEMENT OF U.S. PATENT NO. 6,557,540

94. The allegations set forth in the foregoing paragraphs 1 through 93 are incorporated
into this Tenth Claim for Relief.

95. On May 6, 2003, U.S. Patent No. 6,557,540 (“the *540 patent”), entitled “Method
of Calculating a Valve Timing Command for an Engine,” was duly and legally issued by the
United States Patent and Trademark Office. A true and correct copy of the *540 patent is
attached as Exhibit 10.

96. Plaintiff is the assignee and owner of the right, title and interest in and to the *540
patent, including the right to assert all causes of action arising under said patents and the right to
any remedies for infringement of them.

97. Upon information and belief, Defendants have directly infringed at least claim1l of
the "540 patent by making, using, selling, importing and/or providing and causing to be used the
2011-2017 Hyundai Sonata (2.0L), 2010-2017 Hyundai Genesis Coupe (2.0L), 2013-2017
Hyundai Santa Fe (2.0L), 2011-2017 Hyundai Sonata (2.4L), 2010-2017 Hyundai Tucson (2.4L),
2010-2017 Hyundai Santa Fe (2.4L) (the “Accused Instrumentalities™).

98. Upon information and belief, the Accused Instrumentalities incorporate the Theta
I1 Engine which practices a method for calculating a valve timing command for an engine of a
vehicle.

99. In particular, claim 1 of the *540 patent recites 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
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performance command and the engine performance feedback; and calculating a valve timing
command based on the valve feedforward term and the valve feedback term.

100. On information and belief, the Accused Instrumentalities infringe at least claim 1
of the ’540 patent. The Accused Instrumentalities practice a method for calculating a valve
timing command for an engine of a vehicle (Figures 17-20, 65) , comprising: obtaining an
engine performance command (Figure 44); receiving an environmental conditions signal
(Figures 41, 66-68); determining a valve feedforward term based on the engine performance
command and the environmental conditions signal (Figures 41, 44, 66-68); receiving an engine
performance feedback (Figures 19-21, 26, 41, 44, 66-68); calculating a valve feedback term
based on the engine performance command and the engine performance feedback (Figures 19-
21, 26, 41, 44, 66-68); and calculating a valve timing command based on the valve feedforward

term and the valve feedback term (Figures 19-21, 26, 41, 44, 66-68).
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Eeand
ontinuous Variable Walve Timing (CVVT) system advances or retards the valve timing of the intake and exhaust valve in accordance with the ECM control signal which is calculated by the

By controlling CVVT, the valve over-lap or under-lap occurs, which makes better fuel economy and reduces exhaust gases (NOx, HC) and improves engine performance through reducfion of
pumping loss, internal EGR efiect, improwement of combustion stability, improvement of volumetric efficiency, and increase of expansion work.
This system consist of

— the CVWT Qil Control Valve (OCV) which supplies the engine oil to the cam phaser or runs out the engine oil from the cam phaser in accordance with the ECM PWM (Pulse With Modulation)
control signal,

— the CVVT Qil Temperature Sensor (OTS) which measures the engine cil temperature,
— and the Cam Phaser which varies the cam phase by using the hydraulic force of the engine oil.

The engine oil getting out of the CVVT oil control valve varies the cam phase in the direction (Intake Advance/Exhaust Retard) or opposite direction (Intake Retard/Exhaust Advance) of the
engine rotation by rotating the rotor connected with the camshatft inside the cam phaser.

ECM

CMPE [Inlake)

CMPS (1)
0 Pumg Drain Camshaliiintake)
-+

CWVT Ol Cortrol Vahee (OCVAN)

OOV (1N
CMPS (Exhausi)
« B+

CMPS [EX)
Canshalt]Exhausl
Drain
Various Sensors
O Fump Drain
)

CWVT Cil Contred Vabee {DCVIEX)

CVWT Housing

OCV (EX)

1B+

Figure 65 — Note: Explanation of Theta Il valve timing, accomplished via the CAN using the
ECM control signal calculated from engine load and speed.

SONATA(YFA) > 2012 = Engine > Engine Control > Description

Description

Feedback
Intake Air Temperature Sensor (JATS) is included inside Manifold Absolute Pressure Sensor and detects the intake air temperature.

[To calculate precise air guantity, correction of the air temperature is needed because air density varies according to the temperature. So the ECM uses not only MAPS signal but also IATS
signal. This sensor has a Negative Temperature Coefficient (NTC) Thermister and it"s resistance changes in reverse proportion to the temperature.

Figure 66 — Note: Description of Intake Air Temperature Sensor (IATS) which is included inside
the Manifold Absolute Pressure Sensor and detects the intake air temperature. Air temperature is
used to calculate precise air quantity. Both MAPS and IATS signals are sent to the ECM.
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@ Current Data (=)
Ambiert Ar Temperature
?‘_5"‘.“!’ A L] . L] 1) L] I = . L] L L ] .
2899 Engne Ol Temperature
Plﬁ“"' ) y ) ) (] ] el . . (] . ]
2899 Irtake Ar Temperature
PLSM‘L‘-‘\__ I‘_L__I_l 1 __I l_ _l ] L] i L] L}
FCM
IGswW ]
* # | ON'START Inout
Main Relay
1 - * 4 | Main Relay Control
[-]
:
= e 4 | Main Retay 'ON' Fower
DURN G
Disconnect
Ambient
Temperature
F
Ambient
Temperature @ @
Sensor
— —> l_'_J
1. Ambient Tempersture Sensor Amiblint
2. Main Relay 'ON' Power T‘"'S’;':;‘r"
1l | High C-can
<PCM> 4l | Low Ccan
ﬁ‘] -
&= @ﬁiﬁW EE]
. EEKEEEEEEEEEEEEEEE
O 18 18] 1718 15 14 1312 11|10 2| 8| 7
80. CANLOW
T7. CANHIGH

Figure 67 — Note: Ambient air temperature, engine oil temperature, intake air temperature data
received from sensors and processed through CAN
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L

t—%ﬁ*f\ﬁ,

1. Engine Control Module (ECM)
2 Manifold Absolute Pressure Sensor

3.

:'r Eﬂgme Cunla.u.lTunpu'.nt:.u‘e Sensor {ECTE}

6. Throttle Position Sensor (TPS) [mtegrated mto ETC
Module]

7. Crankshaft Posiion Sensor (CKPS)

8. Camshafi Posiion Sensor (CMPS) [Bank 1 / Intake]
%, Camshaft Position Sensor (CMPS) [Bank 1 / Exhanst]
10. Knock Sensor (KS)

11. Heated Oxyvgen Sensor (HO25) [Bank 1 / Sensor 1]
12. Heated Oxygen Sensor (HO25) [Bank 1 / Sensor 2]
13. Bl Pressuge Sensor (RPS)

14. Accelerator Position Sensor (APS)

15. Fuel Tank Pressure Sensor (FTPS)

16. Fuel Level Sensor (FLS)

17. CVVT Ol Temperature Sensor (OTS)
18. A/C Pressure Transducer (APT)

19. ETC Motor [mtegrated into ETC Module]
20. Injector

1. Purge Control Solencid Valve (PCSV)

22, CVVT Oil Control Valve (OCV) [Bank 1/
Intake]

23, CVVT Onl Control Valve (OCV) [Bank 1/
Exhaust]

24 Elecmric Waste Gate Acmaror (EWGA)

25 RCV Control Solenoid Valve

26. Fuel Pressure Regulator Valve

7. Camster Close Valve (CCV)

28, Ipnanon Codl

29 Main Relay

30. Fuel Pump Relay

31. Data Link Connector (DLC) [16-Pin)

32 Mult-Purpose Check Connector [20-Fin]

Figure 68 - Schematic diagram including IATS
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COUNT XI - INFRINGEMENT OF U.S. PATENT NO. 6,988,031

101. The allegations set forth in the foregoing paragraphs 1 through 100 are
incorporated into this Eleventh Claim for Relief.

102. OnJanuary 17, 2006 U.S. Patent No. 6,988,031 (“the 031 patent”), entitled
“System and Method for Determining Engine Stop Position,” was duly and legally issued by the
United States Patent and Trademark Office. A true and correct copy of the 031 patent is
attached as Exhibit 11.

103. Plaintiff is the assignee and owner of the right, title and interest in and to the "031
patent, including the right to assert all causes of action arising under said patents and the right to
any remedies for infringement of them.

104. Upon information and belief, Defendants have directly infringed at least claim 1
of the *031 patent by making, using, selling, importing and/or providing and causing to be used
the 2011-2017 Hyundai Sonata (2.0L), 2010-2017 Hyundai Genesis Coupe (2.0L), 2013-2017
Hyundai Santa Fe (2.0L), 2011-2017 Hyundai Sonata (2.4L), 2010-2017 Hyundai Tucson (2.4L),
2010-2017 Hyundai Santa Fe (2.4L) (the “Accused Instrumentalities™).

105.  Upon information and belief, the Accused Instrumentalities incorporate the Theta
I1 Engine which comprises a system for determining a stop position of an engine.

106. In particular, claim 1 of the 031 patent recites a system for determining a stop
position of an engine, the system comprising: a sensor configured to generate a signal
corresponding to the angle of the engine; a controller coupled to the sensor and configured to
receive the signal; and an air flow control device coupled to the engine to control air intake, the
controller being configured to control the air flow control device to lower air pressure in the

engine based on an engine shutdown signal.
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107.  On information and belief, the Accused Instrumentalities infringe claim 1 of the
’031 patent. The Accused Instrumentalities comprise a system for determining a stop position of
an engine (Figures 17-20, 69-71), the system comprising: a sensor configured to generate a
signal corresponding to the angle of the engine (Figures 69-71); a controller coupled to the
sensor and configured to receive the signal (Figures 17-20, 69-71); and an air flow control
device coupled to the engine to control air intake (Figure 72 ), and upon information and belief
the controller being configured to control the air flow control device to lower air pressure in the
engine based on an engine shutdown signal (Figures 72-73).

Camshaft
Val\fes o

Timing Belt =
Alternator

Figure 69 — Note: The camshaft and crankshaft control the piston position in an internal

combustion engine. The Theta Il comprises a camshaft position sensor and a crankshaft position
sensor.
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Fuel System > Engine Control System > Crankshaft Position Sensor (CKPS) > Description and
Operation

Description

Crankshaft Position Sensor (CKPS) detects the crankshaft position and is one of the most important sensors of the

engine control system. If there is no CKPS signal mput. the engine may stop because of CKPS signal missing. This

sensor 1s installed on the cylinder block or the transaxle housmng and generates altemating current by magnetic flux
field which is made by the sensor and the target wheel when engine runs.
The target wheel consists of 58 slots and 2 missing slots on 360 degrees CA (Crank Angle).

Cannector

Fuel System > Engine Control System > Crankshaft Position Sensor (CKPS) > Schematic Diagrams

Circuit Diagram
Ldgc VU UL 140
[Circuit Diagram] [Connection Information]
CKPS (CHTG14) ECM (CHTG-BG)
1 Terminal Connected to Function
# Main Relay 1 Main Relay Battery Power (B+)
3 "
D Lr_a . CKPS Signa 2 ECM CHTG-BG (25) CKPS Signal
3 ECM CHTG-BG (8) Sensor Ground
2 {:25-Sensor Ground
[Harmess Connector] .
ltlb!uvmvuzwnww os a7 0 on ot e[ 02 [on [0 00| (e8| [a7] [ee | o
M‘!’I’H.’Ah .I‘-N l‘H 14 "“I ‘Fli.'\"-‘.': ll"!\;mj'"l. .f\' MW‘ L .bl
e e G -.al-..‘:s: uulns‘u 53 2|61 60 46|48 47 ™ 'TW [T 71
—— u_u'm.n.u.wlu_'y.s'n‘:n.'-?.)u»w:'n.n.w.mv = 71 ;7 7
21 20 181807 I!j 15 |-IJL'2 MW E| 8|7 s 8 4 3 1 1
3 211 W — e e — =
CHTG-AG
( (o] [®]] 00007 [ es] 8|3 w2 [ w1 [o0 79[ 78] 77 28] 75]
CHTG14 [7a] [7] [m] 7] oaea 67 [o6 |05 0a 03 e 01| 00 |s0] 4. e "|
CKPS — : -
|sr] o= ,=n s 53821 80|49 48 4748 a5 Ju u[u R ERE)
L » {!- Il'v'm"l\-i'll‘ﬂ‘]l"‘l‘n'?ﬂ.() »% N: 7 1 M |
] :urt:»')u'n‘ta'u're'vu'u'na'u nlm 9 7
CHTG-BG
ECM
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Figure 70 — Note: Operation of the Crankshaft Position Sensor (CKPS) - determines the position
of the engine at all times
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Fuel System > Engine Control System > Camshaft Position Sensor (CMPS) > Description and
Operation

Description
Camshaft Position Sensor (CMPS) is a hall sensor and detects the camshaft position by using a hall element.

I&t‘tlatcd with Crankshaft Position Sensor (CKPS) and detects the piston position of each cylinder which the
CKPS can't detect.
The CMPS is mstalled on engine head cover and uses a target wheel installed on the camshaft. The Cam Position

sensor is a hall-effect type sensor. As the target wheel passes the Hall sensor, the magnetic field changes in the
sensor. The sensor then switches a signal which creates a square wave.

Fuel System >~ Engine Control System > Camshaft Position Sensor (CMPS) > Schematic Diagrams

Circuit Diagram

[Circuit Diagram) [Connection Information]

CMPS [B1/1
(.-_-mé,-_._:;] ECM (CHTG-BG) CMPS [B1/IN] (CHTG13-1)
1 Terminal | Connected to Funeti
" Main Felay
/ 3 1 Main Relay Battery Power (B+)
\E) B, {29 - CMPS [B1/IN] Signal 2 ECM CHTG-BG (46) Sensor Ground
c: {36 - Sensor Ground 3 ECMCHTG-8G (29) | CMPS [B1/IN] Signal
CMPS [BY/EX] CMPS [B1/EX] (CHTG13-2)
(CHTG13-2) Terminal c ted o Function
1 » Main Relay 1 Main Relay Battery Power (Be)
3 2 ECM CHTG-BG (47) Sansor Ground
L)O {30 - CMPS [BI/EX] Signal 3 |ECMCHTGBG (30)| CMPS [BI/EX] Signal
2 {47 -8 Ground

[Hamess Conneclor]

CHTG131
CMPS [B1/N)

CHTG13-2
CMPS [B1/EX]

-B-‘U)E?d\ﬂlf" B" N ‘!H']H.' mnaon!
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Figure 71 — Note: Camshaft Position Sensor (CMPS) description. The CMPS senses the position
of the camshaft in the Theta Il at all times.
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HYUNDAI Sonata Mass Air Flow Sensor

Find the mass air flow sensor that fits a HYUNDAI Sonata - Enter Year [2012 v | -

Description

The Air Flow Sensor or Mass Airflow Sensor (MAF) is one of the components of an electronic fuel injection system and is found in
many of medern vehicles. Most mass air flow sensors are one piece hermetically sealed units with no moving compenents.

Purpose

The Mass Air Flow sensor is used to measure {actually weight) the amount of air entering the engine. This measurement is used by the
engine computer or ECM to calculate proper amount of fuel injected into the cylinders in order to provide optimum combustion and low
Emissions.

Maintenance Tips/Suggestions

HYUMDAI Senata Mass air flow sensor requires ne regular maintenance. On mass air flow sensors with a sense wire, this wire can
become contaminated with dust particles. These particles can be removed with autemotive sohvents that are safe for the use on mass
air flow sensors. HYLUNDAI Sonata mass air flow sensors are commoenly misdiagnesed. Before replacing the mass air flow sensor
check for air leaks in the connecting air ducts and intake manifold. These leaks can cause similar symptoms as a malfunctioning mass
air flow sensor.

Failure symptoms

Problems with Mass Air Flow sensors are commen. Bad or centaminated HYUNDAI Sonata Mass Air Flow sensor can poessibly cause
a wide range of varicus vehicle drivakility problems such as stalling, especially when the engine is celd, misfiring, poor acceleration, etc.
In addition, a preblem with the Mass Air Flow sensor often causes the "check engine” or "service engine soon” light in the vehicle
instrument panel to iluminate.

AKA
MAF, Air Flow Meter

Location

The HYUMNDAI Senata Mass Air Flow sensor is usually instaled in the intake air duct between the air fiter and the threttle body mounted
on the intake manifold. Some mass air flow sensors are mounted directly to the throttle body.

Disclaimer

Depending cn the year and cpticns your HYUMDAI Senata has, the above information may not apply. Consult with a prefessicnal
autemetive technician or manufacturer for specifics on your HYUNDAI Sonata

Note: Industry standard Mass Air Flow Sensor description
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Air Intake

Figure 72
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8. Check the injccmn sensors, etc. (Refer to FL group)

Pg ID 1320

B. C’]ml lfﬂ:l.l: SENS0TS, su:h as ﬂ'i: miass air flow sensor (MAFS). intake air temuperanure sensor (LATS). boost
pressure semsor (BPS), opemate properly.
c.

If the m]:n:!m sensors and ete. don't work pu'npcfh it rm:.r cause lack of :ug:mr].mﬂ.l.u

Emission Control System = Exhaust Emission Control System = Description and Operation

Descnption
Exhaust emissions (00, HC, NOx) ane controlled by a combination of engine modifications and the addition of

special control components.
Modifications to the combustion chamber. intake manifold. camshaft and ignition system form the basie control

system.
These items have been integrated into a highly effective system which controls exhaust emdssions while niamytaindng

gmd.dmabuln:.rﬂudﬁwl SCONOTY.

Th.'l': in tum a.'IIcr‘;\s. the engine tcr]:u'u-:i.lc-: ﬂ'J:I.a'll':[ gas of the proper conposition to permit ﬂ.‘ltll‘:t ufa three way
catabyst. The three way catalyst is designed to convert the three pollutants [hydrocarbons (HC), carbon monoxide
(C0). and oxides of mirogen (0] mto hannbess substances. There are twio operating modes m the MFI system.

1. Orpen Loop airfel ratio is controlled by information pre-progranumed mnto the ECM.

2. Closed Loop air'fuel ratio is constantly adjusted by the ECM based on information supplied by the oxygen sensor.

8. Dasconnect the A'C compressor switch connector (A), the altemator connector (B), the OPS (Ol pressure
switch) connector & injector extension connector (C), the knock sensor connector (DY), the MAPS (Manifold
absolute pressure sensor) & LATS (Intake air temperanre sensor) connector (E). the ETC (Electronic throttle
control) connector (F) and the vacuum pump conmector ().

When a freeze frame event is tiggered by an emission related DTC, the ECM or PCM stores vanious vehicle
information as it exsted the moment the fault ocwred. The DTC number along with the engme data can be wseful n
ading a techmician in bocating the cawse of the fault. Once the data from the 1st drving evele DTC ocumences 15
stored i the freeze frame memory, it will remain there even when the fanlt oocurs again (2nd driving evele) and the

ML 15 ilhemnated.

* Freeze Frame List
1) Caleulated Load Valus
2) Engane BFM
3) Fueel Tram
4) Fuel Pressure (if avalable)
5) Vehicle Speed (if available)
&) Coolant Temperature
7} Intake Manifold Pressure (if available)
8) Closed-or Open-loop operation
%) Fault code
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Figure 73- Note: The Mass Air Flow Sensor (MAFS) works with the emission system to
determine the amount of air entering the engine. This data from the MAFS is used by the ECM
to make determinations regarding engine conditions, including engine shut down.

COUNT XII - INFRINGEMENT OF U.S. PATENT NO. 6,510,839

108. The allegations set forth in the foregoing paragraphs 1 through 107 are
incorporated into this Twelfth Claim for Relief.

109. OnJanuary 28, 2003 U.S. Patent No. 6,510,839 (“the 839 patent”), entitled
“Electronic Throttle Spring Torque Adaptation System,” was duly and legally issued by the
United States Patent and Trademark Office. A true and correct copy of the *839 patent is
attached as Exhibit 12.

110. Plaintiff is the assignee and owner of the right, title and interest in and to the "839
patent, including the right to assert all causes of action arising under said patents and the right to
any remedies for infringement of them.

111. Upon information and belief, Defendants have directly infringed at least claims 1,
7, and 12 of the ’839 patent by making, using, selling, importing and/or providing and causing to
be used the 2011-2017 Hyundai Sonata (2.0L), 2010-2017 Hyundai Genesis Coupe (2.0L), 2013-
2017 Hyundai Santa Fe (2.0L), 2011-2017 Hyundai Sonata (2.4L), 2010-2017 Hyundai Tucson
(2.4L), 2010-2017 Hyundai Santa Fe (2.4L) (the “Accused Instrumentalities™).

112.  Upon information and belief, the Accused Instrumentalities incorporate the Theta
I1 Engine which practices a method for controlling a positioning device of an internal
combustion engine.

113. In particular, claim 1 of the 839 patent recites a method for controlling a
positioning device of an internal combustion engine, the positioning device having a spring bias
torque, the method comprising the steps of: providing an electric motor for actuating the
positioning device against the spring bias torque; actuating the positioning device using said
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electric motor; learning a motor effort required to oppose the spring bias torque; summing said
motor effort with a spring opposition term into a calculated control action; and controlling said
electric motor based upon said calculated control action.

