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Popis obsahu balicku Prediktivni nebo adaptivni fizeni motoru za Ucelem snizeni
spotreby paliva a Skodlivych emisi

WP20: Prediktivni nebo adaptivni fizeni motoru za ucelem snizeni spotreby paliva a
Skodlivych emisi

Vedouci konsorcia podilejici se na pracovnim balicku
Ricardo Prague s.r.o., zodpovédna osoba B. Hnilicka

Clenové konsorcia podilejici se na pracovnim balicku
Ceské vysoké uceni technické v Praze — Z. Sika; TUV SUD Czech s.r.0. — R. Vacek;
MOTORPAL, a.s. (2016 - restrukturalizace podniku) — K. Baca; Honeywell, spol. s r.o. — J. Pekar

Hlavni cil balicku
1. Vyvinout modularni unifikovanou Fidici strategii pro vznétové (CI), zaZzehové (SI) a hybridni pohonné systémy.

2. Vyvinout nové procesy a softwarové nastroje pro navrh optimalnich / adaptivnich / prediktivnich / robustnich
strategii, zalozenych na modelech fizené soustavy.

Dilci cile balicku pro nejblizsi obdobi

Experimenty s fidicimi systémy na zkuSebnach, rozsifeni Fidicich systém0 o hybridni prvky, implementace vyvinutych
algoritm0 do prototypovych Fidicich jednotek, jejich testovani v SIL, HIL a na zkusSebnach.

Legenda: [1] — Ricardo, [2] - CVUT, [3] - TUV, [4] - MOTORPAL, [5] — Honeywell
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_ Popis plnéni balicku WP20: Prediktivni nebo adaptivni rizeni motoru za ucelem
snizeni spotreby paliva a skodlivych emisi

Aktualni milniky: Pro 2016 nejsou planovany zadné milniky

Dilc¢i milniky pro nejblizsi obdobi
WP20M02: Odpovida dosazeni WP20V010, WP20VO011, WP20V012, WP20V013. [1,2,3,4,5] — dosazeni 12/2017

Aktualni vystupy
WP20V008: Integrovany navrh fidiciho systému pro preplhiované zazehové motory [5] — funkcni vzorek - dosazeni 12/2016

WP20V009: Nastroj planovani experimentl a identifikacnich algoritm0 pro rychlé vytvareni nelinedrnich pred. a simulacnich
modell - publikace [2] — dosazeni 12/2016

vvr

Dilci vystupy pro nejblizsi obdobi

WP20V008: Integrovany navrh fidiciho systému pro prepliiované zazehové motory [4] — dosazeni 12/2016

WP20V009: Nastroj planovani experimentt a identifikacnich algoritm{ pro rychlé vytvareni nelin. pred. a simulacnich model& - funkéni vzorek [2] —
dosazeni 06/2016

WP20V010: Funkéni prototyp ECU pro vznétovy motor. [4] — dosazeni 12/2017

WP20V011: Zakladni Fidici strategie pro vznétové, zazehové a hybridni pohonné systémy [1,2,3] — dosazeni 12/2017

WP20V012: Unifikovany proces a nastroje pro navrh integrovanych opt. fidicich strategii pro spal. motory [1,2,3,4,5] — dosazeni 12/2017
WP20V013: Zobecnéna metodika pro implementaci pokrocilych Fidicich algoritm( do ‘embedded’ aplikaci [1,2,3,4,5] — dosazeni 12/2017

Dil¢i cile pro nejblizsi obdobi

WP20C08: Integrovany navrh fidiciho systému pro prepliiované zazehové motory [4] — dosazeni 12/2016

WP20C09: Pokrocily koncept optimalizace experimentd a identifikacnich algoritm@ pro rychlé vytvareni nelinearnich prediktivnich a simulacnich modeld [2]
— dosazeni 12/2016

WP20C10: Zakladni Fidici strategie pro vznétové, zazehové a hybridni pohonné systémy [1,2,3] — dosazeni 12/2017

WP20C11: Unifikovany proces a nastroje pro navrh integrovanych optimalnich Fidicich strategii pro spalovaci motory [1,2,3,4,5] — dosazeni 12/2017
WP20C12: Funkéni prototyp ECU pro vznétovy motor [4] — dosazeni 12/2017