114.  Oninformation and belief, the Accused Instrumentalities infringe at least claim 1
of the 839 patent. The Accused Instrumentalities practice a method for controlling a positioning
device of an internal combustion engine (Figures 17-20, 69-71) the positioning device having a
spring bias torque (Figures 2-5, 7-9, 12-20, 24-25, 74-75) the method comprising the steps of:
providing an electric motor for actuating the positioning device against the spring bias torque
(Figures 2-5, 7-9, 12-20, 24-25); actuating the positioning device using said electric motor
(Figures 2-5, 7-9, 12-20, 24-25, 74-75); learning a motor effort required to oppose the spring
bias torque; summing said motor effort with a spring opposition term into a calculated control

action (Figure 77); and controlling said electric motor based upon said calculated control action

(Figure 77).

SONATA(YFA) > 2012 > Engine > Engine Control > General Description

General Description Feedback

The Electronic Throttle Control(ETC) system™s components are the throttle body, Throttle Position Sensor(TPS)1&2 and Accelerator Position Sensor(APS) 1&2. The throttle body contains the
actuator, the throttle plate and the throttle position sensor (potentiometer), which are integrated in one housing. The actuator consists of a DC motor with a two-stage gear. The opening angle

of the throttle valve is detected by the throttle position sensor which is mounted on the throttle body. And it provides feedback to the PCM to control the throttle motor in order to control the
throttie valve opening angle properly in response to the driving condition

Figure 74- Note: Electronic Throttle Control (ETC) system description including Throttle
Position Sensor (TPS) and Accelerator Position Sensor (APS) with the throttle body containing
an actuator, throttle plate, and throttle position sensor and motorized actuator
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& Hyundai Motor America [US] | https://www.hyundaitechinfo.com/viewer/content_pop.aspx?content_no=DTC|ENG|2684|2012||en|98||&sitinfolist=14 /14204 1420C

SONATA(YFA) > 2012 > Engine > Engine Control > Component Location =
Component Location Feedback

1. ETC MOTOR & THROTTLE POSITION SENSOR

Figure 75- Electronic Throttle Control Motor and Throttle Position Sensor on Theta 11 Engine

Specification :1.2~1.80 at 20°C(68°F)

PCM

1G 5w —
L ® | ONFETART Input

Main Relay

Main Relay Control
[-) [7]

Main Relay 'OMN Power

<ETC Motor & TPS > —
[ | ¥ 4| 152
1 ¢ b L} 1| TPS Power
Disconnect
1. TPS Ground g| ETCMotor&aTPS M M
2 TPS Powsr connector
| [ a
3. ETC Output. 1 L A | TPS Ground
4 TPS. 1
5 TPS.2 B ¥ 4 | ETC Output 1
E ¥ 4 | eTC cutput 2
o -

ETC Motor & TPS

v 37 5. ETC Quiput 1
: 8. ETC Output 2

WWE =15 s ---- 33.__F'SPD’|I||'EI'

54. TPS Ground

85. TPS1

Figure 76 — Note: Throttle Position Sensor wiring including TPS1 and TPS2, TPS Power for
actuating positioning device using electric motor
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& Hyundai Motor America [US] | https:;//www.hyundaitechinfo.com/viewer/content_pop.aspx?content_no=DTC|ENG|2684/2012||en|98||&sitinfolist=1471420/142

SONATA(YFA) > 2012 > Engine > Engine Control > Component Inspection =
Component Inspection Feedback

1. Select "Actuation Test” mode and execute "ETC motor” item

2 Current Data [])
(sndardDsspiays ) Fuitst 2] Text 2)(Mems Uitz ] ResetMinMax ) Record | Swp ) vss ]
(5000 Theottie Posibon] Voltage Max 2661

F' Y 757 mV
T N I T
Thictle Positon2 Volt Max 183
y f— 4268 mv
0, 2 " : " " i i . . 2 & 4 & . 2 ; i : , M 2373
B Actuation Test ( __ﬂ
Test Items ] Al

Injector-Cylinder 1
Injector-Cylinder 2
Injector-Cylinder 3
Injector-Cylinder 4 .
Cooling Fan PWM * Result |Success
ETC Motor L

02 Heater Front
02 Heater Rear
Variable Intake Switch | Start | | stop |

-

& Duration ‘1 Sec.

& Condttions |IG. ON/ENG.OFF

» During "ETC Motor” test, TPS1 and TPS2 show symmetrical movements
2. Is the waveform normal?

YES P Check for poor connection between PCM and component backed out terminal, improper mating, broken locks or poor terminal to wire connection
Repair as necessary and go to “Verification of Vehicle Repair” procedure.
[ 'NO | P Check ETC for contamination, deterioration, or damage. Substitute with a known-good ETC and check for proper operation. If the problem is corrected

replace TPS and then go to "Verification of Vehicle Repair” procedure.

Figure 77- Electronic Throttle Control Actuation Test, calculating control action

115. Claim 7 of the 839 patent recites a method for controlling a positioning device of
an internal combustion engine, the positioning device having a spring bias torque, the method
comprising the steps of: providing an electric motor for actuating the positioning device against
the spring bias torque; supplying a first current to said electric motor to move the positioning
device to an actual position; comparing said actual position to a requested position; monitoring
said first current to determine a required current for opposing the spring bias torque at said actual

position; summing said requested position with a spring opposition term based upon said
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required current into an adjusted requested position; and supplying said required current to said
electric motor to move the positioning device to an adjusted requested position.

116. On information and belief, the Accused Instrumentalities infringe at least claim 1
of the ’839 patent. The Accused Instrumentalities practice a method for controlling a positioning
device of an internal combustion engine (Figures 17-20, 69-71), the positioning device having a
spring bias torque (Figures 2-5, 7-9, 12-20, 24-25, 74-75), the method comprising the steps of:
providing an electric motor for actuating the positioning device against the spring bias torque
(Figures 2-5, 7-9, 12-20, 24-25); supplying a first current to said electric motor (Figures 2-5, 7-
9, 12-20, 24-25, 74-75) to move the positioning device to an actual position; comparing said
actual position to a requested position (Figures 3-5, 6, 8, 24-26, 40, 74); monitoring said first
current to determine a required current for opposing the spring bias torque at said actual position
(Figures 3-5, 6, 8, 24-26, 40, 74); summing said requested position with a spring opposition term
based upon said required current into an adjusted requested position; and supplying said required
current to said electric motor to move the positioning device to an adjusted requested position
(Figures 3-5, 6, 8, 24-26, 40, 74).

117. Claim 12 of the *839 patent recites a method for controlling a positioning device
of an internal combustion engine, the positioning device having a spring bias torque, the method
comprising the steps of: providing an electric motor for actuating the positioning device against
the spring bias torque; supplying a first voltage to said electric motor to move the positioning
device to an actual position; comparing said actual position to a requested position; monitoring
said first voltage to determine a required voltage for opposing the spring bias torque at said

actual position; summing said requested position with a spring opposition term based upon said
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required current into a adjusted requested position; and supplying said required voltage to said
electric motor to move the positioning device to an adjusted requested position.

118.  Oninformation and belief, the Accused Instrumentalities infringe at least claim 12
of the 839 patent. The Accused Instrumentalities practice a method for controlling a positioning
device of an internal combustion engine (Figures 17-20, 69-71), the positioning device having a
spring bias torque (Figures 2-5, 7-9, 12-20, 24-25, 74-75), the method comprising the steps of:
providing an electric motor for actuating the positioning device against the spring bias torque
(Figures 2-5, 7-9, 12-20, 24-25); supplying a first voltage to said electric motor (Figures 2-5, 7-
9, 12-20, 24-25, 74-75) to move the positioning device to an actual position; comparing said
actual position to a requested position (Figures 3-5, 6, 8, 24-26, 43, 74); monitoring said first
voltage to determine a required voltage for opposing the spring bias torque at said actual
position; summing said requested position with a spring opposition term based upon said
required current into a adjusted requested position (Figures 3-5, 6, 8, 24-26, 40, 74); and
supplying said required voltage to said electric motor to move the positioning device to an
adjusted requested position (Figures 3-5, 6, 8, 24-26, 40, 74).

COUNT X1 = INFRINGEMENT OF U.S. PATENT NO. 6,612,287

119. The allegations set forth in the foregoing paragraphs 1 through 118 are
incorporated into this Thirteenth Claim for Relief.

120. On September 2, 2003 U.S. Patent No. 6,612,287 (“the *287 patent”), entitled
“Electronic Throttle Position Feedforward System,” was duly and legally issued by the United
States Patent and Trademark Office. A true and correct copy of the 287 patent is attached as

Exhibit 13.
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121. Plaintiff is the assignee and owner of the right, title and interest in and to the *287
patent, including the right to assert all causes of action arising under said patents and the right to
any remedies for infringement of them.

122.  Upon information and belief, Defendants have directly infringed at least claim 1
of the *287 patent by making, using, selling, importing and/or providing and causing to be used
the 2011-2017 Hyundai Sonata (2.0L), 2010-2017 Hyundai Genesis Coupe (2.0L), 2013-2017
Hyundai Santa Fe (2.0L), 2011-2017 Hyundai Sonata (2.4L), 2010-2017 Hyundai Tucson (2.4L),
2010-2017 Hyundai Santa Fe (2.4L) (the “Accused Instrumentalities™).

123.  Upon information and belief, the Accused Instrumentalities incorporate the Theta
I1 Engine which practices a method for controlling a positioning device of an internal
combustion engine.

124. In particular, claim 1 of the *287 patent recites a method for controlling a
positioning device of an internal combustion engine, the method comprising the steps of:
providing an electronic motor for actuating said positioning device with a torque being applied to
said motor over the positioning range and said torque changing sign thereby defining a torque
reversal point; detecting a commanded position of said positioning device; determining whether
said positioning device's command is in the region of said torque reversal point; forming a drive
signal for the motor on the basis of said commanded position for said positioning device; and
changing said drive signal to abruptly change the motor voltage when said commanded position
is in said region of said torque reversal point.

125.  On information and belief, the Accused Instrumentalities infringe claim 1 of the
’287 patent. The Accused Instrumentalities practice a method controlling a positioning (Figures

2-4, 4, 7-8, 17-20) device of an internal combustion engine (Figures 1-2), the method comprising
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the steps of: providing an electronic motor (Figures 3-4) for actuating said positioning device
with a torque being applied to said motor over the positioning range and said torque changing
sign thereby defining a torque reversal point (Figure 16); detecting a commanded position of
said positioning device (Figures 16-20); determining whether said positioning device's command
is in the region of said torque reversal point (Figures 17-21); forming a drive signal for the motor
on the basis of said commanded position for said positioning device (Figures 17-21); and
changing said drive signal to abruptly change the motor voltage when said commanded position
is in said region of said torque reversal point (Figures 17-21).

COUNT XIV - INFRINGEMENT OF U.S. PATENT NO. 7,487,761

126. The allegations set forth in the foregoing paragraphs 1 through 125 are
incorporated into this Fourteenth Claim for Relief.

127. On February 10, 2009 U.S. Patent No. 7,487,761 (“the *761 patent”), entitled
“Detection of Fuel System Problems,” was duly and legally issued by the United States Patent
and Trademark Office. A true and correct copy of the *761 patent is attached as Exhibit 14.

128. Plaintiff is the assignee and owner of the right, title and interest in and to the *761
patent, including the right to assert all causes of action arising under said patents and the right to
any remedies for infringement of them.

129.  Upon information and belief, Defendants have directly infringed at least claims 1
and 17 of the *761 patent by making, using, selling, importing and/or providing and causing to be
used the 2011-2017 Hyundai Sonata (2.0L), 2010-2017 Hyundai Genesis Coupe (2.0L), 2013-
2017 Hyundai Santa Fe (2.0L), 2011-2017 Hyundai Sonata (2.4L), 2010-2017 Hyundai Tucson
(2.4L), 2010-2017 Hyundai Santa Fe (2.4L) (the “Accused Instrumentalities™).

130.  Upon information and belief, the Accused Instrumentalities incorporate the Theta

I1 Engine which practices a method for detecting failures in a fuel system for a motor vehicle.
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131. In particular, claim 1 of the *761 patent recites a method for detecting failures in a
fuel system for a motor vehicle, the fuel system includes a fuel pump providing fuel from a fuel
tank to a fuel injector rail of an engine, a fuel pump controller is electrically connected to the fuel
pump and a rail pressure sensor, the rail pressure sensor is attached to the fuel injector rail in
fluid communication with fuel being provided from the fuel tank, the method comprises:
monitoring an actual fuel pump parameter of the fuel pump and a fuel injector rail pressure;
comparing the actual fuel pump parameter required to achieve a desired fuel injector rail pressure
to an initial fuel pump parameter to achieve the desired fuel injector rail pressure; and signaling a
fuel system problem if a difference between the actual fuel pump parameter and the initial fuel
pump parameter exceeds a predetermined threshold.

132.  Oninformation and belief, the Accused Instrumentalities infringe at least claim 1
of the ’761 patent. The Accused Instrumentalities practice a method for detecting failures in a
fuel system for a motor vehicle (Figures 17-21, 78-79), the fuel system includes a fuel pump
providing fuel from a fuel tank to a fuel injector rail of an engine (Figures 80-81), a fuel pump
controller is electrically connected to the fuel pump and a rail pressure sensor (Figures 17-21,
81), the rail pressure sensor is attached to the fuel injector rail in fluid communication with fuel
being provided from the fuel tank (Figures 78-82), the method comprises: monitoring an actual
fuel pump parameter of the fuel pump and a fuel injector rail pressure (Figures 17-21);
comparing the actual fuel pump parameter required to achieve a desired fuel injector rail pressure
to an initial fuel pump parameter to achieve the desired fuel injector rail pressure (Figures 17-21,
78-79, 83); and signaling a fuel system problem if a difference between the actual fuel pump
parameter and the initial fuel pump parameter exceeds a predetermined threshold (Figures 17-

21, 78-79, 83).
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Fuel System > Engine Control System > Rail Pressure Sensor (RPS) = Description and Operation

Description

Rail Pressure Sensor (RPS) 1s mstalled on the delivery pipe and measures the mstantaneous fuel pressure in the
delivery pipe. The sensing element (Senuconductor element) bualt in the sensor converts the pressure to voltage
signal By usmg this signal. the ECM can control comrect mjection amount and tming and adyusts the fuel pressure
with the fuel pressure regulator valve if the target pressure and the actual pressure calculated by the RPS output

sigmal are different.

I 4
“-"ﬁ\ J \1

Figure 78 — Note: Rail Pressure Sensor (RPS) measures fuel pressure in the delivery pipe which
converts the pressure to a voltage signal that the ECM can use to adjust the fuel pressure
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Fuel System = Engine Control System > Rail Pressure Sensor (RPS) = Troubleshooting
Signal Wavefornm
B  Current Data E|
4 @E@@@B ‘_ Text :][Irems List ::[Resﬂ Mlin Mm]: Record 1[: Run :]I: Filter ]
=00 e Engna‘:.plﬁerl May 437 IRFM
|
!
\
|
| \'-
(0N
L
i _)II | -“"‘——-..-...._
og, N . | Min €37.0RPH
el Fuel Pretaue | Max 1355kar
I
i
I
|
|
/ ..................................................... 135_5 hﬂl’
L — | S —
0, | e 1
2 =

Figure 79- Data from RPS through ECM
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Fuel System > General Information = Specifications

Specifications
Fuel Delivery System
Items Specification
Fuel Tank Capacity 70 Lit. (18.5 US.gal . 74.0 USqt.. 61.6 Imp.qt)
Fuel Filter Type Paper type
Low Pressure Fuel Line| 495 ~ 505 kPa (5.1 ~ 5.2 keflcn®. 71.8 ~ 73.2 psi)
Fuel Pressure : : :
High Pressure Fuel Line| 5.0 ~ 12.0 MPa (51.0 ~ 122.4 keflem?. 725.2 ~ 1740.5 psi)
Type Electnical, m-tank type
Fuel Pump - :
Drrven by Electric motor
Type Mechamical type
1gh Pressure Fuel
Hgh il . Camshaft

Figure 80- Note: Components of the fuel delivery system including the fuel pump, fuel tank
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1_Engme Control Module
2. Mamfold Absolute Pressure Sensor (MAPS) #1

3. Intake Awr Temperature Sensor (IATS)

4. Mamfold Absolute Pressure Sensor (MAPS) £2

5. Engme Coolant Temperature Sensor (ECTS)

6. Throttle Position Sensor (TPS) [mtegrated mto ETC
Module]

7. Crankshaft Position Sensor (CKPS)

8. Camshaft Position Sensor (CMPS) [Bank 1/ Intake]
9. Camshaft Position Sensor (CMPS) [Bank 1/ Exhaust]
10. Knock Sensor (KS)

11. Heated Oxygen Sensor (HO2S) [Bank 1 / Sensor 1]
12. Heated Oxygen Sensor (HO2S) [Bank 1 / Sensor 2]
|3 Ral Pressure Sensor

14. Accelerator Position Sensor (APS)
I Sure

. e i SOT

17. CVVT Oil Temperature Sensor (OTS)
18. A/C Pressure Transducer (APT)
19. ETC Motor [integrated mto ETC Module]

0. Tjector

21. Purge Control Solenoid Valve (P(W!

22. CVVT Ol Control Valve (OCV) [Bank 1/
Intake]

23. CVVT Ol Control Valve (OCV) [Bank 1/
Exhaust]

24. Electric Waste Gate Actuator (EWGA)

27. Canister Close Valve (CCV)
28. Tgmition Coil

29, Main Relay

EO, Fuel Pump Relay |
31. Data Link Connector (DLC) [16-Pm]

32. Multi-Purpose Check Connector [20-Pin]

Figure 81- Components of fuel system

Pg ID 1333
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= T IE

6. Remove the mstallation bolt (D). and then remove the delivery pipe and nyector assembly from the engme.

X,
- = “'-; L
l g -. -
i -

Figure 82- Fuel Injectors
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Tdpke 2 WL Lo

4 m:dluvmnsﬂmcmlmlz

3. Veliele speed controls and 1dle control system

6. Comparter output cireuts

7. Transomssion

The last taro mumabers of the DTC mndicates the component or sechon of the system where the faultis located

11} Freeze frame data

When a freere frame event 1= ngpered by an enussion related DTC, the ECM or PCM stores vanons veluele

mformaton &5 1t exasted the mcement the fault orwred. The DTC number along with the enzine data can benssfinl n

admg a techmetan m locatmg the cause of the fmlt. Onee the data from the st dimang oyele DTC comrence 1=

stoved m the freere frame memory, 1t will remam there even when the fanlt ceowes agam (2nd dmome cvele) and the
* Freeze Frame List

1} Caleulated Load Value

2) Engme RFM

3) Fuel Trem

4) Fuel Pressure (if available

3) Velecle Speed (of available)

&) Coolant Temparature

T) Intake Mamfold Pressme (if avalable)

8) Closad-or Open-loop operation

%) Fault code

3. OBD-1I systenn readiness tests

1) Catalyst monitomg

The catalyst efficiency momntor 15 a self-test stratesy withan the ECH oo PCM that uses the dowmstream Heated
Choyzen Sensar (HO25) to determine when a catalyst has fallen below the nummmm level of effectvensss moits abulity
o control exhaust exmsmon

2 Nhasfire monrtonngs

Misfive 15 defimed 2= the lack of proper combuston m the cylmder due to the absence of spark, poor fiel metering,
o poor compression. Ay combustion that does not oo withm the cvlmder at the proper time 1= also a mrsfive.
The nusfire detection momtor detects fiiel, 17mbion or mechamcally mduced masfives, The mient 15 to protect the
catabvst from perement damage and to alert the customer of an exnssion fahre or an mepecton mamtenance fahme
by tlhnnmating the MIL . When a pusfire 15 detected. special softerare called freeze frame datz 15 enzbled. The freeze
frame data captures the operational state of the velncle when a fult 1= detected from pusfire detechon monrtor
strategy.

el systemn momtonng
The fuel systern morator is 3 self-test stratery within the ECA or PO that monitors the adaptive foel table The finsl

condrol system uses the adaptrve fiel table to compensate for normal vanababity of the fuel system components
-:mlsadb} WEST O AZIE. [h:rmgn:lmaltﬂm:hcpmi:lm thheﬁlelwstanappearhuﬁedlem ornch, the

4:|Englmmnhng’1mm1m:ubmg
The cochng sy=temn momtonme 15 3 salf-test strategy withm the ECA or BCM that momtors ECTS (Enpine Coolant
Temperature Sensor) and thermostat about coewnt contimuty, output range. mhomabty fmlts

51 02 sensor monttormng

OBD-II regulations require montormg of the upstream Heated 02 Sensor (H205) to detect 1f the detencizhion of
the sensor has excesdad thresholds. An addwvonal HOZS 15 located dowmsteam of the Warmm-Tlp Thres Way
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Figure 83- Note: Functioning of ECM which receives data from various sensors associated with
different systems and monitors the systems for threshold values in comparison to actual values

133. Claim 17 of the *761 patent recites a device for detecting failures in a fuel system
of a motor vehicle, the fuel system includes a fuel pump providing fuel from a fuel tank to a fuel
injector rail of an engine, a rail pressure sensor is attached to the fuel injector rail in fluid
communication with the fuel being provided from the fuel tank, the device comprises: a fuel
pump controller being electrically connected to the fuel pump and the rail pressure sensor, the
fuel pump controller being configured to monitor an actual fuel pump parameter of the fuel
pump and an actual fuel injector rail pressure measured by the rail pressure sensor and to
compare the actual fuel pump parameter required to achieve a desired fuel injector rail pressure
to an initial fuel pump parameter and to signal a fuel system problem if a difference between the
actual fuel pump parameter and the initial fuel pump parameter exceeds a predetermined
threshold.