WP20C13: Zobecnéna metodika pro implementaci pokrocilych Fidicich algoritm@ do ‘embedded’ aplikaci [1,2,3,4,5] — dosazeni 12/2017

Legenda: [1] — Ricardo, [2] - CVUT, [3] - TUV, [4] - MOTORPAL, [5] — Honeywell
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WP20A12: Vyzkum a vyvoj strategii Fizeni motoru s komplex. strukt. a koordinace rid. smycek [2]
- Zkoumany a implementovany nové metody on-line implementace kvadratického programovani pro zohlednéni
omezujicich podminek v jednotlivych fidicich smyckach v regulatoru
- Algoritmy testovany v MIL rezimu s pouzitim modelu v GT-Power
- Algoritmy implementovany do ridiciho hardware rCube2
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Legenda: [1] — Ricardo, [2] - CVUT, [3] - TUV, [4] - MOTORPAL, [5] — Honeywell
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WP20A15: Vyvoj optimalizace experimentil a simulaci pro rychlou ident. pred. modeli. [2, 3]

- Kombinace experimentdl, simulace identifikovanych 1-D a RT model{ pro identifikaci prediktivnich modelG

- Prediktivni modely nelinearni, lokalné linearizované

- Vychodiskem simulac¢ni model vozidla a jizdy pro generovani realistickych rezimt pro motor

- Uvazovana napriklad optimalizace rychlostniho profilu z pohledu spotfeby

- V roce 2016 je k této aktivité vysledek publikace v recenzovaném casopise, ktera je pripravovana.

WP20V009: Nastroj planovani experimenti a identifikacnich algoritm{ pro rychlé vytvareni nelinearnich
pred. a simulacnich modeld - publikace (CVUT FS) 12/2016

- Navazuijici funkéni vzorek pak je naplanovan v pristim roce (2017).

70 0

60 -20
£ E
§ 50 -40 5
© _ -
§ 40 60 g
w _ (]
2 30 80 g
= 20 -100 &
(<} [
= 10 120 =

0 -140 ';.Tiiiif.
0 2000 4000 6000 8000 10000
Distance [m] lwﬂ,_i 'L:‘I;M ’;'Pw'“'l,,,f
e l I
speed profile ===-elevation profile I y ok
Ukazka pribéhu testovaci jizdy Ukazka prtibéhti momentu pro trénovani
Legenda: [1] — Ricardo, [2] - CVUT, [3] - TUV, [4] - MOTORPAL, [5] — Honeywell
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WP20A14: Experimenty s Fidicimi systémy [1, 2, 3, 4, 5]
— Probihaji experimenty pro ovéreni fidicich strategii jednotlivych Gcastnikd na zkusebnach (Brno, Roztoky u Prahy)
— ARM automotive procesor byl uspésné pouzit pro béh WAVE-RT modelu (VW 1.4 litre TSI) v rCube2 ECU [1]

WP20A19: Ovéreni Cinnosti Fidicich strategii. [1, 2, 3, 4, 5]

— Probiha ovéreni fidicich strategii jednotlivych Gcastnikl v MIL, SIL a HIL
WP20A20: Vyvoj SW nastroji a procesi. [1, 2, 3, 4, 5]
— Probihaji prace na vytvareni SW nastrojli a procest pro implementaci WAVE-RT modeld a dalSich algoritm0
ostatnich Gcastnikl balicku
WP20A21: Testovani SW nastrojti a procestl. [1, 2, 3, 4, 5]
— Probiha testovani nékterych SW nastrojl a procesd, dalsi testovani bude nasledovat s jejich postupnym vyvojem.

Pozn.: Aktivity na WP20 firmy MOTORPAL jsou v roce 2016 pozastaveny z dlvodu restrukturalizace podniku. Tato
skute¢nost nema zasadni dopad na soubézné prace v ramci balicku WP20.