134. Oninformation and belief, the Accused Instrumentalities infringe claim 17 of the
’761 patent. The Accused Instrumentalities comprise a device for detecting failures in a fuel
system of a motor vehicle (Figures 17-21, 78-79), the fuel system includes a fuel pump
providing fuel from a fuel tank to a fuel injector rail of an engine (Figures 80-81), a rail pressure
sensor is attached to the fuel injector rail in fluid communication with the fuel being provided
from the fuel tank (Figures 17-21, 81), the device comprises: a fuel pump controller being
electrically connected to the fuel pump and the rail pressure sensor (Figures 17-21, 78-82), the
fuel pump controller being configured to monitor an actual fuel pump parameter of the fuel
pump and an actual fuel injector rail pressure measured by the rail pressure sensor and to
compare the actual fuel pump parameter required to achieve a desired fuel injector rail pressure

to an initial fuel pump parameter and to signal a fuel system problem if a difference between the
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actual fuel pump parameter and the initial fuel pump parameter exceeds a predetermined
threshold (Figures 17-21, 78-83).

COUNT XV - INFRINGEMENT OF U.S. PATENT NO. 6,644,115

135. The allegations set forth in the foregoing paragraphs 1 through 134 are
incorporated into this Fifteenth Claim for Relief.

136. On November 11, 2003 U.S. Patent No. 6,644,115 (“the 115 patent”), entitled
“Method and Device for Indicating Liquid Volume in a Tank,” was duly and legally issued by the
United States Patent and Trademark Office. A true and correct copy of the *115 patent is
attached as Exhibit 15.

137.  Plaintiff is the assignee and owner of the right, title and interest in and to the *115
patent, including the right to assert all causes of action arising under said patents and the right to
any remedies for infringement of them.

138.  Upon information and belief, Defendants have directly infringed at least claims 1
and 10 of the *115 patent by making, using, selling, importing and/or providing and causing to be
used the 2011-2017 Hyundai Sonata (2.0L), 2010-2017 Hyundai Genesis Coupe (2.0L), 2013-
2017 Hyundai Santa Fe (2.0L), 2011-2017 Hyundai Sonata (2.4L), 2010-2017 Hyundai Tucson
(2.4L), 2010-2017 Hyundai Santa Fe (2.4L) (the “Accused Instrumentalities”). (the “Accused
Instrumentalities™).

139. In particular, claim 1 of the *115 patent recites a system for determining a level of
a liquid present in a storage container in an automobile, the system comprising: a liquid level
sensor for determining a preliminary liquid level of the liquid stored in the storage container; a
vehicle speed sensor for determining the automobile's speed; a transmission gear selection sensor
for determining a transmission gear position of a transmission of the automobile; and a processor

for receiving input signals from the liquid level sensor, the vehicle speed sensor and the
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transmission gear selection sensor for modifying the preliminary liquid level to arrive at a final
liquid level indication of the liquid present in the storage container when the automobile's speed
is equal to zero, the automobile transmission gear is in park position, and the preliminary liquid
level exceeds a predetermined threshold.

140.  On information and belief, the Accused Instrumentalities infringe claim 1 of the
’115 patent. The Accused Instrumentalities comprise a system for determining a level of a liquid
present in a storage container in an automobile (Figures 17-21), the system comprising: a liquid
level sensor for determining a preliminary liquid level of the liquid stored in the storage
container (Figure 88); a vehicle speed sensor for determining the automobile's speed (Figure
89); a transmission gear selection sensor for determining a transmission gear position of a
transmission of the automobile; and a processor for receiving input signals from the liquid level
sensor (Figures 87-88), the vehicle speed sensor and the transmission gear selection sensor
(Figures 87-88) for modifying the preliminary liquid level to arrive at a final liquid level
indication of the liquid present in the storage container when the automobile’s speed is equal to
zero (Figure 87, 89), the automobile transmission gear is in park position, and the preliminary

liquid level exceeds a predetermined threshold (Figures 87, 89).
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1. PCV Valve

2. Canister

3. Purge Control Solenoid Valve
(PC3V)

4. Fuel Tank Pressure Sensor
(FTPS)

5. Camuster Close Valve (CCV)
[ %, Fuel Level Sexsor (FLS)
AN 1

8. Camalyne Converter

Figure 84 - Fuel Level Sensor
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1. Input speed sensor 5. Valve body assembly
2. Output speed sensor 6. Solenoid valve
3. Solenoid valve 7. Inlubitor switch
connect

4. Oil temperature

sensor

Figure 85- Input and Output Speed Sensor
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Figure 86 — Note: Processor receiving signals from vehicle speed sensor
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B Current Data

Standard Display 3 ) ][ Graph  +)(items List 2 ] Reset MinMax. ) Record ][ Stop 2]
Sensor Name Value Unit
iy | B Inpuit Speed[PG-A] 0 RAPM
e | 7] Output Speed|[PG-B) 0 RAPM
B Shif Lever Switch D -
e | @ Current Gear 1 -
Ed Engine RPM 2613 RPM
iy | (7] Vehicle Speed 0 kmyh
O Gear Ratio a7 - ~
[J Shift Control Solenoid Valve AJUD/E] G0 ma N
Operating step table at each status
—
Solenoid
oD 35R up 26
sS4 558 N-H N-H N-H N-L
NP o e
1st [
nd =
Gears - 3rd
4th
5th
6th

L

REV

&

Figure 87- Note: Input and Output speed sensor, gear selection sensor sending signals via the

CAN
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itive is a ¢ uter in i ‘ol Module M) or PowertrainControl
Module (PCM) that coordinates the OBD-II self-monitoring system. This program controls all the monitors and
interactions, DTC and MIL operation. freeze frame data am# scan tool interface.
Freeze frame data describes stored engine conditions. such as state of the engine. state of fuel control. spark. RPM.

Page 20 of 128
load and warm status at the point the first fault is detected. Previously stored conditions will be replaced only if a fuel

or misfire fault is detected. This data is accessible with the scan tool to assist in repairing the vehicle,
The center of the OBD-II system is a;nicmprocesso;‘ca]led the Engine Control Module (ECM) or Powertrain

The ECM or PCM receives input from sensors and other electronic components (switches. relays. and others

based on information received and progranuned mto its memory (keep alive random access memory. and others).
the ECM or PCM generates output signals to control various relays. solenoids and actuators.

2. Configuration of hardware and related terms

1) GST (Generic scan tool)

TCM AWD ABS/ESC Elc

ECM/PCM T 1

4

4
[ S
3 4

CAN [HIaH]

L 3
L3

. — o
Termination Resistor

9 [10/1112/13 114 15]16

- “\1'2 3i4sbr_a/

SCANNER

Pg ID 1343

The ECM or PCM are processors that receive input signals from the Fuel Level Sensor (liquid

level sensor).
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1. PCV Valve

2. Camster

3. Purge Control Solenoid Valve = "
(PCSV) 8. Camalyne Converter
4. Fuel Tank Pressure Sensor

(FTPs)
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The diagnostic executive is a computer program in the Engine Control Module (ECM) or PowertrainControl

Module (PCM) that coordinates the OBD-II self-monitoring system. This program controls all the monitors and
interactions. DTC and MIL operation. freeze frame data ancq scan tool interface.
Freeze frame data describes stored engine conditions. such as state of the engine. state of fuel control. spark. RPM.

Page 20 0of 128
load and warm status at the point the first fault is detected. Previously stored conditions will be replaced only if a fuel

or musfire fault is detected. This data is accessible with the scan tool to assist in repairing the vehicle.
The center of the OBD-II system is a- alled the Engine Control Module (ECM) or Powertrain

The ECM or PCM receives hmut from sensors and other electronic components ssx\itches. nelaxs. and others)

based on information received and programmed into its memory (keep alive random access memory. and others).
the ECM or PCM generates output signals to control various relays. solenoids and actuators.
2. Configuration ot hardware and related terms

1) GST (Generic scan tool)
TCM AWD ABS/ESC Etc
ECM/PCHM .
CAN [HIGH] .
: :
CAN [LOW]
: Termination Resistor ¢

\ 1/2[3]a]5 8 7[8 /
” \ 9/10]11]12[13)14 15|16 /

DLC
SCANNER
SONATA(YFA) > 2012 > G 2.4 GDI > Engine > Englne Control > P2158 Vehicle Speed Sensor B’ Range / Performance(Whesl Speed Sensor) E BE
General Description Feedback

The Wheel Speed Sensor (W5S5) generates a waveform with a frequency proportional to the speed of the vehicle. The signal generated by the WSS informs the ESC Module not only if the vehicle speed is low or
high but also if the vehicle is or is not moving. Then, ESC Maoduls informs PCM of these information.
The PCM uses these information to control the fuel injection, ignition timing, transaxie shift scheduling and torque converter clutch scheduling. The WSS signal is also used lo detect rough road conditions.

The Infringing Instrumentalities comprise a processor for receiving input signals from the
vehicle speed sensor, as exemplified by the CAN in the circuit diagram above.

SONATA(YFA) > 2012 > G 2.4 GDI > Transmission > Automatic Transaxie > POT05 Transmisslon Range Sensor Clrcuit Malfunction B
General Description Feedback
Shift lever positions P-range(Parking), R-range(R: ), N-range(N ) and D-range{Driving) are changed by driver need and lever position is sent to PCM/TCM to control a gear ratio.
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The Infringing Instrumentalities comprise a processor receiving input signals from the
transmission gear selection sensor as exemplified by the figure above which demonstrates the
data received from the transmission gear selection sensor.

Figure 88

7) Driving cycle

A driving cycle consists of engine start up. and engine shut off

8) Warm-up cycle

A wamn-up cycle means sufficient vehicle operation such that the engine coolant temperature has risen by at least 40
degrees Fahrenheit from engine starting and reaches a mininnum temperature of at least 160 degrees Fahrenheit.

9) Trip cycle

A tnp means vehicle operation (following an engine-off penod) of duration and dnving mode such that all
components and systems are mons at least once by FNOSHIC Sy except catalyst efiiciency or
evaporative system monitonng when a steady-speed check 15 used, subject to the limitation that the manufacturer-
defined tnip monitoring conditions shall all be encountered at least once during the first engine start portion of the
applicable FTP cycle.

3) Fuel system monitoring

The fuel system monitor is a self-test strategy within the ECM or PCM that monitors the adaptive fuel table The fuel
contro] system uses the adaptive Tue] table to compensate for nomual vanability of the fuel system components
caused by wear or aging. Duning normal vehicle operation. if the fuel system appears biased lean or rich, the
adaptive value table will shift the fuel delivery calculations to remove bias.

Page 84 of 414
‘ Service Name Service Trigger

1 Showing the eco-coach window.

The customer can see the average efficiency curve of fuel consumption by
selecting eco-coach software button into the Info menu or saving “eco-coach
on’” using PTT button on the mside mirror.

- Eco Coach - Selecting eco-coach button
- Saying “Eco-coach on” menu : Press PTT button on the inside miror, after
heard “Please say command” sound, say “Eco- coach on”
2 See the fuel consumption on the web.
Refer to the telematics web service manual for detail information.

As illustrated in the element above, the Controller Area Network (CAN) acts as a processor for
processing the data associated with the preliminary and final liquid levels communicated by the
fuel level sensor. The fuel level sensor is in the fuel storage tank, which is the storage container

Further, as illustrated in 7) above, the driving cycle consists of engine start up and shut-off. At
shut-off, the automobile’s speed is equal to zero, and the transmission gear is in the park
position. The final liquid level indication is arrived at when the automobile’s speed is zero at
engine shut off, and the fuel level is at least the minimal detectible fuel level, in other words the
preliminary liquid level exceeds a predetermined threshold.
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SONATA(YFA) > 2012 > G 2.4 GDI > Engine > Engine Control > P0464 Fuel Level Sensor 'A’ Circuit Intermittent [3-]
DTC Description Feedback

PCM compares fuel level measured with filtered value. If there is difference over 50% between each other, PCM sets P0464.,

DTC Detecting Condition
Ttem

Detecting Condition Possible Cause

DTC Strategy « Noisy signal

= Vehicle Speed > 22 mph during 20 Seconds
= No rough road

« No relevant DTCs. 1. Poor connection or damaged harness

[Enable Conditions

= 11< Battery voltage <16 2. Faulty Fuel Level Sender "A"
Threshold Value = FL measured - FL filtered value > 50 %
Diagnostic Time = 10 Seconds
Mil On Condition * 2 Drive Cycles

The PCM compares a filtered fuel level with a measured fuel level.

SONATA(YFA) > 2012 > Transmission > Automatic Transaxie > Monitor GO'S Data EE
Monitor GDS Data Feedback

1. Connect GDS to Data Link Connector(DLC

2. lgnkion “ON" & Engine "ON~

3. Driving 13t speed 10 6th speed ot Drange

4. Selet "Currnet Data’mode and monitor “Torgue converier Clulch” parameter
Specihication :See below data

2 Current Data 129 -
SuedardDaglay s ) Follst 3 ) Geaph ¢ ) hems Lists | RosetMntax || Record | Swp ) Transmission gear in park
Sensor Name Value Unit position, speed equal to
gt —=
[ Current Gear o
B Terese Thach St [ 21 RPM |
2 Torque Converter Clutch Solenoid Vaive SV /WA
B Torque Converter Clutch Control State o
B Vehicie Speed e —
Qinput SpeedPG-A) T -
() Outout SpeediPG-8) 9 _RA =

When the transmission gear is in park, the vehicle speed is equal to zero.

Figure 89

141.  Claim 10 of the *115 patent recites a method for determining a level of a liquid
present in a storage container in an automobile the method comprising: determining a
preliminary liquid level of the liquid stored in the storage container using a liquid level sensor;
determining the automobile's speed using a vehicle speed sensor; determining a transmission
gear position of a transmission of the automobile using a transmission gear selection sensor; and
receiving input signals from the liquid level sensor, the vehicle speed sensor and the transmission

gear selection sensor for modifying the preliminary liquid level to arrive at a final liquid level
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indication of the liquid present in the storage container the automobile's speed is equal to zero,
the automobile transmission gear is in park position, and the preliminary liquid level exceeds a
predetermined threshold.

142.  Oninformation and belief, the Accused Instrumentalities infringe claim 10 of the
’115 patent. The Accused Instrumentalities practice a method for determining a level of a liquid
present in a storage container in an automobile the method comprising (Figures 17-21):
determining a preliminary liquid level of the liquid stored in the storage container using a liquid
level sensor (Figure 84); determining the automobile's speed using a vehicle speed sensor
(Figure 86-87); determining a transmission gear position of a transmission of the automobile
using a transmission gear selection sensor; and receiving input signals from the liquid level
sensor, the vehicle speed sensor and the transmission gear selection sensor for modifying the
preliminary liquid level to arrive at a final liquid level indication of the liquid present in the
storage container the automobile's speed is equal to zero (Figures 88-89), the automobile
transmission gear is in park position, and the preliminary liquid level exceeds a predetermined
threshold (Figure 89).

COUNT XVI - INFRINGEMENT OF U.S. PATENT NO. 6,581,574

143.  The allegations set forth in the foregoing paragraphs 1 through 142 are
incorporated into this Sixteenth Claim for Relief.

144. OnJune 24, 2014 U.S. Patent No. 6,581,574 (“the *574 patent”), entitled “Method
for Controlling Fuel Rail Pressure,” was duly and legally issued by the United States Patent and
Trademark Office. A true and correct copy of the *574 patent is attached as Exhibit 16.

145.  Plaintiff is the assignee and owner of the right, title and interest in and to the 574
patent, including the right to assert all causes of action arising under said patents and the right to

any remedies for infringement of them.
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146.  Upon information and belief, Defendants have directly infringed at least claims 1,
7, and 13 of the ’574 patent by making, using, selling, importing and/or providing and causing to
be used the 2011-2017 Hyundai Sonata (2.0L), 2010-2017 Hyundai Genesis Coupe (2.0L), 2013-
2017 Hyundai Santa Fe (2.0L), 2011-2017 Hyundai Sonata (2.4L), 2010-2017 Hyundai Tucson
(2.4L), 2010-2017 Hyundai Santa Fe (2.4L) (the “Accused Instrumentalities™).

147.  Upon information and belief, the Accused Instrumentalities incorporate the Theta
I1 Engine which practices a method of controlling the fuel pressure within a fuel delivery system
a system for determining a level of a liquid present in a storage container in an automobile.

148. In particular, claim 1 of the *574 patent recites a method of controlling the fuel
pressure within a fuel delivery system having a fuel pump which delivers fuel to a fuel rail of an
internal combustion engine comprising: providing a set-point fuel pressure; providing the
estimated average fuel flow through the system; generating a feed forward control signal based
upon the set-point fuel pressure and the average fuel flow; measuring the fuel rail pressure with a
fuel pressure sensor; filtering the output of the fuel pressure sensor to filter out pulses due to the
opening and closing of the fuel injectors; comparing the fuel rail pressure to the set-point fuel
pressure and generating an error signal based upon the difference between the fuel rail pressure
and the set-point fuel pressure; and modifying the feed forward control signal based upon the
error signal thereby generating a motor controller signal and sending the motor control signal to
the fuel pump motor.

149. On information and belief, the Accused Instrumentalities infringe at least claim 1
of the ’574 patent. The Accused Instrumentalities practice a method of controlling (Figures 17-
21) the fuel pressure within a fuel delivery system having a fuel pump which delivers fuel to a

fuel rail of an internal combustion engine (Figures 80-82, 90-94) comprising: providing a set-
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point fuel pressure (Figure 83); providing the estimated average fuel flow through the system
(Figure 83); generating a feed forward control signal based upon the set-point fuel pressure and
the average fuel flow (Figures 78-79, 83); measuring the fuel rail pressure with a fuel pressure
sensor (Figures 78-79, 90-94); filtering the output of the fuel pressure sensor to filter out pulses
due to the opening and closing of the fuel injectors (Figure 83); comparing the fuel rail pressure
to the set-point fuel pressure and generating an error signal based upon the difference between
the fuel rail pressure and the set-point fuel pressure; and modifying the feed forward control
signal based upon the error signal thereby generating a motor controller signal and sending the

motor control signal to the fuel pump motor (Figure 83).

8 Hyundai Motor America [US] | https://www.hyundaitechinfo.com/viewer/content_pop.aspx7content_no=SHOP|ENG|2684]|2012||en|98]|&sitinfolist=14 14904 14%

SONATA(YFA) > 2012 > Engine > Engine Control > Description

Fuel Pressure Regulator Valve is installed on the high pressure fuel pump and controls fuel flow flowing into the injectors in accordance with the ECM signal calculated based on various
lengine condition

Fuel Pressure
Regulator Valve

@ B

Fuel Pump Assembly

Fuel Level Sensor {FLS)

Q‘i O-Ring

Figure 90 — Note: Fuel Pressure Regulator installed on high pressure fuel pump which controls
fuel flow flowing into injectors in accordance with the ECM signal calculated based on various
engine conditions and fuel pump assembly with fuel level sensor
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& Hyundai Service Website - Google Chrome

- ] X

& Hyundai Motor America [US] | https://www.hyundaitechinfo.com/viewer/content_pop.aspx?content_no=DTC|ENG|2684|2012||en|97||&sitinfolist=1441420/ 14204

SONATA(YFA) > 2012 > Engine > Engine Control > General Description

General Description

EE8

Feedback

The Low Pressure Pump (LPP) supplies 65 psi(4.5 bar) of fuel pressure to the High Pressure Pump (HPP).

Using the internally located Fuel Pressure Regulator Valve (FPR), the HPP will boost the fuel pressure from 580 psi(40 bar) atidle to a maximum of 1958 psi(135 bar).
The Fuel Pressure Sensor (FPS) confirms the fuel pressure and returns the signal to the Powertrain Control Module (PCM).

Fuel pressure during limp-home mode is 65 psi(4.5 bar).

Figure 91- Note: Description of low pressure fuel pump working in tandem with high pressure

pump

& Hyundai Service Website - Google Chrome

- [m] X

@ Hyundai Motor America [US] | https://www.hyundaitechinfo.com/viewer/content_pop.aspx?content_no=DTC|ENG|2684]|2012||en|98||&esitinfolist=14 41420/ 14204

SONATA(YFA) > 2012 > Engine > Engine Control > DTC Detecting Condition B
DTC Detecting Condition Feedback
Item

Detecting Condition Possible Cause
DTC Strategy + Plausibility Check
Enable Conditions - Engine Speed: 5712-7008 RPM 1. Overflow of fuel refurn
Threshold Value * Fuel Pressure: Less than 0 psi(0 bar) 2. Aleaky injector, a leak in the Fuel Rail
Diagnostic Time 5 sec. 3. Mechanical failure in High Pressure Pump
@Condmnn s Dme@ 4. sticking by low pressure of rail pressure sensor

i:igure 92 — Note: Drive Cycle DTC detecting condition where threshold value is established;

ECM monitors sensors and determines if set-point fuel pressure has been reached.

Page 138 of 212



2:17-cv-12901-BAF-RSW Doc # 20 Filed 04/30/18 Pg 139 of 212 Pg ID 1352

Condition Possible Cause
Fuel Pressure is too low Fuel filterfuel pressure regulator, in-tank fuel hose or the fuel pump Feedback
Fuel Pressure is too high Fuel pressure regulator, hose or pipe

» Check high pressure pump
1. Connect GDS to DLC(Data Lig

2. Start the engine and morfior “Rail Pressure Sensor” pg

ameter on GDS at accelerating.
3. Are the parameters displaye®
Specification :The fuel rail pressure will be increased while accelerating the vehicle.

© Current Data =]
@@@@@BB [ D‘me +)(Hems List 2 | Reset Min Max ) Record ){ Run 2)(_ Fiter

4769.0RPM

|
|
|
|
|
00, Lo, | Min 637.00PM
Tk ] Fuel Pressre | Mes: 135 Boar
|
|
|
|
|

135.9bar

A~

(1 S | S G P S S PSPS N | (829 £y

m P Go to "Check injector” as follows.

NO P Repair or replace high pressure pump, and go to "Verification of Vehicle Repair’ procedure.

Figure 93 — Note: Exemplary data received from rail pressure sensor regarding the fuel pressure
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SONATA(YFA}> 2012 > Engine > Engine Control > Component Inspection EEBEE
Component Inspection Feedback

» Check tuel rail pressure parformance

1. IG"OFF"

2. Engine star

3. Manitor signal waveform of fugl rall pressure sensor with accalerating and dacelarating
Specification :The fuel rail pressure will be increased while accelerating the vehicle

Nominal Qutput Characteristics
Supply Veltaps & Wee
e ],;;J{ High Ddagaastic
7 | B A7 T . Tom
wl 1 1 | | |
| |
|
= |
£| o ‘|
= | wf
]
wl | !
£ v
L3 204 H |
2} | i
o1 | |-
o RN ..I..’E.;.’-'il' L'x‘mnij:«:ttu
] ] 5 B 2% 1% e 20 ns M0
= = 10
Pressure (Bar Gage)
4. I the measured siganl waveform normal?
= ¥ Go to “Verification of Vehicle Repair” procedure
P Substitute wilh a known - good fuel rail pressure sensor and check for proper operation. If the problem is corrected, replace fuel rail pressure sansor and go

to “Verification of Vehicle Repair’ procedure

Figure 94 — Note: Rail pressure sensor voltage signals received by the ECM and used to control
the fuel pressure

150. Claim 7 of the 574 patent recites a fuel delivery system comprising: a fuel rail
adapted to deliver fuel to fuel injectors of an automotive 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 output of said fuel pressure sensor to filter out pulses due to the
opening and closing of the fuel injectors, and a fuel pump motor controller having: a feed
forward controller adapted to provide a feed forward signal having fuel pump motor control
parameters based upon a set-point fuel pressure and the average fuel flow through said system; a
first summing junction adapted to compare the fuel rail pressure to the set-point fuel pressure and
to generate an error value based upon the difference between the fuel rail pressure and the set-
point fuel pressure; a feed back controller adapted to receive the error value and to generate a

feed back control signal; a second summing junction adapted to receive the feed back control
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signal from said feed back controller and the feed forward control signal from the feed forward
controller and to modify the fuel pump motor control parameters of the feed forward control
signal based upon the feed back control signal to generate a motor controller signal; and a fuel
pump motor controller driver adapted to receive the motor controller signal and to control the
speed of said fuel pump based upon the motor controller signal.

151.  On information and belief, the Accused Instrumentalities infringe claim 7 of the
’574 patent. The Accused Instrumentalities comprise a fuel delivery system comprising: a fuel
rail adapted to deliver fuel to fuel injectors of an automotive vehicle, a fuel pump adapted to
deliver fuel to said fuel rail, a fuel pressure sensor adapted to measure the fuel rail pressure
(Figures 78-79, 82, 93-94), a low-pass filter adapted to filter the output of said fuel pressure
sensor to filter out pulses due to the opening and closing of the fuel injectors (Figure 96), and a
fuel pump motor controller (Figures 19-21) having: a feed forward controller adapted to provide
a feed forward signal (Figure 94-95) having fuel pump motor control parameters based upon a
set-point fuel pressure and the average fuel flow through said system (Figures 19-21, 92-93); a
first summing junction adapted to compare the fuel rail pressure to the set-point fuel pressure and
to generate an error value based upon the difference between the fuel rail pressure and the set-
point fuel pressure (Figures 19-21, 92-93); a feed back controller adapted to receive the error
value and to generate a feed back control signal (Figures 19-21); a second summing junction
adapted to receive the feed back control signal from said feed back controller and the feed
forward control signal from the feed forward controller and to modify the fuel pump motor
control parameters of the feed forward control signal based upon the feed back control signal to

generate a motor controller signal (Figures 19-21); and a fuel pump motor controller driver
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adapted to receive the motor controller signal and to control the speed of said fuel pump based

upon the motor controller signal (Figures 19-21).

MF| Cortrol Systern | GaiCH - THETA N 2200 T-GDI HY SDATIM

LOW-PASS FILTER

Figure 95- Fuel system signal diagram

152. Claim 13 of the ’574 patent recites a method of controlling the fuel pressure
within a fuel delivery system having a fuel pump which delivers fuel to a fuel rail and fuel
injectors of an internal combustion engine comprising: providing a set-point fuel pressure;
providing the estimated average fuel flow through the system; generating a feed forward control
signal based upon the set-point fuel pressure and the average fuel flow; measuring the fuel rail

pressure with a fuel pressure sensor; comparing the fuel rail pressure to the set-point fuel
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pressure and generating an error signal based upon the difference between the fuel rail pressure
and the set-point fuel pressure; modifying the feed forward control signal based upon the error
signal thereby generating a motor controller signal and sending the motor control signal to the
fuel pump motor; detecting pulses in the signal from the fuel pressure sensor to establish when
the fuel injectors open and close; measuring the time between when an injector opens and closes
to determine how long the injector is open; using the injector flow rate and the injector open time
to calculate the average fuel flow.

153.  Oninformation and belief, the Accused Instrumentalities infringe claim 13 of the
’574 patent. The Accused Instrumentalities practice a method of controlling the fuel pressure
within a fuel delivery system (Figures 17-21) having a fuel pump which delivers fuel to a fuel
rail and fuel injectors of an internal combustion (Figures 80-82) engine comprising: providing a
set-point fuel pressure (Figures 90-95); providing the estimated average fuel flow through the
system; generating a feed forward control signal (Figure 95) based upon the set-point fuel
pressure and the average fuel flow; measuring the fuel rail pressure with a fuel pressure sensor
(Figures 90-95); comparing the fuel rail pressure to the set-point fuel pressure and generating an
error signal based upon the difference between the fuel rail pressure and the set-point fuel
pressure (Figures 90-95); modifying the feed forward control signal based upon the error signal
thereby generating a motor controller signal and sending the motor control signal to the fuel
pump motor; detecting pulses in the signal from the fuel pressure sensor to establish when the
fuel injectors open and close; measuring the time between when an injector opens and closes to
determine how long the injector is open; using the injector flow rate and the injector open time to

calculate the average fuel flow (Figures 90-95).
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COUNT XVII - INFRINGEMENT OF U.S. PATENT NO. 6,609,497

154.  The allegations set forth in the foregoing paragraphs 1 through 153 are
incorporated into this Seventeenth Claim for Relief.

155. On August 26, 2003, U.S. Patent No. 6,609,497 (“the *497 patent”), entitled
“Method for Determining MBT Timing In an Internal Combustion Engine,” was duly and legally
issued by the United States Patent and Trademark Office. A true and correct copy of the 497
patent is attached as Exhibit 17.

156. Plaintiff is the assignee and owner of the right, title and interest in and to the *497
patent, including the right to assert all causes of action arising under said patents and the right to
any remedies for infringement of them.

157. Upon information and belief, Defendants have directly infringed at least claims 1
and 11 of the *497 patent by making, using, selling, importing and/or providing and causing to be
used the 2011-2017 Hyundai Sonata (2.0L), 2010-2017 Hyundai Genesis Coupe (2.0L), 2013-2017
Hyundai Santa Fe (2.0L), 2011-2017 Hyundai Sonata (2.4L), 2010-2017 Hyundai Tucson (2.4L),
2010-2017 Hyundai Santa Fe (2.4L) (the “Accused Instrumentalities”).

158.  Upon information and belief, the Accused Instrumentalities incorporate the Theta
I1 Engine which practices a method of controlling an internal combustion engine.

159. In particular, claim 1 of the *497 patent recites a method of controlling an internal
combustion engine, said engine having at least one cylinder, said method comprising the steps
of: measuring the combustion pressure in said at least one cylinder at at least two discrete times
during a combustion cycle; calculating a net combustion pressure change in said at least one
cylinder based on said measured combustion pressures; calculating the second derivative of said
net combustion pressure change; calculating the maximum acceleration point of said net

combustion pressure change from said second derivative of said net combustion pressure change;
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and varying the spark timing of said engine until said maximum acceleration point is aligned

with top dead center to achieve maximum braking torque spark timing.

160. On information and belief, the Accused Instrumentalities infringe claim 1 of the
"497 patent. The Accused Instrumentalities practice a method of controlling an internal combustion
engine (Figures 17-21), said engine having at least one cylinder (Figures 1, 98), said method
comprising the steps of: measuring the combustion pressure in said at least one cylinder at at least
two discrete times during a combustion cycle (Figure 69-71, 97, 100-103); calculating a net
combustion pressure change in said at least one cylinder based on said measured combustion
pressures; calculating the second derivative of said net combustion pressure change (Figures 19-21,
100-106); calculating the maximum acceleration point of said net combustion pressure change from
said second derivative of said net combustion pressure change (Figures 19-21, 100-106); and
varying the spark timing of said engine until said maximum acceleration point is aligned with top

dead center to achieve maximum braking torque spark timing (Figures 19-21, 100-106).

Specifications
Description Specifications Limit
General
Type In-line, DOHC
Number of cylinders 4
Bore 88mm (3.4641n)
Stroke 97mm (3.8191n)
Total displacement 2359cc (143.90cu.1n)
C‘onlgvession ratio 113031

Figure 96- Theta Il Specifications
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Fuel System > Engine Control System > Components and Components Location

Components Location
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11. Heated Oxygen Sensor (HO2S) [Bank 1/ Sensor 2] 25. Ignition Conl
2 pa; )

, 26. Main Relay
13. Accelerator Position Sensor (APS) 27. Fuel Pump Relay
14. Fuel Tank Pressure Sensor 1

Figure 97 - Engine Control System components location

I.E_nﬂ' Conu'olModule‘ﬂl I ”16, A/C Pressure Transducer (APT)

2. Mamifold Absolute Pressure Sensor (MAPS) 17. ETC Motor [integrated mnto ETC Module]
3. Intake Air Temperature Sensor (IATS) 18. Injector
4. Engme Coolant Temperature Sensor (ECTS) 19. Purge Control Solenoid Valve (PCSV)
5. Throttle Position Sensor (TPS) [integrated mto ETC 20. CVVT 01l Control Valve (OCV) [Bank 1/
Module] Intake]

; tion Sensor 21. CVVT Oil Control Valve (OCV) [Bank 1/
7. Camshaft Position Sensor (CMPS) [Bank 1/ Intake) Exhaust]
8. Camshaft Position Sensor (CMPS ¢ 1/ Exhaust 22. Vanable Intake Solenoid (VIS) Valve
9. Knock Sensor (KS) 23, Fuel Pressure Regulator Valve

10. Heated Oxygen Sensor (HO2S) [Bank 1/ Sensor 1] 24. Camster Close Valve (CCV)

= .
15. Fuel Level Sensor (FLS) 129, Mlﬂﬁ-ﬁ Check Connector ;zo-Pini

Pg ID 1359
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Figure 98 - Engine control system incorporating a piezo-electric element
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Fuel System > Engine Control System > CVVT Qil Control Valve (OCV) > Description and Operation
Description
Continuous Vanable Valve Timing (CVVT) system advances or retards the valve timing of the intake and exhaust
valve mn accordance with the ECM control signal which 1s calculated by the engine speed and load.
By controlling CVVT, the valve over-lap or under-lap occurs, which makes better fuel economy and reduces
exhaust gases (NOx, HC) and improves engine performance through reduction of pumping loss, mternal EGR effect,
improvement of combustion stability, improvement of volumetric efficiency, and increase of expansion work.
Thas system consist of
-the CVVT Oil Control Valve (OCV) which supplies the engine o1l to the cam phaser or cuts the engine oil from the
cam phaser in accordance with the ECM PWM (Pulse With Modulation) control signal,

Page 96 of 123

- the CVVT Oil Temperature Sensor (OTS) which measures the engine oil temperature,

-and the Cam Phaser which varies the cam phase by using the hydraulic force of the engime o1l

The engine oil gettmg out of the CVVT oil control valve varies the cam phase i the direction (Intake
Advance/Exhaust Retard) or opposite direction (Intake Retard/Exhaust Advance) of the engine rotation by rotating
the rotor connected with the camshaft inside the cam phaser.

- / :\ Connector
/

!
%/@

/

A
Y

Figure 99- Description of CVVT sensor which issued to vary the cam phase based on the engine
pressure

161. Claim 11 of the *497 patent recites a method of controlling an internal combustion
engine, said engine having at least one cylinder, said method comprising the steps of: measuring
the combustion pressure in said at least one cylinder at at least two discrete intervals of a crank
angle of at least one degree during a combustion cycle; calculating a net combustion pressure
change in said at least one cylinder based on said measured combustion pressures; calculating the
second derivative of said net combustion pressure change; calculating the maximum acceleration

point of said net combustion pressure change from said second derivative of said net combustion
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pressure change; and varying the spark timing of said engine until said maximum acceleration
point is aligned with top dead center to achieve maximum braking torque spark timing.

162.  On information and belief, the Accused Instrumentalities infringe claim 11 of the
’497 patent. The Accused Instrumentalities practice a method a method of controlling an
internal combustion engine (Figures 17-21), said engine having at least one cylinder, said
method comprising the steps of: measuring the combustion pressure in said at least one cylinder
(Figures 1, 96) at at least two discrete intervals of a crank angle of at least one degree during a
combustion cycle; calculating a net combustion pressure change in said at least one cylinder
based on said measured combustion pressures (Figures 19-21, 100-106); calculating the second
derivative of said net combustion pressure change (Figures 19-21, 100-106); calculating the
maximum acceleration point of said net combustion pressure change from said second derivative
of said net combustion pressure change (Figures 19-21, 100-106); and varying the spark timing
of said engine until said maximum acceleration point is aligned with top dead center to achieve

maximum braking torque spark timing (Figures 19-21, 100-106).
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SONATA(YFA) = 2012 > Engine > Engine Control > Description
Description

because of CKPS signal missing. This sensor is installed on the cylinder block or the transaxle housing and generates alternating current by magnetic flux field which is made by the sensor and
the target wheel when engine runs.

Feedback
Crankshaft Position Sensor (CKPS) detects the crankshaft position and is one of the most important sensors of the engine control system. If there is no CKPS signal input, the engine may stop
[The target wheel consists of 58 =slots and 2 missing slofs on 360 degrees CA (Crank Angle).

Connector

Sensor

SONATA(YFA) > 2012 > Engine > Engine Control > General Description
General Description

Feedback
[The Crankshaft Position Sensor (CKFPS) is a hall effect type senzor that generates voltage using a sensor and a target wheel mounted on the crankshaft; there are 58 slots in the target wheel
here ane is longer than the others. When the slot in the wheel aligns with the sensor, the sensor voltage outputs low. When the metal (tooth) in the wheel aligns with the sensor, the sensor
voltage outputs high. During one crankshaft rotation there are 58 rectangular signals and one longer signal. The PCM calculates engine RPM by using the sensor’ s signal and controls the
injection duration and the ignition timing. Using the signal differences caused by the longer slot, the PCM identifies which cylinder is at top dead center.

@& Hyundai Service Website - Google Chrome

- o x ’
# Hyundai Motor America [US] | https://www.hyundaitechinfo.com/viewer/content_pop.aspx?content_no=DTC|JENG|2684|2011|len|97||&sitinfolist=142 1420/ 142...
SONATA(YFA) > 2011 > Engine > Engine Control > General Description

General Description

when it detects pre-ignition.

Feedback
Cylinder compression pressure of the turbo engine is higher than non-turbo gasoline engine. Therefore pre-ignition in turbo engine brings damages of cylinder block and spark plug, piston. PCM
monitors the signal of knock sensor to detect pre-ignition in each cylinder. PCM limits maximum torque by rich lamda control, reducing load, retarding ignition timing and reducing valve overlap

Figure 100 — Note: Crankshaft position sensor provides crank angle; Description of PCM
controlling pre-ignition sensor which provides cylinder data
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SONATA(YFA) > 2012 > Engine > Engine Control > Forme d'onde de signal et données

Signal Waveform & Data Feedback

1. Set up an oscilloscope as follows
Channel A (+): Signal terminal of the CMPS #2(back probe), (-): ground
Channel B {+): Signal terminal of the CKPS({back probe), (-} ground

Il

2. Start the engine and check for signal waveform compared with reference waveform as below,

(~] Osciiloscope[ Sensor J(_meme J(2chvach ) aux [ Revew J(userseng) [ 2% 5ms | @

(CRoset )T 'JLMJIWILMI[MJE]@@@III D

T Cura D1V Avg 018V Curb: EI'iEV r@

L bi i

ChB: : " Cure 004V AV 1287V Curb -B04Y O
i —— >
- .
& Oscilloscope (_Sensor J(_theme J(2cvach J(_aux J(_Review J(usersenn) [ Zsms | [F]

R E ‘J[MJ[WJ[MJLM ]@@@@ [ 20 ]

" Cura .12V Avg 1012V Curb: cnzv )|

L

" Cura-007V Avy 221V Curb: 4‘59\«"5[-@

A
¥

-

:B y e

A CMPS and CKPS waveform of exhaust shaft at idle
B : CMPS and CKPS waveform of exhaust cam shaft at acceleration
(Tooth number is changed by CVVT operation)

Figure 101 — Waveform camshaft and crankshaft data gathered from CMPS and CKPS
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ECM MISFIRE DETECTION METHOD

It can be tough to hear or feel a misfire, which is one reason why new emissions-control
standards require the on-board diagnostics (OBD-Il) of the engine control module
(ECM) to monitor each cylinder for misfire.

Engine misfire detection is based on the difference of engine rotational speed between
the firing cylinders and the missing cylinder. When a cylinder is misfiring, it takes a
“longer time" for the crankshaft to rotate to the next cylinder in the firing order. This
“time” is measured by the crankshaft angle sensor (CAS) which measures the actual
rotational travel of the crankshaft in real time. This information is evaluated by the ECM.
If the misfiring cylinder took “longer” to rotate the crankshaft than the other cylinders,
the ECM will set the appropriate diagnostic trouble code (DTC) for that cylinder. As an
example; an inline 4 cylinder engine’s crankshaft rotates 180° as each cylinder fires
through the firing order. In a properly running engine with a firing order of 1-3-4-2, the
time between the firing of 1-3 will be the same as 3-4, 4-2, and 2-1. In an engine that
has a misfire in cylinder #2; it takes the crankshaft longer to travel through the 2-1 firing
rotation.

The repair of today’s misfire is more difficult than pre-OBD-Il vehicles because the ECM
is programmed to detect the slightest change of crankshaft rotational speed. The
criteria for detecting a misfire is set by the Federal Government and all vehicles sold in
the U.S. must comply with these requirements. The engine management system must
be able to perform three critical elements of misfire detection:

1. Monitor, identify and if severe enough, illuminate the “check engine” light for a
misfiring cylinder;

2. Set separate diagnostic trouble codes for multiple cylinders;

3. During a misfire great enough to damage the catalyst, the “check engine” light must

blink.
Figure 102- Note: ECM Misfire detection method
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Crank Angle Sensor and Crankshaft Tone Wheel

The crank angle sensor (CAS) and crankshaft tone wheel work together to provide the
ECM top dead center (crankshaft position) information. The tone wheel is mounted to
the crankshaft and rotates with the crank. The CAS is mounted 0.020 - 0.059" from the
tone wheel. As the tone wheel rotates past the CAS, the signal appears as shown in
graphs 1 & 2 on HDS. Large voltage “drop-outs” can be an indicator of a loose or
damaged tone wheel causing random and specific misfire codes (P0300, P0301,
P0302 etc.).
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The above example shows a damaged CAS at idle. The above example shows normal CAS viewed on HDS
Motice the drastic abnormal change of the amplitude for Accent and Elantra engine contral systems at idle.
of the CAS. Notice the consistency of the signal amplitude (height).

A loose tone wheel can quickly be checked while the CAS is removed from the engine.
Use a long, narrow, flat blade screwdriver to push, pull and/or pry on the tone wheel
through the CAS hole. Any movement of the tone wheel indicates its loose. The tone
wheel is mounted to the crankshaft with four screws.

Coolant Temperature and Intake Air Temperature Sensor

The Hyundai scan tool should be used to measure the engine coolant temperature and
the intake air temperature. When the engine is cold, both values should be near the
ambient temperature. When the engine reaches operating temperature, verify that the
coolant temperature reads higher than the intake air temperature. This check rules out
any possibility that the wire harness connectors might have been inadvertently
switched, or that there is a faulty sensor.

Oxygen (Oz) Sensor

If any misfire code is accompanied by an oxygen sensor code, repair the oxygen
sensor code before attempting to repair the misfire code. Oxygen sensors that
malfunction can cause excessive carbon in the cylinders, thus causing a misfire. If the
carbon build-up is verified, consider the top engine cleaner treatment before
proceeding with repairing the misfire code. Refer to TSB 97-36-004 for proper
diagnosis of the oxygen sensor.