Variants Explored with OnRAMP airpath control [5]

Engine Turbocharger | Control Actuators | GT-Power/ | Test Cell
Strategy WAVE
Honeywell | GT2256 Boost WG
2.0L Throttle
Honeywell | GT2256 Torque WG
2.0L Throttle
Honeywell | MGT1756 Boost WG
2.0L Throttle Not
Required
VW 1.4L XXX Boost WG

Throttle

Legenda: [1] — Ricardo, [2] — CVUT, [3] — TUV, [4] - MOTORP.
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Honeywell 2.0 L gasoline direct injection engine

Peak output of 220 kW / 400 Nm, Inline 4-cylinder configuration
Twin scroll turbocharger, Pneumatic waste-gate actuation
Charge air cooler, Variable intake cam timing
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OnRAMP MPC Capabilities Validated: On-engine validation — boost targeting, quasi NEDC cycle - extra urban
part [5]
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Boost & Torque Control Enabled Using OnRAMP MPC: On-engine validation, torque targeting, quasi NEDC
cycle - urban part [5]
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On-Engine Validation [5]
OnRAMP Toolchain Developed and Validated on Real Hardware

- Both steady and transient tests
- Quasi NEDC and WLTP cycles tested

- Intake pressure or brake torque targeted by OnRAMP controller (measured torque corrected in order to eliminate
inertial distortion)

- Engine tested on an active electric dynamometer
- OnRAMP integrated on ETAS ES1000
- Controller setup via Ethernet using ETAS Inca
- Communication with the ECU over private CAN interface
- Additional signals sent via CAN from the test cell (torque)

To be replaced

Deployed Cu:hrnp_iled Controller Flashing by rCU bez
Controller C-Code Binary Code
ETAS ETAS
OnRAMP > . »| ETASInca |
Design Suite Intecrio ES1000
Legenda: [1] — Ricardo, [2] - CVUT, [3] - TUV, [4] - MOTORPAL, [5] — Honeywell
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snizeni spotreby paliva a skodlivych emisi

Modeling — steady state identification [5]

- Reasonable global fit for pressure, flow, lambda; temperatures fit poor due to some data inconstancies
- Usable for the initial airpath controller design when applying global identification

OnRAMP model of VW 1.4 L gasoline engine (EA211 103kW / 250 Nm) Mass flow fit
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. . . Using steady-state optimization based on demanded torque and minimal fuel consumption,
Setpoints calculation in OnRAMP [5] with turbocharger speed constraints, boost/intake pressure setpoints were found, along with
actuator positions.
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Legenda: [1] - Ricardo, [2] — CVUT, [3] - TUV, [4] — MOTORPAL, [5] — Honeywell
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WLTC cycle MIL performance [5]
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Legenda: [1] — Ricardo, [2] - CVUT, [3] - TUV, [4] - MOTORPAL, [5] — Honeywell
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Summary [5]:
Completed initial step of ONRAMP MPC engine control validation
- Transient tests run in both test cell and co-simulation environments
- Assingle controller used on both real and simulated engines
- Proved flexibility to turbocharger hardware changes
- Confirmed controls setup time advantage for complex systems
- Utilized natural implementation of limits for various operating quantities
- Multi-platform hardware integration
- OnRAMP C-code compile-able for various platforms (including ECU)
- Tested on ETAS ES1000 rapid prototyping unit and Raspberry Pi
- Next steps of OnRAMP development
- Evaluation of advanced concept turbocharging systems
- Closed-loop functionality with vehicle model for fully-fledged driving cycle testing
- Honeywell 2.0 litre engine

- MPC airpath controller successfully run on with 2 different turbocharges and different control strategies boost / torque in the test cell. ->
Proves MPC to be scalable

- VW 1.4 litre TSI engine
- Modeling in ONRAMP: Steady state identification completed. Awaiting transient data.
- Initial airpath controller designed and simulated on Artemis drive cycle
- Next Steps
- Perform the model identification using DoE data generated with WAVE-RT model
- Design Airpath controller and tune with WAVE-RT, get valid transient data from test cell from rCube2
V roce 2016 je k témto aktivitam vysledek WP20V008: Integrovany navrh ridiciho systému pro prepliiované
zazehoveé motory [5] — funkcni vzorek - dosazeni 12/2016

Legenda: [1] — Ricardo, [2] - CVUT, [3] - TUV, [4] - MOTORPAL, [5] — Honeywell
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vrv

WP20A18: Rozsireni zakladni ridici strategie pro spalovaci motory o hybridni prvky [1]
— Basic hybrid controller has been developed using MATLAB / Simulink
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Legenda: [1] — Ricardo, [2] — CVUT, [3] — TUV, [4] — MOTORPAL, [5] — Honeywell ] T
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vIrv