Figure 103-Note: Crank angle sensor description
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!MM:MCMM:CmuﬂCwm

Components Location

1. Engane Control Module (ECM)

2. Mamfold Absolute Pressure Sensor (MAPS)

3. Intake Awr Temperature Sensor (IATS)

4. Engane Coolant Temperature Sensor (ECTS)

5. Throttle Posiion Sensor (TPS) [mtegrated mto ETC

Module]

6. Crankshaft Position Sensor (CKPS)

?c-nmmmsem(cmsnnatum]
amshaft Position Sensor (CMPS) [Bank 1 / Exhaust)

lO.Heuedeyngenw(HOZS)[BﬂHSeml]
11. Heated Oxygen Sensor (HO2S) [Bank 1/ Sensor 2)
12. Raul Pressure Sensor (RPS)

13. Accelerator Position Sensor (APS)

14. Fuel Tank Pressure Sensor (FTPS)

15. Fuel Level Sensor (FLS)

FIS,NCMMTM(APT)

17. ETC Motor [integrated into ETC Module]

18. Injector

19. Purge Control Solenoid Valve (PCSV)

20. CVVT Onl Control Valve (OCV) [Bank 1 /
Intake]

21. CVVT Onl Control Valve (OCV) [Bank 1/
Exhaust]

22 Vanable Intake Solenosd (VIS) Valve

23. Fuel Pressure Regulator Valve

24. Camnaster Close Valve (CCV)

25. Ignition Coil

26. Mam Relay

27. Fuel Pump Relay

28. Data Link Coanector (DLC) [16-Pin]

29. Multi-Purpose Check Connector [20-Pm]

The engine control system comprises the knock sensor.

Figure 104 - CVVT waveform and data analysis




2:17-cv-12901-BAF-RSW Doc # 20 Filed 04/30/18 Pg 155 of 212 Pg ID 1368

Fuel System > Engine Control System > Knock Sensor (KS) > Description and Operation

Description
Knockmng 15 a phenomenon charactenzed by undesirable vibration and nosse and can cause engane damage. Knock
mwlnmwwhqmmmmmw

Ul AR ol Ll L N N L o
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cocurs. If the knocking disappears after retardig the 1gmtion tmng. the ECM wall advance the igution tmmg. Thas
sequential control can improve engne power, torque and fisel economy.
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Specification
Item Specification

Capacitance
) 850~ 1,150

The PCM calculates combustion pressure derived from the knock sensor input.

Cylinder pressure

S

SONATA(YFA) > 2012 > G 2.0 T-GDI > Engine > Engine Control > P039B Cylinder 1 Pressure Too High

DTG Description Feedback
PCM sets DTC PO39B f the PCM detects pre-ignition of cylinder 1.

DTC Detecting Condition

Itom Condition Possible couse
DTC Strategy * Knock sensor signal monitoring Cylinder
T ENQING coolant 15 an P '
+ Engine spaed Is higher than 1200 RPM pressure
EnebleConditons + Engine spoed is lowe than 4500 RPM measured by 3
* Mass air flow road is than 50% . Abnormal engine ol level
-mwmmummm knock sensor 2. Fauly spark plug
+ Mass air flow is more than 500mg/stroke 3. Clogging of injector
Threshold value « More than 3 pre-ignition are detected in 600 stroke
Diagnosis Time « Immediatety
MIL On Condition « No MIL
Limp Home + Actual torque is limited lower than 75% of target torque

As shown above, DTC P039B corresponds to a condition where Cylinder 1 pressure is too high
(implying that at least combustion pressure is measured). The PCM calculates combusting
pressure derived from the knock sensor input.

Page 155 of 212



2:17-cv-12901-BAF-RSW Doc # 20 Filed 04/30/18 Pg 156 of 212 Pg ID 1369

@ Hyundai Service Website - Google Chrome — ] X I

& Hyundai Motor America [US] | https://www.hyundaitechinfo.com/viewer/content_pop.aspx?content_no=DTC|ENG|2684|2012||en|97||&sitinfolist=1414...

SONATA(YFA) > 2012 > Engine > Engine Control > General Description

General Description Feedback

Cylinder compression pressure of the turbo engine is higher than non-turbo gasoline engine. Therefore pre-ignition in turbo engine brings damages of cylinder block and spark plug,
piston. PCM monitors the signal of knock sensor to detect pre-ignition in each cylinder. PCM limits maximum torque by rich lamda control, reducing load, retarding ignition timing and
reducing valve overlap when it detects pre-ignition

SOMATA(YFA) > 2012 > G 2.0 T-GDI > Engine > Engina Control > PO398 Cylinder 1 Pressure Too High EE

DTC Description Feedback

PCM sets DTC PO39B ¥ the PCM detacts pro-ignition of cylinder 1.

DTC Detecting Condition

tem Condition I Possible cause
DTC Strategy + Knock sensor signal monitering |
+ Engine coolant s higher than 30°C (B6°F)
+ Engine speed is higher than 1200 RPM
* Engine speed is lower than 4500 RPM
EnabiaCoadicny « Mass air flow road s greater than 50% |1. Abnormal engine ol lovel
* Mass air fiow road is less than 100% |2- Faulty spark plug
EE— |- Mass air flow s mare than 500mg/stroke _|3. Clogging of injector
Threshold value + More than 3 pre-ignition are detactad in 600 stroke |
Diagnosis Time - Immediately
MIL On Gondibon +No ML
Limp Home + Actual torque is limited lower than 75% of target forque

The ECM/PCM has the ability to detect cylinder pressure as demonstrated by the Diagnostic
Trouble Code (DTC) shown above. Upon information and belief, the ECM/PCM calculates a
second derivative of a net combustion pressure change.

Figure 105

‘SONATA(YFA) > 2012 > G 2.0 T-GDI > Engine > Engine Control > P0326 Knock Sensor 1 Circult Range/Performance (Bank 1 or Single Sensor)

Component Location Feedback

General Description

sensor contains a piszoelectric slement that converts vibration (or noise) into voltage signal and sends this signal bﬂ PCM. With input signals from camshaft position and

Tha knock sensor is attached to the cylinder block and sanses engine knocking. The sensor
crankshaft position sensor, PCM can identify which cylinder is knocking. PCM filters vibrations and determines if the vibrations are knocking signal, The Engine Control Module {PCM) uses this signal to suppress knocking byraum:lmg ignition timing. The PCM will
sot a code (Malfunction Indicator Lamp will Not turn on) if during two driving cycles the Knock sensor’s output voltage falls balow minimum threshold. This code indicates an unexpectsd bumnnbnhgmndnyum of PCM uinder normal engine
operation,

DTC Description

The PCM monitors the range of the analog input signal from knock sensor to check sensor fallure that s short circuit or open circuit. If the difference between knock signal and noise level is smaller than the threshold during defined time period, the DTC P0326 is
set. PO326 will aiso set if the nosa value exceeds the minimum or maximum thresholds.

DTC Detecting Condition
Item Condition Possible Cause
DTC Strategy * Plausibility check
* Knock detection function active
Condi = Engine rpm >2700 rpm
Fastie * Air mass >0.5g/rev(250mgNdc.) 1. Open/short in signal or ground circuit

* No relevant failure 2. Poor or damaged hamess
+ Difference between the procassed knock sensor signal and its mean does not exceed a threshoid{0.08V) & the integral of the 3. Fi

Threshold Value processed knock sensor signal does not reach th threshold(3V) for cylinders 2 and 3 i
« If the mean processed knock sensor signal of any one cylinder leaves the valid range(0.1V-4.5V).

Diagnostic Time + 100 rev.

Mil On Condition .-

The ECM/PCM has the ability to retard ignition timing (vary spark timing) as demonstrated by
the general description of the Diagnostic Trouble Code (DTC) shown above. On information
and belief, the ECM/PCM varies the spark timing of the engine until maximum acceleration
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point is aligned with top dead center to achieve maximum braking torque spark timing because
such alignment leads to greater efficiency in engine operation.
Figure 106

COUNT XVII - INVIHHTFRINGEMENT OF U.S. PATENT NO. 6,571,157

163. The allegations set forth in the foregoing paragraphs 1 through 162 are
incorporated into this Eighteenth Claim for Relief.

164. On May 23, 2003, U.S. Patent No. 6,571,157 (“the *157 patent”), entitled “Qil
Pressure Diagnostic Strategy for a Hybrid Electric Vehicle,” was duly and legally issued by the
United States Patent and Trademark Office. A true and correct copy of the *157 patent is
attached as Exhibit 18.

165. Plaintiff is the assignee and owner of the right, title and interest in and to the *157
patent, including the right to assert all causes of action arising under said patents and the right to
any remedies for infringement of them.

166. Upon information and belief, Defendants have directly infringed at least claims 1,
14, and 17 of the *157 patent by making, using, selling, importing and/or providing and causing to
be used the 2011-2017 Hyundai Sonata Hybrid (the “Accused Instrumentalities™).

167.  Upon information and belief, the Accused Instrumentalities incorporate the Theta
I1 Engine which comprises a diagnostic system for controlling an engine low oil pressure
indicator in a hybrid electric vehicle.

168. In particular, claim 1 of the *157 patent recites a diagnostic system for controlling
an engine low oil pressure indicator in a hybrid electric vehicle, comprising: a powertrain having
an engine and an electric traction motor; an oil pressure sensor/sending unit mechanically
connected to the engine; an engine speed sensor/sending unit mechanically connected to the
engine; a controller having connections to the oil pressure sensor and engine speed sensor; a low
oil pressure indicator electrically connected to the controller; a mode selector having modes for
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“off” and “run/start”; and the controller configured to prevent activation of the low oil pressure
indicator when the mode selector is in the “run/start” mode and the engine is not running.

169. On information and belief, the Accused Instrumentalities infringe claim 1 of the
’157 patent. The Accused Instrumentalities comprise a diagnostic system for controlling an
engine low oil pressure indicator in a hybrid electric vehicle (Figures 107-111), comprising: a
powertrain having an engine and an electric traction motor (Figures 112-115); an oil pressure
sensor/sending unit mechanically connected to the engine (Figures 116-117); an engine speed
sensor/sending unit mechanically connected to the engine (Figure 118); a controller having
connections to the oil pressure sensor and engine speed sensor (Figures 119, 121-122); a low oil
pressure indicator electrically connected to the controller (Figures 119, 121-122); a mode
selector having modes for “off” and “run/start” (Figure 120); and the controller configured to
prevent activation of the low oil pressure indicator when the mode selector is in the “run/start”

mode and the engine is not running (Figure 121).
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SONATA Hybrid(YF HEV) > 2012 > Immobilizer > immobilizer > Description

Description Feedback

Cluster Network Diagram

IECM || HCU ||MCU || BMS ||1'cm H EBS || oPU ||MDPS” Loc ”FATC” SAS ”&AL_SAS” EWP || AAF |
I

C-CAN
500kbps

NM Layer

C-CAN TX/RX

Gateway Cluster

B-CAN TX/RX
NM Layer

100kbps
B-CAN

| BCM “ SMKHPDM “DDMHADM Hscm ”PSM |

ECM Engine Control Module

HCU IHybrid Control Module

MCU iMotor Control Module

BMS [Battery Management System
TCM [Transaxle Control Module
EBS Electronic Brake System
OPU |0il Pump Unit
MDPS IMotor Driving Power Steering
LDC Low DC/DC Converter

FATC Full Automatic Temperature Control
EWP 'Etectronic Water Pump

AAF |Active Air Flap

BCM Body Control Module

SMK Eman Key unit

PDM Power Distribution Module
DDM Driver Door Module

ADM IAssist Door Module

SCM Steering Control Module
PSM Power Seat Module

SONATA Hybrid(YF HEV) > 2012 > Engine > Engine Control > Description génerale

General Description Feedback

A communication line exists between the Engine Control Module(PCM) and the Transaxle Control Module(TCM). The communication is through a Control Area Network(CAN). Without CAN
communication, an independent pin and wiring is needed fo receive a sensor information from a PCM. The more information to be communicated, the more wirings is reguired. In case of CAN
communication type, all the information need to be communicated among control modules such as PCM and ABS control module use CAN lines.

Figure 107- Note: Hybrid CAN Controller System description
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Figure 108 - Hybrid CAN Data Link Details
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Hybrid CAN system with oil control valve and sensor which gathers oil
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Figure 110 - Hybrid Oil Control valves and CVVT actuator signal

What is an engine oil light?
This warning light is displayed to alert the driver of low engine oil pressure.

If this light illuminates, you should pull aver to a safe place and shut off
the engine immediately.
hito-Vrepairpal com/estimatorhvundaifsonatathybridiengine-oil-light-diagnosis-cost

Figure 111 — Note: Description of functionality of engine oil light as correlates to engine oil
pressure
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Vehicle Component Locations:

High-Voltage Battery Assembly
High-Voltage Cable 12V Auxiliary Battery

ELECTRIC TRACTION MOTOR AND CLUTCH

The Sonata hybrid is equipped with a 30 kW permanent magnet synchronous electric traction motor that produces 151 pound-feet of torque from zero rpm. In an
ingenious example of value-focused systems engineering, the motor itself is hard-coupled to the input of the transmission and completely replaces the torque
converter. A multi-disc clutch pack sits within the inner circumference of the traction motor and is used to de-couple the motor from the 2.4-liter Theta Il inline-
four cylinder engine for idle stop and electric drive modes. This layout allows the entire package along with a torsional damper to fit within virtually the same
volume as the traditional torque converter.

Separating the motor from the gear set has several functional advantages over more heavily integrated systems. In addition to providing the flexibility to
accommodate different applications, it also is one of the main factors contributing to the Senata's superior highway fuel efficiency.

Figure 112 — Note: Hybrid powertrain with electric traction motor and engine
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ELECTRIC TRACTION MOTOR AND CLUTCH

The Sonata hybrid is equipped with a 30 kW permanent magnet synchranous electric traction motor that produces 151 pound-feet of torque from zero rpm. In an
ingenious example of value-focused systems engineering, the motor itself is hard-coupled to the input of the transmission and completely replaces the torque
converter. A multi-disc clutch pack sits within the inner circumfereance of the traction motor and is used to de<couple the motor from the 2.4-liter Theta 1l inline=
four cylinder engine for idle stop and electric drive modes. This layout allows the entire package along with a torsional damper te fit within virtually the same
veolume as the traditional torque converter.

Separating the motor from the gear set has several functional advantages over more heavily integrated systems. In addition to providing the flexibility to
accommaodate different applications, it also is one of the main factors contributing to the Seonata's superior highway fuel efficiency.

httpAwww hyundainews. comius/en/models/sonata-hybrid/2011

The hybrid setup deploys a 30-kW permanent magnet syn-chronous electric traction motor that
provides 151 Ib-ft of torque. It is hard-coupled to the input of the transmission where the torgue
converter would ordinarily be found. There is a multiple-disc clutch pack in the traction motor
that is used to decouple the motor from the internal combustion engine when the vehicle is in
electric drive mode (it is said to be able to drive in electric mode at up to 62 miles per hour, and
this capability was essentially verified during a test drive on the 805 north of San Diego) or when
the car is at idle-stop.

The hybrid setup deploys a 30-kW permanent magnet syn-chronous electric traction motor that
provides 151 Ib-ft of torque. It is hard-coupled to the input of the transmission where the torgue
converter would ordinarily be found. There is a multiple-disc clutch pack in the traction motor
that is used to decouple the motor from the internal combustion engine when the vehicle is in
electric drive mode (it is said to be able to drive in electric mode at up to 62 miles per hour, and
this capability was essentially verified during a test drive on the 805 north of San Diego) or when
the car is at idle-stop.

h'gm:.‘hvww.adandn.media!arlit:leghqundais-remark_able-hvhrid . . . . .
Figure 113 — Note: Description of Hybrid powertrain with electric traction motor and engine

Electric Drive Motor

Mounted between the engine and transmission,
the Electric Drive Motor is used for vehicle
propulsion. During deceleration or braking, it acts
as an alternator and charges the HV battery by
converting the vehicle’s kinetic energy into
electrical energy.

Figure 114 — Note: Description of Hybrid powertrain with electric traction motor and engine
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Hybrid Motor System > Hybrid Motor Assembly > Description and Operation

re——

The electmc motor is the core technology of a hybnd vehicle. The Hybnd motor system is equipped with two elecmic

motors. These motors are the drive (raction) motor that is used as the primary power source and a HSG, which

acts as the starter motor and alternator in a conventonal engine. The traction motor operates to move the vehicle
ruge 1V Je

and to provide lower Noise, Vibration, Harshness (NVH) during driving and to achieve fuel efficiency.

The electic motor supplements the engine during acceleration to increase power ousput and to allow the engine to

operate in a fuel efficient mode. In addition, the electric motor takes on the role of a generator curing deceleration

and braking to charge the high voltage bartery. The Hybrid Starter Generator (HSG) starts the engine while the
vehicle is in motion.

.........................................................

Figure 115 — Note: Description of Hybrid electric traction motor with engine

TOT T TEOUTTT

Import Direct Ignition -
Oil Pressure Sender
Line: IDI | Part# 17-0858

Limited Lifetime Warranty
Oil Pressure Light Switch
With Light

Number Of Terminals: 1
Quantity Per Viehicle: 1

http: (hwww oreillyauto com/site/c/search/Qil+Pressure+Switchls|Sensorn/03438/C2177 oap?model=Sonata&vi=1500964 &year=2011&make=Hyundai
Figure 116 - Oil pressure sensor/sender
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Figure 117 - Oil Pressure Sensor/ Sender
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Figure 118 - Speed Sensor
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15 il Hardwire TIngant terminal 15 GND LEDY

Pressure ISG control{ MICOM) IG
1 il

Figure 119 - Oil Pressure Indicator

Brake Pedal Not Applied

Press Engine LED Color on Engine State of
START/STOP Button | START/STOP Button Vehicle |
- OFF OFF
15t time AMBER ACCESSORY
2nd time BLUE ON
3rd time OFF OFF

Brake Pedal Applied and Transmission in Park

Press Engine LED Color on Engine State of
_START/STOP Button | START/STOP Button Vehicle
- OFF OFF
1st time BLUE START

Figure 120 — Note: Modes For Run/Stop & Off
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The diagnostic executive is a computer program in the Engine Control Module (ECM) or PowertrainControl
Module (PCM) that coordinates the OBD-II self-monitoring system. This program controls all the monitors and

mteractions. DTC and MIL operation. freeze frame data and scan tool interface.

Freeze frame data describes stored engine conditions, such as state of the engine. state of fuel control. spark, RPM.
load and warm status at the point the first fault is detected. Previously stored conditions will be replaced only if a fuel
or misfire fault 1s detected. This data is accessible with the scan tool to assist i repairing the vehicle.

The center of the OBD-II system is a microprocessor called the Engine Control Module (ECM) or Powertrain
Control Module(PCM).

The ECM or PCM receives input from sensors and other electronic components (switches. relays, and others)
based on information received and programmed into its memory (keep alive random aceess memory. and others).
the ECM or PCM generates output signals to control various relays. solenoids and actuators.

o All Other Malfunctions: -

For all other faults. the MIL may be extinguished after three subsequent sequential driving cycles during which the
monitoring system responsible for illuminating the MIL functions without detecting the malfunction and if no other
malfunction has been identified that would independently illuminate the MIL according to the requirements outlined

above.
A ™ . i~ L B 1
[TYPE (!I) CAN]
TCM AWD ABS/ESC Etc
ECNM/PCM
¢ CAN [Low] -=£
1 Termination Resistor

\ 1]2[3[4]s5]8 7]8 /
H \ 9 |10]11]12]13]14 15]16 /

SCANNER

Figure 121 - CAN/ECM
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How does the oil pressure sensor work?
Engine oil is kept in the engine oil pan on most engines, and an external ol

reservoir on many high performance engines. In either case, the oil is
pumped into the engine faster than the engine can use the oil. This
creates a constant pressure as the oil is pushed through oil passages. The
oil passages use targeted outlets to send oil to precise locations which
need protection. Oil is less of a lubricant, and more of a barrier, as it
prevents metal contact between internal engine components. When that
barrier is weak, metal contact will occur at an increasing rate, relative to
the rate of oil degradation. The barrier the oil creates is weakened or
completely compromised without oil pressure. Oil pressure forces oil into
the tight areas as fast as the oil is used. This means, when the oil pressure
IS too low, the component will run out of oil, and damage occurs. The ol
pressure sensor protects from damage by alerting the computer when the
oil pressure has dropped, and the computer will make changes to protect
the engine.

What are the symptoms related to a bad oil pressure sensor?

When the oil pressure sensor fails, the signal that it sends to the engine’s

computer will be inaccurate, causing the engine’'s computer to behave as

through the oil pressure is too high or too low. This may cause the check

engine light to illuminate on the instrument cluster, and the on-board

diagnostic (OBD) trouble codes will reflect the readings of the faulty oil

pressure sensor. Also, the engine may be placed in reduced power mode

for engine protection.

Figure 122 — Note: Functionality of Oil Pressure Sensor

170. Claim 14 of the *157 patent recites the diagnostic system of claim 1, wherein the
low oil pressure indicator comprises a lamp.

171.  Oninformation and belief, the Accused Instrumentalities infringe claim 14 of the
’157 patent. The Accused Instrumentalities comprise the diagnostic system of claim 1, wherein

the low oil pressure indicator comprises a lamp (Figure 119, 123).
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WARNINGS AND INDICATORS

!’f‘ Air bag warning light .

{(F) Parking brake & Brake
BRAKE fiuid warning light

({3) ABS wamingiight

system waming light

indicator

- Seat belt Low Tire Pressure Indicator / TPMS (Tire Pressure
warning light Monitoring System) malfunction Indicator
= " L o Engine oil pressyine Charging system
=. High beam indicator =77 warning light E warning light
EPS Electric Power Steering Door open positicn % Tym signal indicator

= Immobiizer indicator

Aitarnatic transaxle

w ESC{Bectronic Stability

shift indicator = Contmof) indicator
Trunk open Low fuel level Malfunction indicator
waming light waming light light
% ESC(Electronic Stabilty g e . i
BEF Control) OFF indicator Cruise indicator EVMODE
SET Cruise SET indicator [0 E;E;g?hgh Exﬁ;gdommum
D0~ Light on indicator Hytrid Service €S0 £COGUIDE

ncicator

hittowww hyundaiproductinformation.com/attachments/QRG 2013 Sonata Hybnd pdf

Figure 123- Hybrid warning indicators

172. Claim 17 of the *157 patent recites a diagnostic method for controlling an engine
low oil pressure indicator in a hybrid electric vehicle having an engine and an electric traction
motor powertrain, comprising the steps of: sensing engine oil pressure; sensing engine speed;
inputting oil pressure sensor and engine speed sensor to a controller; connecting a low oil
pressure indicator to the controller; indicating vehicle mode for “off” and “run/start”; and
preventing activation of the low oil pressure indicator when the mode selector is in the
“run/start” mode and the engine is not running.

173.  Oninformation and belief, the Accused Instrumentalities infringe claim 17 of the
’157 patent. The Accused Instrumentalities practice a diagnostic method for controlling an
engine low oil pressure indicator in a hybrid electric vehicle (Figures 107-111) having an engine

and an electric traction motor powertrain (Figures 112-115), comprising the steps of: sensing

engine oil pressure; sensing engine speed; inputting oil pressure sensor and engine speed sensor
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to a controller; connecting a low oil pressure indicator to the controller; indicating vehicle mode
for “off” and “run/start”; and preventing activation of the low oil pressure indicator when the
mode selector is in the “run/start” mode and the engine is not running (Figures 116-119, 121-
122).

COUNT XIX - INFRINGEMENT OF U.S. PATENT NO. 6,736,122

174. The allegations set forth in the foregoing paragraphs 1 through 173 are
incorporated into this Nineteenth Claim for Relief.

175.  On May 18, 2004, U.S. Patent No. 6,736,122 (“the *122 patent”), entitled “Motor
Vehicle Engine Synchronization,” was duly and legally issued by the United States Patent and
Trademark Office. A true and correct copy of the *122 patent is attached as Exhibit 19.

176. Plaintiff is the assignee and owner of the right, title and interest in and to the *122
patent, including the right to assert all causes of action arising under said patents and the right to
any remedies for infringement of them.

177. Upon information and belief, Defendants have directly infringed at least claims 1
and 2 of the *122 patent by making, using, selling, importing and/or providing and causing to be
used the 2011-2017 Hyundai Sonata Hybrid (the “Accused Instrumentalities™).

178.  Upon information and belief, the Accused Instrumentalities incorporate the Theta
I1 Engine which comprises a diagnostic system for controlling an engine low oil pressure
indicator in a hybrid electric vehicle.

179. In particular, claim 1 of the *122 patent recites an internal combustion engine,
comprising a number of cylinders, the or each cylinder containing a four-stroke reciprocating
piston, an exhaust conduit, one or more engine operating condition sensors including an exhaust
gas sensor in the exhaust conduit for measuring the composition of the exhaust gas, a fuel

injection system, and an engine management system for controlling the operation of the engine
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including the fuel injection system and the air/fuel ratio for at least one cylinder, wherein the
engine management system contains engine operation data, the engine operation data being
related to expected engine operation with engine fueling on the correct stroke and/or engine
fueling on an incorrect stroke, and the engine management system is arranged to: a) receive from
said sensor(s) respective signal(s); b) oscillate the air/fuel ratio between a relatively rich level
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 the exhaust gas composition is sensed
as being indicative of rich engine operation or lean engine operation; d) determine the temporal
characteristics of the oscillation in the air/fuel ratio; and e) determine whether or not the engine
is being fueled on the correct stroke by comparing said temporal characteristics with said
relevant engine operation data.

180. On information and belief, the Accused Instrumentalities infringe claim 1 of the
’122 patent. The Accused Instrumentalities comprise an internal combustion engine (Figures 98,
124), comprising a number of cylinders (Figure 98), the or each cylinder containing a four-stroke
reciprocating piston (Figure 124), an exhaust conduit (Figure 125), one or more engine
operating condition sensors including an exhaust gas sensor in the exhaust conduit for measuring
the composition of the exhaust gas (Figures 126-127), a fuel injection system (Figure 128), and
an engine management system for controlling the operation of the engine including the fuel
injection system and the air/fuel ratio for at least one cylinder (Figure 121), wherein the engine
management system contains engine operation data, the engine operation data being related to
expected engine operation with engine fueling on the correct stroke and/or engine fueling on an
incorrect stroke (Figures 129-131), and the engine management system is arranged to: a) receive

from said sensor(s) respective signal(s); b) oscillate the air/fuel ratio between a relatively rich
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level 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 the exhaust gas composition is
sensed as being indicative of rich engine operation or lean engine operation; d) determine the
temporal characteristics of the oscillation in the air/fuel ratio; and e) determine whether or not
the engine is being fueled on the correct stroke by comparing said temporal characteristics with

said relevant engine operation data (Figures 121, 126-135).

In the Hyundai Hybrid Blu Drive system, the Theta IT with multi-port fuel injection (MPI) operates on an Atkinson Cycle, Atkinson Cycle is  type of intemal combustion engine strategy designed to dramatically increase fuel efficiency through
changes in compression and power strokes in the four stroke engine, It is typically only used in hybrid systems where the high-torque electric motor boosts low-end pawer, which is traded off for internal combustion engine efficiency. By combining
the electric motor and the Atkinson Cycle engine, the Hybrid Blue Drive system delivers best-in-class highway hybrid efficiency.

http:/fwww. hyundainews.com/assets/Media_Kits/2011_Models/Sonata%20Hybrid/Untitled-1%20copy.jpg

Figure 124 — Note: Description of Hyundai Hybrid internal combustion engine

V=2 Tau (1) Engine 4

HYURNDAI

Engine Overview

4-1 TYPE
Exhaust Manifold
Roller Swing Arm
v g - Timing Chain (silent)

High pressure die casing
aluminum cylinderblock

Serpentine Belt
£ MyShared

This is not a theta Il engine. It is a non-hybrid V8 engine
Figure 125- Hybrid internal combustion engine with exhaust conduit
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Emissionl Control System > General Information > Description and Operation

Description

Emuissions Control System consists of three major systems.
» The Crankcase Emission Control System prevents blow-by gas from releasing into the atmosphere. This system
recycles gas back into the intake manifold (Closed Crankcase Ventilation Type).

Page 8 of 31

* The Evaporative Emission Control System prevents evaporative gas from releasing into the atmosphere. This
system bums gas at appropriate engine operating condition after gathering it in the canister.

* The Exhaust Emission Control System converts the three pollutants [hydrocarbons (HC). carbon monoxide
(CO). and oxides of mitrogen (NOx)] into harmless substances by using the 3-way catalytic converter.

Figure 126 — Note: Description of Exhaust Emission Control System
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Emission Control System > General Information > Schematic Diagrams

Schematic Diagram
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Figure 127 - Emission Control System
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Emission Control System = Exhaust Emission Control System =~ Description and Operation

Description
Exhaust emissions (CO. HC, NOx) are controlled by a combination of engine modifications and the addition of

special control components.
Modifications to the combustion chamber, mtake manifold. camshatt and ignition system form the basic control

systetnl.
These items have been mtegrated info a highly effective system which controls exhaust enuissions wlile mamtaming
good drivability and fuel economy.
Air/Fuel Mixture Control System [Multiport Fuel Injection (MFT) System]
The MFI system uses signals from the heated oxygen sensor to activate and control the injector installed in the
manifold for each eylinder. thus precisely regulating the ai/fuel mixture ratio and reducing ennssions.
This in turn allows the engine to produce exhaust gas of the proper composition to permit the use of a three way
catalyst. The three way catalyst is designed to convert the three pollutants [hydrocarbons (HC), carbon monoxide
(CO), and oxides of nitrogen (NOx)] into harmless substances. There are two operating modes in the MFI system.
1. Open Loop air/fuel ratio is controlled by information pre-programmed into the ECM.
2. Closed Loop air/fuel ratio is constantly adjusted by the ECM based on information supplied by the oxygen

SENSOr.

Figure 128 — Note: Description of Hybrid Multiport Fuel Injection System (MFI)
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Caruster

The Camnister 1s filled with charcoal and absorbs evaporated fuel vapor from the fuel tank The gathered fuel vapor in
canister i drawn into the intake mamfold by the ECM/PCM when appropnate conditions are set.

Purge Control Solenocid Valve (PCSV)

The Purge Control Solenoid Valve (PCSV) is mstalled in the passage connecting the canister to the mtake manifold.
It 15 a duty type solenoid valve and i1s operated by ECM/PCM signal.

To draw the absorbed vapor mio the mtake mamfold, the ECM/PCM will open the PCSV, otherwise the passage
remams closed.

Fuel Filler Cap

A ratchet tightening device in the threaded fuel filler cap reduces the chances of mcorrect mstallation. when sealing
the fuel filler. After the gasket on the fuel filler cap and the fill neck flange make contact, the ratchet produces a loud
clicking noise indicating the seal has been set.

NVLD (Natural Vacuum Leakage Detection)

NVLD (Natural Vacuum Leakage Detection) module 1s located between the camster and the fuel tank air filter.
The NVLD module is an integral part of the montormgsystem. The NVLD module has an internal pressureswitch
position and a temperature sensor that reports the information to the ECM via on singlecommunication line. The
ambient temperature andpressure switch positon are checked every 10 nunutesdunng car off for 2 hours.
Evaporative System Monitoring for Smaller Leaks

When the Evaporative System 1s closed off, any temperature change results i a pressure change. The system
monaters the temperatnure drop as the velucle 1s parked and cools off. When the temperature drops and a vacuum
builds i the Evaperative System the switch in the NVLD will close. The swiich 1s calibrated to -2.5 +/- 0.3 mbar.
When the swiich closes due to a vacuum building m the system. a tumer 15 started mn the ECM. Based on the amount
of tume until the switch opens, the ECM deternuns a leak.

Page 17 of 31

For Large leak and fuel cap off detection the test 1s performed dunng engme nunming condition.

Evaporative System Monitoring for Large Leak

At first, the OBD-II system checks the vapor generation due to fuel temperature is low enough to start monitoring.
Then itpulls a vacoumin the evaporative system by means of PCSV. The PCSV 1s opened to allow vacunm to close
the swatch.

The final step 15 fo momter the switch to see 1f there 15 a loss of vacuum to deternune 1s the 15 a leak m the system.

[Narmal Dhasnasis]

Figure 129- Note: ECM collecting engine operation data
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Figure 130 — Note: Exemplary Engine Operation Data
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1. Reading mformation (READ_INI & INI)
Ready to start diagnosis with inttialization. Diagnosis starts with driver's request of vehicle start (key position at
start)
When the process starts, ECM reads the NVLD mformation & failures which are saved dunng vehicle key OFF
period.
The valid air temperature sensmg range 1s ~<40°C to 120°C. An _out of range™ 1s reported. if the measured
temperature 15 out of this range. After requesting. the memonzed values from the NVLD are read. The following
mformation 15 acquired from the NVLD module; atr temperature 6C deviation for at least 2 hour dunng soaking,
checking NVLD swiich closed dunng soalang, air temperature sensor plausibility / electrical fatlure check whuch
15 detected dunng soaking. pressure switch electrical failure check dunng soakang. and reset falures due to power
loss
2. Reading information (SW_VERSION)
NVLD sends the 8 bit software version value when the ECM perfonms a request.
3. Reading Air temperature ( TAM_SWI DIAG /READ TAM)
When ECM requests NVLD Aur temperature, the measured temperature value 1s sent to HCU as an 8-bit value.
In case an "out of mnge" emor, maxanmm or punmum values are recetved. Dunng the penod, whenever ECM
requests NVLD pressure switch electrical checkmg, NVLD retums the cumrent and actual values for the electrical
switch error. For the values are red from the NVLD, 1t 15 possible to retum more than one electrical error at the
same time, as all errors could have occurred during engme on phase.
4. Small leakage diagnosis (SMALL LEAK DIAG)
To check small leak. ECM requests the saved mformation from NVLD. Dunng soaking. the resolution of switch
closed time 15 10min This means, a maximum time of 2 5h (15 * 10min) can be counted. The switch closed time
15 reported to the ECM.
5. WAIT
Delay time to wait for the next process
6. Large leakage diagnosis (COMPLETE DIAG)
At this process, ECM checks large leak with checking swatch position. During large leak diagnosis, ECM
tequests switch posiion imnformation winch includes the current swiich posttion and the swatch position transition,
which has been momstored since engine nin.
7. PCSV plausibality diagnosis (CPS_CHEK)
When Large leak error 15 detected or switch 1s closed at the beginning of engine start, canister purge valve
(PCSV) stuck diagnosis 1s performed with opening PCSV.
8.STOP
When all of diagnosts are finished. ECM requests STOP mode. During the period, whenever ECM requests
NVLD pressure switch electnical checking, NVLD refurns the curmrent and actual values for the electrical switch
error untl end of doving eyele.
9 ERROR
When any emror 15 detected so EVAP monitoring can not be proceeded, ERROR status 1s performed.
10. OFF
When engime 15 off with key-off. ECM request STOP status. NVLD 1s reactivated with a wake-up call at next
drving cycle (key position at start). Duning the period, NVLD checks its timer function and reports error
message if any problem is detected.
11. SLEEP
If the key OFF monitonng conditions to detect small leak are not satisfied. ECM requests Sleep status. Dunng
the status, no calculations are done in NVLD during the key OFF peniod.

Figure 131- Note: Data collection via sensor regarding engine operation data
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SCANNER

The Controller Area Network (CAN) and the microcontrollers (Powertrain Control Module
(PCM)/ Engine Control Module (ECM)) is an engine management system for controlling the
operation of the engine including the fuel injection system and the air/fuel ratio for at least one
cylinder.
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Emission Control System > Exhaust Emission Control System > Description and Operation

Description

Exhaust emissions (CO. HC. NOx) are controlled by a combination of engine modifications and the addition of

special control components.

Modifications to the combustion chamber. intake manifold. camshaft and ignition system form the basic control

system.

These items have been integrated into a highly effective system which controls exhaust emissions while maintaining

good drivability and fuel economy.

Air/Fuel Mixture Control System [Multiport Fuel Injection (MFI) System]

The MFI system uses signals from the heated oxygen sensor to activate and control the injector installed in the

manfold for each cylinder. thus precisely regulating the awr/fuel mixture ratio and reducing enussions.

This i tum allows the engine to produce exhaust gas of the proper composition to permit the use of a three way

catalyst. The three way catalyst 1s designed to convert the three pollutants [hydrocarbons (HC). carbon monoxide

(CO). and oxides of nitrogen (NOx)] into harmless substances. There are two operating modes in the MFI system.

1. Open Loop air/fuel ratio 1s controlled by information pre-programmed into the ECM.

2. Closed Loop air/fuel ratio 1s constantly adjusted by the ECM based on information supplied by the oxygen
Sensor.

The MFI is controlled by the ECM.

I — . - S ———
308 CoUmI: SagRaRHFATT) STTVRRGR Condtnn
Fraria Conatens + N radevar faden |1 Lot i ot o st syt

| Throshokd Ve | iregral | Lamixda signal amoiiuds messured | Larmide sonal smoliude of & sow senscr | 10 |3 1028 contaminason
| Diagnouc Time | +35 wrban corwoier cyoe
L S Cm oL | -2 Doving Cycaia

The PCM monitors and determines the air/fuel mixture.

Page 182 of 212



2:17-cv-12901-BAF-RSW Doc # 20 Filed 04/30/18 Pg 183 of 212 Pg ID 1396

1 - 5 5
¥ W At least sensors 2- 14 provide engine
3 FE— operation data to the engine management
3! system
Mo e 2357

14. Natural Vacuum Leakage Detecton (NVLD)
15. Fuel Level Sender (FLS)

18. ETC Motor [integrated into ETC Module)
17. Injector

. (ECTS)

5r~mw3mtm>[nmwmhﬂcml 18, Purge Contrel Sclencid Valve (PCSV)

6. Crankshaft Position Sensor (CKPS) 19. CVVT OF Control Valve (OCV) [Bank 1/ Intake]
7. Camashaft Position Sensor (CMPS) [Bank 1 / intake] 20. CVVT O Control Vialve (OCV) [Bank 1 / Exhaust]
8. Camshaft Position Sensor (CMPS) [Bank 1 / Exhaust] 21. Iigniion Coll

9. Knock Sensor (KS}) 22. Main Relay

10. Hoated Oxygen Sensor (HOZS) [Bank 1 / Sensor 1) 23. Fuel Pump Relay

11, Heated Curygen Sensor (HOZS) [Bank 1/ Sensor 2] ﬂmwwtuﬂmsmp

12, Accolerator Position Sensor (APS) 25, Mult-Purpose Check Connector [20 Pin]

13, A/C Pressure Transducer (APT)

The sensors provide engine operation data to the engine management system.

General Description
When thene am probiems such as out of fusl | No engine starting or engine poor power , ECL detacts a fallure of engine poor power and infoims driver | in ofder 10 protect vehicks system
Te run @ ybrid vehicle only with bastery for & long Bme in spite of such probloms can cause | 1o be out of high power battery that cannot be recovened automatically.

DTC Description

ECU rocoives the Oxygen sensor voltages and driving information. 1l monitors whether the proper combustion of enging is achieved of not, When ECL detects thal enging combustion is not achieved based on axypen sensars™ signal in engine running or starting ,
ECU detecteds abnommal conditions

DTC Detecting Condition
item Detecting Condition Possible cause
N DTG Swratogy. | Engine no combasstion detection | 1. Fuel feeding system
+ Engino RPM >B00 rpm 2. Fuel prossure
Bk in Condont * Fuel Injection tme 0 Smstde 3. Outoftoel
* Upstream O2 sensor voltage > 3.5V and <4 GV & Hyt w0l HCU
I | _* Downstroem O2 sensor voltage <02V _{5. tgniton system ( fuse , phug )
L =5 8. Injoction systom ( fuse , injoctor )
7. Engine
M on condition * two trips 8. A induction eystem
|8 Trvome (ETC )

The engine operation data related to expected engine operation (whether or not proper
combustion of the engine is achieved or not) with engine fueling on the correct stroke (i.e.
combustion) and/or engine fueling (fuel injection time) on an incorrect stoke (monitored proper
combustion) by the Engine Control Unit (ECU).

Figure 132
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BOMATA MuhrAdlYE HEVI 3 2 3 1 9 4 MEV 3 Frusl Bustam

1. ECM (Engine Control Module)
2 Manifold Absolute Pressure Sensor (MAPS)

3. Intake Ak Temparature Sensor (LATS)

4. Engine Coolant Temperature Sensor (ECTS)

5. Theottie Position Sensar (TPS) [integrated into ETC Module)
8. Cranksha®t Position Sensor (CKPS)

7. Camshafl Position Sensor (CMPS) [Bank 1 / Intake]

B. Camshaft Position Sensor (CMPS) [Bank 1/ Exhausi]

8. Knock Sensor (KS)

10, Hoated Oxygen Sensor (HO25) [Bank 1/ Sensor 1]

11, Heated Oxygen Sensor (HOZS) [Bank 1 / Sensor 2]

12. Acoslerator Position Sensor (APS)

13, A/C Pressure Transducer (APT)

Figure 133

14. Natural Vacuusm Leakage Detection (NVLD)
15. Fusl Level Sender (FLS)

16. ETC Motor [integrated ints ETC Moduls]

17. Injector

18. Purge Conirol Solanoid Vialve (PCSV)

18. CWWT Od Control Vislve (OCV) [Bank 1/ intake]
20. CVWT 0d Control Visive (OCV) [Bank 1 / Exhaus!]
21, Ignition Col

22 Main Relay

23, Fuel Pump Relay

24, Data Link Connector {DLC) [18 Pin]

26 Muit-Purpose Check Connector [20 Pin)

[TYPE (1) CAN]
TCM AND ABS/ESC Etc
ECM/PCI
- __....................._........_......._._._.._.._.":
: Termination Resistor
2/3lals /8 7|8 /
10/11/12[13[14 15 15/
DLC
SCAMNMER

The ECM (1) receives signals from at least sensors 2-14.
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The lnaar (02 sansor is mounted on the font side of the Catalytc Comveriar (warm-up corvertar] of in Sha front exhaust pipe. 1t cetects & wide range of airfuel ratios in the exhaust gas rom e rich 10 lean regions. This knaar (12 sensor produces 8 curnent that comesponds 1 & specic sl raso. The PCM
moniors this signal nd detarmings whathar ihe mirfusl mixiune is ich o lsan. The PG constantly monitors e inear 02 sensor and increases or dacreases ha fusl injacton duration using this signal. This is called closac-oop fusl contral operaion

Thas PCM monitons front cygan senssr ampltude level and compans 9 p rifimen Amgltuce vl which o ciaturh bl conbl by Tha effect of aging o B crygen sanser. Th PCM sats DTC PY133 whan e ampitue of citygen senssr s equal 10 of less an minimum
Bmplaude Treshold

The engine management system oscillates the air/fuel ratio (the PCM increases or decrease fuel
injection duration) depending on the air/fuel ratio (measured by the oxygen sensor in the exhaust
stream.

SONATA Hybrid(YF HEV) > 2012 > G 2.4 HEV > Emission Control System E"

Exhaust emissions (CO, HC, NOx) are controlled by a combination of engine modifications and the addition of special control components,
Modifications to the combustion chamber, intake manifold, camshaft and ignition system form the basic control system.
These items have been integrated into a highly effective system which controls exhaust emissions while maintaining good drivability and fuel economy.

Air/Fuel Mixture Control System [Multiport Fuel Injection (MF1) System]

The MF1 system uses signals from the heated oxygen sensor to activate and control the injector instalied in the manifold for each cyfinder, thus precisely regulating the airffuel mixture ratio and reducing emissions.