WP20A18: Rozsireni zakladni Fidici strategie pro spalovaci motory o hybridni prvky [1]
— Parallel hybrid P2 (E-machine after the engine clutch)
— Simulink & WAVE-RT & IGNITE co-simulation

— Integrated HCU into Simulink Signals to/from Simulink (HCU)
— Co-operation with WP05 @
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vIrv

WP20A18: Rozsireni zakladni Fidici strategie pro spalovaci motory o hybridni prvky [1]
— Simulation results
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Legenda: [1] — Ricardo, [2] - CVUT, [3] - TUV, [4] - MOTORPAL, [5] — Honeywell
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PIn&ni cilt, milnikd a vystupd, spinéné vysledky balicku WP20: Prediktivni nebo
adaptivni rizeni motoru za ucelem snizeni spotreby paliva a skodlivych emisi

Vystupy a vysledky pro konec roku 2016
WP20V008: (G) Integrovany navrh fidiciho systému pro preplihované zazehové motory [5] - dosazeni 12/2016

—  Navrzen soubor SW nastrojd pro integrovany navrh fidicich systémd pro preplfiované SI motory. Ovéreni probéhlo
Uspésné na 2.0 | SI motoru Honeyweel s pouzitim ETAS ES1000 ‘rapid prototyping unit” a ‘Raspberry Pi’. Vznikl funkéni
vzorek. Méreni a ovérovani také probiha na 1.4 | SI motoru VW s pouzitim Ricardo ‘rapid prototyping unit’ rCube2.

WP20VO009: (O) Nastroj planovani experimentl a identifikacnich algoritm0 pro rychlé vytvareni nelinedrnich pred. a
simulacnich modell — dosazeni 12/2016

-~ Je pripravovana publikace v recenzovaném casopise.

Milniky pro konec roku 2016
Pro 2016 nejsou planovany zadné milniky.
NejblizSi milnik WP20M02: — dosazeni 12/2017

Prezentacni a publikacni Cinnost:

- B. Hnilicka, F. Bradac, M. Vinklar, A. Kouba and J. Navratil: Gasoline engine control using WAVE-RT model running in rapid
prototyping ECU: rCube2, Ricardo Software UserCon Europe, April 2016.

- B. Hnilicka, A. Kouba, M. Horacek, M. Dulaj, M. Vinklar and J. Navratil: Gasoline engine control using real time 1-D model
running in rapid prototyping ECU, Controls, Measurement & Calibration Congress, Pune/India, May 2016.

Legenda: [1] — Ricardo, [2] - CVUT, [3] - TUV, [4] - MOTORPAL, [5] — Honeywell
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"Navrh dalgiho postupu v balicku WP20: Prediktivni nebo adaptivni rizeni motoru
za UCelem snizeni spotreby paliva a skodlivych emisi

Navrh dalsiho postupu véetné navrhil na spolupraci a realizaci vystupli

Dokonceni nastroje planovani experimentl s prediktivnim regulatorem [2,3]

Testovani fidici strategie na zazehovém motoru s jednotkou rCube2 [1,3]

Testovani fidici strategie pro fizeni vzduchové cesty zazehového motoru VW 1.4 litre s jednotkou rCube2 a OnRAMP MPC [5]
Testovani fidici strategie pro vznétové motory [4]

Dokonceni vyvoje komponent hybridni fidici strategie ve spolupraci s WP05 [1]

Experimenty s vyvinutymi Fidicimi strategiemi [1-5]

Ovéreni nastrojd a procesd pro implementaci komponent tietich stran do Fidici strategie a implementace model& WAVE-RT [1-5]
Testovani procesti a SW nastrojd vSech Gcastnikl [1-5]

Obecné vyuzitelné souvislosti mezi WP:

Predpoklada se synergie s balicky WP09 a WP12 zabyvajici se:
» vyvojem vstrikovaciho zafizeni pro spalovaci motory s vyssimi technicko-ekonomickymi parametry a nizkymi emisemi
e navrhem a zkouskami prisluSenstvi pro plnéni a vstfikovani paliva ve vznétovych motorech pro uvazovana budouci paliva

Predpoklada se synergie s balickem WP06 zabyvaijici se optimalizaci ¢innosti turbodmychadel a jejich pouziti v komplexnich fidicich
algoritmech