This in tum allows the engine to produce exhaust gas of the proper composition to permit the use of a three way catalyst. The three way catalyst is designed to convert the three poliutants [hydrocarbons (HC), carbon monaxide (CO), and oxides of nitrogen (NOx))
into harmiess substances. There are two operating modes in the MFI system.

1. Open Loop airffuel ratio is controlled by information pre-programmed into the ECM.

2. Closed Loop airfuel ratio is constantly adjusted by the ECM based on information supplied by the axygen sensor.

The PCM reverses the direction of change of the air/fuel ration (from rich to lean, or lean to rich)
when the exhaust gas composition sensed (measured by the oxygen sensor in the exhaust stream)
as being indicative of rich engine operation or lean engine operation (detects a wide range of air
fuel ratios; closed-loop fuel control operation changes direction between rich and lean).

Figure 134
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Tha Enaar O sanaor is mounind on ha Yo sds of the Catslyse Converir [warm-up catalySic convener) o in B front exhaust pioe. It detects 8 widd range of alrfusl ratios in 1ha &ehaust gas irom D rich io an rgiona. This Inear OF senadr produces 8 cument Tt comesponds 1o 8 speoic sofusl ratio. Tha PCM
monice this signal and determings whather e arlosl masune s rich of lsan. The PCM constantly moniors the linsar 02 sansor and increases or diacreasas na kusd injection duration uaing fus sgnai. This is called ciosad-ioop fusl contral aparaton

The PCM moniions front arypen sensor ampitude level and compares 1 10 predelermined minimum ampiiude value which covld increase emisson of disturd lambda coniral by the efect of aging on e arypes serndr The PCM sots DTC PO when P ampitude of arygen sensdr & ecual 1 of less than minmum
ampitude Sreshoid

Chasck HOZS Sigral Ampitude

B cotayst Sagnosis(PIHR0] actvation condifon
+ N el Aadure 1 Loai in intake of exhaust system
2 Pocr connection or damaged hamess

i ampiiude measured | Lambda Sgral ampituge of @ siow sensor | * 10 |3 1028 contamination

i

The temporal characteristics (the measured amplitude versus the amplitude of a slow sensor) of
the oscillation in the air/fuel ratio (oscillates between rich and lean).

Upon information and belief, a determination whether or not the engine is being fueled on the
correct stroke is determined by the ECM/PCM and the MFI wherein temporal characteristics
(shown above) are compared with relevant engine operation data (shown above)

Figure 135

181.  In particular, claim 2 of the *122 patent recites a method of operating an internal
combustion 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 including an
exhaust gas sensor, a fuel injection system, and an engine management system, wherein the
engine management system contains engine operation data, the engine operation data being
related to expected engine operation with engine fueling on the correct stroke and/or engine
fueling on an incorrect stroke, wherein the method comprises the steps of: a) using the engine
management system 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
sensor(s) respective signal(s) indicative of engine operating conditions, including exhaust gas
composition; c) oscillating the air/fuel ratio between a relatively rich level and a relatively lean

level, the exhaust gas composition varying depending on the air/fuel ratio; d) using the engine
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management system to reverse the direction of change of the air/fuel ratio when the exhaust gas
composition is sensed as being indicative of rich engine operation or lean engine operation; e)
using the engine management system to determine the temporal characteristics of the oscillation
in the air/fuel ratio; and f) using the engine management system to determine whether or not the
engine is being fueled on the correct stroke by comparing said temporal characteristics with said
relevant engine operation data.

182.  On information and belief, the Accused Instrumentalities infringe claim 1 of the
’122 patent. The Accused Instrumentalities practice a method of operating an internal
combustion engine the engine comprising a number of cylinders, the or each cylinder containing
a four-stroke reciprocating piston (Figures 98, 124), one or more engine operating condition
sensors including an exhaust gas sensor (Figures 125-127), a fuel injection system, and an
engine management system (Figures 121, 128), wherein the engine management system contains
engine operation data (Figures 121-131), the engine operation data being related to expected
engine operation with engine fueling on the correct stroke and/or engine fueling on an incorrect
stroke, wherein the method comprises the steps of: a) using the engine management system 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 sensor(s) respective
signal(s) indicative of engine operating conditions, including exhaust gas composition; c)
oscillating the air/fuel ratio between a relatively rich level and a relatively lean level, the exhaust
gas composition varying depending on the air/fuel ratio (Figures 121, 128); d) using the engine
management system to reverse the direction of change of the air/fuel ratio when the exhaust gas
composition is sensed as being indicative of rich engine operation or lean engine operation; e)

using the engine management system to determine the temporal characteristics of the oscillation
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in the air/fuel ratio; and f) using the engine management system to determine whether or not the
engine is being fueled on the correct stroke by comparing said temporal characteristics with said
relevant engine operation data (Figures 121, 126-131).

COUNT XX - INFRINGEMENT OF U.S. PATENT NO. 6,757,149

183. The allegations set forth in the foregoing paragraphs 1 through 182 are
incorporated into this Twentieth Claim for Relief.

184. OnJun. 29, 2004, U.S. Patent No. 6,757,149 (“the *149 patent”), entitled “Method
for Controlling Fuel Injector Valve Solenoid Current,” was duly and legally issued by the United
States Patent and Trademark Office. A true and correct copy of the 149 patent is attached as
Exhibit 20.

185. Michigan Motor is the assignee and owner of the right, title and interests in and to
the 149 patent, including the right to assert all causes of action arising under said patents and the
right to any remedies for infringement of them.

186. Upon information and belief, Defendants have directly infringed at least 1 claim
of the *149 patent by making, using, selling, importing and/or providing and causing to be used
the Accused Instrumentalities.

187.  Upon information and belief, the Accused Instrumentalities incorporate, for
example, the Theta Il Engine which comprises an electronic throttle control apparatus for testing
integrity of motor drive electronics.

188. In particular, claim 1 of the *149 patent recites a method of controlling a fuel
injector valve solenoid comprising: generating a set-point signal to model a desired current
profile flowing through the valve solenoid; providing a current controller adapted to regulate the

current flowing through the valve solenoid; and regulating the current flowing through the valve

Page 188 of 212



2:17-cv-12901-BAF-RSW Doc # 20 Filed 04/30/18 Pg 189 of 212 Pg ID 1402

solenoid such that the current flowing through the valve solenoid closely matches the set point
signal.

189. On information and belief, the Accused Instrumentalities infringe claim 1 of the
’149 patent. The Accused Instrumentalities practice a method of controlling a fuel injector valve
solenoid (Figure 136) comprising: generating a set-point signal to model a desired current profile
flowing through the valve solenoid (Figure 137); providing a current controller adapted to
regulate the current flowing through the valve solenoid (Figure 138); and regulating the current
flowing through the valve solenoid such that the current flowing through the valve solenoid

closely matches the set point signal (Figure 139).
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The ECM or PCM receives mnput from sensors and other electronic components (switches. relays. and others)
based on information received and programmed into its memory (keep alive random access memory. and others).
the ECM or PCM generates output signals to control vanous relays, solenoids and actuators.

2. Configuration of hardware and related terms

TCM AWD ABS/ESC Etc

.

)

Termination Resistor

T — S ——
8

” 12[3]4]5/8 7]
9 (10(11/12(13 /14 15|16

SCANNER

The Controller Area Network (CAN) is a controller, and the Engine Control Module (ECM) and

Powertrain Control Module (PCM) are microcontrollers which practice a method of controlling.
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Fuel System > Engine Control System > Injector > Description and Operation

Description
Based on information from various sensors. the ECM can calculate the fuel amount to be injected. The fuel injector

15 a solenoid-operated valve and the fuel myection amount is controlled by length of injection tune. The ECM
controls each injector by grounding the control circuit. When the ECM energizes the injector by grounding the

control circuit. the circuit voltage should be low (theoretically 0V) and the fuel is injected. When the ECM de-
energizes the injector by opening control circuit. the fuel injector is closed and circuit voltage should momentarily

peak. and then settle at system voltage.

A
;

>

The ECM practices a method of controlling a fuel injector valve solenoid.

Figure 136
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SONATA(YFA) > 2012 > G 2.0 T-GDI > Engine > Engine Control > P0201 Injector Circuit/Open-Cylinder 1
Signal Waveform & Data
+ Highside(HS14) and Lowside(LS_1) signals of Cyl. 1 Injector during injection.

& Oscilloscope (_Sensor J(_heme J(2cvach J(_aux J(_Review J(user Searg] | £ 1280 us E]I

. SU-J[ Nome )(_Cursor ) (v J(Csewe ) ()(J)(>) [@ <00 [B]

I : " Cure 132V Avg B1V  Curb 547V [—@_

Curec 131V Avg .82V  Curb: 548V [—@_

Cura 05V Avg 05V  Curb 18V [—@_

Set point signal

Cura: 00V Avg 00V Curb 01V r—@

. - Normal signal at the HIGHSIDE terminal(HS_14)
- Power supply to No.1 & No.4 injectors

2. - Normal signal at the LOWSIDE terminal(LS_1)
= No.1 injector working

3. - Normal signal at the LOWSIDE terminal(LS_4)
- No.4 injector not working

* Normal operating signal of ECU HS_14, LS_1 and LS_4 during No.1 Cyl. Injection.
#* ECM"s HIGHSIDE control circuit(HS_14) is connected to No.1 and No.4 injectors together and ECM"s HIGHSIDE control circuit(HS_23) is connected to No.2 and No.3 injectors together.

A set point signal is generated by the ECM to model a desired current profile flowing through
the valve solenoid.

Figure 137
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SONATA(YFA) > 2012 > G 2.0 T-GDI > Engine > Engine Control > P0201 Injector Circult/Open-Cylinder 1
Signal Waveform & Data

* Highside(HS14) and Lowside(LS_1) signals of Cyl. 1 Injector during injection.

8 Oscilloscope (_Sensor J(_Theme J(20vacn)(__ aux )(_Review J(user Searg) | 2 1260 us =

u@uulﬂ]lll WPEC) @ o B

Curm 132V Awg B1V Curb 547V [—@

J€== Set point

Regulated
current flowing
through the
valve

Cure 05V Avg 05V Curb: 18V [_D
— ! S
+20V : : " Cura 00V Avg 00V  Curb 01V @)
lf-sv

1. - Normal signal at the HIGHSIDE terminal(HS_14)
- Power supply to No.1 & No.4 injectors

2. - Normal signal at the LOWSIDE terminal(LS_1)
- No.1 injector working

3. - Normal signal at the LOWSIDE terminal(LS_4)
- No.4 injector not working

« Normal operating signal of ECU HS_14, LS_1 and LS_4 during No.1 Cyl. Injection.
% ECM"s HIGHSIDE control circuit{(HS_14) is connected to No.1 and No.4 injectors together and ECM"s HIGHSIDE control circuit(HS_23) is connected to No.2 and No.3 injectors together.

The ECM provides the current controller which is adapted (the Highside is the desired current,
the Lowside is the actual current which is then adjusted to meet the desired current) to regulate
the current flowing through the valve solenoid.

Figure 138
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SONATA(YFA) > 2012 > G 2.0 T-GDI > Engine > Engine Control > P0201 Injector Circult/Open-Cylinder 1

Signal Waveform & Data
* Highside(HS14) and Lowside(LS_1) signals of Cyl. 1 Injector during injection.
(~] Osalloscope[ Sensor J(_heme J(2cnvach J((_aux J(_ Review J(user Searg) =2 1280 us EI
L_];][_][_)Ml_] WEOEC) [@ o B |
7 ; Cura 132V Avg B1V Curb 547V r‘m
4€= Set point
Core 131V AvQ B2V CurDoiev [ Regulated
current flowing
2 through the
L B valve
§§_~acv : LS4 Cure 05V Ay 05Y Curb 16V [ [m)]
-20V : ,
[ +20v ; T Cuore 00V Avg 00V Curb 0.1V O @),
-5V

1. - Normal signal at the HIGHSIDE terminal(HS_14)
- Power supply to No.1 & No.4 injectors

2. - Normal signal at the LOWSIDE terminal(LS_1)
- No.1 injector working

3. - Normal signal at the LOWSIDE terminal(LS_4)
- No.4 injector not working

» Normal operating signal of ECU HS_14, LS_1 and LS_4 during No.1 Cyl. Injection.
# ECM"s HIGHSIDE control circuit(HS_14) is connected to No.1 and No.4 injectors together and ECM™s HIGHSIDE control circuit(HS_23) is connected to No.2 and No.3 injectors together.

The controller (ECM) regulates the current flowing through the valve solenoid such that the
current flowing through the valve solenoid closely matches the set point signal (the Highside is
the desired current, the Lowside is the actual current which is then regulated by the ECM such
that the current flowing through the valve matches the set point signal).

Figure 139

COUNT XXI - INFRINGEMENT OF U.S. PATENT NO. 7,143,501

190. The allegations set forth in the foregoing paragraphs 1 through 189 are

incorporated into this Twenty First Claim for Relief.

191. On Dec. 5, 2006, U.S. Patent No. 7,143,501 (“the *501 patent”), entitled “Method
for Assembly of an Automotive Alternator Stator Assembly with Rectangular Continuous Wire,”
was duly and legally issued by the United States Patent and Trademark Office. A true and

correct copy of the *501 patent is attached as Exhibit 21.
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192.  Michigan Motor is the assignee and owner of the right, title and interests in and to
the ’501 patent, including the right to assert all causes of action arising under said patents and the
right to any remedies for infringement of them.

193.  Upon information and belief, Defendants have directly infringed at least 1 claim
of the *501 patent by making, using, selling, importing and/or providing and causing to be used
the Accused Instrumentalities.

194.  Upon information and belief, the Accused Instrumentalities incorporate, for
example, the 2012 Hyundai Sonata which comprises a stator core assembly for an electronic
machine.

195. In particular, claim 1 of the *501 patent recites A method of forming a stator core
assembly for an electric machine comprising: providing a stator core having a plurality of
radially extending slots; forming a wire pack having a plurality of continuous electrical wires,
the wire pack being flat; shaping the flat wire pack into a hollow cylindrical shape; and engaging
the hollow cylindrically shaped flat wire pack with the stator core such that the continuous
electrical wires are interlaced within the slots of the stator core, wherein engaging the flat wire
pack with the stator core includes one of radially expanding and compressing the hollow
cylindrical shape of the flat wire pack radially into the slots of the stator core.

196. On information and belief, the Accused Instrumentalities infringe claim 1 of the
’501 patent. The Accused Instrumentalities practice a method of forming a stator core assembly
for an electric machine (Figure 140) comprising: providing a stator core having a plurality of
radially extending slots (Figure 141); forming a wire pack having a plurality of continuous
electrical wires, the wire pack being flat (Figure 142); shaping the flat wire pack into a hollow

cylindrical shape (Figure 143); and engaging the hollow cylindrically shaped flat wire pack with
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the stator core such that the continuous electrical wires are interlaced within the slots of the stator
core, wherein engaging the flat wire pack with the stator core includes one of radially expanding
and compressing the hollow cylindrical shape of the flat wire pack radially into the slots of the

stator core (Figure 144).

.

Stator{ core
bly

https://www.hyundaipartsdepartment.com/parts/2012/Hyundai/Sonata/Limited?siteid=217704&
vehicleid=377725&diagram=F05F010&diagramCallOut=3

Figure 140 — A stator core assembly for an electric machine has been formed.
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Inspect Stator
1. Check that there is continuity between each pair of leads (A).

2. Check that there is no continuity between each lead and the coil core.
3. If the coil fails either continuity check. replace the alternator.
The stator core has a plurality of radially extending slots.

Figure 141

Pg ID 1410

The wire pack has a plurality of continuous electrical wires with the wire being flat.

Figure 142
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|
The flat wire packs are shaped into a hollow cylindrical shape.

Figure 143
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Inspect Stator
1. Check that there is fontinuity between each pair of leads | A).

]

. Check that there is no continuity between each lead and the coil core.
. If the coil fails either contimuty check. replace the altemator.

il

There is a hollow cylindrically shaped flat wire pack with the stator core such that the continuous
electrical wires are interlaced within the slats of the stator core, wherein engaging the flat wire
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pack with the stator core includes one of radially expanding and compressing the hollow
cylindrical shape of the flat wire pack radially into the slots of the stator core.

Figure 144
COUNT XXII = INFRINGEMENT OF U.S. PATENT NO. 7,116,081

197. The allegations set forth in the foregoing paragraphs 1 through 196 are
incorporated into this Twenty Second Claim for Relief.

198. On Oct. 3, 2006, U.S. Patent No. 7,116,081 (“the *081 patent”), entitled “Thermal
Protection Scheme for High Output Vehicle Alternator,” was duly and legally issued by the
United States Patent and Trademark Office. A true and correct copy of the *081 patent is
attached as Exhibit 22.

199. Michigan Motor is the assignee and owner of the right, title and interests in and to
the "081 patent, including the right to assert all causes of action arising under said patents and the
right to any remedies for infringement of them.

200. Upon information and belief, Defendants have directly infringed at least 1 claim
of the ’081 patent by making, using, selling, importing and/or providing and causing to be used
the Accused Instrumentalities.

201.  Upon information and belief, the Accused Instrumentalities incorporate, for
example, the 2012 Hyundai Sonata which comprises a thermal protection system for a high
output vehicle alternator.

202. In particular, claim 1 of the 081 patent recites a thermal protection system for a
high output vehicle alternator, said system comprising: a duty cycle control system; an alternator
having a temperature limit and at least one rotor speed limit, said alternator operably connected
to said duty cycle control system; a field current supply to said alternator; an alternator rotor

speed sensor in communication with said duty cycle control system for determining an alternator
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rotor speed; and an alternator temperature sensor in communication with said duty cycle control
system, for determining an alternator temperature, wherein said duty cycle control system
regulates said field current supply to said alternator based on said alternator rotor speed and said
alternator temperature in order to maintain said alternator temperature below said temperature
limit and prevent excess heat from being generated.

203. On information and belief, the Accused Instrumentalities infringe claim 1 of the
’081 patent. The Accused Instrumentalities comprise a thermal protection system for a high
output vehicle alternator (Figure 145), said system comprising: a duty cycle control system
(Figure 146); an alternator having a temperature limit and at least one rotor speed limit, said
alternator operably connected to said duty cycle control system (Figure 147); a field current
supply to said alternator (Figure 148); an alternator rotor speed sensor in communication with
said duty cycle control system for determining an alternator rotor speed (Figure 149); and an
alternator temperature sensor in communication with said duty cycle control system, for
determining an alternator temperature, wherein said duty cycle control system regulates said
field current supply to said alternator based on said alternator rotor speed and said alternator
temperature in order to maintain said alternator temperature below said temperature limit and

prevent excess heat from being generated (Figure 160).
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Hybrd Motor System = Hyvbrud Motor Assembly = Description and Operation
Descniption

LIy LFL L)

£ 4 ) I 1] ECHNGIOEY O L Sl T i 1 ll.ul.l 1L RO 51 1 AL TWO
motors. These motors are the dnve (traction) motor that 15 used as the primary power source and a HSG, which
acts as the starter motor and alternator i a conventional engme. The trachion motor operates whww the vehicle

‘ The HSG is the alternator‘

Page 10 of 54
and to provide lower Nowse, Vibration, Harshness (NVH) dunng dnving and to aclueve fuel efficiency.
The electnc motor supplements the engine dunng acceleration to increase power output and to allow the engine to
operate m a fue] efficient mode. In addition, the electnc motor takes on the role of a generator dunng deceleraton
and braking to charge the high voltage banery. The Hybnd Staner Generator (H5G) starts the engme whale the
vehucle 16 n motion.

C MG Lt

Enging Clukch

The Hybrid Starter Generator (HSG), which is a high output vehicle alternator, has a temperature
sensor that feeds input directly to the Motor Control Unit (MCU).
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SONATA Plug-in Hybid(LF PHEV) > 2017 » G 2.0 PHEV > Motor Control System » HEV Moter Control Sysism > POAIT Gansrator Temparature Sensar Cireult Range/Parformance

POAIT ls sot whan thore i a padormance problem in "HYBRID STARTER & GENERATOR MOTOR_TEMP: Sensor”.

DTC Detecting Condition

Them Conditicns for seifing DTC Posaible Cause
DTC Strategy + Chasth e temperaiure
G ey DN
CE""N' Aux. Battery woltage i betwoen 9% and 18V
Mo DTC POARC, POAZD
ot A * GanharElerHS0) Tempamtune Changs fale i over 5"C41F)m
r‘ ol « 50 times.
e
TG ey O
Enable + M, Bty wolligy i batwadn IV End 16V
Concitior:s * Awmenge input torque s over I for 300sec.
GCase 2 * Mo DTG POA3S. POAN 1. Sensor Poor connection
rr:::u * HSG temperniure changes i below 2°C{35.6°F) 2. Fauly "HPCU"® sensing cireull
Time + Immediatoly
16 key ON"
= Aiix. Baltery volags is bebween IV and 18V
kgl + Engina is saking over Shr
Cave 3 I Throsncid Doviation betwoen HE( Imperntuns and each bemp. sensor{motor, molor InveriarMCL), HSG inverierGCL]) s over
B i)
Dlagrastc 5 x
Ta immadiataly
MIL * Immadiately
Serce Lamp “ON

The Infringing Instrumentalities comprise a thermal protection system of the HSG with a
Diagnostic Trouble Code (DTC) “POA37”

Figure 145
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SONATA Plug-in Hybrid(LF PHEV) > 2017 > G 2.0 PHEV > Motor Controd System > HEW Motar Control

m > POEDC Ganerator Phase U-V-W CircultOpen

DTC Description Feedback

POEDC is st whon the hybrid starter generator 3 Phase Power Cable("HYBRID STARTER & GENERATOR MOTOR_Power_U, W, W™) circult is open.