Predpoklada se synergie s balickem WP25 zabyvaijici se pokrocilymi zkusebnimi metodami pro spalovaci motory a hnaci fetézec

Predpoklada se synergie s balickem WPO05 zabyvajici se simulaci systém( a strategie fizeni za Ucelem optimalizace celkové spottfeby
energie a produkovanych emisi

Legenda: [1] — Ricardo, [2] - CVUT, [3] - TUV, [4] - MOTORPAL, [5] — Honeywell
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_ Popis Iénl' balicku WP20: Prediktivni nebo adaptivni rizeni motoru za ucelem
snizeni spotreby paliva a skodlivych emisi

Prehled planovanych vysledkt pro 2017 (termin dosazeni):

TE01020020V028 WP20V009 (G): Nastroj planovani experimentl a identifikacnich algoritm0 pro rychlé vytvareni
nelinearnich prediktivnich a simulacnich modeld. [2]

TE01020020V096 WP20V010 (G): Funkcni prototyp ECU pro vznétovy motor. [4]

TE01020020V097 WP20V010 (G): Unifikovana fidici strategie pro dieselové motory, optimalizovany SW pro Fizeni a
komunikaci s pridavnymi zarizenimi na dodate¢nou Upravu vyfukovych zplodin. [4]

TE01020020V098 WP20V011 (G): Zakladni fidici strategie pro vznétové, zazehové a hybridni pohonné systémy a
relevantni experimentalni data. [1, 2, 3]

TE01020020V099 WP20V012 (R): Unifikovany proces a nastroje pro navrh integrovanych optimalnich fidicich strategii
pro spalovaci motory. [1-5]

TE01020020V100 WP20V013 (R): Zobecnéna metodika pro implementaci pokrocilych Fidicich algoritmd do ‘embedded’
aplikaci. [1-5]

Legenda: [1] — Ricardo, [2] - CVUT, [3] - TUV, [4] - MOTORPAL, [5] — Honeywell
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Podekovani za podporu balicku WP20: Prediktivni nebo adaptivni rizeni motoru
za UCelem snizeni spotreby paliva a skodlivych emisi

Podékovani

— Ricardo Prague s.r.o. a dalSi clenové balicku WP20 timto dékuji spolecnosti SKODA AUTO a.s. (WP10)
za zapQjceni motoru SKODA 1.4 TSI

Dékuji za pozornost

Legenda: [1] — Ricardo, [2] - CVUT, [3] - TUV, [4] - MOTORPAL, [5] — Honeywell
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_V;'/taH provedenych praci 2012-2016 na WP20: Prediktivni nebo adaptivnl'
Fizeni motoru za ucelem snizeni spotreby pallva a Skodlivych em|5|

WAVE-RT Real Time Screenning 16 Diesel 5.9L @ 2500rpm

Intake manifold

= : 1 OnRAMP controller — vyvoj a vysledky [5]
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Prediktivni fizeni spalovaciho Modularni ridici strategie s moznosti
motoru s GT-Power modelem [2] integrace komponent tretich stran [1, 2, 3, 5]
Legenda: [1] — Ricardo, [2] — CVUT, [3] — TUV, [4] — MOTORPAL, [5] — Honeywell o
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_Abstfét 2012-2016 of WP20: Engine predictive or adaptive flexible control for
minimum fuel consumption and pollutant em|SS|ons

WAVE-RT Real Time Screenning 16 Diesel 5.9L @ 2500rpm

Intake manifold
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Predictive control of combustion éngine using Modular control strategy with possibility to
GT-Power model [2] use 3rd party components [1, 2, 3, 5]
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_V;'/tah z provedenych praci za rok 2016 na WP20: Prediktivni nebo adaptivni
Fizeni motoru za Ucelem snizeni spotreby paliva a skodlivych emisi

Testovaci stanovisté s rCube2 a

L. L Integrace ONnRAMP kontroléru vzuchové cesty a
benzinovym motorem [1, 2, 3] GT-Power model pro testovani algoritma v MIL [2] jeho testovani [1, 5]
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_Ab;tract 2016 of WP20: Engine predictive or adaptive flexible control for
minimum fuel consumption and pollutant emissions

Testbed configuration with rCube2 GT-Power model suitable for developed algorithms
and gasoline engine [1, 2, 3] testing in MIL [2]
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Integration of ONRAMP airpath controller and
testing [1, 5]
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