DTC Detecting Condition

| Possible Cause

1
|1 Powr Cabis connectar dconnacionpoot connection

|2, Power Cabis open

Fam Conditions far astting O1C
OTC Stratogy + Chock the cument 1
. + 16 iy ON°
Enatin + Ausx. Battnry voiage e betwoen 9% and S5V
Coratons + Gorerator H5G) speed is bolow S00rpm~2900rpm
Case 1 + HEG command curment is S0A |
o of 1P Phase Powsr Cabla is bekow $0A at the “Enatle CondEions” |
-
VI iy TR
Enatly + ALK, Battery volags i batwssn BV and 16V
* Apply the DO high frequency cumont{ 304, S0Hz) for 400 af G ey "ON" |
Case 2
bl + The Currant of 1 Phase of Genarator (5G] 3 Phiass Cabi s beow 10A 81 the “Erabls Conditions” :
[ Dagresic
- + 1 Smos wfter 1G kay 0N
ML * Immocately
Servco Lamp - ON

SOMATA Plug-in Hybrid{LF PHEV) > 2017 > G 2.0 PHEV > Hybrid Mator Syntem

Description Feedback
Tha Hybeid vehicle is equipped with a high volage conirolier that includes 8 HPCU. The Hybrid Power Control Unil (HPCU i composed of vivious components. | s the cone device amang ihe Powr Elecironics (referred i as 'PE) devices and acts & e brain, |t
commands the operation of Se hybrid vehicle, it comprises & Hyrid Control Uinit (HCL), an ivverier (Motor Control Unit {(MCUL & Ganerator Control Uinit (GCU)] and o Low-voltage DC-DC Conrer (LOCE
A thasss componants are configursd as & singla packags. Ta snsure affsctive cooling of the HPCL, thers is an additisnal cooling ine which is saparais 1o the sxisting engina cooling fina. Ench comrl unit is organically connacted 1o the HCL vis CAN
communication.

HCU
Control Command{CAN)
Dischage
High Violtage Banory MCU Drive MotorHSG

Charge
SONATA Plug-in HybrigiLF PHEV) > 2017 > G 2.0 PHEV > Hybeid Motor System ¥
L1 . HEG resohwr output]s] 1

1 R RS UtpUAES) Feadback
Dfemrtial Anaiog

L] H_REZ- HSG resobver cutpull-) 1GON 14Vpp Sine wave

C | - 0
I | - -

SONATA Plug-n Hybrid{LF PHEV] > 2017 > G 2.0 PHEV > Hybeid Motor System =

MCU Input/Output Signal Feedback

Pin Figral Condition Tyee Lavel

] VAl Vehscle power 1(B+) Aoways. DC Voltage: Batiary power
L] VB2 Wehacle power 3{B+) Abways DT Vioitage Bafiery power
E] GHO1 1 Awarys. B Volage Wax_ B0mv
] VB3 Vahiclo power 3(B+] Ay BT Voltage BaRory powsr
i GHDZ ] Aways OC Voitage W BOmV
2 GHDI Graund poree 3 Abways DCWE? hax, SOV

T 1M Ignition 1G oM DC Voltage Baliory power

T - -
| = -

] -
| -

T8 P_CAN_H PCAN [High] GOk Puise

Dominant
™ P_CAN L P-CAN [Low] 1GON Pis
Fecessive
8 . .
Dominant2 T5-4.53 5V
B HLEALH HCAN igh] 1o o Pse ecsara IO S R
Rooussive 2 0~3 0251V
a2 H_CAN_L HCAN [Low] 16 oN Pulsg
Dominant0.5~2.25(1 SV Flaceasive
— -
] s
(5] . -
- L] — X o 2
i W_REZY HEG reschvor outpus+]
Defiarential Analog
Lo H_REZ- HEG resoheis output-) 16 oM 14Vpp Sine wave
-] . .
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SUBJECT: HYBRID STARTER GENERATOR (HSG) |

33. Restore the customer's AM/FM/XM radio presets noted from step-1.

SPECTION / REPLACEMENT — SE CAMPAIGN T2E

34. With the engine at normal operating temperature, perform GDS HSG Resolver Calibration:

W Engine Contral

* ECL Magpeng Verdicaton

® Resetirs Adageres Vaues

® Aoty Dietecied Configuration Reset
= Read VIN

. Wrte VIN

= ETC TEST{Option)

® Alerngtor TEST

® Evag. Leakage Test

' HEV Motor Control System

® Systern Germfcaton

S/W Management

8 Motor HSG Resobver Calibraton

= | Motar/HSG Resolver Calibration |

The resclver mstalled on each motor and HSG senses the position
of rotor rotation

MCU can secure the requared output and control the mator snd
HSG by controlling them precisely through the signals of thete
resohvers

This function should be carmed out when replacing MCU or HSG. or
removing and mounting molor, rear plate or HSG.

=| Condition |
1. Shift Lever : P Position
2 HEV/EV Status : Ready
3. No other forced operation except for EWP forced

operation will be carried out
I ® Motor HSG Resciver Calibraton 4 50C Normal State
5 No MCUDTC

® Electric Water Pumg Control g
» HOUWALDC ' Press [OK] bution to continue.
B HEV Battery System ' Press #i] bution to exit
B Automats Transasle
B Blectric Parking Brake ' ox Cancel

S/W Management -« 5/W Management
- Motor/HSG Resolver Calibration B Motor HSG Resobrer Cadbration

brate resolver offset after replace Motor
Control Unit{iMCU). Motor, Rear plate of HSG * | Motot/HSG Resclver Calibration |
Motor Resolver Offset 2 839 o [electrical angle)

Motor Resolver cal Completed

HSG Resolver Offset & 267 ol (electrical angle)
Concerned
o Motor Control Unit{MCLU), Resolver
Component

HSG Resolver cal Completed

Concaemad DT POCT Calibeation Completed™ Press |04 button

Fad Safe Warning Lamp On

[ ver th fled on Motor and HSG
e o

L als from Resobrer 1o control

wior and HSG more precisely

DTC P1C54 is stored in case of resolver

calibraton failure

As shown above, the Infringing Instrumentalities comprise a method for a duty cycle control
system with a duty cycle control signal sent from the MCU to the HSG.

Figure 146
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SOMATA Plug-n Hybrid(LF PHEV) > 2017 > G 2.0 PHEV > Hybrid Motor System &
System Circuit Diagram

Feedback
A high-Capacity power moduls is applied 1o control 2 primany molors using high voitage. The power module is composed of 8 high-spsed switching insulated gate bipolar transistor (\GBT) and o diode cirouit. The high voltage battery capaciy is about 270V, but to
ensure stabdsy the power P wiEh veitago of 850V,
LDC 104 =
m .. - mcuncy
j— ]
i we
Igrvson
0an

SONATA Plug-in Hybrid(LF PHEV) > 2017 > G 2.0 PHEV > Motor Control System > HEV Motor Control System > POAIT Generator Temperature Sensor Circult Range/Performance

DTC Description

Feedback
POAIT is sot whon thore s @ performance probiem in “HYBRID STARTER & GENERATOR MOTOR_TEMP. Sensor”
DTC Detecting Condition
Thom Canditicns for setting DTC Posaible Cause
DTC Strtegy = Chack the
+ G hary 0N
CE"‘"" » Aux. Battery voltage is botwoen 9V and 16V
= No DTC POARC, POAZD
-t Throshokd * Genorator(HSG) Tompesnture change fatn is over 5°C(41°F)es
Ve =
Thne 50 times
<G ey O
Enabla = Aux. Battery vollage is betwoen OV and 16V
Condticrs + Avaraga input torque ia over 384m for 300sec.
Case 2 = No DTC POA3S, POA3S 1. Sensor Poor connoction
Toeon + HSG tamparutirn changs i balow 2°C{35 6°F) 2. Fauly "HPCU" sensing clroutt
— .
e immediatoly
+ 1 ary 0N
Ensbia = Aux. Battery vollage is betwoen 5 and 16V
_c"’“ : + Engina is soaking over Bhr R
Case 3 Theoshold . ind sach temp. motod inverionMCL), HSG inverten GCLI)) bs over
Vel 20°CIEEF)
Dagrastc .
Time immediatety
WL + Immadiately
Servico Lamg - ON

Page 206 of 212



2:17-cv-12901-BAF-RSW Doc # 20 Filed 04/30/18 Pg 207 of 212 Pg ID 1420

LK & Hyundai Motor America
SONATA Plug-in Hybrid(LF PHEV) > 2017 > Motor Control System > HEV Motor Control System > Monitor E}

Monitor DTC Status Feedback

1. Connect GDS to "DATA LINK CONNECTOR(DLC)".

2. |G key "ON", Engine "OFF".

3. Select "Diagnostic Trouble Codes(DTC)" with GDS.

4. Monitor the diagnostic trouble code and present of the trouble code.

5. Erase the DTC and operate the vehicle within DTC Enable conditions in General information.

Current DTC  Description State
POA37 Generator Temperature Sensor Circuit Range/Performance Active

6. Is the DTC outputted again?
P Go to "Current data Analysis" as below.

YES
[ "NO | P Fault is intermittent caused by poor contact in "HPCU™s connector or was repaired and "HPCU" memory was not cleared.
— Thoroughly check connectors for looseness, poor connection, bending, corrosion, contamination, deterioration, or damage.
—+ Repair or replace as necessary and then go to "Verification of Viehicle Repair” procedure.

Current data Analysis

1. Select "Current Data" with GDS.
2. Monitor "Generator(HSG) Temperature” parameter.
3. Operate the vehicle within DTC Enable conditions in General information.

Reference Data
[ Normal ["Generator(HSG) Temperature” : Between -20°C(-4°F) and 200°C(392°F) |
| Abnormal |'Generator\(HSG) Temperature® : 214°C(417°F) or 215°C(419°F) |

4. Is the displayed current data normal?

BONATA Plug-in Hybrid(LF PHEV) > 2017 > G 2.0 PHEV > Motor Control System > HEV Mctor Control System > POALE Generator Poaltion Sensor Clrcult
Ganera! Description Feedback

Poaition Sensor, which is located inside the GeneratorHSG"), deticts position and speed of the HSG Rotor.
mmmmimm]muh HSG acconding to the position and speed of the HSG Rotor which is detected by HSG Position Sensor

NOTICE

HSG" :Hydrid Staner Generator, "HYBRID STARTER & GENERATOR MOTOR
GCU* :Generntor Control Unit, "HYBRID INVERTER™
HSG Position Sensor” :Resclver, "HYBRID STARTER & GENERATOR MOTOR_Resolver”
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SONATA Plug-in Hybrd(LF PHEV] > 2017 > G 2.0 PHEV » Hybrid Motor System o
MCU Input/Output [——
R S T e ~Gonditn T — - - — =
5 Vo Vehicle power 1{B+) Awarys DC Voltage BaSery power
| iz | Vehicle power 2(B+) | Aways 1 DG Voltage | Balery powor
| GHGT | Ground power 1 | Aways 1 BC Vohage I Wia B0V
I+ | VB 1 Vehicie power 3(B+] | [ 1 OC Voltage | HaRory power
GND2 Ground power 2 Aways DC Voltage Max. S0miy
z GHO3 Ground powe 3 Aways | OC vohoge Wiax, S0mV
(5] 1GM Igrition G ON DC Voltage Basiory power
o . 1 : I 1 I L 1 }
% 1 |
i) | |
T | [ |
[ in I I 1 1 Dominant2 754 53 5V | |
PG P - € ! = i
™ _ CAN_H CAN [High] 1GON Pulse =TT T Gt A
Fecesshve 2 0-3 02 51V
] P_CAN_L P-CAM [Low) 1GON Pulse Dominant ] -2 25(1 5V A
—=—1 | - ! 1 1 1 }
| | [ 1 I Dominant2 75-4 503 51V | |
1 AN [High] P 1 i
. HEANH HCAN P Hon 354 Fecessva 2 0-3.0(2 81V Dominant
[ 1 | T T 1 Recosshe 2 0-30(251V 1
'] b 4 P
(] H_CAN L H-CAN [Low] 1G ON vise Bt B8N
T 4 3 . ! . !
2]
L]
] ~ T
&7 F_REEY FISE reschver oulpaA+]
g rential An T4V 11 W
s H REZ- HEG rasobvec oulputl) 16 oN Diftorontial Analog 4Vipp Sing wave /\/
F—g—1 - . - ! | ! |

As shown above, the Infringing Instrumentalities comprise a method for an alternator (HSG)
having a temperature limit and at least one rotor speed limit connected to a duty cycle control
system (MCU). The temperature limit is measured by the MCU at the HSG temperature sensor
and the rotor speed is also measured by the MCU at the HSG via a “resolver sensor.” The duty
cycle control of the HSG by the MCU, which is established as the duty cycle control system, is
also shown below. Temperature limits are detailed in the Diagnostic Trouble Codes (DTCs) also
shown above.

Figure 147
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SONATA Plug-in Hybrid(LF PHEV) > 2017 > G 2.0 PHEV > Motor Control System > HEV Motor Control System > POEOC Ganerator Phase UV.W Circuit/Open =

DTC Description Feedback
POEOC Is set when the hybnd starter generater 3 Phase Power Cable{"HYBRID STARTER & GENERATOR MOTOR_Power_U, V. W") circult is open.

DTC Dniactlng Condition

Conditions for satting DTC Possible Cause
DTC Strategy = Gheck the current
- 1G kay "ON"
Enable = Aux, Battery voltage is between 8V and 16V
Conditi . HSG) speed is below pr i
Case 1 * HSG command current is 504
T“VF:LT:M » The Current of 1 Phase of Generator{(HSG) 3 Phase Power Cable is below 10A at the "Enable Conditions®
Disgnostic * 30ms
Time: 1. Power Cable connector disconnection/poor connection
* IG key "ON" 2. Power Cable open
CE":':’_‘*’ « AUX. Battery voitage is batwean 9V and 16V
clgchsan * Apply the D high frequency curment{304, 50Hz) for 40 at IG key "ON"
Faoe2 Thieshod
Velin + The Current of 1 Phase of Generator{HSG) 3 Phase Cable is below 10A at the "Enable Conditions™
Vronoeo + 1 times after IG key "ON"
ime
ML * Immediately
Service Lamp +ON
SONATA Plug-in Hybrid({LF PHEV) > 2017 > G 2.0 PHEV > Hybrid Motor System =
Description Feedback
The Hybrid vehicle is equipped with a high voltage contraller that includes a HPCU, The Hybrid Power Control IJnIl {HPCU) Is composed of various components. It is the core device ameng the Power Electronics (referred to as 'PE') devices and acts as the brain, It
commands the operation of the hybrid vehicle. It comprises a Hybrid Contral Unit (HCU), an inverter [Moter Control Unit (MCU), a Generator Control Unit [GCU)] and a Low-voltage DC-DC Converter (LOC).

All these components are configured as a single package. To ensure effective cooling of the HPCLU, there is an sddluonnl ‘cooling Ene which Is saparate to the existing engine cooling line, Each contrel unit is organically connected to the HCU via CAN
communication.

=
High Voltage Battery Mcu Drive MotorHSG
Charge

As shown above, the 3-phase power cable supplies the “field” current to the SMG (alternator).

Figure 148

SONATA Plug-in Hybrid(LF PHEV) > 2017 > G 2.0 PHEV > Hybrid Molor System ]
System Circuit Diagram Feedback

A high-capacity powar modube is appied 1o control 2 primany molors using high woitage. Tha power modile is composed of a high-speed switching insulated gate bipolar ransistor (IGBT) and a diode circuit. The high voitage battiery capacily is about 270V, but to
anesuine stabilty and rellabdity the power moduls Lses high capacity pows! With & maximum voltage of 850V

LDC 104

[m .. MCuncy

e
Igrvson
(1]
Pgﬂlll =2 v IGET
EWP - ».ﬂm—; it
[High volage
banery

As shown above, the HSG (alternator) resolver (rotor speed sensor) is in communication with the
MCU (duty cycle control system) for determining the HSG (alternator rotor) speed.

Figure 149
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[ oN ] & Hyundai Motor America
SONATA Plug-in Hybrid{LF PHEV) > 2017 > Motor Control System > HEV Motor Control System >

General Description Feedback

Generator Position Sensor, which is located inside the Generator{HSG*), detects position and speed of the HSG Rotor.
"HYBRID INVERTER"(GCU*) controls HSG according to the position and speed of the HSG Rotor which is detected by HSG Position Sensor.

HSG* :Hybrid Starter Generator, "HYBRID STARTER & GENERATOR MOTOR™
GCU* :Generator Control Unit, "HYBRID INVERTER"
HSG Position Sensor® :Resolver, "HYBRID STARTER & GENERATOR MOTOR_Resolver”

||

[ XoN ] & Hyundai Motor America
SONATA Plug-in Hybrid(LF PHEV) > 2017 > Motor Control System > HEV Motor Control System >
General Description

Generator(HSG") is supplied AC Power via 3 Phase Power Cable from "HYBRID INVERTER™(GCU*) and starts the engine.
GCU controls HSG according to the temperature detected by HSG Temperature Sensor which is located in HSG.

|_GeneralDescription ______________________________________________ Feedback |

NOTICE

HSG* :Hybrid Starter Generator, "HYBRID STARTER & GENERATOR MOTOR"
GCU" :Generator(HSG) Control Unit, "HYBRID INVERTER"

[ =X ] & Hyundai Motor America
SONATA Plug-in Hybrid(LF PHEV) > 2017 > Motor Control System > HEV Motor Control System >

Il

General Description Feedback

There are two "HYBRID INVERTER" inside HPCU". "HYBRID INVERTER"(MCU") inverts BMS* DC power into 3 Phase AC Power, and MCU provides 3 Phase AC
Power to a Drive Motor when it receives the control signal from HCU*, whereas "HYBRID INVERTER"(GCU®) provides it to a Generator(HSG*).

GCU inverts 3 Phase Power which is supplied from the engine to DC Power and stores it in the high voltage battery of BSM. It inverts or provides the power to the
HSG via 3 Phase Power Cable.

NOTICE

HPCU* :"HYBRID POWER CONTROL UNIT"

MCU* :Motor Control Unit, "HYBRID INVERTER”

BMS* :Battery Manager System, "BMS CONTROL MODULE"

HCU* :Hybrid Control Unit, "HPCU"

GCU :Generator(HSG) Control Unit, "HYBRID INVERTER"

HSG* :Hybrid Starter Generator, "HYBRID STARTER & GENERATOR MOTOR"

As shown above, the HSG (alternator) temperature sensor is connected directly (in
communication) with the MCU (a duty cycle control system) which receives temperature sensor
input and determines HSG (alternator) temperature. The MCU/GCU controls the HSG
(alternator) output according to speed of the HSG rotor and temperature of the HSG.

Figure 150

204. Each Defendant’s infringement of each asserted patent has been and continues to
be willful. On March 8, 2017, Plaintiff’s affiliate (via its counsel) sent correspondence to
Hyundai America Technical Center, Inc., Hyundai Motor America, and Kia Motors America,
Inc. The correspondence indicated a claim of infringement related to power train and other

subsystems of motor vehicles including vehicles produced by Defendants.
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205.  On March 13, 2017, Plaintiff’s representative and counsel communicated by
telephone with a Mark J. Goldzweig, a representative of KIA Motors America, Inc, an affiliate of
each Defendant, regarding the issues of infringement and potential source code production.

206. Each Defendant was also made aware of the patents in issue and its infringement
thereof at least as early as September 1, 2017 when MMT filed its Complaint, which provided
notice of infringement of the *604, *106, *260, *128, *565, *281, *804, *680, *166, *540, *031,
"839, 287, 761, 115, ’574, *497, 157, and ‘122 patents.

207.  Since at least March 8, 2017, and further since at least September 1 2017, each

Defendant’s infringement has been willful.

JURY DEMAND

Pursuant to Rule 38 of the Federal Rules of Civil Procedure, Plaintiff demands a trial by
jury on all issues triable as such.

PRAYER FOR RELIEF

WHEREFORE, Plaintiff demands judgment for itself and against Defendants as follows:

A An adjudication that Defendants have infringed the *604, 106, *260, 128, *565,
’281, ’804, "680, 166, "540, 031, ’839, "287, "761, 115, '574, *497, 157, 122, *149, *501 and
’081 patents;

B. An award of damages to be paid by Defendants adequate to compensate Plaintiff
for Defendants’ past infringement of the ’604, *106, 260, *128, *565, *281, *804, 680, *166,
’540, *031, "839, ’287, ’761, *115, 574, °497, *157, 122, 149, *501 and *081 patents;

C. and any continuing or future infringement through the date such judgment is
entered, including interest, costs, expenses and an accounting of all infringing acts including, but

not limited to, those acts not presented at trial;
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D. A declaration that this case is exceptional under 35 U.S.C. § 285, and an award of

Plaintiff’s reasonable attorneys’ fees; and

E. An award to Plaintiff of such further relief at law or in equity as the Court deems
just and proper.
Date: April 30, 2018

/s/ Timothy Devlin

Devlin Law Firm, LLC

Timothy Devlin (DE No. 4241)

Robyn T. Williams (NY No. 5487301 )
1306 N. Broom Street, 1st Floor
Wilmington, DE 19806

(302) 449-9010
tdevlin@devlinlawfirm.com
rwilliams@devlinlawfirm.com

Jackier Gould, P.C.

Eric A. Bean (P48676)

121 W. Long Lake Rd.
Bloomfield Hills, M1 48304
248-642-0500
ebean@jackiergould.com

Attorneys for Plaintiff
Michigan Motor Technologies LLC
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